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Abstract ID : 1

A Hyperspherical Scalar-Mode Inerpreaion o
Lae-Time Cosmological Anomalies

Content

We presen a minimal lae-ime cosmological ramework in which spaial secions are modeled
as large-radius hyperspheres S3(RH) and graviaional poenials arise rom a scalar opographic
fieldT (x) obeying a ourh-order ellipic equaion∇2T−B∇4T = S(x). A single long-wavelengh
scalar mode induces coheren, direcion-dependen modulaions in disance measures, producing
hree signaures: (i) a small posiive BAO curvaure shi consisen wih DESI DR2, (ii) a low-
redshi dipole in supernova luminosiy disances consisen wih Panheon+, and (iii) a mild red-
shi evoluion in he effecive Hubble parameer around z ∼ 0.4− 0.5. Eliminaing he scalar am-
pliude yields a direc, alsifiable correlaion beween BAO scale shis and SN dipole ampliudes,
providing a sharp es or DESI, LSS, and Euclid. Te ramework does no modiy early-Universe
physics and remains compaible wih CMB consrains or RH

gtrsim20− 40Gpc. We ouline he parameer ranges consisen wih curren daa and highligh
observaional signaures capable o ruling ou he model.

Other topic / keywords:

Author: CARBERRY, Norman

Presenter: CARBERRY, Norman

rack Classification: Large-Scale Srucure; Inflaion / Primordial Perurbaions

Contribution ype: alk

Comments:

I remoe presenaion is possible, I would be graeul or ha opion.

Status: SUBMIED
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Large-Scale Structure:

Judgments: Posiive

Reviews:

KUIJKEN, Koen: Accept • 2.0 (preers remoe. opic no very exciing.)

Abstract rating 2

1



Cosmo-26 / Repor o Absracs A Hyperspherical Scalar-Mode In …

HILDEBRAND, Hendrik: Accept • 2.0

Abstract rating 2

Inflation / Primordial Perturbations:

Judgments: Negaive

Reviews:

CESPEDES, Sebasian: Reject

Abstract rating 0

WANG, Dong-Gang: Reject • 1.0

Abstract rating 1

Submited by CARBERRY, Norman <carberry8878130@homail.com> on Friday, 6 Febru-
ary 2026

May 14, 2026 Page 2



Cosmo-26 / Repor o Absracs Dark Hydrogen Aoms and Dark H …

Abstract ID : 2

Dark Hydrogen Aoms and Dark He+ Ions as
Baryonic Dark Mater

Content

Te explanaion o a puzzling observaion by Bowman e al 2018 (Naure, 555, 67) o he redshied
21 cm specral line rom he early Universe, where i was ound ha he absorpion in his line
was abou 2 o 3 imes sronger han prediced by he sandard cosmology and hus he primordial
hydrogen gas was significanly cooler han prediced by he sandard cosmology, required as he
cooling agen, some kind o baryonic DM [Barcana, 2018 (Naure, 555, 71); McGaugh, 2018 (Res.
No. Amer. Asron. Soc., 2, 37)]. Ten in paper [Oks, 2020 (Res. Asron. Asrophys. 20, 109)] here
was given boh qualiaive and quaniaive explanaion o he puzzling observaion by Bowman
e al (2018) based on he specific DM in he orm o he second flavor o hydrogen aoms (SFHA),
corresponding o he 2nd soluion o he Dirac equaion or hydrogen aoms. In disincion o ex-
oic hypoheical paricles previously suggesed as he explanaion (he paricles never discovered
experimenally), he exisence o he SFHA is evidenced by 3 differen ypes o aomic experimens
–plus i compleely resolved he long-sanding puzzle o he neuron lieime. In he later, he cen-
ral poin was ha he wo-body decay o neurons produces –wih he overwhelming probabiliy –
he SFHA raher han he usual hydrogen aoms. More deails can be ound, e.g., in my reviews on
DM published in New Asronomy Reviews in 2021 (93, 101632) and in 2023 (96, 101673), and in my
paper in Nuclear Phys. B 2025 (1014, 116879). Te primary propery o he SFHA is ha, since hey
have only he S-saes, hen according o he selecion rules o quanum mechanics hey canno
emi or absorb he elecromagneic radiaion: they remain dark. As he relaion o hese resuls o
he structure formation in he universe, I provide he chronology o he cosmological ormaion o
he surplus o he SFHA (compared o he usual hydrogen aoms) rom he Recombinaion Epoch
hrough he Srucure Formaion Epoch, including he producion o he SFHA by some neuron
sars. Tereore, he halos of modern galaxies contain more of the SFHA than the usual H-atoms. In
addiion, here is evidence rom aomic experimens o he exisence o he Second Flavor o He+
Ions (SFHeI). Tey are also dark due o he selecion rules o quanum mechanics. Tere occurred
he cosmological ormaion o he surplus o he SFHeI (compared o he usual He+) similarly o
he surplus o he SFHA. Tereore, he halos o modern galaxies conain also more o he SFHeI
han he usual He+. From aomic experimens ollows ha he mos probable value o raio (SFHA
+ SFHeI)/(usual H + usual He+) is 1.8. From asrophysical observaions by de Graaff e al (2019,
A&A, 624, A48) and by Penon e al (2004 ApJ Suppl. Ser. 152, 29) ollows ha he mos probable
value o he raio (baryonic DM)/(luminous baryons) is 2.1. Te comparison o hese wo raios
shows ha he combinaion o he SFHA wih he SFHeI mos probably consiues abou 90% o all
baryonic DM in he curren epoch. I is imporan o emphasize ha he discovery o he SFHA and
he SFHeI was based on he sandard Dirac equaion o quanum mechanics without going beyond
the Standard Model and without any change of physical laws –in disincion o he overwhelming
majoriy o hypoheses on DM. Finally, I will discuss/moivae some relevan uure laboraory
experimens and asrophysical observaions.

Other topic / keywords:
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Author: Pro. OKS, Eugene (Auburn Universiy, USA)

Presenter: Pro. OKS, Eugene (Auburn Universiy, USA)

rack Classification: Dark Mater; Early Universe

Contribution ype: alk

Comments:

Dear Organizers, I am Proessor a he Physics Deparmen o he Auburn Universiy in
he USA. Le me ouline my credenials. I am he Edior-in-Chie o 3 physics/asrophysics
journals and he Ediorial Board member o 6 oher physics/asrophysics journals. I pub-
lished 15 research books (monographs) on physics and asrophysics –in addiion o over
750 papers in he leading reereed physics/asrophysics journals. In he las 30 plus years
o my 50 plus years as he heoreical physicis, I gave abou 50 invied alks a he in-
ernaional physics/asrophysics conerences, as well as several conribued alks. For
example, in 2025 I made invied oral presenaions a 4 asrophysical conerences: a “My
Favourie Dark Mater Model”in Porugal, a PASCOS in Durham, UK, a AsroMarche
II in Camerino, Ialy, and a 33rd exas Symposium on Relaivisic Asrophysics. Also, I
gave a alk a he “AsroNuc 2026”in ucson (AZ, USA) in March 2026. I will atend your
conerence i you will kindly accep my suggesed conribuion as he oral presenaion.
Tank you. Sincerely, Proessor Docor Eugene Oks

Status: SUBMIED

rack Reviews:

Early Universe:

Judgments: Negaive

Reviews:

VAN DE VIS, Jorinde: Reject • 1.0 (Tis is no my experise, bu checking his Inspire
page, I ge he sense ha his main area o experise is somehing else (hey are all single
auhor papers ha are no very well cied).)

Abstract rating 1

Submited byProf. OKS, Eugene <oksevgu@auburn.edu> onMonday, 30March 2026
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Abstract ID : 3

Se he Nigh on FIRE: Building an Empirical Local
Dark Mater Velociy Disribuion

Content

Te majoriy o erresrial direc deecion experimens or Dark Mater (DM) rely on he Sandard
Halo Model (SHM), which assumes he local DM velociy disribuion ollows a Maxwell–Bolz-
mann disribuion. However, galaxy mergers can deposi DM ha remains kinemaically clusered
oday, inducing deviaions rom he smooh SHM predicion. Previous sudies have suggesed ha
he local sellar velociy disribuion may serve as a racer or DM populaions originaing rom
he same progenior sysems. In his work, we sysemaically invesigae how merger mass and
accreion ime affec he correlaion beween local sellar and DM velociy disribuions in Milky
Way–like galaxies rom he FIRE-2 simulaions. We find a srong correlaion beween raceable DM
componens and heir sellar counerpars, wih he ighes correspondence arising rom lower-
mass mergers accreed a earlier cosmic imes. For he remaining DM ha lacks an idenifiable
sellar counerpar, which dominae he ull DM racion, we find ha is velociy disribuion is
well described by a componen-wise generalized Gaussian. Combining hese wo ingrediens, we
reconsruc he ull local DM velociy disribuion. Tis ramework capures merger-induced ea-
ures—such as co-roaion o accreed maerial wih he galacic disk—ha are enirely absen in
he SHM. Finally, we propagae uncerainies hrough he reconsrucion and show ha hey are
dominaed by he sellar mass–halo mass relaion, which is unlikely o improve subsanially in
he near erm. We hereore argue ha his ramework approaches he curren limi o our abiliy
o characerize he local DM velociy disribuion.

Other topic / keywords:

Author: ZHANG, Xiuyuan

Presenter: ZHANG, Xiuyuan

rack Classification: Dark Mater

Contribution ype: alk

Status: SUBMIED

Submited by ZHANG, Xiuyuan <xiuyuan@mi.edu> on Monday, 30 March 2026
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Abstract ID : 4

Baryoniied Lighcones: A Uniied Framework or
LSS–CMB Cross‑Correlaion Cosmology

Content
Undersanding he impac o baryonic eedback on he mater disribuion is a major challenge
or precision cosmology, especially or analyses combining large-scale srucure racers wih CMB
secondary anisoropies. We recenly showed ha combining kinemaic Sunyaev–Zel’dovich mea-
suremens rom AC wih gas‑racion daa rom eROSIA provides srong consrains on gas her-
modynamics in massive halos, wih he BFC baryonificaion ramework avoring srong‑eedback
models consisen wih FLAMINGO.

In he firs par o his alk, I will summarize hese resuls and illusrae how combining CMB and
X‑ray observables consrains baryonic eedback.

In he second par, I will presen our exension o he baryonificaion ramework o ull cosmolog-
ical lighcones. Saring rom dark‑mater‑only shells rom he CosmoGrid simulaion suie, we
apply he updaed BFC displacemen model o generae sel‑consisen gas, sellar, and dark‑mater
fields, enabling orward‑modeling o muliple observables wihin a unified ramework.

I will hen show firs resuls, including high‑resoluion hermal and kinemaic SZ maps on he
HEALPix grid. Tis approach provides an efficien pah rom dark‑mater‑only simulaions o
realisic CMB secondary anisoropies and suppors consisen modeling o correlaions beween
LSS racers and CMB signals.

Finally, I will discuss validaion agains FLAMINGO and exensions o addiional probes such as
X‑ray emission and weak‑lensing shear. By joinly modeling LSS racers wih SZ and kSZ effecs,
his ramework enables unified muli‑probe analyses ha consrain boh cosmology and baryonic
eedback.

Other topic / keywords:

Author: KOVAC, Michael (Universiy o Mancheser)

Presenter: KOVAC, Michael (Universiy o Mancheser)

rack Classification: Large-Scale Srucure; Cosmic Microwave Background

Contribution ype: alk

Status: SUBMIED
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Abstract rating 4
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Abstract ID : 5

GPU-acceleraing CMB cosmology wih sae o he
ar ODE solvers

Content
GPUs offer a way o massively parallelise cerain ypes o physical models, allowing us o compare
more models or he same compue budge (and hence do more science) whils avoiding he use
o emulaors (which mus be rerained every ime you modiy he underlying physics). More
efficien orward models also allow us o ackle higher-dimensional problems (such as in field-level
inerence) and more complex oreground sysemaics and nuisance parameers.

In paricular, he Einsein-Bolzmann equaions ha underly models o he CMB are linear ordinary
differenial equaions ha are highly amenable o parallelisaion on a GPU, across boh “k-modes”
and parameers. Meanwhile, modern cosmological analyses are burdened wih he echnical deb
o low-level codes writen in FORRAN and C, which are difficul o modiy when rying o es
new models o physics.

We have hereore writen a new CMB code in Pyhon and JAX (DISCO-EB) which can ake advan-
age o he massive compuaional hroughpu o modern GPUs, bu is easy o modiy wih new
physics. As par o his work, we have developed new ODE solvers ha are beter opimised or
solving many small ODEs a once and are 100x aser han he curren Pyhon/JAX sae-o-he-ar
(diffrax). Te resul is precision similar o ha o exising codes bu a vasly reduced $ inerence
cos. Te ODE solvers hemselves are packaged separaely and could have broad applicaion in he
scienific communiy.

Other topic / keywords:

Author: BERRY, Lawrence (Insiue o Asronomy, Universiy o Cambridge)

Co-authors: HAHN, Oliver; Dr HANDLEY, Will; SCHÖNEBERG, Nils (ICC Universiy Barcelona)

Presenter: BERRY, Lawrence (Insiue o Asronomy, Universiy o Cambridge)

rack Classification: Cosmic Microwave Background; Mehods / Saisical Inerence / Ma-
chine Learning

Contribution ype: alk
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Abstract ID : 6

Measuring cosmic bulk low wih kineic
Sunyaev-Zel’dovich (kSZ) velociy reconsrucion

Content
Te average large-scale velociy o mater in he universe, known as cosmic bulk flow, is a un-
damenal es o he Cosmological Principle. radiionally, his has been measured only ou o R
lesssim100megaparsecs (Mpc). We presen an applicaion o kinetic Sunyaev-Zel’dovich (kSZ)
velocity reconstruction o consrain bulk flow on cosmological scales more han 10× larger, ex-
ending ou o R
lesssim2000 Mpc.

kSZ velociy reconsrucion isolaes he Doppler shiing o CMB phoons scatered by he elecron
plasma in galaxies o reconsruc he underlying velociy field.

We use galaxy daa rom wo caalogs (unWISE and WISExSCOS) combined wih CMB maps (rom
Planck) o reconsruc velociies in six redshi bins ranging rom 0.1
lesssimz
lesssim1.5. We place some o he ighes consrains on bulk velociy a 500
lesssimR [Mpc]
lesssim2000, finding resuls ully consisen wih he sandard cosmological model, ΛCDM.

Furhermore, our consrains are relevan or he cosmic dipole anomaly, a persisen ension
where measuremens o galaxy number couns imply a bulk flow
gtrsim5× larger han he sandard heoreical expecaion. Our consrains are in ∼ 2σ ension
wih he leading number-coun dipole measuremen rom CaWISE, challenging heir inerprea-
ion o he dipole anomaly as an excess coheren bulk flow, and reinorcing he sandard cosmo-
logical model.
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Abstract ID : 7

Primordial Graviaional Waves rom Scalar
Backreacion in Axion-SU(2) Inlaion

Content

In his work, we perorm he firs numerical sudy o srong scalar backreacion in specaor
chromo-naural inflaion (SCNI) in he case where he specaor secor decays during inflaion. Te
achyonic insabiliy in scalar flucuaions, acivaed as he sysem crosses hemQ =

√
2 hreshold,

amplifies perurbaions and may significanly aler he background dynamics. Te srong scalar
backreacion regime inroduces an effecive quaric erm in he poenial or he gauge field back-
ground ha rapidly drives i o zero, acceleraing he axion-gauge sysem decay. We describe he
dynamics o such decay and derive he graviaional wave specrum or a se o benchmark param-
eers. Ineresingly, he signal may peak a inereromeer scales and lie wihin LISA’s projeced
sensiiviy.
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Abstract ID : 8

Threshold Causaliy: A Complee Cosmological
Model From a Single Calibraed Inpu

Content

Treshold Causaliy (C) is a complee cosmological model consruced rom esablished physics
assembled ino five axioms wih a single calibraed inpu. Causally ordered discree evens in a
primordial algebraic quanum field wih E8 gauge symmery undergo bond percolaion a criical-
iy on a random regular graph. Te size o he random regular graph is calibraed o Ωb. ime and
geomery do no exis in he primordial regime. Percolaion causes clusering o evens ha can
span he random regular graph and orm a spanning cluser. When he cardinaliy o he larges
spanning cluser exceeds a 99h-percenile hreshold (λc = 2.9), a Mode I cluser orms. Mode
II conains all singleons and small clusers no in Mode I. In Mode I, E8 breaks: E8 → SU(3) ×
E6 → Sandard Model, producing hree exended and six compac dimensions, and baryonic ma-
er. Te Mode II E8 field permeaes Mode I and is he Mode I vacuum. Mone Carlo simulaion
(N = 300,000, k = 8, pc = 1/7, λc = 2.9, 10,000 realizaions) yields spanning clusers in 70.3 ±
0.5% o realizaions; 1.11 ± 0.10% exceed he Mode I hreshold. Te resuling Mode I even racion
is fI = 0.0484 ± 0.001 and Mode II even racion fII = 0.952 ± 0.002. Wihin Mode II, quan-
um zero-poin flucuaions o he gauge-field bonds deermine he physical boundary beween
quanum-mechanically unbound evens and small clusers (s < 9, dark energy (DE)) and larger
bound clusers (s ≥ 9, dark mater (DM)). Te binding energy raio bond/E0 = 8/248 is derived
exacly rom E8 represenaion heory. Te energy-weighed spli gives ΩDE = 0.691± 0.005 and
ΩDM = 0.261±0.003. Te Hubble parameer ollows direcly rom he percolaion-derived densiy
racions (Ωb, ΩDM) and he CMB acousic scale s: H0 = 67.6 ± 0.5 km s−1 Mpc−1. Te enire
E8 → SM cascade complees in he pre-geomeric phase; is compleion defines t = 0. Emergen
spaceime is spaially fla, homogeneous, and isoropic wih low iniial enropy wihou invok-
ing an inflaionary epoch. Te opology o he compac dimensions (|χ| = 6) produces exacly
hree ermion generaions. Fiting Planck 2018 binned , E, EE specra wih C’s predicions
yields χ2/do = 1.06, 1.33, 1.21 across 215 bins wihou urher parameer adjusmen, saisi-
cally consisen wih ΛCDM’s six-parameer fi. From a single calibraion, N → Ωb, C predics
ΩDE , ΩDM, σ8, H₀, and he ull CMB acousic specrum. C makes five alsifiable predicions: (1)
w0 = −1 exacly, wa = 0; (2) ensor-o-scalar raio r = 0; (3) exacly hree ermion generaions;
(4) ΩDE/(ΩDE + ΩDM) = 72.6 ± 0.3%; and (5) no primordial black holes a any mass scale. C
derives he quaniies ha ΛCDM fis, explains he eaures ha ΛCDM assumes, and generaes
explicily alsifiable predicions.
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Abstract ID : 9

AI/ML Techniques or Model-Independen
Cosmological Analysis

Content
Machine learning is increasingly shaping cosmological analyses, hough is impac depends cri-
ically on careul validaion and physically inerpreable use. In his alk, I will ouline several
AI/ML approaches or model-independen cosmological inerence, wih an emphasis on how daa-
driven mehods can complemen more radiional saisical echniques. I will discuss LADDER
[1], a deep-learning ramework or reconsrucing he cosmic disance ladder direcly rom ype
Ia supernovae (SNIa) daa while incorporaing he ull covariance srucure o he observaions.
Following exensive robusness ess, LADDER provides reliable predicions ha enable model-
independen applicaions such as consisency checks o baryon acousic oscillaion measuremens
[2], calibraion o high-redshi daases (e.g., gamma-ray burss), and he consrucion o mock
caalogues or uure SNIa and graviaional-wave (GW) missions. Tese examples illusrae how
careully validaed deep-learning ools can assis cosmological analyses wihou assuming specific
parameric orms. I will also briefly discuss Gaussian-process-based reconsrucion o he Hubble
parameer and is use in examining he poenial cosmological implicaions o uure GW observa-
ions [3,4]. aken ogeher, hese mehods aim o demonsrae boh he poenial and he necessary
cauion, in applying AI/ML echniques o cosmology, and show how responsible non-parameric
approaches may offer resh perspecives on several ongoing challenges in precision cosmology.

[1] R. Shah, S. Saha, P. Mukherjee, U. Garain and S. Pal, ApJS 273, 27 (2024) doi:10.3847/15384365/ad5558
[arXiv:2401.17029 [asro-ph.CO]].
[2] R. Shah, P. Mukherjee, S. Saha, U. Garain and S. Pal, [arXiv:2412.14750 [asro-ph.CO]].
[3] R. Shah, A. Bhaumik, P. Mukherjee and S. Pal, JCAP 06, 038 (2023) doi:10.1088/14757516/2023/06/038
[arXiv:2301.12708 [asro-ph.CO]].
[4] P. Mukherjee, R. Shah, A. Bhaumik and S. Pal, Asrophys. J. 960, no.1, 61 (2024) doi:10.3847/15384357/ad055
[arXiv:2303.05169 [asro-ph.CO]].
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Abstract ID : 10

Scalar-Induced Graviaional Waves: Beyond he
Latice

Content
We sudy a model in which scalar fields generae graviaional waves hrough 4-poin correlaion
uncions, originaing rom he scalar power specrum. Te resuling graviaional wave specrum
depends on he couplings o he scalar fields and is predominanly blue-iled, which auomaically
saisfies he consrains on CMB scales.

Te novely o our approach lies in compuing he graviaional specrum on super-horizon scales.
Tis regime is paricularly ineresing, since classical latice simulaions are resriced o sub-
horizon scales and, as we show, he super-horizon specrum is closer o he sensiiviy ranges
o curren and uure graviaional wave experimens.
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Abstract ID : 11

Graviaional waves rom cosmic exures

Content

Cosmic exures are non-rivial field configuraions arising rom sponaneous symmery-breaking,
G → H , or which π3(G/H) is nonrivial. Global exures are known o be sources o graviaional
waves in he lieraure, whereas gauged exures have no been well sudied, since some o hem
are pure gauge. In he presen sudy, we ocus on gauged SU(2) and O(4) exures, ollowing he
pioneering work o Davis (1987), in which i was shown ha he gauged SU(2) exure is pure
gauge, while he gauged O(4) exure behaves like radiaion. We esimae he graviaional wave
specra using field-heoreic simulaions and discuss he differences beween hese cases.
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Abstract ID : 12

SIMPonium Bound Saes in he Early Universe:
Solving he Cosmological Tensions

Content
Dark mater remains one o he mos compelling myseries in modern physics. While WIMPs
have long been leading candidaes, he lack o experimenal evidence has moivaed alernaives
such as SIMPs. We consider an MeV scale complex scalar SIMP dark mater candidae χ, inerac-
ing via a massless dark phoon Aµ, which induces a Coulomb poenial and orms bound saes
(SIMPonium).

We find ha reeze ou occurs a x = mχ/T ≈ 17 (T ∼ ew MeV), coinciding wih he epoch
o Big Bang Nucleosynhesis (BBN). We analyze he impac o bound-sae ormaion, ionizaion,
and decay on ligh elemen abundances, including phoodisinegraion effecs. Te decay o ligh
SIMPonium, as well as he annihilaion o ligh χ-χ∗ pairs, resuls in reducion in abundance o
7Li, offering a poenial mechanism o alleviae he primordial lihium discrepancy. We urher
analyze he impac on he Cosmic Microwave Background (CMB) hrough exoic energy injecion
rom SIMPonium ormaion and decay. Te presence o dark radiaion along wih SIMPonium
decay and annihilaion o ree dark mater ino dark radiaion, modifies he Hubble expansion
rae, providing a soluion o he Hubble ension.
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Primordial graviaional waves: A unique probe o
dark mater

Content
Primordial graviaional waves (PGWs) serve as a unique window ino he early Universe, offer-
ing a rare opporuniy o bridge he gap beween inflaionary reheaing and he microphysics o
dark mater (DM). Tis alk explores how disinc PGW signaures can es novel physics scenar-
ios beyond he sandard model (SM), providing criical insighs ino he undamenal naure o
he dark secor. We firs examine he co-genesis o DM and high-scale lepogenesis, boh pro-
duced via graviy-mediaed processes during he reheaing epoch. By uilizing Fisher orecass
and Markov chain Mone Carlo (MCMC) analysis wih mock daa, we invesigae he deecion
prospecs or hese signals in nex-generaion inereromery missions such as LISA and E. Our
resuls demonsrae ha hese missions can probe specific DM mass ranges and lepogenesis scales
wih a high signal-o-noise raio (SNR). Furhermore, we discuss he non-rivial imprins le on
he GW specrum by a non-sandard pre-BBN epoch. By considering an early mater-dominaed
era, we presen an alernaive deecion avenue or annihilaing and axionic DM. Tis approach
offers a powerul new ramework or searching or DM candidaes ha remains complemenary
o, and goes beyond, convenional laboraory searches.

Based on:
htps://doi.org/10.1007/JHEP12(2024)150, htps://journals.aps.org/prd/absrac/10.1103/1zwb-24jr, and
htps://arxiv.org/abs/2506.17568 .
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Dark Energy Survey Year-6 Pixel-o-Cosmology wih
Weak Lensing

Content

Te Dark Energy Survey (DES) provides a rich daase o explore he effec o weak graviaional
lensing on disan galaxies by he large-scale srucure o he Universe. Weak lensing has become
a powerul probe o invesigae mater disribuion in he Universe over he pas decade hanks
o large imaging surveys. In order o exrac unbiased cosmological inormaion rom he daase,
however, one requires robus analyses hroughou he pixel-o-cosmology pipeline, such as mea-
suring galaxy shapes rom images and modeling asrophysics accuraely. In his alk, I will presen
he legacy weak lensing cosmology resuls measured wih he Y6 shear caalog conaining more
han 150 million galaxies, consiuing he mos powerul weak lensing daase o dae.
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Enhanced oreground miigaion in hermal SZ
Compon-y maps via polarizaion-aided cleaning and

CIB deprojecion

Content

Te hermal Sunyaev-Zeldovich effec Compon-y parameer map (y-map) is a redshi-independen
racer o he ho baryon densiy across he sky. Te all-sky y-maps reconsruced rom Planck daa
have been uilized or he sudy o Lambda-CDM cosmology and he asrophysics o galaxy clus-
ers. Te curren bes minimum variance, all-sky y-map was made public in our previous work,
using Needle ILC on he laes Planck daa. I will describe our effor o develop he bes sraegies
or reconsrucing y-maps wih he leas possible conaminaion rom galacic oregrounds using
he Hybrid ILC approach, and wih he leas cosmic inrared background (CIB) conaminaion us-
ing opimal deprojecion o momens o he CIB SED. I will also compare our CIB minimizaion
wih oher conemporary works wih he same aim.
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Abstract ID : 16

Deecing Relaivisic Effecs by Muli-racing a
Single Galaxy Populaion

Content

Our well-esablished graviy model, he heory o general relaiviy, has been exensively esed
in srong-field regimes. However, no observaional es has ye confirmed is validiy on cosmo-
logical scales, where he universe’s dark componens are necessary o fi LSS daa. Te deecion
o large-scale relaivisic effecs via galaxy power specrum measuremens would provide such an
unprecedened confirmaion. Amongs hese relaivisic conribuions, he Doppler erm acs as
an imaginary correcion in he relaion beween he galaxy densiy conras and ha o mater, and
mosly affecs he large scales usually plagued by cosmic variance. Also, i is sample-dependen,
hus differen galaxy populaions display differen conribuions in heir power specra. In he
search or he opimal galaxy samples o achieve a deecion o he relaivisic erm, we can spli
a galaxy populaion according o luminosiy, and hen perorm a muli-racer analysis wih auo-
correlaions o he sub-samples and heir cross-power specrum. I will be alking abou how o
make i possible a firs deecion o he relaivisic Doppler signal, wih daa rom ongoing galaxy
surveys, such as Euclid and DESI, using his single-daase, muli-racer approach.
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Unsable Dark Mater and Halo Abundance: A
Spherical Collapse Approach

Content
Decaying dark mater (DDM) provides a well-moivaed exension o ΛCDM, in which wo-body
decays – characerized by a decay raeΓ and velociy kick vk – naurally suppress srucure growh
and lead o lower clusering ampliudes consisen wih weak lensing measuremens o S8. Pre-
vious analyses combining Planck, BAO, and weak lensing daa idenified viable parameer space
around Γ−1 ∼ 7Gyr and vk ∼ 1250 km/s. Exending hese consrains wih upcoming cluser
abundance measuremens rom eROSIA, however, requires accurae heoreical predicions or
he halo mass uncion in DDM cosmologies.

We show ha he sandard Press-Schecher ormalism, even when supplied wih he correc DDM
linear power specrum, sysemaically overpredics he abundance o massive halos compared o
DDM N -body simulaions. Tis discrepancy arises rom neglecing he disinc collapse physics
o DDM, primarily rom mass loss as daugher paricles receive velociy kicks exceeding he es-
cape velociy. We develop a spherical collapse ramework ha sel-consisenly incorporaes hese
effecs, yielding a mass-dependen criical densiy hreshold c(M) ha increases or low-mass ha-
los unable o reain kicked daughers. We urher show ha his general wo-body decay model
admis wo physically ransparen limiing cases: a low masses, where all daughers escape, he
collapse reduces o an effecive one-body decay problem, admiting a universal fiting ormula or
c ha accuraely describes one-body decay models; a high masses, where all daughers remain
bound, we derive an analyic mass-independen expression or c. We urher demonsrae ha he
DDM halo mass uncion can be accuraely mached o ha o warm dark mater (WDM) hrough
an empirical mapping o DDM parameers o an effecive WDM hermal mass, a correspondence
long observed in N -body simulaions bu lacking a heoreical underpinning.

ogeher, hese resuls exend he spherical collapse ormalism o boh unsable and warm dark
mater cosmologies, providing he heoreical oundaion needed o exploi upcoming eROSIA
cluser couns or precision consrains on hese models.
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Slow orce carriers in paricle physics and cosmology

Content

I show ha gauge heory and graviy admi modificaions in which all local symmeries are broken
wihou inroducing new scales, leading o new gapless modes universally coupled o mater. Te
new modes have small speed, which suppresses all heir ineracions wih mater, making hem
compaible wih curren observaions. Te new slow orces provide a conservaive channel o
new physics beyond he sandard model o cosmology and paricle physics, as well as a consisen
and minimal ramework o approximae gauge heory wihou gauge symmery. I discuss he
phenomenology o hese new slow orces in he conex o cosmology, asrophysics, and paricle
physics.
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Micro Black Hole Dark Mater

Content

Te influence o a possible low graviy scale, concreely hrough he presence o exra dimensions
or addiional species, on radiaion properies o micro black holes is invesigaed. In paricular, he
suppression o evaporaion hrough he so-called memory-burden effec is shown o be sronger,
occurs earlier and wih sharper ransiion compared o he canonical Planck-scale regime. I is
urhermore shown how his affecs he possibiliy o ligh primordial black hole dark mater, con-
srains on which may weaken subsanially and allow hem o be as ligh as 10−5MP , hereby
lying in he paricle regime. Te signals and consrains o such a scenario are discussed lead-
ing o he conclusion ha micro black hole dark mater remains phenomenologically viable in
consrained regions, wih neuron sars, neurino elescopes, and merger signaures providing
complemenary ess.
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The SABRE Souh Experimen a he Sawell
Underground Physics Laboraory

Content
SABRE is an inernaional collaboraion ha will operae similar paricle deecors in he Norh-
ern (SABRE Norh) and Souhern Hemispheres (SABRE Souh). Tis innovaive approach aims o
disinguish poenial dark mater signals rom seasonal backgrounds: a pioneering sraegy only
easible wih a Souhern Hemisphere experimen. SABRE Souh is locaed a he Sawell Under-
ground Physics Laboraory (SUPL), in regional Vicoria, Ausralia. SUPL is a newly consruced
aciliy siuaed 1024 meres underground (∼2900 meres waer equivalen) wihin he Sawell Gold
Mine. Is consrucion was compleed in 2023.

SABRE Souh employs ulra-high puriy NaI(l) crysals immersed in a linear alkyl benzene (LAB)-
based liquid scinillaor veo, surrounded by passive seel and polyehylene shielding, and opped
wih a plasic scinillaor muon veo. Significan progress has been made in he procuremen,
esing, and preparaion o equipmen or he insallaion o SABRE Souh. Te assembly o he
experimen a SUPL will ake place his year. Te SABRE Souh muon deecor and daa acquisiion
sysems are already operaional and acively collecing daa a SUPL, and ull commissioning o
SABRE Souh is planned his year. Tis presenaion will provide an updae on he overall progress
o he SABRE Souh consrucion, is anicipaed perormance, and is poenial physics reach.
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CD correcions o he elecroweak sphaleron rae

Content

Te weak-isospin conduciviy deermines he rae o baryon number violaing sphaleron pro-
cesses in he high emperaure phase o he Sandard Model and is hus an imporan inpu or
predicions o he primordial Baryon asymmery. So ar, only elecroweak ineracions were in-
cluded in he compuaion o he conduciviy. Presening work published in 2510.20594, we or
he firs ime also include srong ineracions a leading-log accuracy. Tey decrease he quark
conribuion o he conduciviy and hereore increase he elecroweak sphaleron rae.
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An open effecive ield heory o inlaion wih
dynamical graviy

Content

We consruc a graviaional open exension o he effecive field heory o inflaion in he Schwinger-
Keldysh ramework. While physical symmeries allow many open operaors in he Schwinger-
Keldysh acion, mos o hem overconsrain he equaions o moion, yielding inconsisen dynam-
ics. We ideniy he minimal open operaors compaible wih propagaing scalar and ensor modes
and build he graviaional acion, recovering known dissipaive models such as warm inflaion.
We also briefly discuss how sochasic inflaion fis ino his program.
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Breaking he Hubble Consan Degeneracy in
Time-Delay Lensing: A Sequenial Filering Analysis

o Time-Delay Lenses in IllusrisTNG

Content

Te growing ension beween early- and lae-Universe measuremens o he Hubble consan (H0)
has elevaed ime-delay cosmography o a primary probe o he expansion rae. However, he
precision o his “one-sep” mehod is undamenally limied by he mass-shee degeneracy (MSD)
and model mis-specificaion. In his work, we presen a sysemaic exploraion o heH0 likelihood
surace using a brue-orce grid-search o 106 lens models applied o high-fideliy mock sysems
rom he IllusrisNG hydrodynamical simulaions. We inroduce a sequenial filering pipeline
—moving hrough asromeric, chronomeric, phoomeric, and kinemaic gaes—o quaniy he
hierarchy o observaional consrains. We find ha image posiions and ime delays alone resul in
a caasrophic sysemaic floor, wih H0 values permited across a global range o 0 o 125 km s−1

Mpc−1. Te inclusion o absolue magnificaion—represenaive o a lensed ype Ia supernova—
successully breaks he primary MSD, narrowing he uncerainy o a ∼ 30% inerval. Finally, we
demonsrae ha he addiion o sellar velociy dispersion serves as he criical anchor, resolving
he residual profile-slope degeneracy and recovering he rue H0 wih ∼ 3% precision. Our resuls
provide a orensic decomposiion o he inormaion gain in lensing sysems and underscore he
necessiy o auxiliary phoomeric and kinemaic daa or resolving he Hubble ension in he era
o Euclid and he Rubin Observaory.
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Muli-sof heorems or cosmological correlaors:
Background wave mehod or scalars & gravions

Content

Cosmological so heorems (or consisency relaions) provide a powerul probe
or he physics o inflaion. Tese relaions rely on minimal assumpions and hold very
generally. Consequenly, any violaion o hese relaions would rule ou a large class o
inflaionary models. For insance, a violaion o he scalar so heorem (or consisency
relaion) would rule ou all atracor single-field inflaion models and insead poin oward
eiher muli-field dynamics or a non-atracor phase. In his paper, we derive ree-level
muli-so heorems, a leading order in he so expansion, or boh scalar and ensor
correlaion uncions. Our analysis employs he background-wave mehod, in which he
effec o long-wavelengh modes is capured by an appropriae spaial coordinae rescaling.
In addiion, we sysemaically incorporae so-exchange conribuions, including ensor
exchanges in scalar correlaors and scalar exchanges in ensor correlaors.
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The Diffuse Supernova Neurino Background in he
presence o Secre Neurino Ineracions

Content
Te Diffuse Supernova Neurino Background (DSNB) consiues a seady and isoropic flux o
neurinos originaing rom all pas core-collapse supernovae across he observable universe. De-
spie decades o heoreical developmen and increasingly sringen limis rom experimens such
as Super-Kamiokande, he DSNB remains undeeced. Is evenual observaion would provide a
unique probe o supernova dynamics and neurino properies over cosmological disances, while
a coninued absence o signal may indicae physics beyond he Sandard Model.

In his alk, we invesigae he impac o secre neurino ineracions (νSI), or non-sandard neu-
rino sel-ineracions, on he DSNB flux. Such ineracions are well moivaed by scenarios o
neurino mass generaion, including models wih ligh mediaors such as he Majoron, and can
be significanly sronger han Sandard Model ineracions. While laboraory ess o νSI are chal-
lenging due o limied neurino fluxes, asrophysical environmens and long-baseline propagaion
offer a naural seting o probe hese effecs.

We ocus on he atenuaion o DSNB neurinos due o scatering wih he cosmic neurino back-
ground in he presence o νSI. In paricular, we explore he possibiliy o resonan enhancemen
in he case where one relic neurino remains relaivisic, leading o disincive disorions in he
DSNB energy specrum. We presen he resuling specral modificaions and assess heir deecabil-
iy a curren and upcoming neurino observaories, including Jiangmen Underground Neurino
Observaory, Hyper-Kamiokande, and Deep Underground Neurino Experimen. Tese resuls
demonsrae he poenial o DSNB measuremens as a sensiive probe o new neurino inerac-
ions beyond he Sandard Model.
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Open EFTs or Gauge Theories and Graviy
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Parameerizing Dark Energy a he densiy level: A
wo-parameer alernaive o CPL

Content

Recen BAO observaions rom he DESI collaboraion, combined wih CMB and supernovae daa,
sugges a preerence or evolving dark energy (DE) in place o a cosmological consan, paricularly
wihin he widely used CPL parameerizaion o he DE equaion o sae. In his alk, I presen
an alernaive and complemenary approach ha insead describes he evoluion o he DE den-
siy direcly, using wo physically ransparen parameers —one capuring how much DE densiy
differs rom oday’s value a a well-chosen reerence epoch, and he oher capuring how as i is
changing a ha same epoch. Tis ormulaion avoids echnical degeneracies ha affec he san-
dard CPL approach, and each o is wo parameers is ighly measured by a disinc subse o he
daa: namely he DE densiy racion relaive o oday a he reerence epoch is pinned down by
supernovae, while is rae o change by he combinaion o BAO and CMB. Applied o he laes
DESI, CMB, and supernova daa, boh parameers are ound o be measured o percen level pre-
cision, wih heir mean values ineresingly close o he expecaion or a cosmological consan,
and he overall preerence or evolving DE remaining below he hree-sigma level. Tese findings
urge cauion in inerpreing curren hins o dynamical DE and highligh he imporance o how
we choose o describe i.
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Unlocking he small-scale Universe: a roadmap o
nex-generaion baryonic eedback modeling

Content

Uncerain modeling o baryonic eedback, how energy rom acive galacic nuclei and supernovae
redisribues gas wihin and beyond halos, poses a major obsacle o esing he cosmological model
wih large-scale srucure (LSS) probes ha exend ino he non-linear regime. Indeed, i represens
he dominan source o uncerainy limiing he cosmological precision o weak lensing (WL).
In his alk, I will share work conroning his challenge by 1. demonsraing ha asrophysical
models calibraed by gas probes can recover his loss o power and 2. providing evidence ha he
impac o baryonic eedback on he mater disribuion is sronger han assumed in cosmologi-
cal hydrodynamical simulaions, a conclusion ha has been reinorced by he broader communiy.
Wheher such srong eedback is physically plausible, and how a consensus model can be achieved
o ully exploi he cosmological precision o upcoming LSS surveys, remain open quesions. I will
ouline a pah orward: o use new, public muli-wavelengh survey daa o change our undersand-
ing o eedback processes and realize a nex-generaion hydrodynamical simulaion and, in andem,
develop a daa-driven baryonic eedback model o realize he ull promise o nex-generaion WL
cosmology.
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Abstract ID : 29

Hubble consan dipoles and bulk lows wih
eROSITA galaxy clusers

Content
Te isoropy o cosmic expansion and he dissipaion o bulk flows on large scales are undamenal
assumpions o he ΛCDM paradigm. However, evidence rom independen cosmological probes
or large-scale cosmic dipoles and anomalous bulk flows coninues o moun. Tese emerging
ensions, hereore, require careul and independen scruiny.

Galaxy clusers consiue powerul and largely independen probes o poenial expansion anisoropies.
In previous work, we exploied muliwavelengh scaling relaions o galaxy clusers o deec a
9% dipole variaion in he local Hubble consan (H0) a he 4σ significance level. Tis apparen
anisoropy can be inerpreed as a coheren bulk flow o ∼ 800 km s−1 exending o ∼ 500 Mpc,
well beyond he deph currenly accessible o peculiar-velociy galaxy surveys. Eiher inerprea-
ion would pose a significan challenge o ΛCDM in he local Universe.

In his alk, I will presen new resuls based on X-ray, opical, and SZ observaions o more han
3500 newly discovered galaxy clusers rom eROSIA. Using numerous differen scaling relaions
and a hierarchical Bayesian analysis, we deec a ~7\% H_0 dipole a a >4σ level, in agreemen, and
ully independenly, wih cluser pas sudies. Te anisoropy signal is urher srenghened (∼ 5σ)
when complemening our analysis wih new X-ray and opical cluser daa rom oher cluser
samples, which independenly suppor he presence o an expansion dipole anomaly or a ∼ 1000
km/s cluser bulk flow exending o 600 Mpc. Our analysis localizes he signal predominanly o
he nearby Universe (z < 0.2), avoring a local origin raher han a purely global anisoropy.

I confirmed, his anomaly could have imporan implicaions or local H0 deerminaions and
he Hubble ension. I will conclude by highlighing he srong discovery poenial o upcoming
surveys (Euclid, LSS, DESI, 4MOS) or precision ess o cosmic isoropy wih galaxy clusers.
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Abstract ID : 30

Specral decomposiion in sochasic inlaion

Content

Sochasic inflaion allows he sudy o large inflaionary flucuaions, casing heir evoluion ino
he orm o a Fokker-Planck equaion. I discuss solving his equaion using he specral decompo-
siion mehod, a echnique underuilized in modern sochasic inflaion sudies. Te mehod gives
easy access o he lae-ime disribuions o he inflaon field and is firs-passage imes hrough he
eigenvalues and eigenuncions o he Fokker-Planck operaor. Te lowes eigenvalues conrol he
lae-ime and diffusion-dominaed regimes associaed wih unneling and eernal inflaion; higher
eigenvalues are needed o describe classical moion. I demonsrae his in he case o consan-roll
inflaion in a hillop poenial, relevan or primordial black hole models. I compare he sochasic
compuaion wih he classical ∆N ormalism, illusraing, in paricular, he difficulies ha arise
rom rajecories ha pass ‘beyond he hillop,’ ino he diffusion-dominaed regime.
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Abstract ID : 31

Inerpreable machine learning or dynamical dark
energy models

Content

Recen cosmological observaions sugges possible deviaions rom a cosmological consan, poin-
ing oward a dynamical naure o dark energy. Qinessence models, which assume a slowly
rolling scalar field, provide a compelling heoreical ramework o explain his lae ime evoluion
in he dark energy equaion o sae. However, ideniying he correc orm o he quinessence
poenial remains a major challenge, due o boh heoreical consrains and he vas landscape
o uncional possibiliies. In my work, I explore he use o symbolic regression, an inerpreable
machine learning echnique, o discover viable quinessence poenials direcly rom observaional
daa. By searching over analyical expressions raher han fiting predefined orms, symbolic re-
gression offers a daa-driven approach o model selecion ha reains physical inerpreabiliy.
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Abstract ID : 32

Simulaion-based Inerence or cluser cosmology

Content
Galaxy clusers provide a powerul probe o he growh o cosmic srucure and he ampliude
o mater flucuaions. We presen a cosmological analysis o XMM-XXL galaxy clusers using
Hyper Suprime-Cam (HSC) weak-lensing daa wihin a simulaion-based inerence (SBI) rame-
work. We joinly model he cluser redshi disribuion, sacked weak-lensing profiles, and X-ray
emperaure and luminosiy disribuions o simulaneously consrain cosmological parameers
and cluser observable–mass scaling relaions. Tis unified orward-modeling approach enables
sel-consisen mass calibraion while accouning or he survey selecion uncion.

Our analysis yields robus consrains on cosmological parameers, in paricular Ωm and σ8, while
marginalizing over key sysemaic uncerainies. Tis work demonsraes ha join cluser abun-
dance and weak-lensing analyses wihin an SBI ramework provide a compeiive approach or
precision cosmology. Te mehodology is readily exendable o muli-wavelengh daases and
uure surveys, offering a robus pah oward improved consrains on srucure growh and cos-
mology.
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Abstract ID : 33

Redshif space galaxy bispecrum mulipoles as
probes o neurino mass and modiied graviy

Content

Beyond wo-poin saisics, he galaxy bispecrum provides a sensiive probe o non-linear gravia-
ional dynamics, redshi-space anisoropies, and physics beyond ΛCDM. We sudy redshi-space
galaxy bispecrum mulipoles as a probe o massive neurinos and modified graviy, ocusing on
he Hu–Sawicki (R) model. Using a spherical-harmonic decomposiion o he bispecrum, we cap-
ure he ull angular dependence induced by redshi-space disorions. We develop a perurbaive
ramework incorporaing neurino-induced scale-dependen growh, modified second-order ker-
nels, chameleon screening, racer bias, Fingers-o-God damping, and sho noise. Boh massive
neurinos and (R) graviy imprin characerisic, configuraion-dependen signaures, wih he
sronges effecs arising in sreched and squeezed riangle configuraions. For a oal neurino
mass o 0.12 eV, deviaions reach he percen level, while (R) graviy produces 2–8% deviaions or
R0 = 10⁻⁵ on inermediae scales. Forecass or a Euclid-like survey show ha he monopole and
quadrupole mulipoles dominae he signal, yielding signal-o-noise raios o approximaely 5 or
neurino effecs and up o abou 30 or modified graviy. Higher-order mulipoles provide weaker
bu imporan inormaion, highlighing he poenial o he bispecrum as a complemenary probe
o new physics beyond ΛCDM.
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Higgs mass and wino dark mater in Sarobinsky
supergraviy coupled o he MSSM

Content

A ramework connecing Cosmic Microwave Background (CMB) observables wih high-energy
paricle phenomenology is proposed, which is based on Sarobinsky supergraviy coupled o he
Minimal Supersymmeric Sandard Model (MSSM). In his approach, he ampliude o primordial
perurbaions during inflaion fixes he vacuum expecaion values (VEVs) o scalar fields in he
hidden secor arising rom he Sarobinsky supergraviy rewriten o Einsein rame. Tese VEVs
rigger sponaneous supersymmery breaking and se he so masses in he MSSM. Te hree-
loop renormalizaion group (RG) running is perormed beween he inflaionary scale o O(1013)

GeV and he elecroweak scale o O(102) GeV. Te RG evoluion  demonsraes consisency  wih
he measured Higgs mass and curren paricle daa. Te ramework is highly consrained and, in
is simples version, has no ree parameers. Our approach allows wino o mass ≈ 3 eV as he
lighes supersymmeric paricle (LSP). Tis wino LSP is a viable hermal dark mater candidae
ha can be decisively probed a uure colliders via is characerisic disappearing rack signaure.
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Beyond he Bounce: Dawn and Twiligh o
Measable Decay

Content

Measable decay underlies a wide range o phenomena in cosmology, rom alse-vacuum decay o
firs-order phase ransiions, ye is real-ime dynamics remain less undersood han is Euclidean
descripion. In his work (arXiv:2512.14809), we develop a real-ime, flux-based ormulaion o de-
cay ha complemens he Coleman–Callan bounce approach. By analyzing he specral srucure
o he ime-evoluion kernel in one-dimensional resonance models, we show ha decay univer-
sally proceeds hrough hree regimes: an early-ime ransien, an inermediae exponenial sage
governed by isolaed resonan poles, and a lae-ime power-law ail arising rom he coninuum.
Wihin his ramework, we inroduce wo physically meaningul and analyically compuable ime
scales: he dawn time, marking he onse o exponenial decay and sensiive o he iniial sae,
and he twilight time, characerizing he ransiion o he universal lae-ime ail and largely inde-
penden o iniial condiions. Te later is obained in closed orm using he Lamber W uncion,
making is parameric dependence explici. In solvable models, including square and Pöschl–eller
poenials, we recover simple hick-barrier ormulas and clariy he relaion ΓT = Ttrans beween
he decay rae Γ, oscillaion period T , and ransmission probabiliy Ttrans, providing a inerprea-
ion o he semiclassical unneling picure. Tese resuls poin o a universal pole–branch srucure
o decay and sugges direc exensions o measable processes in quanum field heory and early-
universe cosmology.

Other topic / keywords:

Cosmological Phase ransiions

Authors: FENG, inglong (Urech Universiy); MOES, Jesse; PROKOPEC, omislav (Urech Uni-
versiy)

Presenter: FENG, inglong (Urech Universiy)

rack Classification: Early Universe; Ohers (Please speciy below)

Contribution ype: alk

Status: WIHDRAWN

Submited by FENG, inglong <.eng@sudens.uu.nl> on uesday, 14 April 2026

May 14, 2026 Page 55



Cosmo-26 / Repor o Absracs Non-Abelian Domain walls: oreo a …

Abstract ID : 36

Non-Abelian Domain walls: oreo and CP violaion

Content

One o he mos popular candidaes or ermion flavour unificaion is he discree flavour symmery,
including A4, S4, A5, ec. Te sponaneous breaking o discree flavour symmeries can lead o he
ormaion o domain walls, a kind o opological deec ha can orm during he phase ransiion in
he early universe. We sudy his phenomenon in he scenarios o real and complex A4 symmeric
scalar heories and discover new kinds o domain walls, which we denoe as “oreo”-ype composie
domain walls and CP-violaing domain walls.
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Cosmological Perurbaions Induced by Ulraligh
Scalar Dark Mater: AQanum Field Theoreic

Perspecive

Content

Te growh o primordial perurbaions during he mater-dominaed era is primarily driven by
dark mater. Ulraligh scalar fields (ULDM) are a promising candidae or his role, convenion-
ally modeled as operaing in a classical, high-occupaion regime. In his work, we develop a firs-
principles field-heoreic ramework o invesigae he impac o ULDM on linear cosmological per-
urbaions during mater dominaion, explicily reaining is quanum naure. Deriving a closed
equaion or he gravion field dynamics, we compue and regularize is source erms or a generic
Gaussian iniial sae o he ULDM field wihin he adiabaic (WKB) approximaion, employing he
middle-poin working assumpion or non-local erms. Aer gauge-fixing we find ha, conrary
o previous claims, he classical condensae o ULDM has no influence on graviaional wave prop-
agaion. However, he ime-dependen gravion effecive mass induced by he squeezed quanum
sae can drive parameric resonance in specific primordial graviaional wave modes. We demon-
srae his growh is negligible or non-relaivisic ULDM a mater-radiaion equaliy under he
assumpion o a power-law squeezing specrum, or masses in he range m ∼ 10−21−10−24 eV.
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Bounds on Goldsone Dispersion Relaions

Content

Using he analyiciy properies o rearded Green’s uncions, we show ha he Goldsone disper-
sion relaions can be writen in erms o ‘ypically-real uncions’: a well-known class o uncions
in Geomeric Funcion Teory. Tis idenificaion yields opimal wo-sided bounds on Wilson co-
efficiens o higher-derivaive operaors as explici uncions o he sound speed cs. We es hese
bounds agains he U(1) superfluid as a conrolled UV compleion, finding agreemen across he
physical range o cs and paricularly in he relaivisic limi cs → 1 regime. Our ramework can be
applied direcly o he EF o inflaion and dark energy, consraining higher-derivaive operaors
in erms o sound speed in boh setings.
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Graviaional-Wave Propagaion Through he
Axiverse

Content

In his alk I will discuss how oscillaing ulraligh scalar and pseudoscalar fields affec he propaga-
ion o graviaional waves (GWs). I will consider wo couplings o he (pseudo)scalars o graviy; a
pariy-even Gauss-Bonne coupling, and pariy-odd Chern-Simons coupling, and show ha hese
fields induce disincive signaures a boh he populaion and individual GW even levels. Tese
effecs are conrolled by he (pseudo)scalar mass and are characerized by oscillaory eaures in
he redshi disribuion o observed GW parameers and he waveorm isel. Finally, I will dis-
cuss how hese eaures can be probed in boh he ground-based, and space-based deecor regimes,
providing a new window ino graviaionally coupled ulraligh fields.
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Graviy’s Gif: Baryons rom he Big Bang

Content

Tis alk is based on a recen paper in which my collaboraors and I have explored how he cos-
mological excess o mater over animater can arise hrough he phenomenon o cosmological
graviaional paricle producion a he end o inflaion in a ype-I Seesaw model o nonhermal
lepogenesis. From a model-building sandpoin, his scenario is appealing or being minimal and
economical, since some amoun o graviaional producion is unavoidable. From he phenomeno-
logical perspecive, his scenario links he observed baryon asymmery o he energy scale o infla-
ion and he ampliude o inflaionary graviaional waves. A non-deecion o r in measuremens
o CMB polarizaion would rule ou his model.
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Non-perurbaive aspecs o ermion reheaing

Content

Te ransiion rom he inflaionary phase o a radiaion-dominaed universe is ypically a complex
problem. Te pos-inflaionary coheren oscillaions o he inflaon field can drive he resonan
growh o bosonic field flucuaions, including hose o he inflaon isel, leading o backreacion
and non-linear effecs, and he evenual ragmenaion o he homogeneous inflaon. Tese dy-
namics, however, oen ail o exhaus he inflaon energy densiy, wih he convenional soluion
invoking a perurbaive decay channel ino ermions o ensure complee reheaing. In his alk
we re-examine his assumpion, demonsraing ha he coupling o ermions is no a guaraneed
pahway o hermalizaion when Pauli-blocking effecs are ully accouned beyond he Bolzmann
approximaion. In paricular, or non-quadraic inflaon poenials, he pah o a ully reheaed
universe is more consrained han previously assumed, necessiaing a more nuanced reamen o
he final phase o reheaing.
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Time-reversed Sochasic Inlaion

Content
Cosmic inflaion may exhibi sochasic periods during which quanum flucuaions dominae over
he semi-classical evoluion. Exracing observables in hese regimes is a nooriously difficul pro-
gram as quanum randomness makes hem ully probabilisic.

We propose a new way o raming Sochasic Inflaion by enorcing he poin o view o a local
observer or which inflaion has ended i.e. among all possible quanum hisories, i only selecs
he ones which are relevan or Cosmology.
Formally, i amouns o redefine he usual sochasic-N ormalism by a ime-reversed version
where curvaure flucuaions are compued over all sochasic realisaions producing he same
lieime, or all lieimes (including he infinie limi).

As illusraive examples, I will show ha or a fla semi-infinie poenial, he ime-reversed ap-
proach cures he divergences obained in he convenional “orward” approach: he curvaure
probabiliy disribuion is finie wih heavy ails. When adding a consan dri, we obain expo-
nenial ails, which, in he classical-like limi o very large dri, become Gaussian, a eaure which
is no presen in he “orward” approach. Evenually, or a fla bounded poenial, he ail be-
haviour maches he “orward” picure up o a acor 2 in he decay which may have consequences
on Primordial Black Hole abundances.

All hese discrepancies end up being relaed o he very definiion o he background which is
ambiguous when a genuine classical rajecory does no exis.
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New ools or cosmology by Exended Theories o
Elecro-Magneism (ETEM)

Content
Compaible wih General Relaiviy (GR), he dark Universe lacks experimenal confirmaion and
suppor by he Sandard Model (SM). Opposing darkness, exensions o GR ace he successes o
GR. Bu phoons, main messengers, are sill read wih he XIX Maxwell heory, alhough Qanum
Elecro-Dynamics (ED) requires non-linear correcions, e.g., phoon-phoon. Exended Teories
o Elecro-Magneism (EEM) induce a reinerpreaion o he observaions. In presence o a back-
ground, he SM Exension (SME) or Non-Linear Elecro-Magneism dress he phoon, he only SM
ree massless paricle, wih an effecive mass [1-3], compaible wih he upper limis rom Fas
Radio Burss [4-6] and solar wind [7,8]. Bireringence, dispersion, second-order ED are esed
or searched EEM effecs a, e.g., BMV oulouse, ALAS CERN, DeLLigh Paris. All phoons ei-
her massive - ab iniio as in he de Broglie-Proca heory or hrough he SME or he Born-Ineld,
Heisenberg-Euler non-linear ype o heories - undergo a requency shi in presence o an elec-
romagneic and/or a Lorenz Symmery Violaion background [9,10]. Tis small addiional shi,
owards he red or he blue, added o he expansion redshi, deermines new cosmological scenar-
ios, e.g., wihou dark energy and mater [11-14]. Inereromery guaranees esing perspecives
[15,16] below 3x10-18 in Δν/ν per mere or an Earh-Moon-like opical lengh. We aim o deer-
mine a dissipaive effec ree rom blurring due o he ineracion o he phoon energy wih he
curvaure produced by an elecromagneic or graviaional field [17-20]. Finally, we implemen
he Heisenberg principle a cosmological isances, where he Hubble ension appears as quanum
measuremen limi [21,22].
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Abstract ID : 45

Specral Signaures o Muli-Mediaor Asrophysical
Neurino Sel-Ineracions a Ulra-High Energies

Content

We discuss he effec o muliple mediaors influencing he scatering o asrophysical neurinos a
he ulra-high energies —100 eV and beyond —agains relic neurinos rom he Cosmic neurino
background, demonsraing unique eaures in he resuling specral shape as deeced a neurino
elescopes like IceCube. We specifically discuss he effec o superposiion o scatering ampliudes
involving ineracions mediaed by bosons o close bu disinc masses and he imporance o con-
sidering off-resonan /U channel scatering in scenarios like hese, in addiion o he resonan S
channels. As an example, we consider he case o L_μ –L_τ symmery in a KK exra-dimensional
scenario, leading o he exisence o a ower o muliple vecor bosons capable o mediaing such
neurino sel ineracions. We show ha in his specific case, he eaures in he flux specrum, es-
pecially a he higher energies o he asrophysical neurino specrum, would be clearly disincive
rom ha expeced in sandard model scenarios.
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Abstract ID : 46

Specral Signaures o Muli-Mediaor Asrophysical
Neurino Sel-Ineracions a Ulra-High Energies.

Content

We discuss he effec o muliple mediaors influencing he scatering o asrophysical neurinos a
he ulra-high energies —100 eV and beyond —agains relic neurinos rom he Cosmic neurino
background, demonsraing unique eaures in he resuling specral shape as deeced a neurino
elescopes like IceCube. We specifically discuss he effec o superposiion o scatering ampliudes
involving ineracions mediaed by bosons o close bu disinc masses and he imporance o con-
sidering off-resonan /U channel scatering in scenarios like hese, in addiion o he resonan S
channels. As an example, we consider he case o L_μ –L_τ symmery in a KK exra-dimensional
scenario, leading o he exisence o a ower o muliple vecor bosons capable o mediaing such
neurino sel ineracions. We show ha in his specific case, he eaures in he flux specrum, es-
pecially a he higher energies o he asrophysical neurino specrum, would be clearly disincive
rom ha expeced in sandard model scenarios.
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Cosmological ensions beween CMB, BAO and SN

Content

I will discuss ensions beween CMB, BAO, SN disance measures and possible resoluions wih
opical deph, early dark energy, and axions.
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Coheren and incoheren dark mater: A uniied
wo-luid approach

Content

We presen rom he Schwinger-Keldysh pah inegral ormalism, equaions or bosonic, non-
relaivisic and sel-ineracing dark mater. Te equaions can describe a wo-fluid sysem com-
posed o a coheren and an incoheren mixure, encompassing boh CDM and Fuzzy Dark Mater
in a unified way. Te model incorporaes new erms, such as he Lee-Huang-Yang correcion,
known in Cold Aom Physics, and we show ha he inerplay beween hese wo fluids has signi-
ican effecs on he curren observaional bounds or Fuzzy Dark Mater and srucure ormaion.
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Probing he Epoch o Reionizaion by reconsrucing
he velociy conribuion o he pachy kSZ signal

rom 21-cm maps

Content

Disinguishing beween differen reionisaion hisories requires observables ha are sensiive o
he iming and morphology o he Epoch o Reionizaion (EoR). We presen a mehod o reconsruc
redshi-dependen line-o-sigh velociy fields rom he 21-cm signal and use hem o consruc
pachy kinemaic Sunyaev–Zel’dovich (kSZ) maps ha can be cross-correlaed wih he observed
kSZ signal. Unlike approaches ha square he kSZ field o remove velociy sign cancellaions,
our mehod preserves direcional phase inormaion, enabling a firs-order cross-correlaion. As
reionizaion progresses, his cross-correlaion changes sign when ionisaion flucuaions begin
o dominae he 21-cm signal. Te evoluion o he cross-correlaor a ℓ = 3000 disinguishes
beween differen EoR models. Tis proo-o-concep sudy demonsraes ha 21-cm based kSZ
reconsrucion provides a promising avenue or probing he iming and duraion o he EoR.
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Modelling correlaed Si III absorpion or precision
measuremens o he mater power specrum rom

he Lyα ores

Content

Te one-dimensional Lyα ores power specrum is a powerul cosmological probe o mater den-
siy flucuaions in he weakly non-linear regime, providing leading consrains on he mater
power specrum and he naure o dark mater a small scales. A key asrophysical sysemaic,
however, is conaminaion rom correlaed meal absorpion, especially Si III. Sandard reamens
usually model he Si III conribuion as a simple rescaling o he Lyα signal, bu hese ail o ac-
curaely capure effecs on small scales ha are increasingly imporan or presen and upcoming
precision measuremens. We inroduce a new analyical fiting uncion or correlaed Si III ab-
sorpion ha is accurae, physically moivaed, and readily implemenable in Lyα ores analysis
pipelines. Te model capures physical effecs negleced in earlier sudies, including he disinc
Lyα and Si III line profiles and a scale-dependen suppression o he Lyα–Si III cross-correlaion.
I is moivaed and esed using he Sherwood-Relics hydrodynamical simulaion suie over 2.2
<= z <= 5.0 and k < 0.2 s km^-1. Our resuls show ha improved modelling o correlaed Si III
absorpion will be essenial or exracing robus cosmological inormaion rom curren daases
such as DESI and rom uure high-precision Lyα ores surveys.
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Axion perurbaion growh a low-emperaure
reheaing

Content

We sudy he evoluion o axion cold dark mater overdensiies in low-emperaure reheaing cos-
mologies, ocusing on he inerplay beween he emperaure-dependen axion mass and he ra-
diaion background. We show ha modes enering he horizon prior o boh reheaing and he
onse o oscillaions experience a significan enhancemen driven by heir coupling o radiaion
perurbaions. Tis enhancemen is maximized when he emperaure a which he axion mass
becomes consan, TΛ, lies slighly above he reheaing emperaure, allowing or efficien growh
while avoiding he suppression effecs o curvaure and radiaion perurbaions near reheaing.
We discuss he implicaions or he ormaion o small-scale srucure such as axion miniclusers.
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Consraining decaying dark mater wih weak
lensing higher-order saisics

Content

Sage IV weak lensing (WL) surveys will probe highly non-linear
scales wih unmached precision, providing valuable daa or
improving cosmological parameer esimaes. o accuraely exrac
non-Gaussian inormaion rom hese daa, higher-order saisics
were developed. However, heir consraining power remains o be
esed. We examine he exen o which he scatering ransorm and
Minkowski uncionals can improve he sensiiviy o WL surveys o
he dark mater decay rae relaive o he radiional wo-poin
saisics. Using FLAMINGO mock WL convergence maps in five
omographic bins, we evaluae Euclid’s consraining power in he
presence o baryonic eedback and galaxy shape noise.
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Beyond CPL: Tesing Dynamical Dark Energy wih
Exended Three-Parameer Models

Content

We inroduce wo hree-parameer exensions o he minimal Akhar–Hossain (mAH) dark energy
paramerizaion, ermed modified minimal AH (MmAH1 and MmAH2), which provide a smooh
and bounded evoluion o he dark energy equaion o sae while reaining ΛCDM as a limiing
case. Using a join analysis o he CMB compressed likelihood, DESI DR2 BAO, H(z), redshi
space disorions, and hree SNeIa samples (PanheonPlus, Union3, and DESY5), we compare hese
models wih ΛCDM, wCDM, mAH, CPL, and he hree-parameer CPL-wb exension. Te san-
dard cosmological parameers remain sable across all models, while CPL, MmAH1 and MmAH2
paramerizaions yield modes bu consisen improvemens in fi (∆χ2 ≃ −6 o −12 or Pan-
heonPlus and Union3, and ≃ −38 or DESY5). Saisical consisency wih ΛCDM, quanified via
he Mahalanobis disance in one, wo, and hree dimensional parameer subspaces, reveals mild
o moderae deviaions, ∼ 2–2.5σ or +PanheonPlus, 2–3σ or +Union3, and up o 4–5σ or
+DESY5 combinaion, depending on model complexiy. Among all exensions CPL, MmAH1 and
MmAH2 provide he mos sable and physically coheren represenaions o dynamical dark en-
ergy, mainaining moderae ensions wih ΛCDM and well behaved parameer correlaions. Over-
all, hese resuls indicae consisen evidence or deparures rom ΛCDM.
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Bouncing Cosmologies in Modiied Graviy wih
Spaceime Torsion

Content

We explore he possibiliy o realizing a non-singular bounce in he early universe wihin he rame-
work o modified graviy wih spaceime orsion. In Einsein Caran heory, orsion is embedded
in he spaceime by adding an anisymmeric par in affine connecion . We consider generalized
version o he ramework as f(R̄), R̄ being he scalar o he modified curvaure ensor. f(R̄) grav-
iy is recas in Einsein rame as non-minimally coupled scalar ensor heory where he scalar field
ges coupled wih a rank 2 anisymmeric orsion field hrough derivaive couplings. We invesi-
gae wheher he inroducion o hree addiional orsion-dependen erms in Einsein rame help
o realize a bounce. We firs explore his cosmological sysem in he background o a homoge-
neous and isoropic FRW spaceime bu inclusion o he orsion erms are insufficien o produce
a bounce in his symmeric seting. Moivaed by his limiaion, we relax he symmery and gen-
eralize he background o include inhomogeneiy and anisoropy. In his seup, he dynamics is
modified in such a way ha a bouncing soluion is possible wihou invoking phanom fields or
energy condiion violaions. We have ound he exac soluions o all he fields and reconsruced
he modified graviy orm. We have addressed he behaviour o he fields under perurbaion and
invesigaed he sabiliy o he soluions. Consrains on he model parameers have also been
derived based on cosmological observaions.
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dS/CFT rom Deec

Content

We perorm a Wick roaion and analyic coninuaion rom global AdSd+1 o saic dSd+1, yielding
CFd generaors wih a nonsandard adjoin acion ied o dS bulk coordinaes. o reproduce he
real-scalar wo-poin uncion, we inroduce a global deec operaor ha wiss he inner produc.
We urher show ha PT symmery is sponaneously broken in CF2 vacua wih a cenral charge
having an imaginary par. Finally, we derive inegral ideniies or bulk and deec correlaors,
providing a unified ramework or compuing CFd observables in he presence o global and
local deecs.
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Freeze-In Producion o Serile Neurino Dark Mater
in a Low-Scale Seesaw Framework

Content

In his work, we invesigae he phenomenological aspecs o a eebly ineracing serile neurino
dark mater candidae wihin a low-scale seesaw ramework. Te ype-I seesaw model is aug-
mened by a second complex scalar double (Φν ), which couples exclusively o he heavy righ-
handed neurinos and he lepon double, hereby generaing he neurino Dirac mass erm while
he firs scalar double is responsible or giving mass o he remaining Sandard Model paricles.
Te lighes serile neurino (N1) acs as a eebly ineracing massive paricle (FIMP), produced
via decays o W±, Z and exra scalars presen in he seup. We poin ou ha W± and Z con-
ribuions were overlooked in he previous sudies, which acually dominae he N1 producion
by a acor o ∼ 1013 and solely deermines he relic abundance. Incorporaing hem leads o
several novel consequences or he DM phenomenology like a new non-hermal condiion which
leads o smaller Yukawa couplings. We horoughly discuss abou he enhancemen possibiliies
o N1’s mass which is conrolled by he small vacuum expecaion value (vν ) o he second Higgs
double. Aer incorporaing he laes Lyman- ores observaions, his seup can accommodae
boh warm and cold dark mater scenarios.
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The Hubble Tension Can Be Resolved wih Threshold
Causaliy and Disance-Ladder Correcions

Content

Te Hubble ension persiss despie muliple correcions o he SNe Ia sandardizaion chain. Tese
correcions reduce he disance-ladder esimae o H0 o ∼70–71 km s−1 Mpc−1, bu a 2-4 km s−1

Mpc−1 gap wih he CMB (67.4 ± 0.5) remains. Because disance-ladder measuremens o H0

sample galaxies wihin he KBC void, he local densiy defici may resolve he remaining ension.
ΛCDM canno accommodae he observed voids wihin is Gaussian perurbaion ramework bu
hree supervoids a R ≥ 200 Mpc are already documened (KBC, Eridanus, Gian Void). Tresh-
old Causaliy (C) is a complee cosmological model wih a single calibraed inpu. In C, bond
percolaion a criicaliy on a random regular graph drives E8 → SU(3) × E6 → Sandard Model
symmery breaking, producing baryonic mater (Mode I). Te primordial E8 field (Mode II) is he
vacuum o Mode I; dark energy arises in Mode II rom unbound evens and small clusers (s < 9),
and dark mater rom quanum-bound clusers (s ≥ 9). C derives H0 = 67.6±0.5 km s−1 Mpc−1

rom Ωb, ΩDM, and he CMB acousic scale s, wih C’s parameer se fiting Planck 2018 binned
, E, EE specra a χ2/do ≈ 1.2. Te primordial cluser-size disribuion n(s) ∼ s−τ wih
τ = 2.51± 0.03. Densiy flucuaions are non-Gaussian: P ( > x) ∼ x−α (Lévy sable,  = 3/2).
A 300 Mpc, σ ≈ 0.018 in boh models; in ΛCDM he KBC void ( = −0.23) is a 12.8σ flucuaion
wih Pvoid ∼ 10−37. In C Pvoid ∼ 10−2. Inside a KBC void in C, he densiy defici produces
local expansion above he cosmic mean and shis he effecive DE racion upward. Te local ex-
pansion rae inside a spherical void o deph 0 is H0(local) = H0(global) ×[1 − f(Ωm,local)0/3],
where f = Ω0.55

m,local is he linear growh rae. For he KBC void wih 0 = −0.23± 0.04 and C’s
Ωm,local = 0.238: H0(local) = 70.0 ± 0.7 km s−1 Mpc−1, consisen a <1σ wih correced disance-
ladder values o 70.0-70.6 km s−1 Mpc−1. Te uncorreced SH0ES disance-ladder value decom-
poses as: C global H0 (67.6) + KBC void enhancemen (+2.4) + uncorreced SNe Ia dus/calibraion
bias (+3.2) = 73.2 km s−1 Mpc−1, consisen wih he repored SH0ES value o 73.5 ± 0.8 a 0.2σ.
Te correced disance-ladder value, wih dus and calibraion sysemaics removed, is 70.0 ± 0.7,
consisen wih C’s local predicion a <1σ. C predics 27 ± 6 such voids as a consequence o
Lévy-sable percolaion saisics. Te observed coun is consisen wih C a <1σ. Euclid and
Rubin LSS void caalogs will provide a definiive es. Te Hubble ension can be resolved by
combining disance-ladder correcions wih C’s void-enhancemen mechanism: H0(local) = 70.0
± 0.7 maches he correced disance-ladder value a < 1σ while H0(global) = 67.6 ± 0.5 maches
Planck a < 1σ.
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EFT approach o Dynamical Tides in Neuron sar &
Dark mater admixed Neuron Sar

Content

We apply he poin paricle EF approach o a compac sar o sysemaically compue dynamical
idal love numbers or various non-roaing compac objecs. We calculae he scatering ampliude
in Black Hole Perurbaion Teory(BPH) or arbirary non-roaing compac sars using he Mano-
Suzuki-akasugi(MS) mehod wih non zero surace refleciviy and mach i wih ha obained
rom poin paricle EF order by order in he low requency expansion. Tis ses up a sysemaic
ramework or exracing he saic and dynamical idal love numbers(LNs) o any order in he
mulipole expansion. We employ his echnique o compue he Nex-o-Nex-o Leading Order
LN or non-viscous Neuron sars and Neuron sars admixed wih Bosonic or Fermionic dark
mater.
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Abstract ID : 61

GW probe o EMRIs in Scalar ield Dark mater spike

Content

Scalar field dark mater (SFDM) is an exciing and atracive alernaive dark mater model which
can successully alleviae various issues plaguing radiional cold dark mater models. However,
deecing SFDM is no easy ask, as i may or may no inerac wih sandard model paricles
a all- making erresrial experimens moo. On he oher hand, dark mater disribuion near he
galacic cener can be significanly increased due o cenral supermassive black hole producing
local
overdensiy or ’spikes’. Such overdensiies affec graviaional wave emission rom exreme mass
raio inspirals (EMRIs) around he SMBHs which can be used effecively o probe naure o dark
mater. In his work, or he firs ime we derive he spike around galacic SMBH due o a galacic
SFDM halo. We hen used he generaed spike profiles o quaniy he effec o he SFDM spike on
an EMRI sysem using GW observables. We show ha no only spike generaion drasically alers
he deecion prospec, GW can pu srong consrains on he mass o SFDM.
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Abstract ID : 62

Searching or ulraligh dark mater rom erresrial
magneic ields

Content

We presen a novel search or ulraligh dark mater using erresrial magneic field measuremens
a requencies below 100 Hz, ocusing on dark phoon dark mater as a represenaive candidae.
Coherenly oscillaing dark phoon dark mater can induce a monochromaic magneic field via
kineic mixing wih ordinary phoons. Noably, or dark phoon masses around 3 \imes 10^{-14}
eV, he signal can be resonanly amplified wihin a caviy ormed by he Earh’s surace and he
ionosphere. We compue he expeced signal incorporaing he effec o amospheric conduciviy,
and derive new upper limis on he kineic mixing parameer rom long-erm geomagneic daa.
Tese limis improve upon previous ground-based consrains in he mass range o 1 \imes 10^{-
15} – 2 \imes 10^{-13} eV. We would also like o ouch on he resuls o axion dark mater searches
based on similar ideas.
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Abstract ID : 63

Numerical simulaions o he sochasic ormalism

Content
Te sochasic ormalism can be undersood as an effecive field heory or IR modes, which in-
corporaes quanum correcions rom UV modes a he coarse-graining scale. As he name sug-
gess, he dynamics are described by Langevin equaions. In general, he sysem is non-Markovian,
meaning i depends on pas hisory by consrucion in sochasic inflaion.

In his alk, I will presen and discuss several approaches o analyzing he sysem, including he
Markovian approximaion and ull numerical compuaions ha accoun or non-Markovian e-
ecs. In paricular, I will consider wo examples; he MSSM scenario (ull numerical compuaions
show ha he fla direcion is no sauraed, improving upon previous resuls), and lambda phi^4
(non-Markovian appears as boh shor and long erm effecs)
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Nanoherz Graviaional Waves rom he
Baryon-Dark Mater coincidence

Content
Te nanoherz graviaional-wave (GW) signal observed by pulsar iming arrays may originae
rom a cosmological firs-order phase ransiion (FOP) a emperaures o order 100 MeV. Tis
coincidence raises a undamenal quesion: why his scale? We show ha such a P naurally
arises in scenarios where he baryon asymmery is generaed rom a dark asymmery via resonan
neuron-dark mater (DM) oscillaions.

We demonsrae ha he same P can produce a GW signal compaible wih NANOGrav obser-
vaions while saisying all curren experimenal and cosmological consrains. Te ramework
predics DM sel-ineracions close o observaional bounds and a reduced maximum mass or
neuron sars. I also offers complemenary probes hrough missing-energy searches a he LHC
and neuron decay experimens.

Consisency wih big-bang nucleosynhesis is ensured by inroducing O (10-100) MeV scale heavy
neural lepons, which simulaneously accoun or neurino masses and provide addiional exper-
imenal signaures.
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From Simulaions o Early Daa: Galaxy Cluser
Cosmology wih LSST-DESC

Content

In his work, we presen recen developmens and orecass relaed o galaxy cluser science wihin
he LSS-Dark Energy Science Collaboraion (DESC). Galaxy clusers are among he primary cos-
mological probes o LSS. However, heir use or precision cosmology is challenging as i requires
he consrucion o cluser caalogs rom observaions and accurae modeling o exrac cosmolog-
ical inormaion. Wih he recen release o Rubin Observaory Daa Preview (DP1) in June 2025,
he DESC Cluser working group has been working on coordinaing effors o assess analysis readi-
ness and o begin o exploi his new daase, in preparaion or he upcoming Rubin Observaory
Daa Preview 2 (DP2) in Sepember 2026 and LSS Daa Release 1 (DR1) in early 2028. In his
alk, we discuss recen effors o he DESC clusers working group o build an end-o-end cluser
cosmology pipeline, ocusing mainly on: i) analysis readiness showcased on simulaions using our
end-o-end pipeline —rom cluser caalog consrucion wih WaZP o cosmological inerence; ii)
cosmological orecass rom our modeling ramework. We will also briefly highligh early science
resuls rom he Abell 360 cluser weak lensing analysis wih LSS DP1 daa, beore concluding
wih oulook and preparaion or DP2 and DR1.
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Universaliy and Criicaliy in Massless Scalar Field
Collapse

Content
Te presenaion is based on 1, where we sudy he unhindered graviaional collapse o a mass-
less scalar field—one o he undamenal mater fields deermined by a Lagrangian ormulaion
—in a spherically symmeric spaceime, working in a rame-independen and ansaz-independen
ormalism.

We ideniy a single dimensionless parameer ha deermines he end-sae, which can be one o
he ollowing wo: a singulariy or dispersal. Tis same dimensionless parameer also decides he
visibiliy o he end-sae singulariy, which is eiher a locally naked null singulariy or a black
hole. We also show ha he null naked singulariy is he criical case beween he black hole and
dispersal cases. Hence, in he associaed phase space o his parameer, he criical soluion is
an atracor. We show he causal srucures and he visibiliies o he end-saes o his collapse
hrough heir corresponding Penrose diagrams.

Due o he covarian ormulaion o his invesigaion and he criical parameer being dimension-
less, he obained resuls are independen o lengh scales and hold or all sysems wih he same
underlying symmeric srucures. Tis provides an analyic ormulaion o universaliy and criical
behaviour in massless scalar field collapse, in agreemen wih earlier numerical sudies.
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Firs resuls o he LEGEND experimen in he ques
or Neurinoless Double-Bea Decay

Content
Te search or neurinoless double bea (0ν) decay is considered as he mos promising way o
prove he Majorana naure o neurinos as well as o give an indicaion on he mass hierarchy and
on he absolue mass scale. Te discovery o 0ν decay would moreover open he way or he-
ories predicing he observed mater–animater asymmery o he Universe being a consequence
o lepon number violaion hrough lepogenesis.

Building upon he success o GERDA and MAJORANA experimens, he LEGEND (Large Enriched
Germanium Deecor or Neurinoless  Decay) Collaboraion aims a building a 76Ge-based
0ν experimen o ully span he invered neurino mass ordering region. Te LEGEND projec
will proceed in wo phases. Te firs phase, LEGEND-200, began operaions a Gran Sasso Naional
Laboraory in Ialy in spring 2023, wih an iniial deploymen o 142~kg o high-puriy, enriched
germanium deecors. By combining an exposure o 61~kg·yr wih daa rom GERDA and MAJO-
RANA experimens, he highes hal-lie sensiiviy o dae in he search or 0ν decay in 76Ge
has been achieved. A new deploymen o high-perormance deecors is currenly aking daa,
and addiional deecors will be insalled in he uure. In he second phase, he enriched germa-
nium mass will increase o 1000~kg in a new experimenal seup. Wih a background index o
∼ 10−5~cs/(keV·kg·year) and wih an exposure o 10~·yr, LEGEND-1000 will be able o reach a
3σ hal-lie discovery sensiiviy o 1.3× 1028~yr.

Tis alk will highligh he perormance o he experimen and presen he firs 0ν decay resuls
obained rom he iniial year o daa colleced by LEGEND-200. Lasly, an updae on he saus o
he uure LEGEND-1000 phase will be provided.

Tis work is suppored by he U.S. DOE, and he NSF, he LANL, ORNL and LBNL LDRD programs;
he European ERC and Horizon programs; he German DFG, BMBF, and MPG; he Ialian INFN;
he Polish NCN and MNiSW; he Czech MEYS; he Slovak RDA; he Swiss SNF; he UK SFC; he
Canadian NSERC and CFI; he LNGS and SURF aciliies.
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Sochasic relaiviy o dark energy: lessons rom
inlaion

Content

Previous work on Sochasic Inflaion in ull General Relaiviy is reviewed and showcased wih
laes numerical findings. Te recipe o obain he dynamics o a any such nonlinear and non-
perurbaive heory, when dynamically sourced by classicalised flucuaions o he shor modes,
is explained and exended o any scalar-ensor acion described by he Effecive Field Teory o
Dark Energy. Tis is illusraed wih a ew examples including Gauss-Bonne, Brans-Dicke, Horn-
deski heories and beyond. We conclude on he scope o he approach, is limiaions and poenial
applicaions beyond he realm o inflaion.
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All-Tree Massive Cosmological Correlaors rom
Specral Gluing

Content
In his alk, I will presen a novel ramework o compue massive ree-level cosmological correla-
ors based on “specral gluing”. Te cenral idea is o decompose exchange diagrams ino elemen-
ary verex uncions and sysemaically reconsruc arbirary ree graphs hrough an algorihmic
gluing procedure involving specral inegraion. Tis approach provides a uniying and efficien
mehod o generae correlaors o increasing complexiy, bypassing many o he echnical chal-
lenges o direc in-in compuaions.

A key oucome o his consrucion is he emergence o parially resummed, closed-orm expres-
sions or general ree-level exchange diagrams. Te gluing procedure makes he analyic srucure
o correlaors manies. In paricular, we find ha massive ree graphs exhibi a sriking uniorm
ranscendenal weigh and admi represenaions in erms o mulivariable Lauricella uncions.

Our mehod also yields new mahemaical ideniies, relaing sums o producs o generalised
hypergeomeric uncions o significanly simpler expressions, which in cerain cases reduce o
raional uncions. Tese resuls poin o previously unnoiced hidden simpliciy underlying cos-
mological correlaors.
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Abstract ID : 70

Screened Forces in a CD-Like Dark Secor on
Galacic Scales

Content

Persisen small-scale challenges o he ΛCDM cosmological model have moivaed he consid-
eraion o dark mater models wih richer phenomenology. We consider a dark CD scenario
in which dark axions mediae a screened orce beween dark baryons wihin dark mater halos.
Finie-densiy correcions o he dark CD quark condensae inroduce a densiy-dependen in-
eracion erm beween dark axions and dark baryons, wih a Z2 symmery breaking, analogous
o he symmeron mechanism. We use he FIRE-2 cosmological simulaions, spanning dwar o
group halo mass scales, o es he easibiliy o realisic dark mater halo profiles sourcing he
dark axion. Trough muli-objecive opimizaion, we ideniy 3 example parameer ses ha pro-
duce atracive orces o order ∼ 1− 5 imes he srengh o graviy, acive over disances ranging
rom ∼ 50 kpc o ∼ 1 Mpc rom he cener o he halo, or ∼ 0.2RVir o ∼ 5RVir or a Milky
Way-like halo. Te orce profiles generally ollow he same srucure: a screened cener, a ransi-
ion region where he orce is acive, and an ouer decay o zero. Tough our resuls only reflec
he insan in which he axion is sourced, we esed his model agains dynamical sabiliy crieria
including he ree-all ime scale and Jeans lengh. Tese predic a spherical shell around he halo,
aligning wih he peak o he orce profile, where circular orbis may be unsable and he halo is
more vulnerable o collapse. Te ree-all ime is also lowered, suggesing ha his DM model will
resul in large-scale rearrangemen o he dark mater densiy.
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Sellar models in hird order Lovelock graviy

Content

We presen a spherically symmeric sellar model wihin he ramework o seven dimensional hird
order Lovelock graviy or a neural perec fluid disribuion. Te hird order Lovelock field equa-
ions are generaed or such a fluid configuraion by imposing pressure isoropy. Tis condiion
yields a firs order nonlinear differenial equaion which is an exension o he Abel differenial
equaion. Tis is due o he
addiional higher order curvaure effecs arising in hird order Lovelock graviy. We demonsrae
new exac soluions ha can model a saic spherically symmeric sar. Te energy densiy and
pressure are boh variable. We also show ha a special case arises, which is a consan densiy
model wih a cosmological inerpreaion. Furhermore, we
illusrae he maching condiions o generae a spherically symmeric sellar model in hird order
Lovelock graviy when he EGB and hird order Lovelock coupling consans are relaed.
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Abstract ID : 72

Ani-ulralocaliy and plaeau models o inlaion

Content

Ani-ulralocaliy reers o he amplificaion o spaial gradiens, inhomogeneiies, and anisoropies
during phases o deceleraing expansion. Te effec is driven by nonlinear general relaivisic dy-
namics in he Einsein–scalar field sysem o equaions. Previous numerical relaiviy sudies have
shown ha, beginning wih generic iniial condiions ollowing a big bang, his amplificaion pre-
vens inflaion rom saring in models wih power-law inflaon poenials. We presen he effecs
o ani-ulralocaliy in models wih plaeau-like inflaon poenials which are hough o predic a
much lower ensor-o-scalar raio consisen wih presen observaional upper limis. Tese predic-
ions, however, assume homogeneiy and isoropy are reached wih 60 or more e-olds o inflaion
remaining. Using numerical relaiviy sudies based on codes validaed in earlier invesigaions
and a rigorous proocol ha ess wheher iniial condiions are generic and wheher he final 60
e-olds saisy observaional consrains, we find ha plaeau models are especially vulnerable o
ani-ulralocaliy effecs due o boh he subsanial deceleraing expansion period beween he
Planck energy densiy and he plaeau energy densiy (12 orders o magniude smaller) and he
exreme flaness o he plaeau isel. Te resuling growh o gradiens and shear eiher prevens
60 e-olds o inflaion or drives he inflaon ino sel-reproducion, leading o muliverse oucomes
inconsisen wih curren consrains on he ensor-o-scalar raio.
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Discovering Axion-like paricles using CMB as a
backligh.

Content

Absrac: Axions or axion-like paricles are hypoheical paricles prediced by various BSM he-
ories, which also make one o he dark mater candidaes. Te CMB is he primordial radiaion
ha surrounds us and i ollows an ideal blackbody specrum, hence deviaion in is behaviour
can be used o probe new physics. I ALPs exis in naure, he CMB phoons as hey pass hrough
galaxy clusers will conver o ALPs, resuling in a polarized specral disorion in he CMB. Te
resonan conversions dominae over he non-resonan ones, and occur when he effecive masses
o he phoon and ALP are equal. Te probabiliy o his conversion will depend on he mass o
ALPs, phoon-ALP coupling consan (gaγ ), elecron densiy and ransverse magneic field pro-
files o he clusers, as well as he phoon requency a he conversion locaion. I galaxy clusers
are resolvable in various requency bands, heir asrophysical inormaion can be obained using
muli-band observaions. Using radio synchroron observaions (say, wih SKA), heir ransverse
magneic field profiles can be inerred. Trough X-ray observaions (say, wih eROSIA), heir
elecron densiy and emperaure profiles can be consrained. Tese profile inerences will pro-
vide an esimae o he ALP signal rom hese clusers and bounds on he ALP coupling can be
obained using a pixel-based or power specrum-based approach. Te clusers ha are unresolv-
able in muliple requencies, will creae a diffused ALP background in he sky ha can be modelled
using he disribuion o clusers o differen masses across various redshis. Tis will resul in
an increase in he CMB power specrum a high mulipoles, ollowing he specrum o he ALP
signal. Also, he presence o urbulence in profiles will lead o varying non-Gaussianiy o he ALP
disorion signal. Te upcoming CMB experimens, such as he Simons Observaory, LieBIRD and
CMB-S4, will be able o provide bounds (gaγ < O[10−12]GeV−1) more han an order beter han
he curren bounds rom CAS (gaγ < 6.6× 10−11 GeV−1).
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Disinguishing new physics via muli-messenger
ess o he Disance Dualiy Relaion

Content

Te Disance Dualiy Relaion (DDR) is a cornersone o he sandard cosmological model, a direc
consequence o basic assumpions such as phoon conservaion and he validiy o null geodesics.
Any deecable violaion o his relaion would provide a definiive signaure o new physics, rang-
ing rom cosmic opaciy and axion-like paricles o modified heories o graviy. In his alk, I will
presen a comprehensive ramework or esing he DDR by combining a wide range o observa-
ions, discussing he synergy beween ype Ia Supernovae and BAO daa, as well as he impac ha
uure graviaional waves deecors will have on his line o invesigaion. I will also inroduce a
new approach o DDR esing based on non-parameric reconsrucion mehods, moving beyond
sandard power-law paramerizaions.
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Inrinsic alignmens in he FLAMINGO simulaions
and consequences or weak lensing

Content
Weak graviaional lensing has emerged as one o he mos powerul probes o cosmology, uniquely
racing he oal mater disribuion and direcly probing he growh o large-scale srucure. As a
lae-ime observable, i provides key sensiiviy o dark energy ha complemens early-Universe
measuremens o he Cosmic Microwave Background. Forhcoming surveys such as Euclid and
he Legacy Survey o Space and ime will deliver unprecedened weak lensing measuremens, bu
ully exploiing heir saisical power requires sub-percen conrol o asrophysical sysemaics.

A dominan conaminan is he inrinsic alignmen (IA) o galaxies, which correlaes galaxy shapes
independen o lensing and can bias cosmological consrains i no accuraely modelled. In his
alk, I presen new consrains on IA rom he FLAMINGO simulaions, analysing millions o Lu-
minous Red Galaxy analogues. By joinly modelling galaxy clusering and alignmens, we obain
some o he mos precise consrains rom hydrodynamic simulaions o dae. While commonly
used IA models like NLA and A describe he daa well, we inroduce a new mass-dependen
exension, A-M, ha provides a significanly improved and more efficien descripion. Tis
model has been adoped as he fiducial IA model or he \exi{Euclid} DR1 weak lensing analysis.

We hen invesigae he physical drivers o IA. We find ha baryonic eedback does no change
he alignmen signal beyond is effec on sellar mass, whereas halo assembly hisory plays a key
role: galaxies in earlier-orming haloes exhibi sysemaically sronger alignmens, providing he
firs clear evidence o assembly bias in IA. We also explore he redshi evoluion o he alignmen
signal, and show ha i is more complex han assumed in curren models.

Finally, I inroduce a mehod o robusly iner halo shapes rom sparse saellie populaions by
correcing or sampling noise, enabling less biased measuremens and exending such sudies o
lower-mass sysems.

ogeher, hese resuls esablish a simulaion-driven ramework or inrinsic alignmen modelling,
direcly inorming precision weak lensing analyses in he era o nex generaion weak lensing
surveys.
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Muli-Tracer Cross-Correlaions o he Unresolved
γ− Ray Sky

Content
We presen a sudy o he unresolved -ray background (UGRB) aimed a probing he naure o
he aines -ray source populaions in he Universe. By leveraging saisical cross-correlaions
beween he UGRB and racers o large-scale srucure, we assess he conribuions o differen
source classes o his diffuse emission. Our analysis combines welve years o Fermi Large Area
elescope (LA) daa wih hree years o Dark Energy Survey (DES) observaions, ocusing on he
angular correlaion beween  rays and he galaxy disribuion.

We deec a significan correlaion wih a signal-o-noise raio o 7.85, dominaed by large angular
scales. o urher consrain he origin o he signal, we perorm a muli-racer analysis incorpora-
ing he cross-correlaion beween  rays and DES weak lensing. Te wo independen probes are
consisen, and heir join analysis increases he deecion significance o 10.31, providing srong
evidence or he predominanly exragalacic origin o he UGRB.

Ineresingly, he inerred properies o he conribuing sources differ rom hose o resolved -ray
populaions, indicaing ha he ain -ray sky canno be explained by a sraighorward exrap-
olaion o known sources. Tese resuls highligh he power o cross-correlaion echniques in
uncovering he naure o unresolved cosmic backgrounds.
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Physical properies and redshif disribuions o
KiDS-1000 galaxies using a generaive galaxy

populaion model

Content

Accurae redshi calibraion and physically moivaed source sample selecion are cenral chal-
lenges or precision weak lensing cosmology. In his alk, I will presen our recen work on or-
ward modelling redshi disribuions and inerring physical properies o weak lensing galaxies
in he Kilo-Degree Survey (KiDS-1000) using a generaive model or he galaxy populaion. Te
ramework enabling his work is pop-cosmos, a calibraed galaxy populaion model ha allows
principled Bayesian inerence o individual galaxy redshis and physical properies or millions o
KiDS-1000 sources. Validaion agains specroscopic samples demonsraes low bias and scater in
he inerred phoomeric redshis, while physical propery inerence enables he consrucion o
weak lensing caalogues ha miigae inrinsic alignmen sysemaics. We also develop a orward-
modelling ramework o iner he redshi disribuions o he KiDS-1000 galaxies. By applying a
KiDS daa and survey selecion model o synheic phoomeric daa o mock pop-cosmos galaxies,
we direcly characerize he redshi disribuions in each o he five omographic bins o KiDS-1000,
hereby bypassing he need or specroscopic reweighing used in convenional redshi calibra-
ion mehods. Overall, our resuls demonsrae how he pop-cosmos galaxy populaion model can
deliver accurae redshi disribuions as well as galaxy properies, crucial or connecing galaxy
evoluion physics and weak lensing cosmology wih Rubin LSS and Euclid.
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Healhy scalar-ensor heories wih hird-order
derivaives: Cosmological perurbaions

Content

I describe how one can sysemaically consruc covarian, ghos-ree scalar-ensor heories whose
Lagrangian includes up o hird-order derivaives o he scalar field. Te resulan heories exend
he generalized disormal Horndeski and U-DHOS heories. I hen discuss cosmological perur-
baions, emphasizing he role o new erms on EF o Dark Energy.
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Abstract ID : 79

How galaxy properies and evoluion shapes heir
inrinsic alignmens in hydrodynamical simulaions

Content
Galaxies ha are spaially correlaed, also show posiion-shape correlaions o heir major axes.
Tis correlaion, called inrinsic alignmen, is a major conaminan in cosmological analyses o
weak lensing surveys and hereore needs o be modelled well and undersood. While inrinsic
alignmen correlaions have been esablished and modelled quie well or linear scales or large
cenral (red) ellipicals, he exac connecion o urher galaxy evoluion and properies remains
unclear. One such unknown, is he alignmen o disk galaxies or which hydrodynamical sim-
ulaions give conroversial predicions. Anoher area where many quesions remain is ha o
he redshi evoluion o inrinsic alignmens and how baryonic processes and galaxy evoluion,
e.g. gas inflows or mergers, influence hem. Boh morphology and kinemaics are hough o be
srongly correlaed wih inrinsic alignmen. As hydrodynamical simulaions become more real-
isic, we can uncover exacly which galaxy evoluion processes and properies influence inrinsic
alignmens, wha drives hese alignmens; learning more abou how galaxies are oriened wihin
heir halos and owards he large scale srucure.

I have perormed a direc comparison o NG300-1, Horizon-AGN and EAGLE, remeasuring vari-
ables or consisency, which are publicly available. Tis comparison reveals ha while he sim-
ulaions agree on many main rends, here are also subsanial differences beween hem. In all
hree simulaions, galaxies show radial alignmens ha are higher or red or dispersion dominaed
galaxies. However, he simulaions vary in correlaion ampliude and in he impac o choosing
samples based on colour or kinemaics. Furhermore, when comparing he redshi evoluion o
galaxy and halo alignmens beween NG300 and COLIBRE, heir halo alignmens agree well, wih
NG galaxies evolving similarly, bu COLIBRE galaxies do no show significan evoluion in red-
shi. Te inclusion o cold gas in COLIBRE possibly leads o subsanially differen shapes and
orienaion evoluion o galaxies han in NG300. Tis difference in redshi evoluion is measured
or he ull samples (M⋆ > 109.27M⊙/h) as well as sub-populaions spli by colour, mass or kine-
maic properies. Finally, I will also presen how combing muliple projecions o shapes leads o
gain in signal-o-noise in boh measuremens and modelling. Tis research gives insigh on he
impac o galaxy properies and evoluion on inrinsic alignmens and also leads o beter priors
ha can be used o miigae he inrinsic alignmens effecs on weak lensing analyses.
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Abstract ID : 80

Halo srucure and lensing signaures o a polyropic
dark mater luid

Content
We invesigae wheher a minimal effecive pressure in he dark mater secor can generae observ-
able deviaions rom sandard cold dark mater (ΛCDM) predicions a nonlinear scales. We model
dark mater as a polyropic fluid wih equaion o sae P = Kρ3/2, inerpreed as an effecive
coarse-grained closure o he collisionless Jeans hierarchy in virialized halos.

For his choice, equilibrium configuraions correspond o he n = 2 Lane–Emden soluion, produc-
ing finie-densiy cores wih mass-dependen scaling. Embedding hese soluions wihin ΛCDM
halo populaions, we obain kiloparsec-scale core radii wih weak mass dependence across dwar-
o-galaxy scales, while preserving he background expansion hisory and linear perurbaion growh.

We compue projeced surace densiies and weak-lensing convergence profiles or mass-mached
halos. Relaive o Navarro–Frenk–Whie profiles, he model predics a sysemaic suppression o
cenral convergence wihin R
lesssimfewRc, wih deviaions confined o nonlinear scales. Te convergence power specrum
exhibis scale-dependen suppression a high mulipoles, providing a poenial observaional sig-
naure or upcoming high-resoluion weak-lensing surveys.

Tis ramework inroduces a single phenomenological parameer governing nonlinear pressure
suppor and coninuously reduces o collisionless cold dark mater in he limi K → 0. I hereore
provides a minimal and esable exension o ΛCDM linking halo core srucure o observable
lensing signaures.
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Abstract ID : 81

The bearable inhomogeneiy o he baryon
asymmery

Content

I will discuss he implicaions o precision measuremens o ligh elemen abundances in concor-
dance wih he Cosmic Microwave Background or scenarios o physics beyond he Sandard Model
ha generae large inhomogeneiies in he baryon-o-phoon raio. I will show ha precision Big
Bang Nucleosynhesis (BBN) can consrain mechanisms ha produce large scale inhomogeneiies
a emperaures o he order or below a eV. In paricular, we see ha inhomogeneiies o he order
o 25% a comoving lenghs scales larger han he comoving horizon a he emperaure o 3 eV
are in conflic wih he measured ligh elemen abundances. Tis sensiiviy o he physics a such
early imes is because inhomogeneiies in baryon number homogenize predominanly hrough di-
usion, which is a slow process. BBN hereore acs as a novel probe o baryogenesis below he
eV scale, readily ruling ou some o he proposed scenarios in he lieraure. I will discuss he
implicaions or elecroweak baryogenesis. In addiion, I will show ha precision BBN is a new
probe o firs order phase ransiions which produce graviaional wave signals in he requency
range rom pHz o mHz. Tis leads o consrains on he elecroweak phase ransiion, as well as
he firs order phase ransiions ha have been proposed o explain he pulsar iming array signal.
Finally, I will commen on he uure prospecs or improving his probe.
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Abstract ID : 82

CMB bireringence rom ulraligh-axion sring
neworks

Content

Axion-like paricles (ALPs) can orm a nework o cosmic srings ha persiss aer recombinaion
and induces bireringence in he cosmic microwave background (CMB), roaing he plane o polar-
izaion o propagaing phoons. In his work, we analyze a high-resoluion simulaion o an axion
sring nework generaed using adapive mesh refinemen (AMR) echniques. By perorming ray
racing hrough he hree-dimensional field configuraion, we compue he cumulaive roaion
angle experienced by CMB phoons along heir line o sigh rom he las scatering surace o he
presen epoch.  Our resuls show how he spaial disribuion and evoluion o he sring nework
imprin characerisic spaial variaions in he bireringence angle, and assess heir deecabiliy
wih curren and nex-generaion CMB polarizaion experimens.
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Abstract ID : 83

Cosmological Signaures o Phoophilic Axions rom
Primordial Black Hole Dominaion

Content

Ligh primordial black holes (PBHs) can briefly dominae he energy densiy o he early universe
beore evaporaing via Hawking radiaion, generically producing any sufficienly ligh degree o
reedom in he process, including phoophilic axion-like paricles (ALPs). Tese ALPs subsequenly
decay o phoons, injecing elecromagneic energy ino he cosmic plasma a epochs ranging rom
BBN hrough recombinaion and beyond. In his alk I will presen a comprehensive analysis o
he resuling cosmological signaures across he (m_a,g_aγγ) parameer space. Combining he ull
Hawking emission specrum wih he subsequen ALP cosmology, we derive consrains rom BBN,
CMB μ and y-ype specral disorions, and he diffuse exragalacic phoon background, and iden-
iy he regions o ALP parameer space excluded once a PBH-dominaed era is assumed. A PBH-
dominaed phase subsanially enhances he prediced signal relaive o scenarios where PBHs are
subdominan, opening sensiiviy o ALP couplings well below hose probed by helioscopes and
sellar cooling, including regions moivaed by CD axion and various ALP consrucions. I will
quaniy he projeced reach o PIXIE-class specral disorion mission, discuss how he signal de-
pends on he PBH mass specrum and he duraion o he mater-dominaed phase, and ouline
he complemenariy beween hese cosmological probes and laboraory and asrophysical ALP
searches.
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Abstract ID : 84

A parameer-ree predicion o ΩΛ and g† rom a
subsrae dispersion relaion

Content
We derive he dark-energy densiy parameer ΩΛ and he MOND acceleraion scale g† as closed-
orm heorems rom a single subsrae dispersion relaion ω2 = c20(k

2 + k2Λ), wihou ree cos-
mological parameers. Te mean-square group velociy o sub-hreshold modes reduces o he
dimensionless inegral

∫ 1

0
ξ2/(ξ2 + 1) dξ = 1 − π/4, in which he microscopic hreshold kΛ can-

cels idenically, yielding fcold =
√

2− π/2 ≈ 0.6551. A void-halo balance, based on conservaion
o subsrae cells beween expanding voids and graviaionally bound halos, hen gives

ΩΛ =
√
2√

2+
√

2−π/2
≈ 0.6834

wih H0 cancelling idenically, enorcing w = −1 exacly a all redshis (Planck 2018
deviaion: 0.19

welve independen cosmological probes spanning fieen orders o magniude in physical
scale —rom BBN a z ∼ 109 o dwar-galaxy roaion curves —are joinly consisen wih
he parameer-ree predicion; he seven probes wih clean χ2 srucure yield a cumulaive
Σ∆BIC = +27.1 in avour o he ramework over bes-fi Planck ΛCDM, consiuing
decisive Bayesian evidence on he Jeffreys scale. Te remaining five probes (Planck 2018
CMB acousic scale, AC DR6 equaion o sae, KiDS Legacy S8, BBN baryon densiy, and
LILE HINGS DM core srucure) are each consisen wih he ramework a ≤ 1.3σ.

Te ramework links he dark-energy densiy and he galacic acceleraion scale hrough
a single algebraic consan, yielding esable predicions or Euclid DR1 weak-lensing
and mater-densiy-PDF observables. A clear alsificaion crierion is saed or each BIC-
ranked probe.

Preprint: zenodo.org/records/19696180 (DOI: 10.5281/zenodo.19696180)
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agains welve independen cosmological probes. Oral presenaion preerred; poser ac-
cepable. Te preprin is available a Zenodo (DOI 10.5281/zenodo.19696180).
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Abstract ID : 85

Diffuse Polarised Synchroron Reconsrucion wih
GNILC on Laes Planck Daa

Content

Primordial graviaional waves rom inflaion imprin a ain B-mode polarisaion in he Cosmic Mi-
crowave Background (CMB), bu his signal is srongly obscured by Galacic oregrounds. Deec-
ing CMB B-modes hereore requires accurae characerisaion o oreground polarisaion, dom-
inaed by synchroron emission a low requencies. o address his, we apply he Generalised
Needle Inernal Linear Combinaion (GNILC) mehod o Planck PR4 daa (30–353 GHz), produc-
ing clean, low-noise synchroron polarisaion maps a low requencies wihou relying on prior
models. GNILC employs needles or localised processing in boh pixel and harmonic space, a prin-
cipal componen analysis o reain modes above noise, and a muli-requency weighing scheme
orhogonal o he CMB specrum o deprojec he CMB. Radio source inpaining prior o GNILC
processing urher reduces conaminaion in he resuling maps. Te mehod is validaed on Planck
NPIPE simulaions, and PR4-derived GNILC weighs are applied o NPIPE noise, sysemaics and
CMB realizaions o provide robus residual error characerisaion o he GNILC PR4 maps. Te
final GNILC PR4 maps a 30 and 44 GHz provide reliable ull-sky diffuse polarised synchroron
emplaes a uniorm 34’ angular resoluion, as demonsraed by map inspecion, residual error
esimaes, power specra, and low correlaion wih Planck cleaned CMB maps. Exploiing he re-
quency scaling beween our 30 and 44 GHz GNILC PR4 maps, we derive a firs-o-is-kind 48-pixel
ull sky synchroron specral index map rom Planck-only daa, wih he associaed uncerainy.
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Abstract ID : 86

Probing he Cosmic Web: A Muli-Wavelengh
Approach or Invesigaing Galaxy Cluser Pair

Bridges

Content

A significan racion o baryons in he universe live in diffuse large-scale srucure, paricularly in
filamenary and bridge environmens ouside galaxy clusers. Galaxy cluser pairs and heir con-
necing bridges provide an imporan laboraory or sudying how mater flows beween clusers
and how heaing, shocks, and eedback shape he inercluser medium. However, since hese sys-
ems are dynamically and srucurally complex, no single observable provides a complee physical
picure. Tis makes a muli-wavelengh approach essenial or heir sudy. WITCH (Where Is Ta
Cluser Hiding) is a galaxy cluser modelling soware package ha was originally developed or SZ
analysis. Presenly, WITCH is being exended o incorporae X-ray daa, wih he goal o building
a muli-wavelengh ool or sudying cluser pairs and inercluser bridges. Tese WITCH devel-
opmens will allow or more realisic and flexible modeling o complex bridge geomeries, while
providing he ramework or uure applicaions using addiional daases such as radio daa. As
muli-wavelengh cluser daases coninue o grow, having hese flexible ools or join modeling
o diffuse baryons will become increasingly imporan or comparaive sudies across sysems and
will improve consrains on baryons in he cosmic web. In his alk, I will presen he mos recen
updaes rom WITCH and discuss is developmen oward a broadly useul muli-wavelengh ool
or he field, while also providing some examples o is presen usage wih AC daa.
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Measuring clusering using k-Neares Neighbour
Saisics

Content
Te mater field in he universe is a Gaussian Random Field on large scales and early imes, sum-
marized by he power specrum or wo-poin correlaion uncion. However, on smaller scales and
lae imes, non-linear graviaional evoluion resuls in non-Gaussian clusering, necessiaing im-
proved summary saisics. k-Neares Neighbour Cumulaive Disribuion Funcions (kNN CDFs)
are sensiive o all conneced N-poin correlaion uncions, while being much aser o compue.

In my alk, I will show some recen developmens regarding he kNN saisics. I will demonsrae
he geomeric inerpreaion o hese saisics, and heir relaion wih oher geomeric and opo-
logical saisics. CDF1NN(r) reflecs he volume racion wihin spheres o radius r cenered on
racers. Is derivaives relae o he geomery o sphere inersecions, equivalen o he inormaion
provided by Minkowski uncionals (volume, area, mean curvaure, and Euler characerisic), bu
being compuaionally more efficien.

We exend he kNN CDF ormalism o cross-correlaions beween racers and fields. Te 21cm radi-
aion field during he Epoch o Reionizaion has a bubble morphology driven by ionising radiaion
rom galaxies, making i a naural arge or kNN analysis, which is paricularly sensiive o spher-
ical srucure around racers. We apply his ormalism o measure he cross-correlaion beween
galaxies and he HI field during reionizaion, and find ha kNN cross-correlaions ouperorm he
sandard 2-poin cross-correlaion even in he presence o oreground and insrumenal noise. Te
kNN saisics are even able o disinguish beween reionizaion models ha are indisinguishable
wih he 2-poin uncion alone.

Wih upcoming surveys and elescopes such as DESI, Euclid, and SKA se o probe hese non-
linear scales, he kNN ramework offers a as, effecive, and versaile ool or nex-generaion
cosmological analyses.
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N-body Simulaions o he EFT o Dark Energy wih
PySCo-EFT and ECOSMOG-EFT

Content

Modified graviy heories consiue viable alernaives o he sandard cosmological model or ex-
plaining he observed lae-ime acceleraed expansion o he Universe. Te Effecive Field Teory
o Dark Energy (EFoDE) is an efficien ramework o describe a wide range o such heories
wih a limied number o parameers. o robusly consrain hem by comparison wih clusering
and weak lensing daa rom upcoming large-scale srucure surveys, high-resoluion cosmological
N-body simulaions are required o obain accurae predicions or he mater disribuion on non-
linear scales. We inroduce wo new N-body simulaion codes or EFoDE cosmologies: PySCo-
EF, a Pyhon-based paricle mesh code, and ECOSMOG-EF, a RAMSES-based code wih adapive
mesh refinemen. We consider Horndeski models wih a luminal graviaional wave speed. We
use ieraive solvers and muligrid schemes o solve or he addiional scalar field equaion in boh
codes, incorporaing he non-linear Vainshein screening mechanism. We presen validaion and
convergence ess o he codes. We obain a sub-0.5 percen agreemen wih linear heory on large
scales and a similar agreemen beween he wo codes on non-linear scales. Te dominan numer-
ical effecs on he mater-power-specrum boos are mass resoluion, finie-volume effecs, refine-
men hreshold, and saring redshi, bu hey are limied o below 2% a he larges wavenumbers
(k=10 h/Mpc) or he range o esed values. We invesigae he impac o he EFoDE parame-
ers on he mater-power-specrum raios beween EFoDE and ΛCDM cases. Depending on he
EFoDE parameers, he screening plays a negligible or dominan role compared o he linearised
field equaions. Our codes provide ools or generaing as and accurae predicions o he impac
o he EFoDE on he clusering o mater, incorporaing non-linear screening.
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Galaxy clusering on he ull sky

Content

Te newes generaion o galaxy surveys are ushering in an era o precision large-scale srucure
cosmology, making a rigorous ull-sky reamen o galaxy clusering useul and essenial. In his
alk, I presen a ramework or compuing he angular power specrum o galaxies on he ull
sky which incorporaes all linear order relaivisic effecs ha become significan on ulra-large
scales. Tese correcions are necessary o ensure an accurae deecion o local-ype primordial
non-Gaussianiy (PNG), which maniess isel on hese horizon scales via a characerisic scale-
dependen bias. I will discuss he effec o ignoring relaivisic effecs on cosmological parameers,
including fNL, and apply i o a SPHEREx orecas. Addiionally, I will predic dynamical and
geomerical dark energy consrains rom SPHEREx. Looking beyond he power specrum, I may
also presen he leading order angular bispecrum, accouning or second order relaivisic ligh-
cone effecs. ogeher, hese resuls represen a powerul and sel-consisen ool or exracing
PNG and relaivisic signaures rom he newes-generaion o galaxy surveys, such as SPHEREx.
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Echoes o Curvaure: Cosmic Topology & Lens
Spaces

Content

Te possibiliy o our Universe having a non-rivial spaial opology has received significan aten-
ion recenly, as i could serve as a poenial explanaion o he Cosmic Microwave Background
(CMB) large-angle anomalies and have ineresing phenomenology in he early Universe. So ar
mos effors o sudy he shape o he cosmos have ocused on spaially fla models, such as he
simple hree-orus, parly due o he simpler calculaions involved. In his alk I will show how
o deal wih cosmological perurbaions in Lens Spaces, a amily o posiively curved universes
ha arise as quoiens o he amiliar hree-sphere. Developing boh he heoreical and numerical
ormalism in Lens Spaces allows us o sudy how he CMB sky would look in such a universe and
opens he way o properly sudy primordial eaures in his class o maniolds.
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EFToLSS and Newonian Moion gauges

Content

Using appropriae gauge ransormaions, one can exend he range o validiy o sandard perur-
baion heory or o he EFoLSS. We show how o use Newonian Moion gauges o compue accu-
raely he one-loop mater power specrum in redshi space aking ino general relaivisic effecs,
graviaional coupling wih radiaion, he scale-dependen growh induced by massive neurinos
and he impac dark energy dominaion. Tis mehod does no incur any addiional compuaional
cos.
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Repeaed Simulaed Emission o Graviaional
Waves in Primordial Black Hole Binaries

Content

I has been recenly shown ha graviaional waves inciden on a compac objec binary can sim-
ulae excess graviaional wave emission under resonan condiions. In his work, we calculae he
waveorm o his simulaed emission. We invesigae wheher repeaed simulaed emission o
graviaional waves could lead o an exponenial growh in coheren graviaional wave srengh
in a phenomenon analogous o a laser. In paricular, we predic condiions under which his
Graviaional Radiaion Amplified by Simulaed Emission o Radiaion (GRASER) could produce
deecable signals rom binary Primordial Black Holes (bPBHs) in he very early universe. Te
required condiions include a universe sufficienly dense in bPBHs such ha individual binaries
could undergo muliple incidens o simulaed emission beore he ineracion reezes ou.
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Qanum Signaures o Cosmic Topology

Content

Tere are eigheen disinc opologies compaible wih maniolds ha admi a spaially fla Friedmann-
Lemaîre-Roberson-Walker meric. Seveneen o hem–called non-rivial opologies–can be re-
alized by inroducing non-rivial opological boundary condiions. Tese boundary condiions
consrain he allowed wavelenghs o quanum fields living in such universes; consequenly, non-
rivial opology induces Casimir effecs. We sudy he backreacion o he Casimir sress-energy
ensor o a conormally coupled scalar field in a oroidal universe. Doing so, we quaniy he con-
sequences or a pure de Siter inflaionary era and, imporanly, we ideniy local signaures ha
reflec he symmeries globally broken by he underlying opology.
Te alk is based on: ArXiv:2603.12319
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Wha i quanum naure o primordial graviaional
waves survives?

Content

During inflaion, quanum flucuaions o spaceime, so-called primordial graviaional waves, are
generaed. We sudy is impac on graviaional waves rom binary black holes under he assump-
ion ha he squeezing o primordial graviaional waves survives unil he presen. We show he
squeezing o he quanum sae o graviaional waves ells us he inormaion o inflaion.
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Abstract ID : 95

From Primordial Graviaional Waves o Large-Scale
Srucure: Induced Densiy Perurbaions and Their

Signaures

Content

Primordial graviaional waves (GWs) can source scalar densiy perurbaions a second order,
hereby leaving indirec bu poenially observable signaures in he large-scale srucure (LSS) o
he Universe. In his alk, I will presen a comprehensive sudy o hese ensor-induced densiy
perurbaions, rom heir analyic evoluion in he radiaion- and mater-dominaed eras o heir
non-Gaussian saisics and implicaions or biased racers. I will discuss how GWs energy densiy
flucuaions generae he mater densiy conras, how he resuling bispecrum depends on he
shape o he primordial GWs specrum, and how his non-Gaussianiy propagaes ino observables
such as halo bias. Tese resuls show ha LSS offers a complemenary probe o primordial GWs,
exending he search or early-Universe ensor modes beyond he radiional GWs deecors alone.
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Cosmic Neurino Background Deecion wih
Triium

Content

Te Cosmic Neurino Background (CNB) is a robus hermal relic o he Big Bang and a poenial
probe o neurino mass properies and o he Universe a O(1) second. A leading direc-deecion
sraegy is neurino capure on riium, where observing a disinc capure peak requires excellen
effecive energy resoluion. In pracice, binding and solid-sae effecs can broaden he endpoin
specrum, poenially pushing experimens ino a background-dominaed regime wih significan
modeling uncerainies. In his ongoing work, we perorm a unified sensiiviy sudy or (i) an
energy-only endpoin analysis and (ii) a join energy–angle analysis ha explois he CNB dipole
anisoropy. Using profile-likelihood mehods wih nuisance parameers, we quaniy he exposure
and sysemaic-conrol requiremens or discovery. Te energy-only approach can hi a sysemaic
“floor,”where increasing exposure no longer improves significance, while an angular analysis can
cancel leading normalizaion sysemaics and provide a complemenary handle on backgrounds.
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Primordial black hole evaporaion in a hermal bah
and graviaional waves

Content

Primordial black holes (PBHs) ormed in he early Universe evaporae via Hawking radiaion and
consiue a generic source o sochasic graviaional waves. Exising sudies o graviaional wave
producion rom evaporaing PBHs ypically assume vacuum evaporaion, neglecing he ac ha
PBHs in he early Universe are embedded in a ho hermal plasma. In his work, we invesigae
graviaional wave producion rom primordial black holes whose evaporaion is hermally influ-
enced by heir surrounding environmen. We adop a hermal evaporaion ramework in which
ineracions wih he ambien plasma modiy he effecive decay rae o he black hole, leading
o enhanced mass loss a early imes and a redisribuion o he evaporaion hisory compared o
he sandard non-hermal vacuum case. Since gravion emission is inrinsically ied o he evap-
oraion hisory o PBHs, hese hermal effecs play a crucial role in deermining he iming and
specral properies o he resuling sochasic graviaional wave background. Our resuls provide
a consisen ramework or incorporaing hermal effecs ino graviaional wave producion rom
evaporaing primordial black holes and se he sage or a deailed analysis o heir observaional
signaures.
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Compac sar X-Ray-producion hrough ineracions
wih dark mater

Content
Dark mater (DM) may naurally exhibi inelasic srucure, wih small mass splitings beween
saes arising rom symmery breaking. In such scenarios, he lighes DM sae can upscater o
a heavier sae ha subsequenly decays semi-visibly, producing secondary phoon fluxes. Com-
pac objecs—such as neuron sars and whie dwars—provide efficien environmens or hese
processes, enabling disincive observaional signaures.

We invesigae hese signaures by sudying DM capure and upscatering in compac sars, incor-
poraing a deailed reamen o paricle geodesics prior o decay, as well as correcions accouning
or he racion o emited phoons ha are reabsorbed upon inersecing he sellar surace.

As an illusraion, we consider a benchmark dipole poral DM model and ocus on sars in he vicin-
iy o Sagitarius A*. We show ha he resuling X-ray signals can lie wihin he reach o curren
and uure observaories, including Chandra X-ray Observaory, XMM-Newon, and NuSAR. Te
inerred asrophysical sensiiviy is highly compeiive wih radiional acceleraor-based searches
or ligh dark secors.

Other topic / keywords:

compac objecs

Authors: HOEFKEN ZINK, Jaime (Narodowe Cenrum Badań Jądrowych (NCBJ)); ROJANOWSKI,
Sebasian; SAI, Yue-Lin Sming (Purple Mounain Observaory)

Presenter: HOEFKEN ZINK, Jaime (Narodowe Cenrum Badań Jądrowych (NCBJ))

rack Classification: Dark Mater

Contribution ype: alk

Status: SUBMIED

Submited by HOEFKEN ZINK, Jaime <jhoeenzink.hep@gmail.com> on Friday, 24 April
2026

May 14, 2026 Page 154



Cosmo-26 / Repor o Absracs owards a Deecion o Pos-Born …

Abstract ID : 99

Towards a Deecion o Pos-Born Lensing

Content

Weak graviaional lensing is a well-sudied and valuable cosmological probe. Due o he complex
pah aken by a mulipally-lensed phoon, weak lensing analysis generally inegraes he gravi-
aional poenial along he line o sigh. Tis is known as he Born approximaion. Accuraely
accouning or he effecs rom muliple weak lensing evens requires he use o pos-Born correc-
ions. Pos-Born lensing o he cosmic microwave background induces a significan bispecrum,
which will be imporan or upcoming surveys wih increasing precision. In his alk I ouline
he second-order pos-Born correcion erms, namely lens-lens coupling and ray deflecion. We
presen a emplae or reconsrucing he pos-Born lensing convergence o he cosmic microwave
background via a quadraic esimaor. Finally, we es he validiy o he emplae using Gaussian
simulaions and he AGORA N -body simulaion suie.
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Abstract ID : 100

Cosmological irs-order phase ransiions wih large
bubbles: beyond conormal luid and la spaceime

Content

Using semi-analyical models, we invesigae he power specrum o graviaional waves generaed
by sound waves in he plasma during a firs-order phase ransiion in new unexplored scenarios.
(i) Te phase ransiion is accompanied by a change o he equaion o sae rom ha o pure
radiaion. Tis modifies he shape o he graviaional wave power specrum as a consequence
o boh sound and graviaional waves propagaing across a non-conormal fluid. (ii) In addiion,
we invesigae he novel limi where he phase ransiion complees wih large bubbles, by which
we mean ha he mean bubble spacing R∗  is a non-negligible racion o he Hubble lengh 1/H∗.
Since he ampliude o he graviaional wave signal increases wih R∗H∗ , his is also he loud signal
regime. In his regime he effecs o graviy, hihero negleced, become relevan. We here consider
he firs general relaivisic correcions beyond he Universe expansion. Tis work improves he
curren esimaion o he graviaional waves power specrum rom firs order phase ransiions
and expands he possible scenarios o ransiions ha can be esed by graviaional wave deecors.
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Rayleigh Scatering o CMB o consrain Primordial
Magneic Fields

Content
Te presence o magneic fields has been inerred in exragalacic spaces like voids, and asrophys-
ical mechanisms are unable o explain he magniude o hese fields. Tis hins owards cosmolog-
ical magneic fields o primordial origin, ha are amplified by he asrophysical dynamo effec.

As uure surveys and elescopes provide higher precision measuremens o CMB, LSS and EoR;
we are expeced o consrain he srengh o hese Primordial Magneic fields (PMFs), i no deec
hem. However, addiion o PMFs leads o effecs ha differ rom he sandard Λ-CDM predicions
on which our inerences are based.

One imporan effec o PMFs is on recombinaion and he CMB. Te presence o PMFs leads o
addiional clumping in he pre-recombinaion plasma, acceleraing he recombinaion process. As
a resul, he inerred angular diameer disance o las scatering increases, and our inerence o
cosmological parameers changes. For example, he measured H0 increases in a universe wih
PMFs, likely alleviaing he Hubble ension.

Te CMB phoons scater wih neural H (and He) aoms pos recombinaion, prolonging las sca-
ering. Since his effec is based on well-undersood physics, i provides a robus probe o he
ionizaion hisory and he las scatering surace. Tus, measuring Rayleigh scatering o he CMB
would help consrain he ionizaion hisory and indirecly consrain PMFs.

My projec deals wih combining boh effecs and presening realisic esimaes o he consrains
obainable rom CMB observaions rom he Simons Observaory, CCA Observaory, and Planck
Collaboraion.
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Abstract ID : 102

Preheaing afer a srongly supercooled phase
ransiion in he early Universe

Content

Preheaing reers o a well-known se o phenomena, such as achyonic insabiliy and parame-
ric resonance, associaed wih he dynamics o a scalar field, ypically in he conex o pos-
inflaionary reheaing. In his alk, I will explore he possibiliy o preheaing-like amplificaion o
flucuaions o a scalar field ollowing a srongly supercooled elecroweak firs-order phase ran-
siion, which, unlike inflaion, does no involve a homogeneous inflaon background bu insead
occurs hrough nucleaion and growh o rue-vacuum bubbles agains a alse vacuum background.
I will also discuss he impac o such effecs on he evoluion o he rue vacuum bubbles and heir
cosmological consequences.

Other topic / keywords:

reheaing, preheaing, firs-order phase ransiions

Author: KULEJEWSKI, Maeusz (Universiy o Warsaw)

Co-authors: SWIEZEWSKA, Bogumila; VAN DE VIS, Jorinde (CERN)

Presenter: KULEJEWSKI, Maeusz (Universiy o Warsaw)

rack Classification: Early Universe; Graviaional Waves

Contribution ype: alk

Status: SUBMIED

rack Reviews:

Gravitational Waves:

Judgments: Posiive: alk

Reviews:

GAROFFOLO, Alice: Accept • 4.0

Abstract rating 4

MALHORA, Ameek: Accept: alk • 4.0

Abstract rating 4

Submited byKULEJEWSKI,Mateusz <m.kulejewski@uw.edu.pl> on Friday, 24April 2026

May 14, 2026 Page 160



Cosmo-26 / Repor o Absracs Primordial black holes rom inflai …

Abstract ID : 103

Primordial black holes rom inlaion: on he
decoupling beween large and small scales

Content

Primordial black holes can be produced rom he collapse o large perurbaions generaed rom
inflaion on scales much smaller han hose seeding large-scale srucure ormaion. I is possible
ha he large peak in scalar power a high wavenumbers migh induce correcions o he scalar
power specrum on large scales, e.g. in he orm o loop correcions, endangering he success o
inflaion in explaining he observed saisics o primordial perurbaions.
In his alk, I will give an updae on recen debaes on he viabiliy o such inflaionary scenarios.
I will demonsrae ha he 1-loop correcion o a large-scale adiabaic mode due o a band o
enhanced shor-scale perurbaions decouples rom all deailed properies o he peak, including
is maximum ampliude, and does no lead o an observable effec.
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Abstract ID : 104

LISA Can Deec Dark Mater Subhalos hrough
Graviaional-Wave Lensing

Content
Srongly lensed graviaional waves offer a new way o sudy dark mater srucure on subgalacic
scales. In he wave-opics regime, graviaional waves propagaing hrough a populaion o dark
mater subhalos acquire requency-dependen ampliude and phase disorions ha encode he
small-scale mater disribuion along he line o sigh.

We compue he ull diffracion inegral or graviaional waves propagaing hrough saisically
generaed cold dark mater subhalo populaions embedded in realisic galaxy-scale lenses, and
evaluae he resuling signals in he Laser Inereromeer Space Anenna (LISA) band. We find
ha srongly magnified images generically exhibi percen-level wave-opics modulaions induced
primarily by subhalos wih masses in he range 104–107 M⊙.

Tese signaures arise naurally wihin he sandard cold dark mater paradigm and should be de-
ecable in high–signal-o-noise srongly lensed LISA evens. Srongly lensed graviaional waves
hereore provide a direc and complemenary probe o dark mater subsrucure a mass scales
ha are difficul o access wih convenional elecromagneic lensing observaions.
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Abstract ID : 105

From asrophysics o cosmology wih as radio
burss

Content
In recen years, Fas Radio Burss (FRBs) have been esablished as a direc probe o baryonic ma-
er. Tey are racing he inegraed ionised elecron densiy along he line o sigh hrough heir
observed dispersion measures. Upcoming radio surveys, such as he DSA, CHORD and he SKA,
are expeced o deliver up o 100,000 addiional evens. Teir direc sensiiviy o he Universe’s
baryon conen allows FRBs o race asrophysical processes ha redisribue mater wihin and
around galaxies. As a resul, FRBs offer an alernaive way o bridge asrophysics and cosmol-
ogy, providing new consrains on eedback mechanisms ha currenly limi our abiliy o exrac
cosmological inormaion rom Sage IV surveys.

In his alk, I will briefly review he curren saus o large-scale srucure cosmology and inro-
duce FRBs as cosmological probes. I will discuss how FRBs can be used o es boh he background
expansion o he Universe and he disribuion o baryons in he large-scale srucure. Using a cur-
renly available sample o localised FRBs, I will presen consrains on baryonic eedback and he
suppression o he mater power specrum, demonsraing ha only 100 FRBs can disinguish be-
ween eedback models . Furhermore, I will address uure prospecs o FRB cosmology, oulining
key challenges and sysemaic uncerainies. Finally, I will explore synergies wih Sage IV surveys
and discuss how FRBs can serve as a crucial exernal calibraion or baryonic eedback, enhancing
Sage IV’s cosmological fideliy.
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Abstract ID : 106

Observing graviaional waves wihou observing
hem

Content

We argue ha he coordinae redefiniion necessarily inroduces ineviable couplings beween
long- and shor-wavelengh modes. Tis leads o a unique ooprin o he long-mode gravia-
ional waves in he local scalar power specrum. We discuss he observaional prospecs via he
quadrupole momen o he local scalar power specrum. Fuure Lyman-alpha and 21cm surveys
are capable o deecing he quadrupole momen, confirming he long-mode graviaional waves.
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Abstract ID : 107

Cosmological graviaional paricle producion:
Scalars and ermions

Content

In his alk, I will discuss he graviaional producion o scalars and ermions during inflaion. For
scalars, I will compare Bogolyubov coefficien and Sarobinsky sochasic approaches, showing
ha hey only agree in he limi o infiniely long inflaion. High-scale inflaion is very efficien in
paricle producion, leading o consrains on he exisence o ree, ligh, and sable scalars: such
paricles are viable only i heir masses are below he eV scale or i he reheaing emperaure is
in he GeV range. For ermions, I will show how he producion efficiency depends on he paricle
mass, which is generaed via he Yukawa coupling and sensiive o he corresponding scalar field
value. Scalar fields can experience large quanum flucuaions during inflaion, driving he average
field o he Hubble scale and above. Tus, ermions can be very heavy during inflaion, enhancing
paricle producion.
Based on 2503.14652 and 2509.01673.
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Abstract ID : 108

Cosmological graviaional paricle producion:
Scalars and ermions

Content

In his alk, I will discuss he graviaional producion o scalars and ermions during inflaion. For
scalars, I will compare Bogolyubov coefficien and Sarobinsky sochasic approaches, showing
ha hey only agree in he limi o infiniely long inflaion. High-scale inflaion is very efficien in
paricle producion, leading o consrains on he exisence o ree, ligh, and sable scalars: such
paricles are viable only i heir masses are below he eV scale or i he reheaing emperaure is
in he GeV range. For ermions, I will show how he producion efficiency depends on he paricle
mass, which is generaed via he Yukawa coupling and sensiive o he corresponding scalar field
value. Scalar fields can experience large quanum flucuaions during inflaion, driving he average
field o he Hubble scale and above. Tus, ermions can be very heavy during inflaion, enhancing
paricle producion.
Based on 2503.14652 and 2509.01673.
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Abstract ID : 109

A new look a paricle producion rom a sharp urn
o he inlaionary rajecory

Content

During expansion in he de Siter spaceime, paricle producion akes place rom he perspecive
o he observer or whom he vacuum sae was defined in he pas.
o accoun or his phenomenon, we use a newly developed ormalism o
Nicolas Parra e al. [arXiv:2410.13843v2], which grealy simplifies he analysis.
We derive he predicions or he number densiy o paricles produced a a srongly
non-adiabaic urn o he inflaionary rajecory in muli-field models o inflaion.
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Effec o Primordial Black Holes on he global 21-cm
signal

Content

Te 21-cm global signal, a reasure rove o inormaion abou he naure o he firs luminous
sources o he Universe, has radiionally been modelled assuming ha hese early sources were
predominanly sar-orming galaxies. However, recen observaions by he James Webb Space
elescope (JWS) have revealed several AGNs as early as z ~ 10 - 10.4 . In ligh o his, i is imporan
o invesigae he conribuion o such AGNs o he 21-cm signal. Assuming ha hese AGNs are
seeded by Primordial Black Holes (PBHs) and employing an analyical PBH model, consisen wih
exising cosmological and asrophysical consrains, I will discuss how hese exoic objecs can
affec he redshi evoluion o he global signal.
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Abstract ID : 111

The Effec o Dark Energy on he Void-Galaxy
Alignmens

Content

We numerically explore i and how he naure o dark energy affecs he srengh o he endency
ha he shapes axes o galacic halos locaed on void suraces have perpendicular alignmens wih
he direcions oward he void ceners. Te alignmen endency o void-surace halos is quanified
by he correlaion parameer, dt, ha eners he analyic ormula derived by Lee (2018) or he
probabiliy densiy uncion o he cosines o he angles beween he major principal axes o he
halo ineria ensors and and local idal ensors. Tis correlaion parameer is numerically ound o
vary mos srongly he ampliude o iniial densiy flucuaions, σ8 and linear growh rae, f . When
he iniial densiy flucuaions have lower ampliudes and grow a lower raes, he void-surace
halos exhibi sronger perpendicular alignmens wih he direcions oward he void ceners. Our
numerical analysis also reveals ha a fixed σ8 and f , he alignmen endency becomes sronger
when he equaion o sae o dark energy w and specral index ns have lower values. Based on
hese numerical findings, we empirically deermine
a non-parameric model or he cosmology dependence o dt, which urns ou o be valid or a
wide range o he background cosmologies including he non-sandard quinessence and hawing
dark energy models. Our resuls imply ha he perpendicular alignmens o void-surace halos
may be in principle useul as a complemenary probe o he naure o dark energy.
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Abstract ID : 112

Signs o Love

Content

Te idal deormabiliy o compac objecs, parameerized by heir Love numbers, provides a crucial
window ino heir inernal srucure and undamenal physics. In his alk, I will demonsrae ha
oundaional principles impose sric consrains on hese observables. Specifically, by exploiing
he analyic properies o he idal response uncion via a Kramers-Kronig dispersion relaion, I
will show ha in he regime o weak graviy (small compacness), all saic elecric Love numbers
mus be sricly posiive. I will ouline he derivaion o his bound, wih a paricular ocus on
he necessary heoreical assumpions regarding sabiliy and high-requency behavior. Finally, I
will illusrae he scope and physical meaning o hese assumpions by exploring several concree
examples.
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Abstract ID : 113

Consraining Inlaion Models wih Spinning Voids

Content

We presen a powerul new diagnosics by which he running o scalar specral index o primordial
densiy flucuaions can be ighly and independenly consrained. Tis new diagnosics uilizes
coheren roaion o void galaxies, which can be observed as redshi asymmery in opposie sides
dichoomized by he projeced spin axes o hosing voids. Comparing he numerical resuls rom
he AbacusSummi o cosmological simulaions, we derive a non-parameric model or he redshi
asymmery disribuion o void galaxies, which urns ou o be almos universally valid or a very
broad range o cosmologies including dynamic dark energy models wih ime-dependen equaion
o saes as well as he ΛCDM models wih various iniial condiions. We discover ha he univer-
saliy o his model breaks down only i he running o scalar specral index deviaes rom zero,
deecing a consisen rend ha a more posiive (negaive) running yields a lower (higher) redshi
asymmery o voids han he model predicions. Given ha non-sandard inflaions usually predic
non-zero runnings o he specral index and ha he redshi asymmery disribuion o voids is a
readily observable quaniy, we conclude ha his new diagnosics will pave anoher pah oward
undersanding he rue mechanism o inflaion.
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How he cosmic voids conribue o salling and
quenching he gian galaxies on heir suraces

Content

We repor a numerical hin ha he ormaions o cosmic voids may be closely linked wih he
mechanism hrough which he gian galaxies on void suraces esablish ellipical shapes, redder
colors, and lower specific sar ormaion raes (sSFR). Ideniying he voids rom he NG300-1
simulaions via he Void-Finder algorihm a z=0, 0.5 and 1, we explore i and how he shapes o
he NG galaxies locaed on void suraces are aligned wih he direcions oward he void ceners.
Noing ha only he gian void-surace galaxies wih sellar masses M⋆ ≥ 1010.5 h−1 M⊙ exhibi
significan endency o perpendicular alignmens, we dichoomize hem ino wo M⋆-conrolled
samples according o heir morphologies (ellipical or spiral), colors (redder or bluer), sSFR (lower
or higher) and sellar ages (older or younger). I is ound a all o he hree redshis ha he
perpendicular alignmens o void-surace galaxies become sronger or he cases ha hey have
ellipical shapes, redder colors, and lower sSFR, bu showing weak dependence on he sellar ages.
I is also shown ha he numerical resuls are well described by he analyical one-parameer model
developed by Lee under he assumpion o he exisence o a linear scaling beween he covariance
marices o galaxy shape axes and local idal ensors. We es he robusness o alignmen signals
agains he variaion o void-finder algorihms and is easibiliy agains he redshi-space and
projecion effecs. Our resuls lead us o speculae ha he ormaion and expansion o voids may
have an effec o salling and quenching he gian void-surace galaxies by compressing adjacen
mater and hen prevening hem rom radial inall/accreion.
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Abstract ID : 115

Inlaion beyond perurbaion heory

Content

Te waveuncion o he universe conains he ull inormaion abou primordial flucuaions. I
will show how o deermine i in a non-perurbaive manner in a large class o inflaionary scenar-
ios, using he exemple o models wih small and rapid oscillaions in he inflaon poenial. Our
sudy reveals a proound asymmery beween maxima and minima o he densiy flucuaions, and
indicaes ha even minue oscillaions give large effecs on he ail o he disribuion. Evenually,
I will describe a qualiaively new regime in which mos o he inormaion o inflaionary correla-
ors appears in higher-order correlaion uncions wih large n, a odds wih convenional wisdom.
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Abstract ID : 116

Coheren Sae Descripion o Graviaional Waves
rom Binary Black Holes

Content
Qanum mechanics provides he undamenal ramework or describing naure, and graviaional
waves rom binary black holes should ulimaely be undersood wihin his ramework. I is widely
believed ha classical graviaional waves correspond o coheren saes, so any deviaion would
signal genuine quanum eaures o graviy.

In his alk, based on our recen work published in Phys. Rev. Let. 136, 061404 (2026), we presen
a quanum-mechanical descripion o graviaional waves rom binary black holes during he inspi-
ral phase. We show ha he coheren-sae descripion reproduces classical graviaional waves a
leading order, while nonlinear effecs generae squeezed saes o gravions. Tese resuls demon-
srae ha binary black hole graviaional waves are well described by coheren saes, while also
providing a concree arge or probing he quanum naure o graviy in uure observaions.
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Abstract ID : 117

Huning Serile Neurino Dark Mater in he MeV
Gap

Content

We invesigae he sensiiviies o upcoming MeV gamma-ray elescopes o serile neurino dark
mater in he mass range (0.2−100)MeV. Serile neurinos in his regime can produce observable
phoon signals hrough radiaive wo-body decays and hree-body decays wih final-sae radia-
ion. We perorm a Fisher orecasing analysis incorporaing realisic asrophysical background
modeling and deecor response o derive projeced consrains on he serile neurino decay rae.
We find ha uure MeV insrumens can improve exising limis by several orders o magniude
across a wide region o parameer space. Our resuls highligh he discovery poenial o nex-
generaion MeV elescopes in probing serile neurino dark mater.
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Abstract ID : 118

Graviaional Properies o he Monopole Bag

Content

Axionic cosmologies consiue a class o models offering a well-sudied candidae or dark mater
(he axion) as well as phenomenologically rich symmery breaking in he early universe. In he
case where monopoles are presen in such a background, he axion profile may be deormed; i
is possible o consruc a “monopole bag” sae composed o a cenral monopole wihin a closed
axion domain wall. We consider he graviaional properies o his hybrid deec, and find a boh
horizon-less and a black hole-like final sae can resul aer graviaional collapse or differen
inpu parameers. We demonsrae ha he later classifies as dyonic regular black hole, evading
he usual singular graviaional collapse and reaining a non-rivial axionic profile hrough exoic
elecromagneic properies o an axionic Chern-Simons erm.
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Abstract ID : 119

Higgs-poral dark mater beyond kineic equilibrium

Content

Higgs poral models are among he simples and mos widely sudied realizaions o paricle Dark
Mater (DM). We revisi scalar, vecor, and ermionic Higgs poral models, ocusing on he resonan
regime and dropping he assumpion o kineic equilibrium. We solve or he ull momenum-
dependen Bolzmann equaions using he DRAKE code and compare he oucomes wih he Lee-
Weinberg soluion which assumes kineic equilibrium during he reeze-ou. We find ha he non-
equilibrium phase space evoluion near he resonance can significanly affec he relic densiy. We
compare our resuls agains presen experimenal consrains and orecased sensiiviy o uure
surveys, and deermine he updaed limis or Higgs-poral DM models.
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Abstract ID : 120

Deconsrucing he missing baryon environmen
wih Fas Radio Burss

Content
Te precise disribuion o baryons in he Universe remains an open quesion in cosmology, as
heir highly diffuse naure renders direc observaion difficul, while being inegral in achieving
precise cosmological inerence in sudies o graviaional lensing, galaxy evoluion and he cosmic
microwave background radiaion wih he curren and upcoming surveys. We use Fas Radio
Burss (FRBs) and heir dispersion measures (DMs) o probe and localise his baryon disribuion
in he large-scale srucure (LSS) o he Universe.

Using he IllusrisNG simulaions, we classiy he LSS ino eigh densiy bins o increasing mater
densiy, analogous o voids, filamens, and haloes. We model he DM conribuion rom hese
densiy environmens and compare hem o observed DMs o iner he densiy esimaor, defined
as he raio o he elecron number densiy and he oal mater densiy. Te soluion o such an
overdeermined sysem is carried ou wihin a Bayesian ramework wih a physics-inormed prior
model. o demonsrae observaional applicabiliy, we creae a \exi{Eulcid}-like mock galaxy
caalogue and build a densiy esimaor based on luminous mater along he line o sigh o an FRB.
We apply a bias correcion o accoun or he underlying dark mater disribuion and compare he
wo densiy esimaors o recover he elecron number densiy across he eigh densiy bins.

We show ha elecrons are mosly localised in low-densiy regions while accouning or he global
heoreical esimae. Combining he densiy esimaors rom FRB and galaxies, we recover he
baryon densiy as Ωb = 0.0472 ± 0.0032 (agains 0.0486 ± 0.0005 as he rue value). Our resul
o bin-wise elecron densiy successully reproduces he simulaion ground ruh o wihin 10 per
cen. I showcases he disribuion o baryons in hree regions o he LSS as fvoidgas = 0.213 ±
0.023, f filament

gas = 0.182±0.032 and fhalogas = 0.078±0.014 agains he ground ruh o 0.22, 0.196
and 0.062, respecively.

Tis ramework provides a novel, quaniaive approach o addressing he missing baryon prob-
lem and offers a new way o consrain baryonic eedback mechanisms in uure surveys such as
CHORD and Euclid.
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Abstract ID : 121

Belle II excess and dark mater semi-annihilaion

Content

In 2023, he Belle II Collaboraion announced he observaion o he
B→K+νν decay channel or he firs ime. Tis decay channel provides a clean signal wih high
precision in heoreical calculaions. However, we encouner a 2.8σ deviaion rom he Sandard
Model predicion. o resolve his excess, we sudy a scalar dark mater model wih local discree
Z_3 symmery. Assuming dark U(1)X≡U(1){Lμ-Lτ} symmetry, this U(1){Lμ-Lτ} symmery is spona-
neously broken ino local discree Z_3 by nonzero vacuum expecaion value o dark Higgs boson.
Considering a dark Higgs mass is 2 GeV, we can explain he recen Br(B→K+νν) excess repored
rom he Belle II Collaboraion and relic abundance a he same ime.
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Abstract ID : 122

Closing in on he EFToDE wih combined probes
and nonlinear predicions

Content

Te EF o Dark Energy (EFoDE) is a heoreically well-moivaed class o modified graviy mod-
els, able o explain observaional hins or dynamical dark energy wih urher esable predicions
or srucure growh and lensing. I will discuss he meris and challenges o combining probes o
linear perurbaions and presen sae-o-he-ar consrains on he EFoDE by combining CMB,
BAO, SNe, RSD, ISW, and 3x2p daases. I will show ha hese consrains are driven no jus by
he consraining power o probes bu also by heoreical priors. I will hen discuss new predicions
or weak lensing observables on mildly nonlinear scales rom higher order erms in he EFoDE
Lagrangian.
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Abstract ID : 123

Cosmic Curl –Feaures and Convergence o he
Voriciy Power Specrum in N-body Simulaions

Content
Cosmic velociy fields are large scale surveys ha can be used o exrac inormaion abou cos-
mic srucure by looking a he velociy divergence and voriciy power specra. o ge a beter
undersanding o hese power specra, we have calculaed and analysed he velociy power spec-
ra numerically rom N -body simulaions. I urns ou ha he voriciy power specrum goten
rom N -body simulaions is very hard o converge, because is convergence depends highly on he
number o paricles as well as he physical box size o he simulaion, where more paricles and
a smaller box size leads o a more converged power specra. Furhermore, he resuling voriciy
power specrum a z = 0 depends heavily on he iniial random seed used o generae he iniial
condiions, and i urns ou ha differen iniial condiions will also give a differen halos a z = 0.

In his alk, I will presen how he velociy divergence and voriciy power specra can be calculaed
rom cosmic velociy fields rom N -body simulaions. I will hen show how he convergence o he
voriciy power specrum depends on differen hings such as he iniial random seed, he number
o paricles, and he physical box size o he simulaion, as well as how o fix hese dependencies
o ge a converged voriciy power specrum. Lasly, I will presen how differen iniial condiions
o he N -body simulaions lead o differen voriciy power specra and differen halos a z = 0.
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Abstract ID : 124

Dynamical-Sae Dependence o he c–M Relaion in
Massive Dark Mater Halos

Content

Te concenraion–mass (c–M) relaion o dark mater halos is a key predicion o hierarchical
srucure ormaion and provides an imporan link beween cosmological simulaions and obser-
vaions o dark mater halos. While he sandard rend predics a monoonic decrease o concen-
raion wih increasing halo mass, several sudies have suggesed a possible deviaion rom his
behavior a he high-mass end.
We presen an analysis o he c–M relaion o massive dark mater halos based on he laes updae
o he Uchuu cosmological simulaion (Mucho Uchuu; Ishiyama e al., in prep). Our sudy ocuses
on halos in he mass range 13 < log M < 15.5, corresponding o group- and cluser-scale sysems.
In paricular, we invesigae how he inerred c–M relaion depends on halo dynamical sae by
explicily separaing relaxed and unrelaxed halo populaions.
We find ha he behavior o he c–M relaion differs significanly beween hese populaions. Te
eaure ha appears a he massive end in he ull halo sample is srongly suppressed when he anal-
ysis is resriced o relaxed halos, while i remains prominen or unrelaxed sysems. Tis resul
indicaes ha he inerred concenraion o massive halos is sensiive o ongoing mass accreion
and non-equilibrium srucure, raher han being deermined solely by he equilibrium inner halo
profile.
Tese findings sugges ha he high-mass behavior o he c–M relaion should be inerpreed wih
cauion, paricularly in he presence o dynamically young or acively accreing halos. We discuss
he implicaions o his resul or heoreical modeling o halo srucure, as well as or comparisons
beween simulaions and observaionally inerred halo properies.
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Abstract ID : 125

Laes CRESST resuls on sub-GeV dark mater and
he low-energy excess challenge

Content
CRESS (Cryogenic Rare Even Search wih Superconducing Termomeers) is a direc deecion
dark mater experimen locaed a he Laboraori Nazionali del Gran Sasso (LNGS) in Ialy.

Te experimen searches or dark mater–nucleus ineracions using scinillaing cryogenic calorime-
ers equipped wih ransiion edge sensors (ESs), which measure phonon signals a millikelvin
emperaures, complemened by he simulaneous deecion o scinillaion ligh or paricle dis-
criminaion.

Tanks o his echnology, CRESS achieves energy hresholds o O(10 eV), esablishing i as a
world-leading experimen in he sub-GeV dark mater mass regime.

CRESS coninues is effors o urher lower he energy hreshold, a ask made increasingly chal-
lenging by he so-called low-energy excess —an exponenial rise below ~200 eV in even rae a
low energies, observed also by comparable experimens, whose origin remains unknown.

In his alk, I will presen he laes dark mater search resuls and he ongoing effors o undersand
and miigae he low-energy excess.
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Balancing bias, baryons, and scale cus in LSST
3× 2p analysis

Content

Sage IV surveys such as LSS will probe deeply ino he nonlinear regime, where sysemaic e-
ecs rom galaxy bias and baryonic eedback become dominan and poorly consrained nuisance
parameers can lead o degeneracies.
We perorm a 3 × 2p analysis or LSS Y1 and Y10 o invesigae how modelling choices impac
cosmological consrains. In paricular, we explore he balance beween model complexiy and
scale cus, ocusing on parameer degeneracies and baryonic eedback effecs on he galaxy–ma-
er and galaxy-galaxy power specrum.
In his alk, I will show ha a linear bias model delivers percen-level, unbiased consrains on
Ωm and σ8 only up o kmax = 0.1h/Mpc, while pushing o smaller scales requires a perurbaive
approach. Comparing HEF wih a minimal bias varian wih fixed higher-order erms, we find
ha he later is unbiased in ΛCDM even a small scales.
We show ha higher-order bias can closely mimic baryonic suppression, while baryonic effecs
canno reproduce he ull range o higher-order bias behaviour.
We also show ha modelling choices significanly affec he precision o neurino mass measure-
mens. While a deecion is possible or boh Y1 and Y10 a k ∼ 0.3h/Mpc, he inerred value
depends sensiively on he assumed model.
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Abstract ID : 127

The role o mergers shaping Halo Morphology

Content

We invesigae he role o mergers in shaping he srucural evoluion o dark mater halos. Focus-
ing on well-resolved halos in he mass range 1011.0–1012.5M⊙/h, we rack heir main progenior
branches across cosmic ime. We find a clear evoluionary rend in halo morphology: halos ha
are oblae or riaxial a presen predominanly originae rom a prolae phase, while halos ha are
prolae oday end o remain prolae hroughou heir evoluion. Addiionally, we examine he
clusering properies o halos classified by morphology. Despie consiuing a smaller racion o
he populaion, oblae halos exhibi sronger clusering compared o boh riaxial and prolae ha-
los. Tese resuls highligh he connecion beween merger-driven evoluion, halo shape, assembly
bias and large-scale clusering.
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Abstract ID : 128

Laes resuls rom he Souh Pole Telescope

Content

Te Souh Pole elescope is a dedicaed 10-meer cosmic microwave background (CMB) elescope
a he Amundsen-Scot saion in Anarcica, and is curren receiver, SP-3G, equipped wih
16,000 deecors in hree millimeer-wave bands, has been used o map large areas o he sky
since 2017. Te combinaion o large primary mirror and high deecor coun allows us o pro-
duce high-resoluion, low-noise maps o he souhern sky in emperaure and polarisaion. Tese
daa are rich in cosmological inormaion and power an array o science cases, such as primary
CMB anisoropies, secondary CMB anisoropies (including lensing), cluser cosmology, asrophys-
ical sources, and Galacic science. In his alk, I presen an overview o he laes SP-3G resuls,
wih a ocus on he cosmological analysis o CMB emperaure, polarisaion, and lensing power
specra derived rom wo years o observaions o a 1500 square degree field. I give an overview o
analyses in progress ha use daa o up o 25% o he sky and discuss he uure o he elescope.
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Open EFT or hermal inlaion

Content

We inroduce hermal equilibrium condiion in open EF o inflaion, and use his ramework o
explore he phenomenological aspecs o hermal inflaion. Tis alk includes hree pars:
1. he dynamical KMS condiion or open EF o inflaion and non-perurbaive Green uncions,
including comparison wih hermal field heory in de Siter spaceime
2. Te equilibrium consrains on EF parameers, power couning and scalar power specrum/non-
Gaussianiy
3. Discussion on UV models o hermal inflaion and op-down open EF
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Sochasic Effecs Beyond Inlaion

Content

I explore he exension o he sochasic ormalism o non-inflaionary early-universe scenarios,
ocusing on bouncing cosmologies wih exponenial scalar-field poenials. Te ramework is or-
mulaed direcly in phase space, enabling a unified descripion across classical conracion and he
bounce. I ouline he concepual and echnical challenges involved in applying sochasic mehods
beyond inflaion and discuss he consisency requiremens ha mus be addressed in his seting.
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The Effec o SOs on Cosmological Parameer
Esimaes Using he Lyman-α Fores

Content

Te Lyman- ores provides consrains on cosmological models on boh small spaial scales and
large. Because he Ly ores races ionized inergalacic hydrogen, is saisical signaures are
sensiive o boh he meagalacic phooionizaion rae and he inergalacic gas emperaure. Te
large-scale influence o SO sources effecs boh o hese. We show ha SO heaing ollowing
phooionizaion induces uncerainies in he small scale power comparable o he difference in
he signaures o weak dark mater vs cold dark mater, and so mus be aken ino accoun in
consrains on warm dark mater paricle masses. On Baryonic Acousic Oscillaion scales, he
SO conribuion o he meagalacic phooionizaion rae induces excess power. While he effec
is small a redshis z ∼ 2.3 as measured by eBOSS and DESI, we show he influence is expeced o
be deecable a z > 3, providing a novel means o consraining he mean lieimes and beaming
angles o SOs.
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Graviaional Wave Signaures o U(1)X Breaking
and Righ-Handed Neurino Dynamics

Content

Tough he Sandard Model o paricle physics is incredibly successul, bu i leaves several unda-
menal quesions unanswered, including he origin o neurino masses, he baryon asymmery o
he Universe, and he naure o dark mater. Moivaed by hese gaps, we invesigae an exension
o he SM wih an addiional local U(1)X gauge symmery and a complex scalar single ha spon-
aneously breaks his symmery via is vacuum expecaion value. Te exended ramework nau-
rally accommodaes hree righ-handed neurinos (RHNs) o ensure anomaly cancellaion and im-
plemens a ype-I seesaw mechanism or acive neurino masses. We perorm a deailed numerical
analysis demonsraing consisency wih curren neurino oscillaion daa, including predicions
or he effecive Majorana mass parameer relevan o neurino-less double bea decay. Furher-
more, we esimae he key parameers o he firs-order phase ransiion and compue he resuling
sochasic graviaional wave specrum, demonsraing ha i can lie wihin he reach o orhcom-
ing experimens such as LISA, DECIGO, BBO, and he Einsein elescope. Te righ-handed neu-
rinos also open a viable pah or hermal lepogenesis, providing a unified link beween neurino
mass generaion, baryogenesis, and graviaional wave signaures. Our resuls demonsrae ha
his minimal U(1)X scenario remains a promising probe or physics beyond he Sandard Model,
accessible hrough upcoming graviaional wave and neurino experimens.
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Abstract ID : 133

Graviaional Paricle Producion in Muliield
Inlaion Models

Content

Tere are subleies associaed wih cosmological graviaional paricle producion in inflaion
models wih more han one dynamical field. In he presenaion I will discuss he ormalism and
provide some examples.
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Abstract ID : 134

Probing Modiied Graviy and Cosmological Models:
Impac o Sysemaic Effecs

Content

Te combinaion o he daa rom upcoming large-scale srucure surveys - such as Euclid and he
Rubin Observaory Legacy Survey o Space and ime (LSS) - and CMB lensing experimens - like
he Simons Observaory - offers a powerul ool o es deviaions rom ΛCDM . Ye, he robus-
ness o hese ess depends on our undersanding o observaional and asrophysical sysemaics.
In his alk, I will presen an invesigaion ino he sysemaic effecs ha can have influence on
he consrains on modified graviy models and dynamical dark energy scenarios. Specifically, I
will ocus on likelihood-based analyses and he biases inroduced by phoomeric redshi errors
in galaxy surveys, residuals o Galacic oregrounds in CMB anisoropy maps, and lensing magni-
ficaion effec.
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Abstract ID : 135

Meric expansions close o an iniial isoropic
singulariy in a Bianchi I space-ime wih kineic

mater

Content

Isoropic singulariies are singulariies which can be removed via a conormal rescaling which
makes hem atracive or physical and mahemaical reasons o model he early universe. Ho Lee
(Kyung Hee Universiy), John Salker (riniy College Dublin) and Paul od (Oxord Universiy)
and mysel have obained meric expansions close o he iniial singulariy or Bianchi I soluions
o he Einsein-Bolzmann sysem wih a magneic field. In he alk I will moive he resuls and
uure applicaions.
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Abstract ID : 136

Anisoropic CMB specral disorions rom dark
phoon conversion

Content

Te dark phoon is he gauge boson o a hypoheical dark secor, represening a minimal exension
o he Sandard Model. Tis massive paricle ineracs wih he visible phoon hrough kineic
mixing and has been widely sudied as a dark mater candidae. We consider a scenario in which
an iniially unpopulaed dark secor is populaed via phoon–dark phoon conversion prior o
recombinaion, during he µ and early y disorion epochs. Te associaed energy ranser and
change in phoon number produce poenially observable disorions in he CMB specrum. Te
monopole signal has previously been compued and compared wih COBE/FIRAS daa o consrain
model parameers. Here, we exend his ramework o he anisoropic case, including perurbaions
and higher mulipoles, using he recenly developed Frequency Hierarchy sysem. Te resuling
power specra can be direcly compared wih daa rom he Aacama Cosmology elescope and
Planck, enabling observaional consrains on dark phoon parameers rom specral disorions
or he firs ime, as I explain in his alk.
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Abstract ID : 137

Hidden Gravions: From Dark Mater Candidaes o
Graviaional Wave Oscillaions

Content

Massive spin-2 fields naurally arise in various exensions o General Relaiviy, including mas-
sive bigraviy and Kaluza-Klein models. Tis presenaion explores he observaional signaures
o hese hidden gravions ha can work as dark mater. In paricular, we pay atenion o he phe-
nomenology associaed wih he propagaion o graviaional waves. Wihin a phenomenological
ramework, we model he ineracion beween massless and massive ensor modes, leading o an
oscillaion phenomenon.
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Abstract ID : 138

DESI resuls and ime dependen Dark Energy rom
he CD opological secors

Content

We presen a physically moivaed dark-energy (DE) model rooed in he opological srucure
ohe Qanum ChromoDynamic (CD) vacuum. In his ramework, which is coined as CD-DE,
he dark energy arises rom he differencebeween he vacuum energy o an expanding FLRW
universe and Minkowski spaceime, induced by unnelling ransiions beween he CD opo-
logical secors. Tere are no any new degrees o reedom here as enire ramework is based on
sandard model physics. Te Equaion o Sae wDE(z) in CD-DE model depends on ime and
crosses he line wDE = −1 a z ∼ 1 which is consisen wih recen DESI resuls. We argue
ha he vacuum energy and he de Siter phase in CD-DE emerges dynamically wih he scale
ρDE ≈ HΛ3

QCD ≈ (10−3eV )4, which is amazingly close o he observed value wihou inroduc-
ing any new parameers.
We consider pairwise and riple combinaions o CMB, BAO and SNIa daases orΛCDM,w0waCDM
and he CD-DE models. We argue ha he CD-DE model is preerred by Bayesian evidence in
comparison wih ΛCDM, w0waCDMmodels (his par o he work is sill in progress, o be posed
soon).
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Abstract ID : 139

The Glow o AxionQark Nugge Dark Mater: CMB
Specral and Anisoropy Signaures

Content
I would like o presen a alk on he impac o early Universe energy injecion on he Cosmic
Microwave Background (CMB), wih a ocus on specral disorions and anisoropies, using Axion
Qark Nugges (ANs) as a concree dark mater scenario.

In his work, I invesigae how ineracions beween dark mater and baryons can lead o energy in-
jecion beore recombinaion, and how his affecs key cosmological observables. Using a modified
version o he CLASS Bolzmann code, I compue he resuling μ- and y-ype specral disorions,
as well as he impac on he ionizaion hisory and primary CMB anisoropies.

I will show ha while he CMB anisoropy power specra remain largely unchanged and consisen
wih curren observaional consrains, he specral disorion signal can be significanly enhanced.
In paricular, he AN scenario produces a disincive μ-ype disorion ha could lie wihin he
sensiiviy o upcoming missions.

Tis combinaion, minimal impac on anisoropies alongside poenially deecable specral disor-
ions, provides a clear and esable observaional signaure. I also illusraes how specral disor-
ions offer a powerul and complemenary probe o early Universe physics beyond wha can be
inerred rom anisoropies alone.

Overall, his alk aims o highligh boh he role o specral disorions as a sensiive cosmological
probe and he poenial o he AN ramework as a viable and observaionally esable dark mater
candidae.

Tis work is available on arXiv: 2512.05401
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Abstract ID : 140

Probing Effecs o Feedback using he
Cross-correlaion o SZ and CMB lensing maps rom

he Souh Pole Telescope

Content

Te hermal Sunyaev-Zeldovich (SZ) effec and graviaional lensing o he cosmic microwave
background (CMB) are powerul and complemenary probes o cosmic srucure ormaion: he
ormer races baryonic gas in galaxy clusers via Compon scatering, while he later capures
graviaional deflecion by large-scale srucure. Teir cross-correlaion consrains he relaionship
beween baryonic gas and mater disribuion across a broad range o redshis, offering a window
ino baryonic eedback processes.
I presen measuremens o he SZ–CMB lensing cross-correlaion using maps rom he Souh Pole
elescope over a 100 square-degree pach o he sky. I describe our approach o measuring he
SZ–CMB lensing cross-specrum, including reamens o key sysemaic effecs and miigaion
sraegies. I hen ouline our mehodology or modeling o he signal, and he ramework or
parameer inerence. Finally, I discuss he implicaions o his measuremen or baryonic eedback
models.
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Abstract ID : 141

Phanom-Crossing Dark Energy and he Ωm
Tug-o-War

Content

Recen analyses combining daa rom he cosmic microwave background (CMB), baryon acousic
oscillaions (BAO), and ype Ia supernovae (SN) have revealed a enaive observaional preer-
ence or phanom crossing in he dark energy equaion o sae w. We argue ha his preerence
is a naural consequence o he Ωm ensions ha arise when hese daases are individually fi o
ΛCDM, specifically because o he ordering ΩBAO

m < ΩCMB
m < ΩSN

m . We show boh heoreically
and empirically ha models wih phanom crossing can shi all o hese inerredΩm values oward
muual alignmen. In conras, quinessence heories resriced o w ≥ −1 can alleviae he en-
sions wih SN daa bu only a he cos o exacerbaing he BAO-CMB discrepancy. We hereore
conclude ha i is he BAO and CMB measuremens—no he SN daa—ha drive he preerence
or phanom crossing over quinessence in join analyses. Moreover, we poin ou ha SN daa ex-
hibi greaer ensions wih he oher daases when fi o phanom-crossing models han when fi
o quinessence, causing he preerence or phanom crossing o be weaker in join CMB+BAO+SN
analyses han in analyses o CMB+BAO daa alone.
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Consraining he lensing dispersion rom he
angular clusering o binary black hole mergers

Content

Graviaional waves rom inspiraling compac binaries provide direc measuremens o luminosiy
disances and serve as a powerul probe o he high-redshi Universe. In addiion o heir role as
sandard sirens, hey offer an opporuniy o consrain small-scale densiy flucuaions hrough he
dispersion in he disance-redshi relaion induced by graviaional lensing. In his symposium,
we propose a mehod o consrain his lensing dispersion wihou requiring redshi inormaion
by analyzing he angular clusering o graviaional-wave sources. Our ormalism, which incor-
poraes second-order lensing effecs in he luminosiy disance, shows ha he ampliude o he
auo-correlaion angular clusering decreases wih increasing lensing dispersion. While we demon-
srae ha he auo-correlaion signal is deecable wih sufficien signal-o-noise raios in uure
graviaional wave experimens, a srong degeneracy exiss beween he lensing dispersion and he
linear bias o graviaional wave sources. We demonsrae ha his degeneracy is parially broken
by a join analysis o he auocorrelaion o graviaional wave sources and he cross-correlaion
wih galaxies whose redshis are known.
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Black Hole NMs in exernal idal ields

Content

Fuure graviaional-wave observaories, including nex-generaion ground-based deecors and
LISA, will enable precision measuremens o black hole quasi-normal mode requencies. In realisic
asrophysical setings, however, black holes are no perecly isolaed: surrounding environmens,
or example sars or dark mater, can source exernal idal fields ha deorm he NM specrum.
In his alk, I will presen a general perurbaive ramework o compue hese requency shis
a linear order, providing a sysemaic descripion o how weak exernal fields modiy black hole
ringdown. I will discuss he resuling phenomenology, including he breaking o isospecraliy
and oher observable signaures relevan or black hole specroscopy. As a nonrivial validaion
o he ormalism, I will show ha i successully reproduces he known NM specrum o slowly
roaing Kerr black holes. I will conclude wih remarks on specral insabiliies rom an exac WKB
perspecive, and he exen o which hey affec he robusness o our perurbaive predicions.
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Abstract ID : 144

Charge disribuion o -balls and cosmological
implicaions

Content

We perorm hree-dimensional latice simulaions o invesigae he ormaion o gauge-mediaion
ype -balls. For he firs ime, we obain heir broad charge disribuion o he  ball o his ype.
We hen discuss he cosmological and asrophysical implicaions o his broad disribuion. In
paricular, we sudy he ormaion o primordial black holes (PBHs) induced by -balls. We find
ha he resuling densiy perurbaions can be sufficienly large o produce an abundan populaion
o PBHs wih masses in he range　10−15M⊙−5 × 10−12M⊙, which can accoun or all o he
dark mater in he universe.

Other topic / keywords:

Author: Dr KAWASAKI, Masahiro (Universiy o okyo)

Presenter: Dr KAWASAKI, Masahiro (Universiy o okyo)

rack Classification: Early Universe

Contribution ype: alk

Status: SUBMIED

Submited by KAWASAKI, Masahiro <graviino.axion@gmail.com> on uesday, 28 April
2026

May 14, 2026 Page 226



Cosmo-26 / Repor o Absracs On he road or cosmology wih  …

Abstract ID : 145

On he road or cosmology wih Type I Supernovae
rom he Zwicky Transien Faciliy

Content

Te Zwicky ransien Faciliy (ZF) is scanning he Norhern sky since 2018 wih a 1.2 m class
elescope insalled a he Mon Palomar Observaory. Tis survey deecs any ransien in he
nearby Universe wihin is magniude limi, ypically up o a redshi o 0.15. In February 2025,
he Cosmology working group has released a se o more han 3600 ype Ia supernovae (SN Ia)
corresponding o he firs phase (2018-2020). Tis unpreceden SN Ia daa sample – abou 10 imes
more han he curren compilaion a low-redshi – allows o develop new cosmological analysis
in he same spiri han he hisorical probe leading o he discovery o he acceleraed expansion
o he Universe. Te alk will presen he main characerisics o his new SN Ia daa se ocusing
on heir sadardizaion o be used as disance indicaor. Te cosmological perspecives will be
discussed as well o emphasis he game changer ha can bring ZF in paricular or he Dark
Energy measuremen in a very near uure.
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Abstract ID : 146

Cosmological inerence wih halo clusering
reconsruced rom he redshif-space galaxy

disribuion

Content

Accurae modeling o small-scale redshi-space clusering is crucial or ull-shape RSD analyses,
where saellie galaxies conribue o 1-halo erms and Finger-o-God disorions. We invesigae
halo reconsrucion based on he cylinder grouping (CG) mehod o Okumura e al. (2017), which
selecs an effecive halo cener racer rom he observed galaxy disribuion, and assess is impac
on cosmological parameer inerence. Using DESI-like luminous red galaxy mock caalogs rom
he AbacusSummi simulaions a z = 1.1, we perorm effecive field heory (EF)-based ull-shape
modeling o he power specrum o he reconsruced-halo sample.
We show ha he dominan reconsrucion-induced sysemaics can be described and incorporaed
wihin he sandard EF ramework. In paricular, a simple mulipole-dependen rescaling inerred
direcly rom he daa on large scales capures he dominan effec, while residual small-scale
changes are absorbed by he sandard counererm and sochasic secors, wihou inroducing ad-
diional reconsrucion-specific parameers. Te reconsruced-halo sample yields unbiased con-
srains on cosmological parameers, including he growh rae fσ8 and Alcock-Paczynski parame-
ers. Compared o he galaxy sample, i enables boh improved robusness and increased saisical
precision: he inerred fσ8 remains sable when exending he fi beyond kmax ≃ 0.2hMpc−1,
wih is uncerainy reduced by more han 20%.
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Is Gaussian good enough? Likelihoods or
cosmological wo-poin uncions

Content

wo-poin correlaion uncions are a sandard ool in cosmology. However, heir esimaors
have inrinsically non-Gaussian likelihoods, even or perecly Gaussian random fields. Tis non-
Gaussianiy is mos eviden on he large scales argeed by sage-IV weak lensing surveys. We
presen a ramework or compuing exac correlaion-uncion likelihoods or he masked spin-2
fields o cosmic shear. Tese likelihood disribuions show significan skewness and can sysemai-
cally shi parameer inerences. We provide exac soluions or he one-dimensional marginals and
inroduce a Gaussian copula model ha efficienly capures he dependencies in high-dimensional
correlaion-uncion daa and which can sraighorwardly be used in Bayesian analyses. Copula-
based approaches open a pah o flexible, accurae likelihood modeling no only or weak lensing
bu or a wider range o cosmological probes. More generally, our resuls illusrae how boh
correlaion srucure and likelihood shape impac poserior consrains, highlighing he need or
careul modeling o non-Gaussian likelihoods.
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SWIM: A Complee Numerical Framework or
Assessing Warm Inlaion Models

Content
Warm inflaion (WI) modifies he generaion o primordial perurbaions hrough dissipaive dy-
namics and hermal flucuaions, making heir accurae compuaion inherenly challenging. Ex-
ising approaches ypically rely on semi-analyical approximaions in which he scalar power spec-
rum is expressed hrough a correcion acor G(Q) ha depends only on he dissipaion raio Q.
We presen a C++ and Pyhon based code, SWIM (Sochasic Warm Inflaion Module), ha is a
numerical ramework ha compues he Warm Inflaionary primordial power specrum direcly
by solving he coupled sochasic perurbaion equaions, and yields he G(Q) acor as well as
he semi-analyical power specrum in numerical orm suiable or parameer inerence. However,
our analysis shows ha he correcion acor G(Q) can depend non-rivially on addiional model
parameers, including he poenial normalizaion and relaivisic degrees o reedom o he ra-
diaion bah, even wihin he same class o WI models. Tis previously unaccouned parameer
dependence leads o discrepancies beween semi-analyical and numerical predicions in cerain
regimes, and inroduces a source o sysemaic bias in parameer inerence when semi-analyical
approaches are used. Tese findings highligh a limiaion o widely used approximaion schemes
in WI and moivae he use o ull numerical power specra in daa-driven analyses or WI models.
SWIM urher ineraces wih inerence pipelines such as Cobaya and incorporaes an on-the- fy
surrogae emulaor based on Random Fores Regression, rained dynamically in high-likelihood re-
gions o enable efficien parameer inerence while simulaneously consrucing a surrogae model
o he numerical solver. Tis rained model can subsequenly be used or more deailed parame-
er inerence and analysis. Tus, SWIM offers a complee numerical ramework or analysis o
any Warm Inflaion model. While developed in he conex o WI, his sraegy is applicable more
broadly o cosmological problems involving expensive numerical compuaions.
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Abstract ID : 149

Ideniicaion o Wave-opics Lensed Graviaional
Waves wih Residual Cross-correlaion rom GWTC-4

evens

Content

Te lensing o Graviaional Waves (GWs) due o inervening mater disribuion in he universe
can lead o chromaic signaures in he wave-opics limi. Te reliance o he lens mass disribuion
modelling makes deecion o lensed GWs challenging. Hence o deec lensed GWs in a model-
independen way, we develop he wave-opics lensing search echnique called mu-GLANCE and
deploy i on he GW evens observed up o he ourh observaion caalog GWC-4 o LIGO-Virgo-
KAGRA. Te mehod ess residual srain or correlaed eaures across he deecor nework via
cross-correlaion and iners lensing-induced modulaions wih a Bayesian ramework as a double-
check. Te unmodelled search picks up one plausible candidae GW190408 wih a 3.1 sigma devia-
ion rom pure deecor noise. However, exploring he wave-opics lensing modulaion signaures
on his even, we do no find any conclusive evidence o he wave-opics eaure a 95% confidence
level. We also es he recenly discovered graviaional wave even, GW231123, known or is
massive black hole componens. I is hypohesized o be graviaionally lensed, bu our analysis
finds no srong evidence or is lensing, wih a signal varying rom 1.4 sigma o 7.2 sigma across
various waveorm models. However, we find ha waveorm sysemaics or such heavy binary
sysems are sufficienly large o shadow he lensing signaures in shor-duraion signals (0.2s) like
GW231123, prevening any definiive claim o lensing a his sage. We confidenly rule ou he
presence o any saisically significan wave-opics lensing signal in he evens up o GWC-4.
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Abstract ID : 150

Schwinger effec in axion inlaion

Content
Axions are well-moivaed pseudoscalar fields ha arise in many exensions o he Sandard Model
and can drive inflaion. In scenarios where an axion couples o a gauge secor during inflaion,
he rolling field can lead o exponenial amplificaion o gauge-field flucuaions, wih imporan
implicaions or paricle producion, reheaing dynamics, primordial graviaional wave signaures,
and primordial magneic fields.

In his alk, I will review recen progress in axion inflaion wih Abelian and non-Abelian gauge
fields. Paricularly, I will discuss he firs latice simulaions o axion inflaion ha include he
Schwinger effec, i.e. he nonperurbaive producion o charged paricle-aniparicle pairs in he
presence o srong gauge fields. I will show ha Schwinger producion can srongly quench gauge-
field growh, making efficien gauge preheaing ineffecive and significanly suppressing primor-
dial graviaional wave producion. Tese resuls demonsrae ha he Schwinger effec is a crucial
ingredien in realisic scenarios o axion inflaion wih gauge fields, wih imporan implicaions
or boh reheaing dynamics and observaional predicions.
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A Minimal Axio-dilaon Dark Secor

Content

Axio-dilaon models provide a well-moivaed minimal class o models or which sel-ineracions
can be explored. Tis minimal model can successully describe boh Dark Mater and Dark En-
ergy. Te axion is he Dark Mater and he dilaon is he Dark Energy —and ha hey robusly
predic several new phenomena or he CMB and srucure ormaion ha can be sough in observa-
ions. Tese include specific ypes o Dark Energy evoluion and small space- and ime-dependen
changes o paricle masses pos-recombinaion ha aler he Inegraed Sachs-Wole effec, cause
small changes o srucure growh and more.
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Cosmology wih ACT DR6

Content

I presen power specra o he cosmic microwave background (CMB) anisoropy in emperaure and
polarizaion, and he mos recen consrains on cosmology rom hese, as measured rom he Daa
Release 6 (DR6) o he Aacama Cosmology elescope (AC) daa. AC DR6 measures he CMB
power specra over a quarer o he sky in muliple bands in boh emperaure and polarizaion
wih arcminue resoluion. We find ha he AC angular power specra are well fi by he sum
o CMB and oregrounds, where he CMB specra are described by he ΛCDM model. Combining
AC wih larger-scale Planck daa, he join P-AC daase provides igh limis on he ingrediens,
expansion rae, and iniial condiions o he universe. We find similar consraining power, and
consisen resuls, rom eiher he Planck power specra or rom AC combined wih WMAP daa,
as well as rom eiher emperaure or polarizaion in he join P-AC daase. We use hese new
cosmic microwave background measuremens o es oundaional assumpions o he sandard
cosmological model, ΛCDM, and se consrains on exensions o i. We derive consrains rom
he AC DR6 power specra alone, as well as in combinaion wih legacy daa rom he Planck
mission, measuremens o he CMB lensing rom AC and Planck, baryon acousic oscillaion
measuremens, and supernovae daa. ogeher, hese measuremens provide he newes, ighes
consrains on he ΛCDM model and a broad range o exensions.
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Sochasic inlaion: ypical assumpions and heir
validiy.

Content

Sochasic inflaion provides a powerul ramework or sudying inflaon flucuaions in a non-
perurbaive regime. However, o make he problem racable, he ormalism relies on a number
o simpliying assumpions. In his alk, I will explore hese assumpions, ocusing in paricular
on he consrucion o he noise erms, which are ypically aken o be whie and Markovian. I
will hen discuss how hese assumpions emerge wihin sandard perurbaion heory, compare he
wo approaches, and explore he physical consequences ha ollow rom he sandard reamen
o noise in sochasic inflaion.
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The POLONAISE Dark Mater experimen in Leiden

Content

Qanum sensing has maured rapidly ino a compeiive plaorm or undamenal physics, and
arrays o mechanical sensors are now posiioned o es well-moivaed dark mater scenarios long
considered ou o experimenal reach. I will discuss POLONAISE, a magneic-leviaion experimen
a Leiden Universiy ha re-purposes cryogenic vibraion-isolaion hardware originally developed
or he Einsein elescope Pahfinder as a direc dark mater deecor. Using his plaorm, we
have perormed he firs laboraory search or ulraligh vecor dark mater coupled o B–L wih a
magneically leviaed mass [Amaral e al., PRL 134, 251001 (2025)], seting a consrain o g_{B−L} 
3 × 10⁻²¹ near 10⁻¹³ eV/c² and laying ou a saged upgrade pah projeced o surpass MICROSCOPE
and LIGO/Virgo. I will hen presen new resuls rom our December 2025 daa run searching
or ulraheavy dark mater a 10⁷–10¹¹ GeV coupling o ordinary mater via a long-range orce,
in a regime no covered by exising direc-deecion experimens. I will close wih a discussion
o oher measuremens we are pursuing wih his echnology and my oulook or his emerging
inerdisciplinary program.

Other topic / keywords:

Author: Pro. UNNELL, Chrisopher (Rice Universiy)

Co-authors: Dr AMARAL, Dorian (Rice Universiy / Barcelona); LANGENDORFF, Jurriaan (Lei-
den); Pro. OOSERKAMP, jerk (Leiden); Dr IN, Juehang (Rice Universiy); UIENBROEK, Dennis
(Leiden)

Presenter: Pro. UNNELL, Chrisopher (Rice Universiy)

rack Classification: Dark Mater

Contribution ype: alk

Comments:

I’s a dark mater experimen physically in Leiden. Our prelim resuls have us leading or
heavy DM searches. We wan o presen hese resuls a Cosmo given i’s in Leiden.

Work rom Polonaise collaboraion o my group (Rice Universiy) and jerk Ooserkamp’s
group (Leiden)

Status: SUBMIED

Submited by UNNELL, Christopher <cd@rice.edu> on uesday, 28 April 2026

May 14, 2026 Page 242



Cosmo-26 / Repor o Absracs Qanum Imprins on Confinemen …

Abstract ID : 155

Qanum Imprins on Coninemen: SU(N) Yang
Mills Coninemen PT a inie hea

Content

We analyze he impac o a finie hea angle on he firs-order confinemen P in SU(Nc) Yang-
Mills heory, where CP violaion arises a  = π

due o he mulibranched srucure o he Yang-Mills vacuum. Using holography and latice CD
inpus, we show ha a finie
 , Nc, he supercooling regime o he measable deconfined phase is reduced. We also sudy he
inerplay beween he confinemen P and he producion o domain walls, elaboraing on heir
sabiliy and poenial or graviaional wave (GW) emission. Finally, we showcase he possibiliy
o wo disinc GW sources: one rom he confinemen P and anoher rom domain wall annihi-
laion.
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Abstract ID : 156

Adapive emulaion or nex-generaion
cosmological inerence

Content
Te unprecedened precision o recen galaxy surveys and CMB experimens is ransorming cos-
mology bu a a cos. As modelling rameworks grow more sophisicaed, he number o nuisance
parameers has surged, while emerging ensions wih he sandard cosmological model moivae
exensions in cosmological parameers as well. Combined wih compuaionally expensive models,
hese developmens make sandard Bayesian sampling increasingly inefficien, especially or join
analyses, where he real consraining power lies.

o address his, we inroduce an adapive emulaion ramework ha arges he high-likelihood
regions o parameer space, dramaically acceleraing inerence wihou sacrificing accuracy. Buil
on he maure ecosysem o CosmoSIS and is exensive library o likelihoods, our approach ine-
graes a novel sampling sraegy designed o bypass key compuaional botlenecks.

In his alk, I will showcase he perormance o his mehod across muliple case sudies, including
analysis pipeline opimisaion and muli-probe combinaions. Te aim is simple: make sae-o-
he-ar cosmological inerence aser, ligher, and less dependen on large HPC resources.
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Abstract ID : 157

Tesing FLRWWihou a Ruler: A Calibraion-Free
Null Tes rom Anisoropic BAO

Content
Baryon acousic oscillaion (BAO) measuremens are a cornersone o lae-ime cosmology, bu
heir inerpreaion ypically relies on assumpions abou he sound horizon and a background
model. We show ha anisoropic BAO daa alone already enable a direc, calibraion-ree es o
he underlying geomery.

We derive an exac null relaion or fla FLRW spaceime writen enirely in erms o he observed
shi parameers ⊥(z) and ∥(z), in which he dependence on he sound horizon cancels iden-
ically. Tis provides a model-independen consisency es o he disance–redshi relaion. Ap-
plying he es o anisoropic BAO measuremens rom he Dark Energy Specroscopic Insrumen
DR2 daase, we find no evidence or deviaions rom fla FLRW wihin curren uncerainies.

We also presen a calibraion-ree reconsrucion o he deceleraion parameer q(z) rom he radial
BAO secor, showing ha anisoropic BAO daa already conain direc kinemaic inormaion prior
o any global fi. Tese resuls highligh he poenial o BAO as inernal consisency ess o he
cosmological ramework.
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Abstract ID : 158

Non-Linear Dynamics and Primordial Black Hole
Formaion during Kinaion

Content

Te early universe may have experienced a kinaion epoch - a phase where a scalar field’s kineic
energy dominaes he expansion. In his alk, I will ouline how scalar-field inhomogeneiies dur-
ing his era can rigger srong non-linear dynamics, and how hese can collapse o orm primordial
black holes (PBHs). Based on numerical relaiviy simulaions, I will show he condiions under
which super-horizon perurbaions grow non-perurbaively and he criical iniial condiions or
PBH ormaion. I will discuss how a non-sandard background like kinaion opens new pahways
or PBH ormaion and he cosmological implicaions.
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Abstract ID : 159

Combining CMB lensing, galaxy clusering, and
cosmic shear wih 2- and 3-poin saisics

Content

Te sandard ΛCDM model has been remarkably successul, bu i has recenly being challenged
by several ensions. Te combinaion o galaxy surveys and CMB lensing is a powerul probe o
he large-scale srucure and a key ool or esing he ΛCDM model in he era o nex-generaion
experimens. Upcoming galaxy surveys such as he Legacy Survey o Space and ime (LSS) and
Euclid, ogeher wih CMB experimens such as he Simons Observaory (SO) and LieBIRD, will
dramaically improve he volume o available daa. Tis will enable no only igher consrains
rom wo-poin saisics, bu also high signal-o-noise measuremens o higher-order saisics
such as he bispecrum, which capures non-Gaussian inormaion. Te combinaion o muliple
probes (i.e. galaxy clusering, cosmic shear, and CMB lensing) addiionally improves parameer
consrains and helps break degeneracies. Recen sudies have demonsraed he impac o join
power specrum and bispecrum analyses or subses o hese probes. However, comprehensive
sudies wih combined inormaion rom all hree racers are sill missing. In his alk, I will dis-
cuss he improvemen o consrains on cosmological parameers using angular power specra
and bispecra or all possible combinaions o he racers, ollowing a omographic approach. I
will highligh he poenial o muli-probe, higher-order analyses or ully exploiing upcoming
survey daa.
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Abstract ID : 160

Addressing Cosmological Tensions wih ML-Guided
Modiied-Graviy Searches

Content

Modificaions o General Relaiviy have been widely sudied o alleviae cosmological ensions.
Mos o hese models lead o an effecive srenghening o graviy and enhanced growh. However,
he S8 ension - arising rom weak-lensing observaions ha sugges less srucure ormaion han
prediced by ΛCDM - poins o a differen scenario.
In his alk, I will presen a mehod o design sable modified graviy heories ha reproduce a
specific phenomenological rend in cosmological observaions. Tis can be used o address he S8
ension and adaped o rends rom Sage-IV surveys. Specifically, I will show how we can use
machine learning processes o explore he space o Horndeski heories o find sable islands o
weak graviy.
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Abstract ID : 161

Phase Transiion Effecs in Axion Abundance and
Phenomenology

Content

We sudy axion dynamics and relic abundance in firs-order phase ransiions, exending he bub-
ble misalignmen mechanism o a cosmological seting. In his seup, he axion mass urns on
disconinuously inside expanding rue vacuum bubbles. We perorm latice simulaions o he
axion field and ideniy wo regimes. For as ransiions, he dynamics reduces o delayed mis-
alignmen, where he onse o oscillaions is se by he percolaion ime. For slower ransiions,
bubble-induced spaial gradiens reduce he effecive oscillaion ampliude inside bubbles. We con-
sruc a semi-analyic descripion ha capures boh regimes and reproduces he simulaion resuls.
We urher quaniy he impac on isocurvaure perurbaions, he small-scale power specrum, and
axion minicluser ormaion.
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Abstract ID : 162

Toward Robus LSST Cosmology: Daa-Augmened
Redshif Calibraion and Efficien Marginalisaion

Content

Te unprecedened saisical power and imaging deph o he Vera C. Rubin Observaory’s LSS
will enable ransormaive ess o ΛCDM and he naure o dark mater and dark energy. Realis-
ing his poenial hinges on accuraely esimaing ensemble redshi disribuions and efficienly
marginalising over heir uncerainies.
I will presen a new ramework or phoomeric redshi calibraion based on Sel-Organising Maps
(SOMs), which projec he high-dimensional galaxy colour space ono a wo-dimensional repre-
senaion. Tis idenifies regions poorly sampled by specroscopy, which we hen augmen wih
synheic galaxy caalogues o consruc represenaive raining ses. Te mehod subsanially
reduces sysemaic biases or high-redshi galaxies, achieving sub-percen accuracy on he mean
redshi or boh Year 1 and Year 10 LSS configuraions, while orward-modelling he dominan
sources o sysemaic error —phoomeric noise, poin-esimaion bias, omographic binning, and
specroscopic selecion effecs. Preliminary validaion on early LSS DP1 daa shows consisen
perormance, and a ormal calibraion analysis is in preparaion or he upcoming DP2 release o
suppor LSS anlyses on galaxy-halo connecions.
Using hese simulaed n(z) ensembles, I show ha convenional paramerisaions —ypically sim-
ple shis along he redshi axis —can underesimae saisical uncerainies by up o an order o
magniude or galaxy clusering. o address his, I develop a daa-driven approach based on a Vari-
aional Auoencoder (VAE) or non-linear dimensionaliy reducion, which ouperorms sandard
PCA by compressing housands o n(z) realisaions ino a Gaussianised laen space o subsanially
lower dimension. Resampling his laen space under Gaussian priors enables aihul reconsruc-
ion o he ull n(z) covariance and accurae marginalisaion wihin he cosmological likelihood.
Cosmological orecass on synheic LSS daa show ha weak-lensing consrains are robus
across marginalisaion choices, whereas he combinaion wih large-scale srucure reveals ha
convenional mehods overesimae he dark energy Figure-o-Meri by 20% —underscoring he
necessiy o his improved ramework or unbiased precision cosmology. Te pipeline is being
inegraed ino he LSS-DESC inerence inrasrucure or collaboraion-wide applicaion.
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Cosmology rom he cross-correlaion o CMB
lensing rom ACT-DR6 and galaxy shear rom DES-Y3

Content

We cross-correlae measuremens o lensing rom wo sources: he Cosmic Microwave Background
(CMB) rom he Aacama Cosmology elescope (AC)’s DR6, and galaxy shear rom he Dark
Energy Survey (DES) Y3. Tis presens he highes signal-o-noise measuremen o is kind o dae
wih a value o ~17.5, marking a significan improvemen rom he previous value o 7.1 made using
AC-DR4. Tis combinaion is mos sensiive o he amoun o mater clusering in he Universe,
S8 = σ8(Ωm/0.3)**0.5, providing a 4.8% measuremen. CMB lensing cross-correlaions wih galaxy
shear surveys are a powerul ool or sudying srucure evoluion across a differen redshi range
o each probe individually, as well as consraining various asrophysical and sysemaic effecs
which affec each survey. Here we also consrain baryonic eedback, an imporan asrophysical
effec ha impacs he disribuion o mater surrounding galaxies, hrough he one-parameer
effecive model A_mod. Te galaxy sysemaics we calibrae include he muliplicaive shear bias,
phoomeric redshi uncerainy, and inrinsic galaxy alignmens. We also develop and implemen
our analysis wihin he Simons Observaory Likelihood and Teories ramework (SOLike), in
order o prepare or uure analyses boh wih DES-Y6 and Sage IV surveys (e.g. combining SO
wih Rubin/LSS).
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A Tensorised Analyic Framework or Fas,
Differeniable Lensing Angular Power Specra

Content

Weak graviaional lensing is now one o he mos powerul probes o cosmological parameers
and he naure o dark mater and dark energy. Sage-IV analyses will require rapid evaluaion o
summary saisics across wide angular scales and many omographic bins, o sample efficienly
he high-dimensional parameer spaces o modern likelihoods.
I will presen a new mahemaical ramework ha acceleraes cosmological inerence by recasing
nesed line-o-sigh inegrals as ensor operaions. Approximaing he mater power specrum,
kernel uncions, and scale acors as piecewise linear uncions o comoving disance allows each
segmen o he inegral o be solved analyically, yielding a compac expression or he lensing an-
gular power specrum as a conracion beween a cosmology-dependen coefficien ensor and he
survey-specific omographic redshi disribuions, on which he dependence is quadraic. Valida-
ion agains he Core Cosmology Library (CCL; Chisari e al. 2019) confirms sub-percen accuracy
across all relevan scales and omographic configuraions.
Tis acorisaion is naurally suied o emulaion: I rain neural-nework emulaors ha map cos-
mological parameers direcly o he coefficien ensors, bypassing inermediae Bolzmann-code
evaluaions. On a realisic LSS 3×2p daa vecor, he combined ramework delivers an order-
o-magniude speed-up over sandard pipelines under represenaive Sage-IV condiions, wih
urher acceleraion rom a JAX implemenaion ha enables auomaic differeniaion and seam-
less CPU/GPU parallelisaion.
Te quadraic dependence on n(z) urher enables ully analyic marginalisaion over redshi-
disribuion uncerainies —direcly addressing one o he dominan nuisance-parameer botle-
necks in Sage-IV inerence. More broadly, his work esablishes a oundaion or as, scalable, di-
ereniable cosmological inerence ools, wih naural exensions o curved-spaceime modelling,
beyond-Limber compuaion, and higher-order lensing saisics.
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Galileons in curved spaceime and numerical
challenges

Content

Te Galileon heory provides an inrared modificaion o general relaiviy ha incorporaes he
Vainshein screening mechanism, suppressing deviaions rom general relaiviy on local scales.
In his alk, I examine analyic soluions o he Galileon field in curved spaceimes. In a de Siter
background, an addiional scale emerges a which he scalar field becomes singular, signaling he
onse o srong coupling and he breakdown o he effecive field heory descripion. I assess
he viabiliy and sabiliy o spherically symmeric screening soluions in his regime. Finally, I
connec hese resuls o numerical sudies o Galileon models, highlighing he challenges hey
pose as examples o ill-posed effecive field heories.

Other topic / keywords:

Galileons

Author: GERHARDINGER, Mary (Universiy o Pennsylvania)

Co-authors: GAROFFOLO, Alice (Universiy o Pennsylvania); GIBLIN, om (Kenyon College); Pro.
HINERBICHLER, Kur (Case Wesern Reserve Universiy); Pro. OLLEY, Andrew (Imperial College
London); RODDEN, Mark

Presenter: GERHARDINGER, Mary (Universiy o Pennsylvania)

rack Classification: Dark Energy / Modified Graviy

Contribution ype: alk

Status: SUBMIED

rack Reviews:

Dark Energy / Modified Gravity:

Judgments: Posiive: alk

Reviews:

GARCIA-GARCIA, Carlos: Accept: alk • 3.0

Abstract rating 3

GLAVAN, Dražen: Accept: alk • 2.0

Abstract rating 2

May 14, 2026 Las modified: uesday, 28 April 2026 Page 260



Cosmo-26 / Repor o Absracs Galileons in curved spaceime and …

Submited by GERHARDINGER, Mary <maryge@sas.upenn.edu> on uesday, 28 April
2026

May 14, 2026 Page 261



Cosmo-26 / Repor o Absracs Termodynamics and quanum eff …

Abstract ID : 166

Thermodynamics and quanum effecs o de Siter
black holes

Content

Te hermodynamics o black holes in de Siter space is complicaed by he presence o muliple
horizons and he absence o a globally defined imelike Killing vecor. In his alk, I will revisi
exising proposals or hermodynamic ideniies describing charged black holes in de Siter space
and discuss heir shorcomings. In paricular, he convenional choice o normalizaion o he
imelike vecor leads o he puzzling propery ha Nariai black holes have a vanishing emperaure,
a odds wih he experience o a near-horizon observer. I will propose a resoluion o his problem
and derive new firs laws o hermodynamics ha are adaped o a physical, saic observer in
beween he black hole and cosmological horizon. I will discuss he implicaions o hese resuls
on recen works sudying quanum correcions o near-exremal de Siter black holes.
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Abstract ID : 167

A Criique on Formulaing Local Theories o Graviy
rom Non-Exensive Enropies

Content

Te hermodynamic emergence o local spaceime dynamics is inexricably ied o he sric exen-
siviy o he holographic area law. While quanum graviy candidaes oen moivae generalized,
non-exensive enropy-area relaions or black holes, subsiuing hese ino Jacobson’s ramework
o derive modified graviy heories is generically inconsisen. We argue ha any deparure rom
holographic exensiviy inroduces long-range correlaions ha desroy local spaceime causal-
iy. Consequenly, he resuling macroscopic heories ineviably violae he Equivalence Principle,
break diffeomorphism invariance, or exhibi over acausaliy. We conclude ha an exensive area
law is a necessary condiion or consisen local graviaional dynamics.
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MG-NECOLA: A Field-Level Emulaor or f(R)
Graviy and Massive Neurino Cosmologies

Content

Accurae modeling o non-linear graviaional dynamics is essenial or consraining exensions o
he sandard cosmological model using large-scale srucure observaions. While high-resoluion
N -body simulaions provide he required fideliy, hey are compuaionally prohibiive or he
large ensembles needed o analyze Modified Graviy (MG) scenarios. We presen MG-NECOLA, a
field-level emulaor based on a convoluional neural nework ha upgrades as, approximae MG-
PICOLA simulaions o near–N -body accuracy a a racion o he compuaional cos. rained on
a suie o UIJOE-MG simulaions or f(R) graviy, MG-NECOLA achieves nearly sub-percen
accuracy (
lesssim1%) in boh he mater power specrum and bispecrum up o k ≃ 1 hMpc−1. Crucially,
alhough being rained on a fixed cosmology, he nework generalizes robusly o cosmologies
ouside is raining maniold keeping he error below 5%. I successully recovers he General Rel-
aiviy limi (ΛCDM) wihou inroducing spurious MG signals and accuraely capures he power
suppression induced by massive neurinos (Mν ≤ 0.4 eV), despie being rained on cosmologies
wih massless neurinos. Te pipeline delivers a speed-up acor o ∼ 1500× relaive o ull N -
body runs, generaing a high-fideliy realizaion in O(103) CPU seconds compared o O(106) or
he baseline. Tis accuracy–efficiency rade-off esablishes MG-NECOLA as a powerul ool or
generaing he massive mock caalogs required or nex-generaion galaxy surveys.

Other topic / keywords:
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rack Classification: Large-Scale Srucure; Mehods / Saisical Inerence / Machine Learn-
ing

Contribution ype: Poser

Status: SUBMIED

rack Reviews:

Large-Scale Structure:

Judgments: Posiive

Reviews:

May 14, 2026 Page 265



Cosmo-26 / Repor o Absracs MG-NECOLA: A Field-Level Emul …

KUIJKEN, Koen: Change track • 3.0 (More relevan or he MG/DE rack! Could be
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Abstract rating 3
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Abstract ID : 169

Consraining he growh rae o srucure wih DESI
DR2 peculiar velociy survey

Content

Recen resuls rom he Dark Energy Specroscopic Insrumen (DESI) sugges ha dark energy
may evolve over ime, poenially challenging he concordance cosmological model. An alernaive
explanaion or dark energy is modified graviy, which predics differen growh raes or cosmic
srucures in he lae universe. Te DESI Peculiar Velociy (PV) survey is designed o sysemaically
measure he moions o galaxies a redshis below 0.15. Combining galaxy redshi measuremens
wih hose rom he DESI PV survey, we will gain a unique perspecive on he disribuion and
moion o galaxies in he nearby universe, enabling precision ess o graviy and dark energy.
In his presenaion, I will presen an improved maximum-likelihood mehod o direcly fi he
peculiar velociy and galaxy overdensiy daa. We have applied daa compression echniques no
only o significanly reduce compuaional ime bu also o enable us o include previously fixed
parameers ha we could no include due o compuaional expense. Tis new mehod will be
applied o he DR2 daa o produce one o he ighes consrains on he growh rae a low redshi
and poenially disinguish differen models o graviy.

Other topic / keywords:

Peculiar velociy, DESI

Author: LAI, Yan Xiang (Universiy o Arizona)

Presenter: LAI, Yan Xiang (Universiy o Arizona)

rack Classification: Large-Scale Srucure; Dark Energy / Modified Graviy

Contribution ype: alk
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Tis work is sill ongoing, bu he iniial applicaion o he mehod on he mocks is promis-
ing. Te resul is expeced o be finalised beore he conerence.

Status: SUBMIED

rack Reviews:

Large-Scale Structure:

Judgments: Posiive: alk

Reviews:

May 14, 2026 Page 267



Cosmo-26 / Repor o Absracs Consraining he growh rae o s …

KUIJKEN, Koen: Accept: alk • 4.0 (New resuls rom DESI)

Abstract rating 4

HILDEBRAND, Hendrik: Accept • 5.0 (Grea o see some DESI-DR2 resuls!)

Abstract rating 5

Dark Energy / Modified Gravity:
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GARCIA-GARCIA, Carlos: Accept: alk • 5.0
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Abstract rating 4
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Abstract ID : 170

Cosmological perurbaions o a relaivisic MOND
heory

Content

A relaivisic MOND heory, promising reproducing cosmology as well as MOND phenomenol-
ogy in he low accelerlaion regime, was recenly proposed. We presen pos Newonian (PN)
approximaion and relaivisic perurbaion equaions in cosmological conex. Te PN equaions
are presened o 1PN order and he perurbaion equaions are presened in ully nonlinear and
exac orms. We show ha o 0PN order baryon perurbaion grows aser in MOND regime. Te
MOND field can be inerpreed as a fluid wih specific equaion o sae wiou anisoropic sress,
and Jeans crierion is derived or he MOND field.

Other topic / keywords:

Author: NOH, Hyerim (Korea Asronomy and Space Science Insiue)

Co-author: Pro. HWANG, Jai-chan (IBS)
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Contribution ype: Poser
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Abstract ID : 171

Where Galaxies Poin: Firs Measuremen o he
Large-Scale Axial Inrinsic Alignmen

Content

We presen evidence or a large-scale axial inrinsic alignmen (LAIA), a coheren preerred orien-
aion shared by galaxies and cosmic-web filamens. LAIA provides a new saisical-isoropy es
based on he orienaion field o galaxy-scale and filamenary srucures, complemenary o CMB-
and large-scale-srucure-based probes o he cosmological principle. Applying a new esimaor o
he Dark Energy Survey Year 3 weak-lensing shape caalog, we reconsruc he galaxies’ oriena-
ion field and ideniy a coheren preerred axis on dipolar angular scales. Spirals’ semi-minor axes
and ellipicals’ semi-major axes poin oward a common direcion, wih a morphology-dependen
ampliude hierarchy consisen wih idal-orquing physics. We urher exend he analysis be-
yond galaxy shapes by measuring a consisen axial patern in cosmic-web filamen orienaions
rom SDSS, providing an independen and physically disinc racer o he underlying large-scale
idal field. Remarkably, because he DES and SDSS ooprins are subsanially differen, he agree-
men is no driven by he galaxies and filamens occupying he same local environmens. Insead,
i poins o a common large-scale axial patern raced independenly by galaxy morphologies and
by he cosmic web. Teir saisical compaibiliy wih he galaxy-based preerred axis hereore
provides a non-local, cross-survey, and cross-observable consisency es, raher han a simple
measuremen o galaxy–hos-filamen alignmen. Te signal disavors he null hypohesis a ap-
proximaely 4σ, persiss across spaial and redshi splis, and remains robus agains a broad suie
o realisic survey-sysemaics ess. We validae he esimaor and assess he physical inerpre-
aion using N-body-based mock caalogs, including Euclid Flagship 2 and MICECA v2 wih in-
rinsic alignmens. I confirmed, LAIA would reveal a saisically significan preerred axis in he
orienaion field o galaxies and filamens, poenially racing a large-scale idal field imprined
during srucure ormaion. Tis work inroduces a new observaional bridge beween galaxy evo-
luion, inrinsic alignmens, cosmic-web physics, weak-lensing sysemaics, and ess o saisical
isoropy, offering a compass ha links morphology, angular momenum, environmen, and cos-
mology.

Other topic / keywords:

Inrinsic Alignmens, Cosmological Principle

Author: DA SILVEIRA FERREIRA, Pedro (Zhejiang Universiy)
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Contribution ype: alk

Comments:

Tis conribuion is based on a manuscrip currenly under review a Naure Asronomy.
Since he original submission, we have subsanially srenghened he analysis by exend-
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ing he mehodology o include a broad se o realisic survey sysemaics and by es-
ing he signal wih addiional observables beyond galaxy shapes. In paricular, we now
measure he effec using cosmic-web filamen orienaions rom SDSS, providing an in-
dependen racer o he same large-scale axial patern. We also validae he esimaor
and assess he inerpreaion using sae-o-he-ar N-body-based mock caalogs, includ-
ing Euclid Flagship 2 and MICECA v2 wih inrinsic alignmens. Te work is relevan o
several areas o he cosmology communiy, including inrinsic alignmens, galaxy evolu-
ion, cosmic-web physics, weak lensing sysemaics, and ess o saisical isoropy and
he cosmological principle. Given is mehodological novely and broad implicaions, we
believe his conribuion would be o srong ineres o he COSMO 2026 audience.
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Abstract rating 4
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day, 29 April 2026

May 14, 2026 Page 271



Cosmo-26 / Repor o Absracs SOchasic LAtice Simulaion o h …

Abstract ID : 172

STOchasic LAtice Simulaion o hybrid inlaion

Content

We invesigae he spaial profile o he curvaure perurbaion generaed in muli-waerall hy-
brid inflaion models, which are known o produce various opological deecs. Using he latice
simulaion code SOchasic LAtice Simulaion, based on he sochasic ormalism o inflaion, we
analyse six cases by varying he number o waerall fields n and he uncional orm o he inflaon
poenial (“Qadraic”and “Cubic”cases). Our saisical analysis shows ha he probabiliy den-
siy uncions (PDFs) and power specra are broadly consisen wih he so-called sochasic-N
algorihm. Te “Cubic”case also exhibis a characerisic upper bound in he PDF, as discovered
in our previous work, ha suppresses primordial black hole ormaion while poenially affecing
halo ormaion. Furhermore, we employ he Euler characerisic as a opological diagnosic ool
o ideniy he srucures o he waerall fields as well as he curvaure perurbaion. We find ha
he opological deecs, such as domain walls (n = 1), cosmic srings (n = 2), and monopoles (n
= 3), are reconneced during inflaion ino finer srucures by he sochasic noise, making heir
correlaion lenghs much smaller han he Hubble scale a he criical poin o he waerall phase
ransiion counerinuiively. Te Euler characerisic also implies global srucures o he curva-
ure perurbaion or n = 1, hough we do no conclude i hey are due o he domain wall, because
neiher he srings (n = 2) nor monopoles (n = 3) leave such srucures. Te global srucures o
he curvaure perurbaion will provide a novel probe or he physics o he early universe.
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Abstract ID : 173

The Enangled Sae rom a cosmological Euclidean
Wormhole

Content

We use he Euclidean pah-inegral mehod o approximae he wave uncion o he Universe
and consider he paricular scenario in which a Euclidean wormhole insanon dominaes. Tis
Euclidean wormhole soluion conneced o Lorenzian maniolds provides an approximaion o
he emergence o a classical spaceime in he quanum cosmological reamen. Beyond he back-
ground level, perurbaions buil on op o his insanon soluion are reaed quanum mechani-
cally in boh he Euclidean and Lorenzian regimes. Due o he exisence o a Euclidean wormhole
bridging he win universes, he perurbaions o each universe is hen in a mixed-sae and he mu-
ual enanglemen shall leave signaures in he cosmic microwave background (CMB) power spec-
rum. Invoking he Klebanov-Susskind-Banks wormhole as a oy model or he sake o racabiliy,
we show ha he enanglemen enhance he long wavelengh modes due o he geomeric proper-
ies o he Euclidean wormhole.

Other topic / keywords:
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Naional Universiy)
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Abstract ID : 174

Sigma meson bound-sae ransiion in he early
universe and O(N) model double-branch vacuum

insabiliy

Content
Te resoraion o he SU(2) chiral symmery is believed o occur a high emperaures, i.e., in
he early universe. We generalize he N/D dispersive mehod o finie-emperaure scenarios
o sudy he properies o he σ meson observed in pion-pion scatering. Te hermal σ pole
rajecory is obained wih cross-channel effecs incorporaed. Te resuls predic a ransiion
o he σ paricle ino a bound sae a high emperaures, along wih he emergence o a novel
subhreshold resonance pole.

Also, we uncover or he firs ime vacuum insabiliies o he O(N) model a large mπ and high
emperaures. Specifically, he phenomenologically avored vacuum describing π-σ physics will
move across he branch poin o he effecive poenial and urn ino a saddle poin. Addiionally,
he effecive coupling consan is defined and generalized o cases wih nonzero pion masses and
finie emperaures, demonsraing a sric correspondence beween is sign (posiive or negaive)
and he double-branch srucure o he effecive poenial.

Te N/D-modified O(N) linear σ model, in he ligh o dispersion relaions and hermal field
heory, no only deepens our undersanding o he σ paricle a high emperaures which could be
verified only in he early universe. Moreover, i may also serve as a valuable heoreical laboraory
when sudying he nonperurbaive dynamics in CD and he nonequilibrium dynamics o he
cosmological phase ransiions.
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Abstract ID : 175

Sigma meson bound-sae ransiion in he early
universe and O(N) model double-branch vacuum

insabiliy

Content
Te resoraion o he SU(2) chiral symmery is believed o occur a high emperaures, i.e., in
he early universe. We generalize he N/D dispersive mehod o finie-emperaure scenarios
o sudy he properies o he σ meson observed in pion-pion scatering. Te hermal σ pole
rajecory is obained wih cross-channel effecs incorporaed. Te resuls predic a ransiion
o he σ paricle ino a bound sae a high emperaures, along wih he emergence o a novel
subhreshold resonance pole.

Also, we uncover or he firs ime vacuum insabiliies o he O(N) model a large mπ and high
emperaures. Specifically, he phenomenologically avored vacuum describing π-σ physics will
move across he branch poin o he effecive poenial and urn ino a saddle poin. Addiionally,
he effecive coupling consan is defined and generalized o cases wih nonzero pion masses and
finie emperaures, demonsraing a sric correspondence beween is sign (posiive or negaive)
and he double-branch srucure o he effecive poenial.

Te N/D-modified O(N) linear σ model, in he ligh o dispersion relaions and hermal field
heory, no only deepens our undersanding o he σ paricle a high emperaures which could be
verified only in he early universe. Moreover, i may also serve as a valuable heoreical laboraory
when sudying he nonperurbaive dynamics in CD and he nonequilibrium dynamics o he
cosmological phase ransiions.
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Abstract ID : 176

Consrains on Axion Dark Mater Isocurvaure rom
CMB

Content

Measuremens o he Cosmic Microwave Background (CMB) have confirmed a nearly scale-invarian
primordial specrum o adiabaic perurbaions, in which he densiy flucuaions o radiaion,
baryons, and dark mater are in phase. However, primordial perurbaions may also include an
isocurvaure componen, in which he relaive densiy flucuaions o individual species such as
dark mater (DM) deviae rom he adiabaic mode. Such isocurvaure modes provide a powerul
probe o physics beyond sandard model o paricle physics, or insance, pre-inflaionary CD
axion DM. In his alk, I will presen he mos up-o-dae consrains on pre-inflaionary axion
DM isocurvaure using CMB measuremens rom Planck, as well as rom he Aacama Cosmology
elescope (AC) and he Souh Pole elescope (SP), or boh fla and iled primordial specra. I
will hen discuss he heoreical implicaions o hese isocurvaure consrains.
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Abstract ID : 177

Cosmology-inormed consrains on he uzzy dark
mater mass rom dwar-spheroidal sellar

kinemaics

Content

Fuzzy dark mater (FDM) predics a solionic core wihin halos, in conras o he cuspy inner
profiles expeced in he sandard cold dark mater (CDM) model.
We invesigae differences in he inner srucure o dark mater halos hrough he sellar kinemaics
o dwar spheroidal galaxies, which place consrains on he FDM paricle mass.
We analyze he parameer space using a saisical ramework wih cosmology-inormed priors
derived rom he Semi-Analyical SubHalo Inerence ModelIng (SASHIMI), which resric he ouer
NFW-like halo parameers o cosmologically moivaed regions.
Guided by recen FDM simulaions, we urher assume a smooh connecion beween he inner
solion and ouer NFW-like profiles, enabling an efficien consrain on he FDM mass. As shown
in he previous sudy, Segue 1 provides mos sringen consrain mFDM > 10−21 eV even when
he cosmological priors are aken ino accoun.
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Ideniicaion o srucures in he Universe hrough
quasar clusering

Content
Qasars are powerul racers o he large-scale srucure o he Universe a redshis where dense
galaxy samples are harder o obain. In his work, we use he Qaia quasar caalog, considering
he G<20.5 and G<20.0 magniude-limied samples, o reconsruc and characerize he cosmic web
raced by quasars. Aer applying a sigma-clipping selecion in he (z, zerror/z) plane, we reain
approximaely 67.2% o he G < 20.0 sample and 61.3% o he G < 20.5 sample. We hen build
volume-limied samples, esimae heir luminosiy uncion and wo-poin correlaion uncion
using he Landy–Szalay esimaor, and assign halo masses o he quasar hoss.

From his inormaion, we reconsruc he densiy field wih a halo-based mehod and exrac he
filamenary skeleon using DisPerSE. We analyze he dependence o he filamen properies on he
smoohing scale and apply a geomeric filering procedure o miigae boundary-induced ariacs
in he skeleon. Te final filamen caalog is characerized separaely in he Galacic Norh and
Souh hrough lengh disribuions, verex-separaion disribuions, occupaion saisics, cumula-
ive disribuion uncions, and filamen number densiies.

Tese measuremens reveal indicaions o hemispheric asymmeries. We hereore perorm a ar-
geed overdensiy analysis using radial filamen couns, angular sweeps on he sky, quasar–fil-
amen cross-correlaion measuremens, and visual inspecion o quasar concenraions around
he reconsruced skeleon. We find consisen signaures o simulaneous overdensiies in boh
quasars and filamens, no primarily associaed wih he Magellanic Clouds, suggesing he possi-
ble presence o a large-scale srucure, poenially analogous o repored eaures such as he Her-
cules–Corona Borealis Grea Wall or he Gian GRB Ring. Tis work demonsraes ha quasar sam-
ples, halo-based densiy reconsrucion, and DisPerSE skeleon exracion provide a reproducible
roue o mapping he cosmic web across large cosmological volumes.
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Exoic energy injecion in he 21-cm power specrum

Content
Te 21-cm signal provides a new window ino he hermal and ionizaion hisory o he early Uni-
verse, making i a powerul probe o exoic energy injecion processes, including hose sourced by
dark mater (DM). We develop an effecive parameric model or he heaing deposiion uncion,
fheat(z), capuring he redshi-dependen impac o generic energy injecion hisories on he in-
ergalacic medium (IGM). Tis flexible parameerizaion enables as and accurae predicions o
he 21-cm signal under diverse asrophysical condiions.

Combined wih a Simulaion-Based Inerence (SBI) ramework, his approach enables efficien
exploraion o he connecion beween energy injecion and 21-cm observables wihou relying
on compuaionally expensive paricle-level simulaions. We show ha he 21-cm power spec-
rum is primarily sensiive o he overall heaing ampliude, allowing robus and largely model-
independen consrains across a broad class o exoic energy injecion scenarios relevan o up-
coming experimens such as SKA.

As a concree applicaion, we ocus on DM decay ino e−e+ pairs and calibrae our model prior
agains deailed paricle-physics calculaions rom he DarkHisory code. We find ha he evolu-
ion o fheat(z) exhibis parial recovery in an opimal heaing regime, where DM-driven heaing
dominaes over asrophysical conribuions. Our resuls esablish a scalable ramework or con-
sraining exoic energy injecion using he 21-cm power specrum, and provide a oundaion or
orecasing he sensiiviy o nex-generaion experimens o a wide range o beyond-sandard-
model heaing hisories.
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Fas Neural Emulaion o Cosmological Srucure
Formaion wih TUNeS

Content

We presen UNeS (emporal UNe emulaor or Srucure ormaion), a as neural emulaor
or cosmological srucure ormaion across redshi. Saring rom he iniial paricle disribu-
ion, UNeS predics he evolved mater densiy field wih a wo-sage archiecure ha combines
paricle-based large-scale evoluion and grid-based nonlinear refinemen. Te ramework is de-
signed o be naurally exendable o larger volumes hrough siching, enabling coninuous sruc-
ure generaion over exended spaial regions. rained on only a small number o N-body simu-
laions, UNeS achieves good accuracy in boh he power specrum and non-Gaussian saisics,
while requiring only abou 25 seconds o generae a 256^3 grids densiy field rom iniial condi-
ions on a single GPU. Tese eaures make i a promising approach or as mock producion and
oher applicaions requiring many high-fideliy mater realizaions.
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Abstract ID : 181

Revisiing he Hubble Consan wih FRBs: New
Clues in he Hubble Tension Debae

Content

Fas Radio Burss (FRBs) are millisecond radio ransiens wih high dispersion measures, making
hem powerul racers o ionized mater across cosmological disances. In his alk, I presen wo
complemenary approaches, Bayesian analysis and machine learning, applied o a se o localized
FRBs o rigorously es he consisency o he ΛCDM model a lae cosmic epoch. Our resuls
reveal a redshi evoluion o he Hubble consan, a behavior ha sands in conradicion o he
core posulae sandard cosmology. I will urher show ha his discrepancy can be resolved or
alernae cosmological models. Tese findings sugges a undamenal inadequacy in he sandard
cosmological ramework and necessiae a deeper revision o he heoreical underpinnings o
cosmology o resolve he Hubble ension.
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Abstract ID : 182

Some Aspecs o Cosmic Inlaion and Graviaional
Waves

Content

Recen observaions rom AC along wih Planck and DESI give us beter undersanding o he
early universe wih cosmic inflaion. Te specral index ns, ensor-o-scalar raio (r), ω and num-
ber o e-olds are inerred. In addiion, we also have he lae ime acceleraion expansion possibly
atribuing o he dark energy. We will consider he Sarobinsky model o discuss as a modified
graviy ramework o accoun or he inflaion and dark energy. Furhermore, Qinessenial In-
flaion idea has been suggesed o help explain boh early and lae ime acceleraion phenomena.
We will discuss boh he scenarios, commen on he sochasic graviaional waves background in
he conex o recen observaions and prospecs.
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Abstract ID : 183

Unlocking Non-Gaussian Inormaion in Weak
Lensing: Opimal Tomographic Saisics or Euclid”

Content
Weak graviaional lensing is a primary probe or Sage IV cosmology, bu ully exploiing up-
coming surveys such as Euclid requires going beyond he sandard power specrum. Higher-order
saisics (HOS) can capure he non-Gaussian inormaion in omographic daa, ye wo major
challenges remain: heir sensiiviy o complex asrophysical sysemaics, and heir reliance on
compuaionally expensive simulaions wihou independen analyical validaion.

In his alk, we presen a unified ramework o opimize omographic weak lensing analyses wih
HOS or Euclid. Using simulaion-based inerence wih boh analyical and neural nework sum-
maries, we show ha while avoiding baryonic biases requires conservaive scale cus, HOS sill
yield significanly igher cosmological consrains han sandard wo-poin saisics on hese
“sae”scales. Moreover, he inerpreable sarle ℓ1-norm achieves near-opimal perormance, pro-
viding a simple and powerul alernaive o black-box neural mehods.

o push beyond hese conservaive cus, we revisi omographic nulling via he Bernardeau–
Nishimichi–aruya (BN) ransorm, which isolaes redshi conribuions o enable physically
moivaed scale cus. While BN is widely hough o degrade consraining power, we show
ha his limiaion is no inrinsic. Using opimal neural summaries, we demonsrae ha he
ransorm is in ac lossless, and he apparen degradaion arises rom an incomplee reamen o
cross-correlaions, providing a prescripion or is use in realisic analyses.

Finally, we inroduce a complemenary, heory-driven approach based on Large Deviaion Teory
o model HOS direcly, delivering a crucial analyical cross-check and reducing reliance on simu-
laions. ogeher, hese resuls esablish a robus and near-opimal sraegy or exracing cosmo-
logical inormaion rom Euclid daa, wih preliminary applicaions in ongoing preparaions or
Daa Release 1.
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Abstract ID : 184

Spherically Symmeric Fluid Simulaions o Black
Hole Accreion in Sel-Ineracing Dark Mater Halos

Content

We invesigae black hole accreion in sel-ineracing dark mater (SIDM) halos using a sel-
graviaing fluid model wih hermal conducion. We develop a robus one-dimensional spherically
symmeric hydrodynamic code based on an operaor-spliting finie-volume mehod. Simulaing
boh Singular Isohermal Sphere (SIS) and Navarro-Frenk-Whie (NFW) profiles, we find ha black
hole growh is regulaed by he compeiion beween graviy-driven inflow and SIDM hea rans-
por. Our resuls demonsrae ha an SIS-like environmen aciliaes rapid accreion, allowing a
100M⊙ seed o grow o 104M⊙ wihin 2Myr. Furhermore, we show ha larger iniial black hole
masses, seeper densiy profiles, and higher scatering cross-secions significanly enhance he ac-
creion rae. Tis sudy provides a comprehensive fluid-dynamical picure o black hole growh in
SIDM halos.
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Abstract ID : 185

Weak-Lensing Shear-Seleced Galaxy Clusers in he
Hyper Suprime-Cam Subaru Sraegic Program and

heir Cosmological Applicaions

Content
I will presen cosmological consrains using he abundance o weak-lensing shear-seleced galaxy
clusers idenified in he Hyper Suprime-Cam (HSC) Subaru Sraegic Program. Te clusers are
seleced on he mass maps consruced using he laes hree-year (Y3) weak-lensing daa covering
an area o ≈ 500 deg2, yielding in a sample size o 129 clusers wih a high signal-o-noise raio 
o  ≥ 4.7. Owing o he deep, wide-field, and uniorm imaging o he HSC survey, his is by ar he
larges sample o shear-seleced clusers, in which he selecion solely depends on graviy and is
ree rom any assumpions abou he dynamical sae. In Chiu+24, we obain he ully marginalized
consrain on Ŝ8 ≡ σ8 (Ωm/0.3)

0.25
= 0.835+0.041

−0.044 (corresponding o a ~5% consrain) in a fla
LCDM model, using he cluser abundance N(ν).

In he second par o my alk, I will presen a blinded and updaed analysis o he weak-lensing
shear-seleced cluser abundance in N(ν, z), in which he cluser redshi is deermined by ex-
ploiing he HSC opical imaging in a daa-driven approach (Chiu in prep.). By incorporaing he
inormaion o cluser redshis, we significanly improve he consraining power on Ωm by a leas
a acor o 3. I will discuss he mehodology or weak-lensing shear-seleced cluser cosmology in
he ongoing and upcoming wide-field surveys.
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Abstract ID : 186

Cosmological Perurbaions wih he Funcional
Renormalizaion Group

Content

Cosmological perurbaion heory oen serves as a ool o consruc effecive field heories (EFs)
or graviy and mater, describing a wide range o observed phenomena across differen cosmo-
logical epochs. Wihin he asympoic saey scenario or quanum graviy, he effecive dynamics
o quanum flucuaions around cosmological backgrounds can be derived rom a UV-compleion,
offering a op-down perspecive on cosmological effecive descripions. In pracice, he Funcional
Renormalizaion Group provides he compuaional machinery o achieve his. Following previous
Asympoic Saey sudies or oliaed spaceimes, we invesigae a new compuaional ramework
employing curved backgrounds and runcaions inspired by cosmological perurbaion heory.
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Abstract ID : 187

Impac o Teleparallelism on Addressing Curren
Cosmological Tensions

Content

Te \( H_0 \) and \( S_8 \) ensions pose significan challenges o he sandard \( \Lambda \)CDM
model, arising rom discrepancies in local versus early-Universe \( H_0 \) measuremens and in-
consisencies beween CMB and weak lensing daa. We explore wo \( () \) graviy models as
alernaives by analyzing cosmic chronomeers, BAO, gamma-ray burss, and Panheon+SH0ES
daases, wih graviaional wave daa used or validaion. Our resuls show ha boh eleparallel
models offer promising poenial in joinly alleviaing hese ensions.

Other topic / keywords:

() graviy, H_0 & S_8 ension

Author: Pro. SAHOO, Pradyumn Kumar (Birla Insiue o echnology and Science-Pilani, Hyder-
abad Campus)

Presenter: Pro. SAHOO, Pradyumn Kumar (Birla Insiue o echnology and Science-Pilani, Hy-
derabad Campus)

rack Classification: Dark Energy / Modified Graviy

Contribution ype: alk

Comments:

I would like o kindly inquire i he organizing commitee migh be able o provide ravel
suppor o aciliae my atendance and presenaion.

Status: SUBMIED

rack Reviews:

Dark Energy / Modified Gravity:

Judgments: Posiive: alk

Reviews:

GARCIA-GARCIA, Carlos: Accept: alk • 2.0

Abstract rating 2

GLAVAN, Dražen: Accept: alk • 2.0

Abstract rating 2

May 14, 2026 Page 298



Cosmo-26 / Repor o Absracs Impac o eleparallelism on Addr …

Submited by Prof. SAHOO, Pradyumn Kumar <pksahoo@hyderabad.bis-pilani.ac.in> on
Wednesday, 29 April 2026

May 14, 2026 Page 299



Cosmo-26 / Repor o Absracs Can non-minimally coupled dark …

Abstract ID : 188

Can non-minimally coupled dark mater explain
UDG kinemaics?

Content

We invesigae non-minimal coupling (NMC) beween dark mater and graviy. NMC is a heo-
reical exension o general relaiviy where he graviaional poenial is modified by dark mater
densiy gradiens.
We analyze hree ulra-diffuse galaxies (UDGs) wih conrasing dark mater racions o es
wheher NMC produces observable effecs on galacic scales. We perorm spherical Jeans dynam-
ical modeling o hese UDGs, exploring eigh dark mater profiles. Using Bayesian inerence wih
MCMC and nesed sampling, we consrain he coupling lengh scale L and saisically compare
General Relaiviy versus he NMC ramework hrough Bayes acors.
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Abstract ID : 189

Robus CMB B-mode analysis wih Needle-ILC and
simulaion-based inerence

Content
Polarized Galacic emission is he oremos challenge or searches or a background o primordial
graviaional waves imprined in he polarizaion o he CMB. We argue ha curren mehods
sruggle o address his challenge, eiher by being overly suscepible o model misspecificaion, or
by ailing o properly propagae he uncerainy due o residual Galacic emission aer oreground
cleaning.

o address hese issues, we explore a novel analysis ramework or parameer inerence wih large-
scale CMB polarizaion daa. Our mehod combines simulaion-based inerence wih he needle
inernal linear combinaion (NILC) algorihm o compress he daa ino a summary saisic ha
is robus o model misspecificaion and small enough or neural poserior esimaion wih nor-
malizing flows. We show ha he semi-blind naure o he NILC-based compression significanly
increases robusness o mismodeling o he anisoropic and non-Gaussian properies o he ore-
ground fields.

Using an idealized ground-based seup inspired by he Simons Observaory Small Aperure ele-
scopes, we demonsrae improved saisical consraining power or he ensor-o-scalar raio r
and improved robusness o complex oregrounds compared o oher echniques in he liera-
ure. rained on a semi-analyical oreground model, he mehod yields unbiased r resuls across
a range o PySM simulaions, including he high-complexiy d12 model, or which we obain
r = (1.09± 0.27) · 10−2 or inpu r = 0.01 and sky racion fsky = 0.21.

Our resuls highligh he imporance o designing daa compression schemes or SBI ha prioriize
robusness o model misspecificaion over saisical opimaliy, and demonsrae he easibiliy
and advanages o a complee maps-o-parameers simulaion-based analysis o large-scale CMB
polarizaion or curren ground-based observaories.
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Abstract ID : 190

Can he Topology o he Universe Affec he CMB? A
Pah o Deecion

Content

We oen assume ha he opology o he Universe is rivial (i.e., R³ i he Universe is fla), bu here
are acually 18 possible opologies ha admi a fla FLRW meric, such as a 3D orus. I will explain
how hese opologies can inroduce poenially measurable effecs on he Cosmic Microwave Back-
ground (CMB), generally breaking saisical isoropy in a weak bu predicable manner. Tis is
especially relevan given he hins o anisoropy repored in some cosmological daa (like he pres-
ence o he CMB anomalies or dipoles). I will ouline wha are he main observaional predicions
o Cosmic opology and how we are looking or hese effecs on curren daa wihin he COMPAC
Collaboraion, as well as some o he main challenges ahead.
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Abstract ID : 191

The saus o UIJOTE elescopes: scieniic resuls
rom he MFI, commissioning and cosmological

orecass or he TFGI

Content
iulo: Te saus o UIJOE elescopes: scienific resuls rom he MFI, commissioning and
cosmological orecass or he FGI

One o he main goals o curren Cosmic Microwave Background (CMB) experimens is he deec-
ion o primordial B-modes, generaed by graviaional waves during inflaion. Achieving such a
deecion requires observaions wih exquisie polarizaion sensiiviy, well beyond he capabili-
ies o Planck. One promising approach is he use o a “rue polarimeer”design, which produces
polarizaion measuremens or each individual deecor and miigaes sysemaic effecs, paricu-
larly bandpass leakage. Tis is he sraegy adoped by he firs wo insrumens insalled in he
UIJOE experimen.

Te UIJOE experimen consiss o wo idenical elescopes wih 2.25-m diameer locaed in
enerie, Spain. Te firs wo insrumens insalled were he Muli Frequency Insrumen, or MFI,
which observed a our bands beween 10 and 20 GHz, and he Tiy-and-Fory Gigaherz Insru-
men, or FGI, which observes a 30 and 40 GHz. While he ormer is ocused on sudying he
low requency oregrounds o he Cosmic Microwave Background (CMB), he later will observe
Norhern sky regions wih minimal conaminaion rom oregrounds in order o provide deep and
1 µK deg−1 sensiive maps.

In his alk, I will briefly menion he scienific resuls rom MFI published by he UIJOE col-
laboraion since 2023. I will give special emphasis o he Wide Survey, a public map o he sky
norh o  = 32◦ a 11, 13, 17 and 19 GHz which consiss o a oal 9000 hours o observaion
covering 29000 deg2. I will hen move o presen he resuls rom he commissioning phase o he
FGI, conduced beween November 2021 and Ocober 2022. During his phase, he insrumen
observed wih only 7 pixels ou o he 29 oal ones ha can be fited in is ocal plane. Overall, he
properies rom heses pixels are consisen wih expecaions. Finally, I will show he sensiiviy
esimaes or he FGI, compued on noise hal-maps buil rom observaions o brigh Galacic
regions.
 From hese maps, we iner a polarizaion sensiiviy o 8.4 µK deg−1 aer 0.57 h deg−2 o inegra-
ion, using only wo o he pixels. Tis is already comparable o he sensiiviy reached by WMAP
over is ull mission. We show ha, once all 29 FGI pixels are operaional, he insrumen will
achieve a sensiiviy o ∼ 1 µK deg−1 a boh 31 and 41 GHz over hree cosmological fields cover-
ing 3600 deg2 aer 5.9 years o coninuous observaions. Tis sensiiviy is sufficien o consrain
he ensor-o-scalar raio o r ≤ 0.05, hereby meeing he FGI design requiremens.
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Abstract ID : 192

Observable Graviaional Waves and reheaing in
Qinessenial Inlaion wih a sel-resonan SU(2)

Gauge Field

Content

We invesigae a model o quinessenial inflaion wih a non-Abelian SU(2) gauge field, where he
gauge kineic uncion is modulaed by he inflaon field. Te backreacion ono he inflaon due
o he gauge field yields a so siff period rom he end o inflaion o kinaion. Tis resuls in a
characerisic graviaional wave specrum ha will be observable in he upcoming observaions.
We sudy he sel-resonance o he gauge field, which may rehea he universe non-perurbaively.
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Abstract ID : 193

Toward a consensus picure o baryon eedback:
Join X-ray, Sunyaev-Zeldovich, and weak lensing

measuremens

Content

Tere is no consensus on how baryon eedback shapes he underlying mater disribuion rom
eiher simulaions or observaions. We conron he uncerain landscape by joinly analyzing he
kineic and hermal Sunyaev-Zel’dovich effecs and X-ray gas mass racions, each characerized
wih galaxy-galaxy lensing. Across group and clusers masses and beween 0 < z < 1, we find
consisen evidence o more efficien gas expulsion beyond he virial radius han prediced by
mos sae-o-he-ar simulaions, implying significan suppression o he mater power specrum
on small scales. We incorporae hese consrains ino daa-driven priors or cosmic shear, signi-
icanly improving cosmological consraining power on small scales. By joinly characerizing he
halos’gas densiy, pressure, and oal mater profiles, we are revealing he physical mechanism o
baryon eedback.
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Abstract ID : 194

Dissipaion in Scalar-Tensor Cosmology

Content

Physical processes (including field ineracions and cosmological evoluion) migh have differen
inerpreaions in differen conormal rames. In his alk, we shall discuss how o consisenly
ransorm dissipaive phenomena beween disinc conormal-rame represenaions o scalar-ensor
graviy, and explore he observable consequences hereo in warm inflaion scenarios, where he
inflaon field is allowed o inerac wih a near-equilibrium hermal bah.
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Abstract ID : 195

Primordial non-Gaussianiy consrains on
dissipaive inlaion

Content

Dissipaive effecs appear in many early-Universe scenarios, ye heir universal observaional sig-
naures and sysemaic conronaion wih daa remain largely unexplored. We employ he Open
Effecive Field Teory o Inflaion (Open EFoI) o consisenly incorporae dissipaive and sochas-
ic effecs while preserving scale invariance. Dissipaion enhances specific ineracion channels
o he Goldsone mode, generaing disincive primordial non-Gaussian signaures, beyond hose
generically produced by sandard EFoI. In he weak-dissipaion regime, his includes olded bis-
pecrum shapes observaionally more avoured han boh he equilaeral and orhogonal emplaes.
Using he Modal bispecrum pipeline wih he Planck CMB daa, we obain he likelihood and de-
rive he firs model-independen bounds on early-Universe dissipaion. We find a marginalised
upper bound on he dissipaion scale  ≤ 384H and a lower bound on he sound speed cs ≥ 0.38

a 95% confidence level. Te maximum likelihood or bes-fi models reveals a degeneracy be-
ween  and cs. Tese resuls open a model-independen window or probing deparures rom
minimal inflaion and discriminaing beween early-Universe scenarios wih sochasic noise and
dissipaive effecs.
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Abstract ID : 196

Graviaional Waves rom a Dilaon-Induced,
Firs-Order CD Phase Transiion

Content

We show ha a CD dilaon field, whose vacuum expecaion value ses he srong coupling, can
render he quanum chromodynamic (CD) confinemen ransiion firs order. Te CD dilaon
is cosmologically atraced o a alse vacuum a weak coupling in he early Universe. Qanum
unneling oward he rue vacuum riggers promp chiral symmery breaking and confinemen o
CD, leading o deonaing bubbles o he hadronic phase. We find ha plasma sound waves pro-
duced by his dilaon-induced, firs-order CD phase ransiion generae a sochasic graviaional
wave signal srikingly similar o he recenly deeced graviaional wave background rom pulsar
iming arrays. We briefly commen on how his heory can be probed hrough collider experimens
and cosmology.
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Abstract ID : 197

The Linear Poin Sandard Ruler and Is Applicaion
o he Euclid Survey

Content
Te large-scale disribuion o galaxies encodes inormaion abou acousic waves ha propagaed
in he primordial baryon–phoon plasma, leaving a characerisic eaure in he wo-poin correla-
ion uncion a scales o order 150 Mpc. By exploiing his eaure, a new observable, known as
he Linear Poin, has been idenified and shown o be a powerul cosmological sandard ruler.

In his alk, I will explain ha he Linear Poin provides a purely geomerical way o measure
cosmic disances. I enables disance measuremens wihou he need o model he impac o non-
lineariies on he galaxy correlaion uncion. Tis mehod does no assume spaial flaness or
a specific model or lae-ime cosmic acceleraion, does no require accurae knowledge o he
dark-mater–racer relaion, and is independen o primordial flucuaion parameers.

I will hen presen ongoing work wihin he conex o he Euclid survey, where we assess he
accuracy and expeced precision o Linear Poin measuremens. I will emphasize he imporance
o accouning or increasingly realisic daa-relaed effecs, one o he key challenges in modern
galaxy surveys. Tis work is hereore crucial o employ he Linear Poin sandard ruler as a robus
and ully geomeric probe or characerizing he lae-ime expansion hisory o he Universe.
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Abstract ID : 198

Simulaing magneic ields inside and around
galaxies wih SWIFT code

Content
Magneic fields permeae he Universe across a wide range o scales and srenghs. On galacic
scales, hey are amplified by urbulen dynamo processes, evenually sauraing a dynamically
imporan levels, and are subsequenly ranspored ino he circumgalacic medium by galacic
winds. In realisic environmens, his evoluion involves boh direc and inverse urbulen cascades,
driven by energy injecion rom supernovae on small scales and exending up o galacic scales.

Tese processes can be invesigaed using numerical simulaions. In his work, we sudy he
growh o magneic fields in an idealized isolaed Milky Way–like galaxy using he SWIF asro-
physical simulaion code wih smoohed paricle magneohydrodynamics (SPH-MHD). We assess
he reliabiliy o his approach and ideniy numerical and physical challenges ha arise in model-
ing galacic dynamos.
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Abstract ID : 199

Spaially covarian graviy heories wih wo degrees
o reedom

Content

General relaiviy propagaes only wo degrees o reedom (DOFs), and Lovelock’s heorem srongly
consrains possible alernaives. A naural way o explore modified graviy is o relax emporal
diffeomorphism invariance while preserving spaial covariance. Such spaially covarian graviy
heories, however, generically propagae an addiional scalar mode. We will discuss hree com-
plemenary consrucions ha remove his unwaned mode while reaining he wo DOFs o gen-
eral relaiviy. Te firs sars rom a general spaially covarian Lagrangian and derives, hrough
Hamilonian consrain analysis, he degeneracy and consisency condiions needed o eliminae
he scalar DOF. Te second works direcly a he Hamilonian level, where auxiliary consrains
are inroduced as par o he definiion o he heory o resric he phase-space dynamics. Te
hird uses a perurbaive Lagrangian approach, expanding he acion around a cosmological back-
ground and fixing he coefficien uncions order by order so ha scalar perurbaions are absen.
Tese consrucions provide explici modified graviy heories beyond general relaiviy wihou
inroducing exra DOFs and sharpen he quesion o he uniqueness o general relaiviy.
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Abstract ID : 200

The challenges o using Baryon Acousic Oscillaions
disances or cosmology

Content

One o he landmarks guiding our undersanding o physical cosmology is he large-scale srucure,
defined as he large scale disribuions o galaxies, as observed by galaxy surveys. In his conex,
he so-called Baryon Acousic Oscillaions, are considered one o he mos powerul cosmological
probes. Tey are generally deemed o provide disance measures independen o a specific cosmo-
logical model. A he same ime he obained disances are considered agnosic wih respec o
oher cosmological observaions. However curren measuremens are obained relying on several
fiting and model prescripions.
Does his comply wih he requiremen o model and parameer independen cosmological dis-
ances useul, or insance, o selec cosmological models, deec Dark Energy and characerize
cosmological ensions?
In his alk I will review he subjec, answer compelling quesions and explore new promising
research direcions.
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Abstract ID : 201

Inroducing he Sel-Ineracing Dark Mater Galaxy
Cluser Simulaions rom The Three Hundred Projec

Content
Dark mater consiues he majoriy o he mater conen o he Universe, ye is undamenal
properies remain unknown. Is presence is inerred hrough is graviaional effecs on cosmic
srucures across all scales. Galaxy clusers, which are he mos massive graviaionally bound
sysems in he Universe, are paricularly powerul environmens or probing he naure o dark
mater due o heir high dark mater densiies.

Sel-ineracing dark mater (SIDM) has been proposed as a poenial soluion o ensions beween
observaions and dark mater-only simulaions. Paricle sel-ineracions can produce observable
signaures, including (bu no limied o) alered halo shapes and densiy profiles, and changes in
graviaional lensing signals.

Te Tree Hundred Projec is a large suie o simulaed galaxy clusers, modelled using ull-physics
hydrodynamical re-simulaions and semi-analyical echniques. In his alk, I will inroduce a new
suie o zoom-in simulaions o galaxy clusers wihin his ramework ha incorporae SIDM. Tese
simulaions offer a deailed view o SIDM effecs in realisic, high-mass cluser environmens, and
will enable us o provide new consrains on he SIDM cross-secion.
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Tachyonic producion o dark relics: quanum 2PI
ormalism wih momenum exchanging collisions

Content

Oscillaing spaceime curvaure can drive he producion o dark mater during reheaing, and ac-
curaely quaniying his requires he use o boh non-perurbaive and non-equilibrium mehods.
Tis achyonic insabiliy has previously been sudied using 2-paricle irreducible -ormalism in
he Harree approximaion. However, modelling he non-hermal dark mater disribuion and is
subsequen evoluion requires accouning also or momenum exchanging collisions. I will deail
a sel-consisen approximaion scheme or reducing he beyond-Harree 2PI equaions o moion
o a generalized quanum Bolzmann equaion, which can hen be solved wih sandard mehods.
Te approach can be used on boh sable and unsable field exciaions. Tis presenaion is based
on a heory-ocused ollowup o arXiv:2406.17468, whose preprin will be available in May.
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Abstract ID : 203

Anisoropic Universes in Ligh o Background
Cosmological Observaions

Content

Te cosmological principle is a cornersone o he sandard cosmological model. However, recen
observaions sugges poenial deviaions rom his assumpion, hining a a small anisoropic ex-
pansion. Such an expansion can arise rom sources ha break roaional invariance. A minimal
realizaion o his scenario is described by a Bianchi I geomery, where he degree o anisoropy is
quanified by he shear parameer Σ. In his work, we consrain he presen-day value o he shear,
Σ0, by conroning heoreical predicions wih recen cosmological daa. We implemen various
anisoropic models wihin he Bolzmann code \ext{CLASS} and explore heir parameer space
using he sampler \ext{MonePyhon}. Alhough our resuls show ha Σ0 is model-dependen,
noably, in one specific scenario considering a homogeneous scalar field coupled o a 2-orm field,
Σ0 = 0 is excluded a he 2σ confidence level, wih mean value around |Σ0| ∼ 10−4 while remain-
ing consisen wih observaions. Tese findings challenge he convenional assumpion ha cos-
mic shear is negligible in he presen universe. Moreover, he anisoropic expansion in his model
is driven by a seep scalar field poenial, a eaure oen ound in supergraviy-inspired scenarios.
While anisoropic models offer ineresing alernaives and could help explain some cosmologi-
cal anomalies, hey generally inroduce addiional parameers, making he sandard ΛCDM model
saisically avored in mos cases. Sill, hey remain compaible wih curren observaions and
provide new perspecives on eaures no ully explained wihin he sandard ramework. Tese
resuls highligh he imporance o urher exploring anisoropic cosmologies o beter undersand
heir implicaions.
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Abstract ID : 204

Uniariy in he non-relaivisic regime and
implicaions or dark mater

Content
Uniariy imposes sric bounds on elasic and inelasic parial-wave cross secions. However, sae-
o-he-ar calculaions, moivaed by dark-mater phenomenology, may exhibi subsanial viola-
ions o parial-wave uniariy, wih poenially significan consequences or phenomenological
predicions.

In his alk, I presen a new, model-independen ormalism ha resores uniariy hrough he
consisen resummaion o inelasic conribuions o he sel-energy o he incoming sae. Tis
ramework provides a sysemaic and inernally consisen reamen o inelasic effecs. I will
illusrae is implemenaion in exising bound-sae-ormaion calculaions, demonsraing how
uniariy is recovered in regimes where exising calculaions break down. Te mehod is broadly
applicable and has implicaions or dark-mater reeze-ou, indirec deecion, and sel-ineracions.

Other topic / keywords:

Author: FLORES, Marcos (Universiy o Oslo)

Presenter: FLORES, Marcos (Universiy o Oslo)

rack Classification: Dark Mater; Early Universe

Contribution ype: alk

Status: SUBMIED

Submited by FLORES,Marcos <mmfloresnm@gmail.com> onWednesday, 29April 2026

May 14, 2026 Page 329



Cosmo-26 / Repor o Absracs Analysis o inflaionary models in …

Abstract ID : 205

Analysis o inlaionary models in
higher-dimensional uniorm inlaion

Content

We consider higher-dimensional uniorm inflaion, in which he exra dimensions expand a he
same rae as hree-dimensional non-compac space during inflaion. We compue he cosmological
perurbaion in D + 4 dimensions and derive he specral index ns and he ensor-o-scalar raio
r. We analyze five inflaionary models: chaoic inflaion, naural inflaion, quaric hillop inflaion,
inflaion wih sponaneously broken SUSY, and R2 inflaion. By combining he resuls rom hese
models wih he Planck 2018 consrains or recen AC daa, we discuss ha i is no desirable
or he exra-dimensional space o expand a he same rae as he hree-dimensional non-compac
space.
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Abstract ID : 206

Sellar sreams in he diffusion regime: a as
differeniable orward model or dark mater

subsrucure inerence

Content

Sellar sreams are among he mos sensiive probes o dark mater subsrucure on small scales,
where he microphysical naure o dark mater could leave disinc signaures. When a sream is
subjeced o many encouners wih low-mass subsrucure over is lieime, he cumulaive effec
is well described by a diffusion regime in which velociy kicks accumulae as a random walk. We
presen a JAX-based, ully differeniable orward model ha operaes in his regime. Raher han
resolving individual subsrucure encouners, an approach ha becomes prohibiively expensive
a low perurber masses, our simulaor models he collecive saisical effec o he enire sub-
srucure populaion in he diffusion limi via he velociy injecion ormalism, while reaining an
accurae numerical reamen o orbial dynamics and sream ormaion. Te only inpu characer-
izing he perurbing environmen is he power specrum o he subsrucure densiy field, which
can be compued or any dark mater model, including scenarios such as uzzy dark mater where
a descripion in erms o discree halos does no apply, as well as baryonic conribuions. We vali-
dae he ramework agains analyical predicions where available. Exploiing he differeniabiliy
o he model, we compue Fisher orecass or he subhalo mass uncion parameers using densiy
and velociy power specra o a GD-1–like sream, quaniying he expeced sensiiviy o curren
and upcoming daa.
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Abstract ID : 207

The de Siter space: a common basis or he early
universe and he inside o elemenary paricles

Content
In he pas decennia we have developed a F model ha describes individual Sandard Model
quarks as solion-like soluions o he coupled quanized field equaions or he quark and he
SU3 gauge fields. Te ac ha hese equaions possess exacly hree soluions (generaions⁉) is
encouraging; however, he negaiviy o he sysem’s energy poses a problem, as one would like o
relae i o he mass o he paricle. Hence, o complee his model, an underlying energy basis is
needed whose posiive energy equals - or slighly exceeds - he negaive F energy. Using general
relaiviy (GR) one can argue ha he sysem mus have Planckian dimensions, which implies ha
he energy densiy inside is o order G^{-2}. A basis wih such an enormous energy densiy can
(only?) be realised by he vacuum energy o an early de Siter universe, as is densiy behaves like
1/^3 aer is creaion ( being he conormal ime). Tis conribuion will mach he F energy
when  reaches he value _c~G^{1/3}/\backslash Lambda^{1/6}=10^{-22}s (\backslash Lambda being
he cosmological consan). Te mass o he dressed quark can hen be relaed o he inverse o
his creaion ime and comes ou o roughly 5 MeV or he ligh quarks, in close agreemen wih
observaions. Hence, hese resuls esablish a deep relaionship beween cosmology, GR and F.

o be consisen wih his descripion, he real universe should also sar as a classical de Siter
space. Te demand o classicaliy is needed, as he creaion process o quarks should be reversible,
as hey can also be annihilaed. Tis demand is no unrealisic, as i akes c seconds beore he
firs paricles can be creaed in he universe, and wihou heir presence quanum physics canno
change he acual sae o he universe. Once paricles appear, he evoluion o he universe be-
comes irreversible and is enropy will rise. In his cosmological scenario he expansion canno be
atribued o he FRW scale acor, as his acor is maximal (even infinie) a he big bang. Insead,
he decrease o he dominan vacuum (dark) energy densiy (like 1/^3) orces a linear expansion
o he universe, so ha energy is conserved. Hence, he expansion o he universe is only an in-
direc consequence o GR (because o he ime-dependence o he meric), bu a direc physical
consequence o energy conservaion.

General relaiviy does no imply energy conservaion; and indeed, he creaion or (annihilaion)
o a de Siter universe (eiher a he big bang or in he creaion or annihilaion o elemenary
paricles) does no observe i, alhough his “violaion”can be “undersood”hermodynamically by
he presence o negaive pressure in he de Siter space (i exacly maches he posiive vacuum
energy). Ouside his excepional case, we posulae ha energy conservaion holds, as i does
in he Minkowski space o F. In his regard i is opporune o menion ha boh he conormal
acor and he uniorm (linear) expansion acor represen space-ime scalings o Minkowski space.
Wheher an even deeper jusificaion exiss or his dichoomy in our mos cherished law, remains
a quesion.

Te ensuing cosmological model provides an elegan and coheren picure o he evoluion o he
universe, naurally explaining he dominance o dark energy and eauring a cosmological consan
ha is ruly consan. Te dominanly linear expansion - wih sligh deviaions due o he changing
conribuion o mater and radiaion - gives an excellen fi o he supernovae daa. Is predicion
ha he Hubble consan is close o he age o he universe also ollows. Furhermore, in he
new cosmic ime (namely conormal ime) he firs galaxies and sars emerge a a much laer ime,
poenially resolving he discrepancy wih recen observaions. Many o he predicions o he
model coincide wih hose o he linear R = c model, as he linear conormal expansion acor
mosly plays he same role as he radiional FRW scale acor. Hence, he curren model may also
share in some o he successul predicions o he R = c model. Finally, we noe ha mater and
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radiaion modiy he dominan de Siter meric and lead o secondary erms which are a acor
9/4 larger in he case o mater and a acor -1/2 smaller in he case o radiaion. Wheher he
exra mater erm, which is localized around large mass concenraions, mimics dark mater is a
possibiliy worh invesigaing.
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How do generaive diffusion models learn he
cosmic web srucure?

Content

In recen years, inerence echniques such as simulaion-based inerence (SBI) and field-level in-
erence have become increasingly prominen or exracing inormaion rom he large-scale sruc-
ure. However, hese mehods require large ensembles o compuaionally expensive simulaions,
making i difficul o exensively explore he cosmological parameer space and increasing he de-
mand or robus emulaors. In his work, we consruc an opimised generaive diffusion model
o emulae he cosmic web (CW), comprising voids, walls, filamens and nodes, which encodes
key inormaion abou cosmological parameers and he evoluion o he large-scale srucure in
he Universe. In paricular, we invesigae how diffusion models capure he saisical properies
o he CW via sel-atenion maps by evaluaing how well hey reproduce disinc CW environ-
mens. Based on several saisical esimaors, our analysis provides a quaniaive assessmen o
he perormance o diffusion models. We urher explore how laen generaive models learn high-
resoluion 3D simulaions, evaluaing he robusness o his approach in preserving CW saisics,
a key requiremen in SBI rameworks.
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Direc likelihood emulaion or efficien
cosmological parameer inerence

Content

Precision cosmology increasingly relies on repeaed evaluaions o compuaionally expensive ob-
servables, such as Cosmic Microwave Background (CMB) anisoropy specra and large-scale sruc-
ure saisics, posing a significan botleneck or parameer inerence and model comparison. Em-
ulaion echniques have emerged as a powerul soluion, enabling as and accurae inerpolaion
o hese observables across parameer space. In his alk, I will presen CLiEN (Cosmological
Likelihood Emulaor using Neural Neworks wih ensorFlow), a mehod ha bypasses observable
predicion enirely by direcly emulaing he likelihood uncion o a daase given cosmological
parameers. Tis approach provides a flexible and ully differeniable surrogae or he likelihood,
enabling efficien gradien-based inerence mehods.
Using ewer han ∼ 2 × 104 raining evaluaions, he likelihood emulaor achieves high fideliy,
recovering poserior consrains o wihin 0.1σ o he rue likelihood and mainaining poinwise
accuracy a he level o ∆χ2 ≤ 0.5 across relevan regions o parameer space. I will demonsrae
he robusness and versailiy o his approach, including applicaions o exended cosmological
models.
Tese resuls posiion likelihood emulaion as a powerul and complemenary alernaive o ra-
diional observable-based approaches, wih clear advanages or as, flexible, and differeniable
cosmological inerence.
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Assessing baryoniicaion or weak lensing
observables

Content

Baryonic physics inroduces significan uncerainies in cosmological observables such as weak
lensing saisics, while accurae predicions ypically require compuaionally expensive hydro-
dynamical simulaions. Tis limis he exploraion o he parameer space in modern cosmological
analyses. Baryonificaion mehods provide a as alernaive by incorporaing baryonic effecs
ino dark mater-only simulaions, bu heir accuracy and range o validiy remain o be ully es-
ablished across differen implemenaions and observables.
In his alk, I compare wo baryonificaion approaches: a sandard snapsho-based mehod and a
shell-based mehod applied direcly o HEALPix maps, which enables paricularly efficien map-
level analyses. Teir perormance is assessed agains hydrodynamical simulaions rom NG and
FLAMINGO, which provide mached dark mater-only counerpars or conrolled comparisons,
as well as agains ensembles o dark mater-only simulaions rom CosmoGrid.
Te comparison ocuses on complemenary weak lensing saisics, including power specra and
peak couns, allowing or a sysemaic assessmen o how well baryonificaion capures baryonic
effecs in boh Gaussian and non-Gaussian observables. Tis seup enables a clear evaluaion o
he regimes in which baryonificaion can serve as a reliable subsiue or ull hydrodynamical
simulaions.
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Freezing Graviy as a Model o Dark Energy
Crossing he Phanom Divide

Content

Freezing Graviy is a recenly proposed dark energy ramework ha enables a sable crossing o
he phanom divide, moivaed by curren observaional ineres in dynamical dark energy. Is
key eaure is he independen conrol o he cosmological background and linear perurbaions,
which allows arbirary background evoluions while mainaining reedom rom ghos and gradien
insabiliies.
Te scalar degree o reedom propagaes on small scales bu becomes effecively rozen in he
inrared limi, giving he model is name. In his poser, I will discuss urher heoreical aspecs
o his ramework, including is coupling o mater, he associaed effecive cuoff scale, possible
srong-coupling issues, and he resuling phenomenological implicaions.
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Skew-normal likelihood or non-Gaussian
asronomical daa

Content

Cosmological observables oen exhibi mild bu significan deviaions rom Gaussianiy, ypically
in he orm o asymmeric ails. Using Gaussian likelihoods in such cases can hereore inroduce
sysemaic biases in parameer inerence. We invesigae he use o a skew-normal likelihood as a
flexible alernaive ha capures hese non-Gaussian eaures.
We ocus on cosmic shear 2 poin correlaion uncion, a key weak lensing probe o he lae-ime
large-scale srucure, whose disribuion has been shown o deviae rom Gaussianiy, paricularly
on larger scales. Using samples o daa vecors rom SLICS, which provide Euclid-like weak lens-
ing simulaions, we consruc a pipeline o build a mulivariae skew-normal likelihood model and
hen use i a he inerence level.
Tis ramework allows us o incorporae daa poins ha are ypically excluded under Gaussian
assumpions due o heir non-Gaussian disribuions, hereby increasing he consraining power
o he analysis. A he same ime, he model naurally reduces o a Gaussian likelihood in he
appropriae limi giving us a flexible pipeline o use i or he Gaussian pars o he daa vecors.
We urher discuss how Gaussian noise can be consisenly included a he likelihood level.
Our resuls show ha or a fixed non-omographic shear wo-poin correlaion uncion wih
20 daa poins, he parameer shi beween Gaussian and skew-normal likelihoods is negligible
(< 0.1σ in S8 ), indicaing ha Gaussian approximaions remain adequae in his regime. How-
ever, when resricing he Gaussian analysis o a subse o 15 daa poins by excluding he mos
non-Gaussian elemens, we observe a moderae shi (∼ 0.6σ in S8 ) relaive o he skew-normal
analysis using he ull daa vecor. Tis demonsraes ha he skew-normal likelihood enables
he consisen inclusion o mildly non-Gaussian daa poins ha would oherwise be discarded,
leading o improved parameer consrains. In his seup, we find a ∼ 9% reducion in S8 uncer-
ainies. Te skew-normal ramework is expeced o become increasingly imporan or larger and
more non-Gaussian daa vecors, such as hose arising in omographic analyses.
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Coupling he FIRE galaxy simulaions o velociy
dependen and anisoropic SIDM

Content

Undersanding he inerplay beween dark mater physics and baryonic processes is criical or
ideniying he naure o dark mater. Sel-ineracing dark mater (SIDM), where dark mater
paricles can scater wih each oher, is well moivaed by heoreical models. Baryonic effecs are
oen degenerae wih dark mater physics, so a ull picure is possible only hrough simulaions
ha span a range o galaxy ormaion models and underlying paricle physics. I will presen an
updaed implemenaion o SIDM in he Gizmo code ha allows or a ully cusomizable velociy
dependence in he ineracion cross secion as well as anisoropy in he scatering angle. I will
show resuls using he FIRE galaxy ormaion model ha demonsrae he reliabiliy o he code
and he differences rom exising models wih consan cross secions and isoropic scatering. Tis
code will provide a beter descripion o he effecs o SIDM in merging and inalling halos, which
is essenial o properly model and consrain he SIDM parameer space. In addiion, i will add o
he exising range o alernaive dark mater models implemened in Gizmo or consisen model
comparisons wihin he same galaxy ormaion model. Building upon my previous simulaions
using Arepo, his implemenaion will also allow, or he firs ime, comparisons o he same SIDM
models beween drasically differen galaxy ormaion codes. Wih hese models, we can ideniy
unique signaures o classes o dark mater models and disenangle he degeneracies beween dark
and baryonic processes.
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Simulaion-Based Inerence or Cosmological Field
Reconsrucion and Parameer Esimaion

Content

Simulaion-based inerence (SBI) enables Bayesian analysis o complex cosmological daa when
only a orward model is available, while field-level inerence (FLI) aims o perorm inerence in
a maximally efficien way and reain more inormaion han summary-saisic pipelines. In his
alk, I will highligh recen advances and applicaions o SBI and FLI in cosmology. Firs, I will
show how field-level SBI can be used o reconsruc cosmological fields rom incomplee and noisy
daa. Using Gaussian neural poserior esimaion wih a rainable mean and covariance, and com-
bining classical conjugae-gradien solvers wih neural neworks, our mehod capures complex
spaial correlaions, denoises observaions, and probabilisically reconsrucs missing regions. We
demonsrae his approach on he challenging ask o inerring he 3D dark mater field and is ini-
ial condiions. I will hen describe how his mehod can be combined wih graph neural neworks
o reconsruc fields a small scales rom poin cloud galaxy daa, and how i can be embedded in
an acive-learning ramework or dynamic SBI, enabling join inerence o fields and cosmological
parameers by seering simulaions oward he mos relevan regions o he parameer space.

Other topic / keywords:

Author: SAVCHENKO, Oleg (GRAPPA Insiue, Universiy o Amserdam)
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Abstract rating 3

Inflation / Primordial Perturbations:

Judgments: Posiive

Reviews:

COLE, Philippa: Accept • 4.0 (beter or Mehods / saisical inerence / ML)

Abstract rating 4

Methods / Statistical Inference / Machine Learning:

Judgments: Posiive: alk

Reviews:

SELLENIN, Elena: Accept: alk • 4.0 (Field level inerence)

Abstract rating 4

Submited by SAVCHENKO,Oleg <o.savchenko@uva.nl> onWednesday, 29April 2026

May 14, 2026 Page 347



Cosmo-26 / Repor o Absracs Primordial Black Holes rom Reso …

Abstract ID : 215

Primordial Black Holes rom Resonances in he
Running-Mass-Inlaion Model

Content

Resonan exciaions during inflaion can ampliy he primordial curvaure perurbaion wihin
a narrow range o k values. Tis sugges a novel mechanism o generae Primordial Black Holes
(PBHs). We sudy such resonances wihin he conex o he Running-Mass-Inflaion model. Gener-
aed PBHs can explain he oaliy o Dark Mater. Te mechanism also predics he enhancemen
o induced Graviaional Waves (GWs) and GWs creaed by binary BH collisions. Boh ypes o
GWs will be observable by uure laser inereromeers and resonan caviy experimens respec-
ively.
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Primordial Black Holes
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vision o Science, Naional Asronomical Observaory o Japan, 2-21-1 Osawa, Miaka, okyo 181-8588,
Japan); Dr SÁEZ, Alejandro (Insiuo de Física Corpuscular (IFIC), CSIC-Universia de València, 46071,
Valencia, Spain)
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Abstract ID : 216

Inconsisencies o Tsallis cosmology wihin horizon
hermodynamics and holographic scenarios

Content

We invesigae he cosmological implicaions o sallis enropy in wo widely discussed rame-
works: he Cai–Kim hermodynamic derivaion o he Friedmann equaions and he sallis holo-
graphic dark energy (HDE) scenario, considering boh he Hubble scale and he Granda–Oliveros
(GO) cuoff as inrared regulaors. In boh cases, he dynamics inroduce a nonexensiviy param-
eer , wih he sandard Bekensein–Hawking enropy–area relaion recovered or  = 1. While
previous sudies have suggesed ha only small deviaions rom exensiviy are observaionally
allowed, ypically requiring |1− |
lesssim10−3, here we go urher and perorm a sysemaic consisency analysis across he enire
expansion hisory. We show ha even mild deparures rom  = 1 lead o pahological behavior
in he effecive dark energy secor: is densiy can become negaive or complex, is equaion o
sae may diverge, or i can conribue an unaccepably large early-ime racion ha spoils radia-
ion dominaion and violaes big bang nucelosunhesis and CMB consrains. Our resuls sharpen
and uniy earlier hins o ension, providing a clear physical inerpreaion in erms o correcions
ha grow unconrollably wih he expansion rae oward he pas. We conclude ha wihin boh
he Cai–Kim and HDE ormulaions, a viable cosmology emerges only in he exensive limi, e-
ecively reducing he models o ΛCDM. More broadly, our findings emphasize he imporance
o dynamical consisency and cosmological viabiliy ess, when assessing nonexensive enropy
ormalisms as poenial rameworks or describing he Universe’s dynamics.
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Abstract ID : 217

Consraining cosmology wih he Lyman-alpha
ores

Content

Te Lyman-alpha ores is a powerul cosmological probe o mater densiy flucuaions in he
weakly non-linear regime hrough he high redshi and underdense inergalacic medium (IGM).
On small scales, he Lyman-alpha 1D flux power specrum is uniquely sensiive o boh he proper-
ies o dark mater and he complex gas dynamics driven by IGM phooheaing during reionizaion,
offering cosmological consrains ha are complemenary o oher probes, such as he CMB. In
his alk, I will presen recen consrains on wo dark mater candidaes separaed by more han
20 orders o magniude in mass: Cold+Warm Dark Mater and Axion-Like Paricles, derived by
comparing he Sherwood-Relics hydrodynamical simulaion suie wih high signal-o-noise raio,
high-redshi UVES and HIRES specra. Tese resuls highligh how small-scale eaures in he
ores reveal undamenal aspecs o boh dark mater and he IGM hermal hisory.

Other topic / keywords:
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Abstract ID : 218

The Impac o Phoo-z Bias on Cosmology wih Weak
Lensing Peak Couns

Content

Measuring he peaks o weak lensing convergence maps provides inormaion abou srucure
ormaion and he disribuion o mater, which can improve cosmological consrains when com-
bined wih 2-poin saisics. In a phoomeric survey, such as LSS, calibraion o galaxy redshis
is expeced o conribue significanly o he uncerainy on cosmological parameer esimaion.
o assess he impac o phoo-z bias or cosmology wih peak couns in LSS, we firs rain an
emulaor using convergence maps rom he cosmo-SLICS simulaions. We hen use he emulaor
o perorm inerence on a differen se o simulaions wih biased phoo-z disribuions, obaining
consrains on Ωm, S8 and w0. By comparing hese o resuls obained using unbiased simulaions,
we are hus able o quaniy he effec o phoo-z errors on cosmology wih peak saisics.
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Abstract ID : 219

Fundamenal Physics a small scales wih Hydrogen

Content

I will discuss how aomic hydrogen in absorpion and emission can be used o address undamenal
physical quesions by probing non-linear scales. I will ocus on he ollowing opics: primordial
magneic fields and heir impac on srucure ormaion, dark mater naure. I will also briefly
address wha is he advanage o using aomic hydrogen o perorm field level inerence in he
pos-reionizaion Universe.
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Abstract ID : 220

Ligh Paricles in he Halo Bias

Content

In his alk I will inroduce he key cosmological daases —he cosmic
microwave background and galaxy surveys —and explain how hey serve as paricle
deecors or he lighes paricles in naure. I will describe he vas landscape o
dark mater candidaes, spanning many orders o magniude in mass, and show how
cosmological observables can disinguish among hem. A cenral heme o my work is
he growh-induced scale-dependen bias (GISDB): he insigh ha purely graviaional
effecs o paricles modiy no only he mater disribuion bu also he relaionship
beween halos and he underlying mater field. Tis effec, arising rom he physics o
spherical collapse and he peak-background spli, provides an independen channel o
inormaion beyond he mater power specrum alone.
I will discuss he abiliy o surveys o deec or rule ou broad classes o ligh hermal
relics, and demonsrae ha even percen-level abundances o ulra-ligh axion dark
mater (10−33 ≤ mϕ/eV ≤ 10−22) produce significan signaures in he halo bias. I
will also describe my recen work on model-independen relic consrains, showing wha
exising Planck CMB daa can ell us abou any monomodal ligh relic.
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Abstract ID : 221

A Parameer Scan o Curren-Carrying Cosmic
Srings

Content

Cosmic sring neworks are expeced o orm during symmery-breaking phase ransiions in he
early Universe via he Kibble mechanism and arise naurally in many exensions o he Sandard
Model. In several such scenarios, sring neworks can carry addiional degrees o reedom, such
as charges and currens, leading o so-called curren-carrying or superconducing cosmic srings.
Tese addiional degrees o reedom can significanly affec he evoluion o he neworks and may
lead o disincive observaional signaures.
In his work we sudy he evoluion o curren-carrying cosmic sring neworks using large-scale
field heory simulaions o a U(1) × U(1) model conaining wo complex scalar fields and heir as-
sociaed gauge fields. In he parameer regime considered here, one secor undergoes symmery
breaking and orms cosmic srings, while he second scalar field remains unbroken ouside he
sring core and provides a condensae localized on he sring worldshee. We explore he nework
evoluion across a broad region o he model’s parameer space, varying condensae and coupling
parameers while mainaining he condiions required or sable curren-carrying soluions.
We also presen a firs characerizaion o he power specra o he charge and curren fields, pro-
viding new numerical diagnosics or he dominan energy loss mechanism o hese neworks.
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Abstract ID : 222

Three-poin inrinsic alignmens o galaxies and
haloes in he FLAMINGO simulaions

Content

Cosmic shear is a cenral probe o he lae-ime Universe, bu he inerpreaion o is measure-
mens is limied by asrophysical sysemaics such as inrinsic alignmens (IA) o galaxies. Upcom-
ing lensing surveys will enable measuremens o higher-order saisics wih increased precision,
providing non-Gaussian inormaion beyond wo-poin correlaions. Inerpreing hese measure-
mens requires IA models ha are accurae a higher order while remaining consisen wih exis-
ing wo-poin consrains.
In his alk, I will presen a sudy o he hree-poin IA signal measured in he FLAMINGO hydrody-
namical simulaion. We measure boh he hree-poin correlaion uncion (3PCF) and hird-order
aperure-mass saisics, using galaxy and halo shapes rom he larges FLAMINGO simulaion,
(2.8 Gpc)3. Tis enables high-significance deecions over a wide range o scales and riangle con-
figuraions. I will compare hese measuremens o predicions rom he ree-level effecive field
heory (EF) o IA, esing he ull model, reduced varians, and co-evoluion relaions beween
model parameers. I will show ha he EF provides a good descripion o he measured hree-
poin signal, wih an alignmen ampliude consisen wih ha inerred rom wo-poin sais-
ics. Neglecing higher-order EF conribuions can bias parameer consrains and degrade he
fi, while co-evoluion relaions provide a simpler descripion ha perorms close o he ull model,
making hem promising or uure phoomeric weak-lensing analyses.
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Abstract ID : 223

Posiiviy Consrains on he EFT o Inlaion

Content
Posiiviy bounds derived rom uniariy, localiy, and causaliy consrain he Wilson coefficiens o
EFs admiting a Lorenz-invarian UV compleion. Exending hese bounds o he EF o inflaion
is nonrivial: cosmological observables are correlaion uncions raher han scatering ampliudes,
he background is quasi–de Siter raher han Minkowski, and Lorenz invariance is sponaneously
broken.

In his alk I will presen recen progress in deriving novel posiiviy bounds on he Wilson coe-
ficiens o single-field inflaion obained by combining he fla-space limi o cosmological corre-
laors wih he analyic srucure o he EF o inflaion as a relaivisic superfluid. Tese resuls
exend he dispersion-relaion program o a Lorenz-breaking cosmological background and yield
posiiviy consrains on he inflaionary EF parameer space.
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A sel-calibraion mehod o imaging sysemaics
using power specrum and bispecrum

Content

Imaging sysemaics in galaxy surveys generae large-scale angular selecion effecs ha can con-
aminae measuremens o primordial non-Gaussianiy. We develop a analyical ramework o
propagae wo-dimensional imaging emplaes ino hree-dimensional power specrum and bis-
pecrum observables. In his approach, angular emplaes are embedded ino radial survey shells,
and heir effecs on he observed monopoles o power specrum and bispecrum can be modeled an-
alyically. We use his ormalism o quaniy he degeneracy beween imaging conaminaion and
local-ype PNG, and o es wheher adding bispecrum inormaion can improve sel-calibraion
beyond he power specrum alone. Tis ramework provides an esimaor-level roue or incor-
poraing imaging sysemaics ino join power specrum and bispecrum analyses o uure large-
scale srucure surveys.
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Cross-correlaion beween squared 21-cm ield and
pachy screening.

Content

Te 21-cm signal rom he Epoch o Reionizaion (EoR) races he neural hydrogen presen in
he IGM. Te pachy ionizaion o neural Hydrogen (HI) permeaing Iner-galacic medium (IGM)
makes he 21-cm signal highly non-Gaussian. Te ionized bubbles, once ormed, generae sec-
ondary anisoropies in he observed CMB signal. Pachy screening (τes) is one such anisoropy
ha arises when CMB phoons Tompson scater off he ree elecrons, resuling in a new po-
larizaion in he signal. Previous sudies have looked ino he prospecs o cross-correlaing his
pachy screening effec wih he 21-cm signal. However, using a oreground wedge filer on he
21-cm maps removes low k∥ modes in his signal, and τes is an inegraed line-o-sigh effec, i.e.
only k∥ = 0 mode exiss. In order o avoid mismached Fourier space coverage o he wo sig-
nals, we build a 21cm-21cm-τes esimaor. Tis esimaor encodes imporan inormaion abou
he reionizaion hisory and is also expeced o survive he wedge filer hrough mode-coupling
induced by higher-order correlaions. Addiionally, we presen orecass or he deecion o his
signal in uure surveys.
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Abstract ID : 226

Probing WIMP-nucleon Effecive Ineracions wih
Paleo-Deecors

Content

Paleo-deecors offer a promising approach o he direc deecion o WIMP dark mater via he
readou o nuclear recoil damage racks in naural minerals wih ages on geological imescales
o O(1 Gyr). Tese racks ac as a proxy or he recoil energy induced by WIMP–nucleus sca-
ering. We presen projecions o he sensiiviy o paleo-deecors o he ull se o elasic and
inelasic WIMP–nucleon ineracions wihin he ramework o non-relaivisic effecive field he-
ory (NREF), and compare heir perormance wih ha o convenional direc-deecion experi-
mens. We also invesigae he abiliy o paleo-deecors o discriminae beween differen oper-
aor srucures and assess heir prospecs or dark mater mass reconsrucion. Our resuls show
ha paleo-deecors can achieve sensiiviy comparable o, and in some cases exceeding, ha o
convenional direc-deecion experimens across a wide range o dark mater masses, wih par-
icularly srong sensiiviy o paricles o O(1 GeV). Finally, we discuss he broader physics reach
o paleo-deecors, including heir poenial o probe neurino (amospheric, supernova, and solar)
physics by comparing minerals o differen ages, hereby accessing he ime evoluion o hese
signals.
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Consraining Lae-Time Cosmology wih DESI DR2

Content

In his alk, I presen a se o complemenary analyses aimed a consraining lae-ime cosmol-
ogy wih DESI DR2. I firs discuss a model-independen reconsrucion o he expansion hisory,
where we direcly consrain he background evoluion wihou assuming a specific dark energy
paramerizaion, finding resuls consisen wih he sandard w0–wa ramework; his work also
includes he developmen o an updaed compressed CMB likelihood suiable or dark energy con-
srains, wih ongoing exensions o neurino mass and curvaure models. I hen revisi he Hubble
ension rom a lae-ime perspecive, showing hrough a suie o oy models ha modificaions o
he expansion hisory alone are insufficien, and ha an evoluion in ype Ia supernovae absolue
magniude is required o resolve he ension. We also presen a physical modified graviy model
which can achieve such a ransiion, albei wih some degree o uning. Moving beyond geome-
ric probes, I presen recen progress oward DESI ull-shape analyses, including consrains rom
DESI DR1 using folpsD, a heoreical ramework or joinly modeling he power specrum and bis-
pecrum wihin an EF-based approach. Finally, I briefly commen on ongoing conribuions o
modified graviy analyses wihin DESI, paricularly in he developmen o pipelines or clusering
and lensing observables.
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Probing Modiied Graviy wih Velocilepors and
Cocoa: A Join Analysis Pipeline or HSC-Y3 and

BOSS DR12

Content
Te sandard ΛCDM model describes he evoluion o he universe wih remarkable success bu
relies on he enigmaic componens o dark mater and dark energy. Recen cosmological ensions,
such as he S8 discrepancy, have urher moivaed he scienific communiy o perorm sringen
ess o General Relaiviy (GR) on large scales. Phenomenological modified graviy (MG) param-
eers, µ and Σ, offer a robus ramework o deec poenial deviaions rom GR and explore he
naure o cosmic acceleraion.

In his work, we presen a comprehensive join analysis pipeline ha combines weak lensing mea-
suremens rom he Subaru Hyper Suprime-Cam (HSC) Year 3 shape caalog wih ull-shape galaxy
clusering rom he SDSS BOSS DR12 caalog. o accuraely model non-linear srucure ormaion
and redshi-space disorions (RSD) under modified graviy, we inegrae he Lagrangian Perurba-
ion Teory code, Velocilepors, wih he Bolzmann solver MGCAMB. Tis heoreical ramework
allows or a sophisicaed reamen o non-linear clusering while accouning or he unique grav-
iaional ineracions experienced by boh ligh and mater.

For our saisical inerence, we employ Cocoa, a highly scalable pipeline designed or uure flag-
ship surveys such as he Nancy Grace Roman Space elescope. We deail he echnical implemen-
aion o our MG-compaible join analysis ramework and presen is validaion.

Finally, we discuss he curren saus o our analysis, our mehodology or miigaing modeling
sysemaics, and he prospecs or delivering new consrains on graviy rom his cross-survey
analysis.
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Forecas rom a Lens-Equal-Source DES Year 6 3x2p
Analysis using Physics-Inormed Priors

Content
Curren and nex-generaion wide-field surveys, such as he Dark Energy Survey (DES) and he
upcoming Legacy Survey o Space and ime (LSS), will rely heavily on join 3x2p analyses, com-
bining cosmic shear, galaxy-galaxy lensing, and galaxy clusering, o place sringen consrains
on cosmological parameers. In his conex, he selecion and characerizaion o opimal galaxy
samples is a major area o research and one promising choice is o use he same galaxy sample
or lenses and sources. Tis reduces he sysemaics parameer space ha describes he uncer-
ainies relaed o galaxy samples. Such a “lens-equal-source”analysis significanly improves he
sel-calibraion o phoo-z sysemaics, leading o improved cosmological consrains.

In his alk, we presen a novel lens-equal-source 3x2p pipeline applied o synheic DES Year 6
daa. o break parameer degeneracies and miigae sysemaic effecs, we inroduce an inormed
prior on large-scale galaxy bias, including he effecs o assembly bias. Tis physics-inormed
prior is calculaed wih he Halo Occupaion Disribuions (HOD) consruced on physically moi-
vaed UniverseMachine caalogs. Deep field observaions wih synheic source injecion are used
o mimic realisic galaxy populaions. By sampling across varying cosmologies, our prior nau-
rally capures he complex, mulidimensional covariance beween galaxy bias, phoo-z errors, and
underlying cosmology.

We will discuss he inegraion o his prior direcly ino he likelihood inerence using he Cocoa
ramework. Finally, we will demonsrae how leveraging high-fideliy, physics-inormed priors
in a lens-equal-source ramework successully sabilizes MCMC chains and ighens parameer
consrains.
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Sochasic insanons and he ail o he inlaionary
densiy perurbaion

Content

In he sochasic N ormalism, he saisics o he primordial densiy perurbaions can be mapped
ono he firs-passage disribuion o he underlying sochasic process. In his alk, I will presen
a general ramework o evaluae he rare-even ail o his disribuion, based on a saddle-poin
approximaion o he associaed pah inegral.
I will show ha, a leading order, his descripion is equivalen o a more undamenal ormulaion
in erms o he Schwinger-Keldysh pah inegral, in which inegraing ou shor-wavelengh modes
yields an influence uncional encoding he noise saisics o Sarobinsky’s sochasic approach.
I will also show how his mehodology can be exploied or imporance sampling, providing an
efficien numerical handle on rare evens.
Finally, I will presen gradien correcions o he insanon equaions, boh in analyically racable
models and in more realisic poenials, and discuss heir implicaions or primordial black hole
producion.
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Shapes and orienaions o massive halos in he
saisically anisoropic universe

Content

Saisical isoropy is a oundaional conjecure in cosmology. However, is validaion is a criical
ask, as heoreical models involving vecor fields, such as hose in he early universe, naurally
lead o is violaion. While previous sudies using CMB and galaxy clusering have placed con-
srains on he quadrupolar ype o saisical anisoropy (SA), recen N-body simulaions have
urher revealed ha SA induces an anisoropic halo bias.
Moivaed by hese developmens, we invesigae how SA originaing rom he early universe a-
ecs he disribuions o shapes and orienaions o cluser-sized halos, using cosmological N-body
simulaions ha incorporae SA. While he hree-dimensional halo shape parameers show litle
dependence on SA, we find ha halo orienaions are significanly influenced, wih halos ending
o align eiher perpendicular or parallel o he SA direcion.
Tis SA-induced alignmen becomes more prominen or more massive halos. We also sudy oher
vecor quaniies associaed wih he dynamics o halos, such as bulk velociy and angular mo-
menum vecors. We find ha heir dependence on he SA is smaller han ha o he orienaion
vecors. Our findings sugges ha observaional measuremens o projeced halo shapes derived
rom galaxy cluser-galaxy lensing could provide a novel probe o SA in he universe.
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Dynamical Dark Energy inspired by he CD
vacuum

Content

Te naure o dark energy has been a growing poin o debae in recen years, paricularly aer
he DESI measuremens o he Baryon Acousic Oscillaions. While requenis merics appear o
indicae a growing preerence or a dynamical dark energy, some bayesian approaches indicae
oherwise. Beyond his, here also lies he quesion o wheher here exiss a physical moivaion
behind any phenomenological paramerisaion o dynamical dark energy.
Te model described in his alk is moivaed rom compuaions o he non-perurbaive CD vac-
uum, which we paramerise ino a dynamic, non-local conribuion o he energy densiy, described
by wo addiional cosmological parameers. I will describe how his model compares agains boh
CPL and ΛCDM on he laes cosmological daases, employing boh requenis χ² saisics and
Bayesian model comparison. For he later, he evidence is esimaed rom MCMC chains via he
learn harmonic mean esimaor mehod which bypasses he need or he compuaionally expen-
sive, nesed sampling o obain esimaes o he evidence.
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Simulaions o he axion ield in he kineic
misalignmen scenario

Content

In he kineic misalignmen scenario or CD axion dark mater, he axion carries significan ki-
neic energy in he early universe, which affecs is dynamics a he epoch o he CD phase
ransiion and can lead o a significan amplificaion o primordial flucuaions due o he nonlin-
eariies o he CD poenial. In his work, we presen novel latice simulaions o he axion field o
explore he nonlinear dynamics o kineic misalignmen scenario and discuss he impac o iniial
condiions on he relic densiy and dark mater disribuion. Exracing he energy densiy power
specra, we sudy he main characerisics o axion miniclusers, drawing a coheren picure o he
relic abundance and dark mater subsrucure.

Other topic / keywords:

Authors: CHAHIRAHAS, Kierhika (Karlsruhe Insiue o echnology); ERÖNCEL, Cem (İsinye
Universiy); KALSCHMID, Mahieu (Universiy o Zaragoza); REDONDO, Javier (Universiy o
Zaragoza); SAIKAWA, Kenichi (Kanazawa Universiy)

Presenter: SAIKAWA, Kenichi (Kanazawa Universiy)

rack Classification: Dark Mater; Inflaion / Primordial Perurbaions; Early Universe

Contribution ype: alk

Status: SUBMIED

rack Reviews:

Inflation / Primordial Perturbations:

Judgments: Posiive

Reviews:

CESPEDES, Sebasian: Accept • 4.0

Abstract rating 4

Submited by SAIKAWA,Kenichi <saikawa@hep.s.kanazawa-u.ac.jp> onTursday, 30April
2026

May 14, 2026 Page 380



Cosmo-26 / Repor o Absracs Consraining baryonic eedback a …

Abstract ID : 234

Consraining baryonic eedback and cosmology
rom DES Y3 and Planck PR4 6x2p daa

Content

We combine weak lensing, galaxy clusering, cosmic microwave background (CMB) lensing, and
heir cross-correlaions (so-called 6×2p) o consrain cosmology and baryonic eedback scenarios
using daa rom he Dark Energy Survey (DES) Y3 Maglim caalog and he Planck saellie PR4
daa release. We include all daa poins in he DES Y3 cosmic shear wo-poin correlaion uncion
(2PCF) down o 2.′5 and model baryonic eedback processes via principal componens (PCs) ha are
consruced rom he ANILLES simulaions. We find a igh correlaion beween he ampliude
o he firs PC Q1 and mean normalized baryon mass racion Ȳb = f̄b/(b/m) rom he ANILLES
simulaions and employ an independen Ȳb measuremen rom Akino e al. (2022) as a prior o
Q1. We rain a neural nework 6 × 2p emulaor o boos he analysis speed by O(103), which
enables us o run a large number o simulaed analyses o validae our analysis agains various
sysemaics. For our 6×2p analysis, we findS8 = 0.8073±0.0094when including aQ1 prior rom
Ȳb observaions. Tis level o cosmological consraining power allows us o pu igh consrains
on he srengh o baryonic eedback. We find Q1 = 0.025+0.024

−0.029 or our 6×2p analysis and
Q1 = 0.043 ± 0.016 when combining wih exernal inormaion rom Planck, AC, DESI. All
hese resuls indicae weak eedback, e.g., he ensions o Illusris (Q1 = 0.095) and OWLS AGN
8.7 (Q1 = 0.137) are 2.9-3.3 and 4.7-5.9, respecively.
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Abstract ID : 235

WimPyDD and WimPyC: Phyhon codes exploiing
he complemenariy beweenWIMP direc deecion

and indirec deecion

Content

I inroduce WimPyDD and WimPyC which are objec-oriened and cusomizable Pyhon codes
ha calculae accurae predicions or he expeced raes in WIMP direc deecion experimens
and WIMP capure rae in celesial bodies as indirec deecion wihin he ramework o Galilean
invarian non-relaivisic effecive heory. Due o he experimenal hreshold direc deecion can
no explore signals a low WIMP incoming speed range, while capure in celesial bodies is avored
or low or even vanishing WIMP speed. Tis complemenariy can be analyzed using WimPyDD
and WimPyC so ha one can obain bounds on WIMP-nucleus scatering which do no depend on
he WIMP velociy disribuions or WIMP-nucleus ineracions.
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Abstract ID : 236

To log, or no o log: Scaling soluions or axion
srings

Content

Te axion was proposed as a soluion o he srong CP problem and is currenly one o he main
candidaes or cold dark mater. Superficially, recen field heory simulaions disagree on wheher
he number o axion srings per Hubble pach is consan or log dependen, as well as wha orm
ha log dependence migh ake. Tis is o paricular relevance since his parameer srongly im-
pacs he abundance o axion dark mater. We use he Velociy-dependen One Scale Model o
explore he evoluion o axion sring neworks, aiming o compare he soluions obained wih di-
eren approaches: inroducing a ime-varying sring ension a he microscopic or macroscopic
scales, or using a suiable wiggly sring exension o he VOS model. Since all global axion srings
simulaions have a relaively small dynamic range, an imporan disincion beween realisic ne-
works and simulaions, which is refleced in our analysis, is he size o he log, which is abou
10 imes larger or cosmologically relevan neworks han in simulaions. Tereore we conras
‘large log’ asympoic soluions or he densiy and velociy o he nework, wih ‘small log’ ones
relevan o he limied ime-scale o simulaions. Tis, ogeher wih he impac o he peculiar
iniial condiions on he later (mos simulaions sar wih low densiies bu high velociies) urns
ou o be he key o he conundrum.

Other topic / keywords:

Axion srings; field heory numerical simulaions; VOS model

Author: MARINS, Carlos (CAUP)

Presenter: MARINS, Carlos (CAUP)

rack Classification: Dark Mater; Early Universe

Contribution ype: alk

Comments:

Mainly suiable or he early universe rack, bu has implicaions or (axion) dark mater.

Status: SUBMIED

Submited byMARINS, Carlos <carlos.marins@asro.up.p> onTursday, 30April 2026

May 14, 2026 Page 384



Cosmo-26 / Repor o Absracs Symplecic Bogoliubov Maps or C …

Abstract ID : 237

Symplecic Bogoliubov Maps or CGPP in
Lorenz-Breaking Proca–Scalar Cosmology

Content

Cosmological paricle producion is commonly described wih inermediae-ime quasiparicle la-
bels ha cease o align wih asympoic consrucions once evoluion carries mode requencies ar
ouside adiabaiciy. We analyze a coupled Proca–scalar model on spaially fla FLRW, reaining
he longiudinal secor o he massive vecor and quadraic mixing o scalar perurbaions hrough
oliaion-seleced operaors ha are spaially isoropic bu generically boos violaing. Physically
meaningul creaion is summarized by he symplecic Bogoliubov map relaing adiabaically de-
fined annihilaion operaors on early and lae slices; a quadraic order he coupling requires mul-
ifield diagonalizaion o flucuaions ogeher wih he consrained canonical doubling his en-
ails, placing he consrucion ouside minimal massive-vecor seups wih effecively decoupled
polarizaions. Te inerwined normal-mode specrum and consrain secor fix he mixing be-
ween asympoic posiive-requency represenaions hroughou he ransien regime. From he
compleed in/ou map we exrac he occupaion-number and relic-densiy bookkeeping used in
spin-one graviaional paricle-producion dark mater analyses and presen normalized conrass
wih minimal decoupled-polarizaion benchmarks.
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Abstract ID : 238

Classiicaion o MHD Turbulence Regimes Based on
Their Physical Evoluion Laws

Content

Magneic urbulence has been suggesed o be conrolled eiher by Alvénic dynamics or by mag-
neic reconnecion, and he relaive imporance o hese wo mechanisms has remained an open
quesion. In his work, we examine he physical processes ha regulae he evoluion o magneic
urbulence by means o numerical simulaions. We consider maximally helical MHD urbulence
in a magneically dominaed regime, and sysemaically vary he magneic field srengh, fluid vis-
cosiy, and magneic diffusiviy. Because magneic heliciy densiy is no conserved in non-ideal
MHD, we use is decay behavior as a diagnosic o ideniy he dominan governing mechanism.
We find ha he urbulen evoluion is consisen wih he Swee–Parker reconnecion regime or
Lundquis numbers in he range 10 S 100. While i has been suggesed ha he characerisic
imescale o magneic urbulence appears o be primarily deermined by he Alvén regime, our re-
suls sugges ha reconnecion appears o play a dominan role in governing magneic urbulence.
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Abstract ID : 239

Neurino cross secions and non-sandard
ineracion Implicaions

Content

Te quesion o wheher neurinos ollow invered or normal mass hierarchy and he CP violaion
parameer CP in he neurino secor (which may help undersand he mater animater asymme-
ry ec.), are some o he imporan goals o curren and uure neurino experimens. Cosmology
provides consrains on oal neurino mass, Neff (and implicaions or mass hierarchy). Whereas
or he accurae measuremen o various neurino parameers, a deep undersanding o neurino-
arge ineracions is crucial o reduce he sysemaic uncerainies. We invesigae he effec o
final-sae ineracions (FSI) in he charge curren quasi-elasic (CCE) channel by reconsrucing
he neurino energy using he calorimeric mehod. A selecion o evens wih 1 proon, 0 pion, and
any number o neurons in he final sae reduces he discrepancy beween reconsruced and rue
neurino energy or he CCE process analysed or DUNE and MicroBooNE using Mone-Carlo
simulaions. Since he reconsrucion o neurino energy is imporan or improving cross-secion
measuremens, he Kaon-Decays-A-Res (KDAR) neurinos provide an opporuniy o sudy he
neurino ineracions in he low-energy regime wih a known neurino energy o 235.5 MeV. We
explore he missing energy in KDAR νµ CC scatering on Carbon in JSNS2 using MC generaors. In
addiion o FSI, he iniial sae o nucleon also affecs he cross-secion measuremens. We discuss
he same in some specific cases. Neurino oscillaion implying he physics beyond he sandard
model, we explore a BSM scenario, Lepon flavour violaion (LFV) is considered o be a suiable
avenue. We sudy he charged LFV µ decays such as µ →  , µ →    , and (µ −  ) i wih a
vecor lepoquark (3) by considering he consrains rom non-sandard neurino ineracion (NSI)
secor parameer ϵµ. Here we consider ha hese NSIs are atribued o he presence o lepoquarks
(hypoheical paricles which can also help undersand some anomalies) accoun or he difference
in he experimenal observaions o  measuremen by NOvA and 2K and obain he branching
raios (BR) or he LFV processes. Te enhanced BR predicions poenially could be verified in he
ar uure.
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Abstract ID : 240

Opimal mehods or cross-correlaing projeced and
ilered racers o large scale srucure

Content

Cross-correlaions beween surveys which reain line-o-sigh (LOS) srucure - such as line-inensiy-
mapping (LIM) or specroscopic surveys - and projeced fields - such as CMB lensing - represen a
powerul avenue or exracing cosmological inormaion rom nex-generaion experimens. Com-
mon approaches include omographic binning o he radially-resolved field ino 2D slices, projec-
ing he field ino a single 2D map using an assumed kernel, or correlaing individual line-o-sigh
Fourier modes wih he projeced field direcly. Given he improving qualiy o large-scale sruc-
ure measuremens, i is useul o sysemaically assess he opimaliy o various cross-correlaion
approaches. o his end, we develop a ramework or consrucing Fisher-opimal projecion ker-
nels or he 2Dx2D case which we rame as a quadraic opimizaion problem solved numerically
over redshi compression weighs. Using 21cm LIM and CMB lensing as he prooypical oy
model, we find ha Fisher-opimal projecion recovers more inormaion han naive kernel choices
in he presence o oreground filering. We addiionally analyze he impac o ligh-cone evoluion
on he inormaion conen o such cross-correlaions.
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Abstract ID : 241

Nonlinear Evoluion o Primordial Pariy Violaion

Content

Pariy violaion is a new probe o he primordial universe. However, we need o connec he pri-
mordial universe o he observables. Recen hins o pariy violaion in he large scale srucure
o he universe moivae us o invesigae how he observables are affeced by lae-ime physical
processes. In his work, we presen an analyical expression or he pariy violaing 4-poin corre-
laion uncion o mater densiy fields a 1-loop order, ha can be used o probe primordial pariy
violaion. Based on arXiv:2510.06164.
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Undersanding sochasic graviaional wave
backgrounds by exploring he parameer space o
irs-order phase ransiions wih he Sound Shell

Model

Content
Cosmological firs-order phase ransiions can generae sochasic graviaional wave backgrounds
ha provide a window ino he early universe a he elecroweak scale. Te upcoming Laser In-
ereromeer Space Anenna (LISA) will be sensiive o he mHz requency band o hese gravi-
aional waves, providing a probe o physics beyond he Sandard Model (BSM). Exracing he
phase ransiion parameers and inerring he underlying BSM heory is a challenging ask, as i
requires comparing observaions o heoreical predicions across a high-dimensional parameer
space. However, running a ull latice simulaion or each parameer poin is prohibiively expen-
sive.

We address his challenge using he Sound Shell Model, a compuaionally efficien semi-analyical
ramework ha reproduces he resuls o latice simulaions or inermediae-srengh ransiions.
We exend he Sound Shell Model by incorporaing addiional key physical effecs, including varia-
ions in he sound speed ha change he underlying bubble hydrodynamics, and hermal suppres-
sion o bubble nucleaion and he finie lieime o he acousic source, which broaden he validiy
o he model across he parameer space.

Tese developmens provide a as and flexible ramework or modeling sochasic graviaional
wave signals rom phase ransiions. In his alk, I will show how his improved modeling changes
he predicions or previously published benchmark models. We have implemened his modeling
in he open-source uiliies Pools and PPlo. Tis enables likelihood-based parameer inerence
wih LISA, and direc experimenal ess o BSM scenarios a he elecroweak scale.
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Asymmeric Reheaing o Dark ED

Content

Te reheaing epoch ollowing inflaion ses he iniial condiions
or he subsequen hermal hisory o he Universe, bu remains
largely unconsrained prior o Big Bang nucleosynhesis. In many
exensions o he Sandard Model, he inflaon may decay
simulaneously ino visible and hidden secors, leading o
non-sandard cosmological hisories. One possibiliy is an
asymmeric reheaing in which unequal amouns o energy are
deposied in he visible and dark secors, resuling in differen
emperaures and poenial enropy exchange beween hem. In his
alk, I will sudy asymmeric reheaing in a simple and insrucive
hidden secor ramework: dark ED, consising o a Dirac ermion
dark mater candidae charged under a dark U(1)′ gauge symmery and
a massive dark phoon coupled o he visible secor via kineic
mixing. A cenral par o he discussion will be he hermalisaion
o dark ED aer inflaion, during reheaing. I will ocus on
hermalizaion in he weak-coupling and iniially under-occupied
regime. I will hen discuss he evoluion o he emperaure raio
during he reheaing process. I will finally explore he
implicaions or hermal dark mater producion, highlighing viable
regions o parameer space where dark mater is hermalized a a
emperaure differen rom ha o he Sandard Model.
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Beyond ΛCDM: A Roaional-Torque Framework or
Cosmological Redshif and ISO Trajecories

Content

Absrac:
Te sandard Lambda-CDM cosmological model aces mouning pressure rom persisen anoma-
lies: he H_0 ension, large-scale CMB anisoropies (he “Axis o Evil”), and he “Impossible Early
Galaxy” problem (e.g., JADES-GS-z14-0). In his work, we propose a roaional–orque-based
ramework ha reinerpres cosmological redshi as a composie phenomenon. Raher han purely
meric expansion, we posi ha redshi includes a cumulaive dynamical componen induced by
large-scale roaional moion and associaed orque effecs on phoon propagaion.
Cenral o his model is he asserion ha global angular dynamics influence he rajecory and
energy o boh phoons and high-velociy baryonic mater. We demonsrae ha his ramework
naurally accouns or he anomalous rajecories and hyperbolic excess speeds observed in iner-
sellar objecs (ISOs) such as 1I/Oumuamua and 2I/Borisov, suggesing hese bodies serve as local
racers o a larger, orque-driven cosmic flow.
By replacing Dark Energy wih a orque-induced perurbaive erm, his model provides:
• A Resoluion o he H0 ension: Te “expansion” rae becomes direcion-dependen, explaining
he discrepancy beween early-CMB and lae-universe local measuremens.
• Acceleraed Srucure Formaion: Global voriciy provides he iniial “kick” required or he
rapid assembly o massive galaxies a z > 14.
• Anisoropic Signaures: I provides a physical basis or he alignmen o CMB mulipoles along
a preerred cosmic axis.
We provide quaniaive predicions or he arrival vecors o uure 4I candidaes and sugges spe-
cific redshi-correcion acors or upcoming surveys ha could validae his roaional paradigm
over he expanding-space model.
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Abstract ID : 245

The specrum o axions in a scaling sring nework

Content
Cosmic srings ormed aer Peccei–Qinn symmery breaking are expeced o radiae axions
hroughou heir evoluion, playing a cenral role in deermining he axion relic abundance and
guiding experimenal searches. A precise undersanding o he sring nework dynamics and he
resuling axion specrum is hereore essenial.

In previous work, we esablished ha axion sring neworks exhibi sandard scaling, wih an ap-
proximaely consan number o srings per horizon volume. Here, we ocus on he axion emission
specrum, analyzing all componens o he axion curren and heir unequal-ime correlaors. Tis
allows us o disenangle he conribuions rom propagaing axions and sring-bound fields, show-
ing ha earlier esimaes based solely on he imelike curren componen overesimae he radiaed
specrum by abou 30%.

Our resuls indicae ha axion emission rom a scaling sring nework is close o scale-invarian,
wih he specrum approaching a universal orm. We will also presen a deerminaion o he
axion number densiy produced rom srings. Tese findings provide improved heoreical inpu
or axion dark mater predicions and help refine he inerpreaion o experimenal searches.
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Sysemaic uncerainies in opimal de-lensing o
CMB B modes wih cross-corrlaion o CMB and

galaxy survey

Content

In he era o high-precision Cosmic Microwave Background (CMB) anisoropy measuremens, de-
ecion o primordial graviaional waves (PGWs) will be one o he main goals o curren CMB
experimens. Deecion o a divergence-ree (B-mode) componen in CMB polarisaion will provide
direc evidence o inflaionary PGWs in he early universe. However, weak graviaional lensing o
CMB phoons due o inervening mass disribuions o he Universe disors he primordial polari-
saion paterns, inroducing an addiional lensing-induced B-mode signal. Removing hese lensing-
induced B-modes is essenial or improving consrains on he ampliude o PGWs. In his work, we
es a omographic delensing mehod on simulaions o he Rubin Observaory LSS galaxy caa-
logue and Simons Observaory (SO) CMB maps. A significan improvemen in delensing efficiency
is achieved by using a muli-racer approach, where we spli he galaxy daase ino omographic
redshi bins. However, uncerainies in phoomeric redshi measuremens pose a problem or op-
imal weighing o he racers. We explore he impac o phoomeric redshi errors wih realisic
simulaions and build a pipeline o propagae hese uncerainies o consrains on he ampliude
o primordial graviaional waves. Addiionally, we explore consrains on he galaxy bias,b(z),
and he ampliude o mater flucuaions parameer,σ8, hrough omographic cross-correlaions
using realisic simulaions o phoomeric measuremens rom LSS 10-year daases.
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Ligh scalar ields on a curved background and heir
inluence on he dynamics o galaxies.

Content

We consider wo exended heories o graviy involving non-minimally coupled scalar fields and
invesigae heir influence on galacic scales. o do so, we linearise he equaions o moion or he
scalar fields, accouning or heir dependence on curvaure scalars. In his way, we recover known
resuls and are able o exrac he modificaions over Einsein graviy due o he presence o he
addiional scalar field. We repea his analysis or he case where he couplings o curvaure erms
are generaed a he one-loop level, and hese couplings are idenified rom a sel-consisen calcu-
laion o he quanum effecive acion. We show in all cases ha he non-minimal couplings o he
Ricci scalar lead o shis in he poenial minimum o he scalar field, such ha he modificaions
o graviy known o occur in scalar-ensor heories can arise ubiquiously in any exension o he
SM wih addiional and sufficienly ligh scalar fields.
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From cuting rules o a minimal EFT or lepogenesis,
dark mater, and neurino masses

Content

Using he CP symmery and uniariy as a saring poin, we consruc a minimal se o effec-
ive operaors simulaneously accouning or he dark mater relic abundance and he mater-
animater asymmery o he Universe. Neurino masses are generaed via he Weinberg opera-
or wihin a concree realizaion o baryogenesis hrough lepogenesis. Remarkably, he Sandard
Model paricle conen needs o be exended by only wo new fields, a heavy Majorana ermion
and a ligh scalar dark mater candidae, conneced hrough a single poral operaor o explain all
hree phenomena.
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Konorovich-Lebedev-Fourier Space or de Siter
Correlaors

Content

Te sudy o lae ime correlaion uncions on op o a de Siter
background is o prime ineres in primordial cosmology.
Due o he non-conservaion o energy, heir evaluaion represen a
significan echnical challenge and heir mahemaical srucure remains
unclear. In his alk, I will propose a new
direcion o address boh o hese issues by inroducing a
requency-momenum space represenaion arising rom he decomposiion ino
uniary irreducible represenaions o he space-ime isomery group
SO(1,d+1), which rades he amiliar (d+1)-dimensional Fourier space or
he Konorovich-Lebedev-Fourier (KLF) space. A he non-perurbaive
level, I will show ha he de Siter Kallen-Lehman represenaion direcly
ollows rom he decomposiion o he wo-poin uncion ino KLF modes.
A he perurbaive level, I will presen how his ormalism ge rids
o he nesed ime inegrals and allows us o simply evaluae some simple
loop diagrams.
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Probing spaial curvaure and cosmic disance
ladders model-independenly: curren saus and

orecass

Content
Model-independen approaches have gained increasing atenion as powerul ools o invesigae
persisen ensions beween cosmological observaions and ΛCDM predicions. Building on our
previous work, MNRAS 523 (2023) 3, 3406-3422, we presen a ollow-up analysis o he model-
independen calibraion o boh he local and inverse disance ladders using cosmic chronomeers
(CCH) daa and he Gaussian Processes echnique. We consrain he SNIa absolue magniude, M ,
and he comoving sound horizon a he baryon-drag epoch, rd, while simulaneously deriving a
measuremen o he spaial curvaure parameer, Ωk , using CCH wih DESY5 and DESI DR1/DR2.
Our resuls show a compaibiliy wih a fla universe a ∼ 1.7σ, weaker han ha observed wih
Panheon+ SNIa, while he ladders calibraors read M = −19.324+0.092

−0.095 and rd = (144.00+5.38
−4.88)

Mpc. As curren uncerainies limi our abiliy o arbirae he Hubble ension, we presen or he
firs ime a orecas analysis or he riad (M,Ωk, rd) o explore he consraining power o our
mehodology wih uure SNIa, CCH, and BAO observaions rom surveys such as LSS, Euclid,
and DESI. We find ha, in an opimisic scenario, upcoming daa will improve agnosic consrains
on he ladder calibraors - M by ∼54%, rd by ∼66% - which enable us o consrain H0 a a 2% level.
Precision on Ωk will increase by ∼ 50
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Abstract ID : 251

No so Minimal Warm Inlaion

Content

An axion-like inflaon coupled o non-Abelian gauge bosons provides a compelling microphysi-
cal ramework or warm inflaion. Saring even rom cold iniial condiions, in hese sysems,
sphaleron heaing may generae hermal ricion sufficien o susain finie emperaures hrough-
ou he inflaionary epoch. Insising on shi-symmeric poenials, in his work we revisi he
viabiliy o hese scenarios under he designaion o Minimal Warm Inflaion. We examine boh
observaional consrains and model-building limiaions on models wih a hierarchy beween he
decay consans appearing in he ricion rae and in he inflaon poenial. We conclude ha he
popular clockwork mechanism canno generae he required hierarchy; however, parial-wave uni-
ariy bounds admi effecive descripions
ha remain consisen wih observaions.
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From Cosmic Tensions o Fundamenal Physics: A
New Phase Transiion in he Early Universe

Content

I will discuss how emerging observaional ensions can be inerpreed as signs o new dark-secor
microphysics. In paricular, I will presen a model in which a symmery-breaking phase ransiion
reheas he dark secor aer Big Bang nucleosynhesis, wih dark mater coupled o dark radiaion
hrough a gauge orce. Tis ineracion generaes dark acousic oscillaions on scales close o he
baryon acousic scale, leaving a disincive and esable imprin in he mater power specrum.
Te same physics also offers an early-Universe alernaive o evolving dark energy as a way o
addressing recen anomalies in lae-ime cosmological daa.
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DES Y6: The Weak Lensing and Galaxy Clusering
Analysis Framework

Content

Te Dark Energy Survey Year 6 (DES Y6) represens he final and mos saisically powerul daase
rom DES, enabling sub-percen level cosmological consrains rom weak lensing and galaxy clus-
ering. We presen he mehodology underpinning he cosmic shear, 2×2p, and 3×2p analyses,
ocusing on he novel design choices ha make his pipeline boh robus and orward-looking.
Key mehodological conribuions include a principled scale-cu ramework ha joinly accouns
or baryonic eedback and non-linear galaxy bias uncerainies, and a validaion sraegy based on
mock daa and simulaions ha explicily addresses poserior projecion effecs, criical or unbi-
ased inerence in high-dimensional parameer spaces. We also presen he heoreical covariance
marix ramework and sysemaic miigaion prescripion adoped or boh ΛCDM and wCDM
analyses. Beyond DES Y6, his ramework is designed wih direc applicabiliy o nex-generaion
surveys such as Rubin/LSS, making i a reerence mehodology or he coming era o sage-IV
weak lensing cosmology.
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Novel cosmological signaures o gravions o
phoons and axions o phoons conversion in he

early universe

Content

Circular polarizaion in he cosmic microwave background (CMB) offers a promising probe o he
pariy-violaing physics o he early Universe. In his paper, we propose a novel mehod o con-
srain he primordial circular polarizaion o high-requency graviaional waves (GW) in he GHz
range. An efficien conversion o gravions o phoons in a ransverse cosmological magneic field
a he epoch o las scatering can generae excess chiral phoons i he GW background is chi-
ral in naure. Tis excess radiaion disors he CMB hermal black-body specrum, which can be
esimaed by measuring he V-Sokes parameer in he CMB polarizaion. Using curren upper lim-
is on he angular power specrum o circular polarizaion rom he CLASS, MIPOL, and SPIDER
experimens, we obain he mos sringen consrains on he characerisic srain and circular po-
larizaion o he isoropic background o sochasic GWs a 40 GHz and 150 GHz, respecively. Our
work, hereore, provides an ineresing possibiliy o consrain he circular polarizaion o high-
requency GWs using he V-mode polarizaion measuremens o CMB. Moreover, conversion o
axions or axion-like paricles (ALPs) o phoons in a helical magneic field exising prior o he
CMB epoch can generae an excess populaion o phoons carrying ne circular polarizaion. Con-
sequenly, measuremens o he CMB circular polarizaion can be used o consrain he parameer
space o ALP mass and is coupling o phoons.
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Axion Deecion Wih Coiled Opical Fibers

Content

We propose a novel inereromeric approach o axion searches based on long, coiled opical fibers
in an exernal magneic field. Considering fiber boundary condiions and bending, I will show ha
in silica fibers he leading signal is a phase shi o he phoon. A key observaion is ha he axion
field will effecively ge confined along he fiber, despie no direc ineracion beween axions and
he fiber maerial. In conras, here exis parameer regions where axion leakage occurs. Due o
his, I will show ha hollow-core fibers wih a reracive index close o uniy can yield significanly
enhanced signals. Tese seups have he poenial o se new consrains, especially in he regime
o large axion mass.
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Consraining Beyond-CDMModels wih an Effecive
Theory o he Lyman-α Fores

Content

In he age o precision cosmology, mapping he large-scale srucure o he universe has he poen-
ial o reveal pieces o he puzzle ha is he naure o dark mater. Mos deviaions rom sandard
cold DM (CDM) models are confined o cosmologically small scales o no violae exising con-
srains. Tus, here is a undamenal need o have accurae models o he non-linear ormaion o
srucures in beyond-CDM models. Tereore, we presen a ramework in he spiri o he effecive
field heory o large-scale srucure (EFoLSS) describing observaions o he Lyman-α ores and
es is applicabiliy o beyond-CDM models o DM. We ocus on mixed Ho/Warm + Cold DM
models, and presen a sysemaic sudy o he saisical power o his effecive approach, wih
he goal o quaniying is predicabiliy regarding beyond-CDM models. Moreover, we discuss is
applicabiliy o observaional daa on he larges Lyman-α scales as measured by BOSS and DESI,
and he possible challenges his enails.
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Effecs o dark energy in srucure ormaion

Content
We presen an exension o he spherical op-ha collapse model in a cosmological ramework
where he dark secor is composed o wo ineracing scalar fields. In his seup, one scalar field
exhibis rapid oscillaions on cosmological imescales and is inerpreed as a viable dark mater
candidae, while he second scalar field evolves smoohly and represens dark energy in he orm
o eiher a canonical quinessence field or a non-canonical phanom field.

We develop a generalized op-ha–like model o invesigae he graviaional collapse o a slighly
overdense spherical region in he presence o such a coupled dark secor. Paricular atenion is
given o he role o non-minimal coupling beween he scalar fields and is impac on he dynamics
o collapse.

Our analysis demonsraes ha he behavior o dark energy during collapse is highly sensiive
o he coupling srengh. Specifically, we find ha dark energy can exhibi boh clusered and
unclusered behavior depending on he magniude o he ineracion. Tese resuls provide new
insighs ino he role o dark energy in nonlinear srucure ormaion and highligh he imporance
o dark secor ineracions in shaping cosmic evoluion.
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Abstract ID : 258

Inlaion rom Pure Geomery: Precision Cosmology
in R+R²−W² Graviy

Content

Sarobinsky’s R + R2 model provides a compelling descripion o cosmic inflaion, and is ob-
servaional suppor has esablished i as a benchmark or model comparison. However, a he
same order in he local curvaure expansion, an effecive heory o spaceime geomery naurally
includes he Weyl-squared invarian W 2, making R + R2−W 2 he minimal purely gravia-
ional heory o inflaion a quadraic order. In his alk I presen he inflaionary predicions o
his heory, adoping a sel-consisen approach ha avoids spurious degrees o reedom ypically
arising in higher-curvaure graviy. We compue primordial observables in he Jordan rame up o
nex-o-nex-o-nex-o-leading order (N3LO) in he slow-roll expansion, providing high-precision
predicions or upcoming CMB observaions.
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Abstract ID : 259

Targe Selecion o Subaru PFS Cosmology Survey

Content

Te Subaru Sraegic Program PFS Cosmology Survey sared observaion rom 2025. I will inro-
duce he science, arge selecion o his survey and he major progress we have.
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Ulra-High-Energy Neurinos, Primordial Black
Holes, and Implicaions or he 21-cm Signal

Content
In his alk, we will invesigae he origin o he ulra-high-energy neurino even KM3-230213A
(∼220 PeV) and he high-energy flux observed by he IceCube Observaory wihin a unified rame-
work in which superheavy dark mater (DM) is produced via primordial black hole (PBH) evapora-
ion and subsequenly decays ino neurinos. We will discuss consrains on he PBH iniial abun-
dance parameer as a uncion o he iniial PBH mass and he DM mass, requiring consisency
wih he observed relic DM densiy. Te resuling neurino flux demonsraes ha DM masses
in he PeV–EeV range can accoun or boh KM3-230213A and IceCube evens wihou invoking
accompanying mulimessenger signals, while remaining consisen wih curren cosmological and
asrophysical bounds.

We will urher discuss he impac o quanum memory burden effecs on he allowed parameer
space, highlighing poenial shis in he viable regions. As an addiional implicaion, we will also
discuss he effec o ulra-high-energy neurino producion rom PBH evaporaion on he global 21-
cm brighness emperaure, hereby esablishing a novel connecion beween high-energy neurino
observaions and cosmological probes o he early Universe.
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The pos-inlaionary axion mass in a minimal
scaling model

Content

We calculae he dark mater axion mass in he pos-inflaionary scenario in a minimal model wih a
se o numerical simulaions on 122883 grids, he larges o dae. Te minimal model conains only
one exra scalar field which breaks he Peccei-Qinn U(1) symmery a a emperaure fa ∼ 1011

GeV, creaing a sring nework, which is assumed no o have a Sandard Model Higgs condensae
in he sring core. Te srings become he boundaries o domain walls a he CD ransiion, which
draw he srings ogeher and annihilae hem. Te decay o he srings and domain walls leaves
behind axions, which can consiue par or all o he dark mater. We repor on he measuremens
o he comoving axion number densiy ollowing he collapse o he sring-wall sysem, and give
an accurae esimae o he dark mater axion mass in he scaling scenario.
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Abstract ID : 262

Probing he absolue neurino mass wih PTOLEMY

Content

Deermining he absolue neurino mass scale remains a cenral challenge in cosmology and pari-
cle physics. Te POLEMY experimen is designed o address his hrough precision specroscopy
o riium bea decay. We will ouline he experimenal concep, ocusing on wo key innovaions:
a high-puriy riium arge bound o graphene, and a novel, compac elecromagneic filer ha
reduces he kineic energy o bea elecrons or high-resoluion measuremen. We will discuss he
projeced sensiiviy o sub-eV neurino masses and he implicaions or cosmology and paricle
physics.

Other topic / keywords:

neurino mass

Author: DE GROO, Nicolo (Radboud Universiy and Nikhe Naional insiue or subaomic physics
(NL))

Presenter: DE GROO, Nicolo (Radboud Universiy and Nikhe Naional insiue or subaomic
physics (NL))

rack Classification: Neurinos

Contribution ype: alk

Status: SUBMIED

rack Reviews:

Neutrinos:

Judgments: Posiive: alk

Reviews:

GERBINO, Marina: Accept: alk • 4.0

Abstract rating 4

Submited byDEGROO,Nicolo <nicolo.de.groo@cern.ch> onTursday, 30April 2026

May 14, 2026 Page 426



Cosmo-26 / Repor o Absracs Imprins o helical primordial mag …

Abstract ID : 263

Imprins o helical primordial magneic ields on
pariy-violaing cosmological saisics

Content

Primordial magneic fields are well moivaed by he observaions o he cosmic magneic fields
on various scales and have been atracing atenion as a possible origin o he large-scale mag-
neism in he Universe. Several sudies have also suggesed ha inergalacic magneic fields may
possess heliciy, corresponding o an asymmery beween he righ- and le-handed componens.
Since primordial magneic fields can leave imprins on muliple observables, including he cos-
mic microwave background and galaxy disribuions, hey provide a phenomenological window
ino pariy-violaing physics in he early Universe. In his alk, we ocus on pariy-violaing sig-
naures in cosmological observables, in paricular he rispecrum. We compue he rispecrum
o he passive mode, which is he curvaure perurbaion induced by scale-invarian helical pri-
mordial magneic fields on superhorizon scales, and evaluae is ampliudes in Fourier space. We
show ha he rispecrum is enhanced in he collapsed limi in equilaeral configuraions. Using
curren observaional consrains on he local-ype rispecrum, we derive a rough upper bound
on he helical-o-non-helical raio, defined as he raio o he ampliudes o he helical and non-
helical magneic-field power specra. Finally, we will also discuss he preliminary resuls or he
EB correlaion o galaxy inrinsic alignmens sourced by helical primordial magneic fields, which
may provide a complemenary observaional probe o pariy-violaing signaures rom primordial
magneism.
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Abstract ID : 264

Equaion o sae during (p)reheaing wih rilinear
ineracions

Content

We sudy he pos-inflaionary evoluion o he equaion o sae rom he end o inflaion o he
onse o radiaion dominaion. Focusing on single-field inflaion models, we consider an inflaon
field ha has a quadraic poenial near he minimum and is coupled o a massless scalar field via
a rilinear ineracion. Te early preheaing phase —dominaed by resonance processes and non-
linear dynamics —is analysed using numerical latice simulaions. We hen combine hese resuls
wih an effecive reamen o he lae reheaing sage by solving a se o Bolzmann equaions
o reconsruc he complee pos-inflaionary expansion hisory. Tis combined approach yields
improved predicions or he inflaionary CMB observables, he specral index and he ensor-
o-scalar raio. We urher compue he redshi o he sochasic graviaional wave background
generaed during preheaing and find ha is ampliude is suppressed by many orders o magniude
compared o previous esimaes.
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Non-linear Relaivisic Cosmology on he Observer’s
Pas Ligh-Cone

Content

Wih high-precision daa abou o be delivered by large-scale surveys, he developmen o higher-
order perurbaive descripions o cosmological observables is becoming increasingly imporan.
Te Geodesic Ligh-Cone coordinaes provide a naural ramework or his purpose, as hey are
specifically adaped o he observer’s pas ligh-cone and allow or a non-perurbaive descripion
o ligh propagaion in an inhomogeneous Universe.
In his alk, I will firs review how hese coordinaes are defined. I will hen describe a cosmolog-
ical perurbaion heory consruced direcly on he observed pas ligh-cone up o second order,
using a ully gauge-invarian approach. Tis ramework enables he consisen compuaion o
higher-order correcions o cosmological observables in General Relaiviy as well as in modified
graviy and dark energy scenarios.
I will ocus on non-linear relaivisic effecs on he redshi, he luminosiy disance, and he red-
shi dri by combining analyical and numerical resuls, and discussing abou heir validiy also
or cosmological models beyond LambdaCDM. In paricular, I will demonsrae ha, unlike widely
sudied observables such as he galaxy number couns, he bispecrum o he redshi dri is inher-
enly more sensiive o non-linear effecs han is wo-poin saisics.
[Based on JCAP 03 (2026) 075 and arXiv:2604.26690]
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Fermion (non)reheaing in a quaric inlaon
poenial

Content

Any viable inflaionary model mus accoun or reheaing o he universe prior o he onse o
primordial nucleosynhesis. In his work, we sudy he (p)reheaing mechanism or an inflaon
field wih a quaric minimum o he -model kind wih coupling λ, prior o and pos ragmenaion,
making a clear disincion beween he wo regimes. We assume ha he main paricle producion
channel corresponds o he decay ino a pair o spin 1/2 ermions via Yukawa-like ineracions. On
op o is decays, we also consider he sel-ineracion o he inflaon, which sources he resonan
growh o inflaon inhomogeneiies, possibly leading o is evenual ragmenaion. By means o a
combinaion o non-perurbaive (Heisenberg/Bogoliubov) and perurbaive (Bolzmann) mehods,
we find ha or Yukawa couplings ha seemed o be inuiively perurbaive, such as y
gtrsim10−8 (y2/λ
gtrsim3× 10−5), parameric resonance, kinemaic blocking, and Pauli suppression effecs canno
be ignored. \excolor{red}{Addiionally, we show ha achieving ρϕ ∼ ρψ prior o ragmenaion
requires large couplings, y
gtrsim0.2 (y2/λ
gtrsim1010), which needs a deailed sudy o backreacion and radiaive correcions. Tus he res
o our work consiues sudying pos-ragmenaion ermion producion where we conclude ha,
in general, reheaing in his seup is no possible and hus we conclude ha in order o successully
rehea, one mus invoke a coupling o a ineger- and/or 0-spin paricle like a scalar boson.
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Oscillaory Signaures in Primordial Graviaional
Waves rom Double Sine-Gordon Inlaion

Content
Te imprin o inflaion on primordial graviaional waves remains one o he mos promising
probes o he early Universe, offering a poenial observaional window ino physics a oherwise
inaccessible energy scales. In his sudy, he impac o non-rivial inflaionary poenials on he
primordial ensor power specrum is invesigaed wihin he ramework o sandard single-field
inflaion in General Relaiviy (GR).

A class o models based on he Double-Sine-Gordon (DSG) poenial is considered,
\begin{equaion}
V(\phi) = \alpha \cos(N\phi) + \bea \cos(2N\phi),
\end{equaion}
where ϕ denoes he inflaon field, while , , and N are ree parameers conrolling he ampli-
ude o he harmonic conribuions and he characerisic requency o he oscillaory srucure.
In his model, an inrinsic oscillaory srucure exends convenional cosine-based scenarios. Em-
ploying he slow-roll approximaion, he background dynamics are analyzed, and he resuling
ensor power specrum is compued as a uncion o he comoving wavenumber \(k\).

Te DSG poenial is ound o induce small bu sysemaic deviaions rom scale invariance, mani-
esing as conrolled oscillaory modulaions in he ensor specrum. Te ampliude and requency
o hese eaures are direcly governed by he model parameers, esablishing a connecion beween
he inflaionary poenial and observable quaniies.

Such oscillaory signaures may leave imprins in he sochasic graviaional wave background,
poenially wihin he sensiiviy range o uure deecors such as LISA and he Einsein elescope,
as well as Cosmic Microwave Background (CMB) polarizaion missions. Tese resuls sugges
ha even minimal exensions o he inflaionary poenial may lead o poenially disinguishable
observaional signaures, providing a possible avenue or probing he srucure o he inflaionary
landscape.
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Abstract ID : 268

Effecive ield heory o in-in correlaors

Content

Equal-ime in-in correlaion uncions are imporan observables or cosmological models and
quanum field heories. In his alk, I will firs explore how he Wilsonian renormalizaion group
and effecive field heory (EF) apply o hese observables in boh fla and de Siter space. Specifi-
cally, maching he UV and IR requires addiional erms no capured by convenional EF. Tese
erms are localized a he ime o he measuremen, and (semi-)local in space. Explici examples
show how maching is done in fla spaceime, and ha in de Siter spaceime hese erms red-
shi away, wih suspeced remnan effecs on waveuncion coefficiens. I will hen discuss hese
erms rom a Schwinger-Keldysh pah inegral poin o view, and sudy heir roles in he influence
uncional, making connecions o he evoluion o he densiy marix. Some uure works will be
discussed a he end.
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Field-level vs summaries: convergence o
inormaion in non-Gaussian densiy ields

Content

Sandard analyses o galaxy clusering rely on summary saisics such as he power specrum and
bispecrum, bu exending o higher-order n-poin uncions quickly becomes inracable. Field-
level inerence (FLI) offers an alernaive by orward-modeling he galaxy densiy field and ex-
plicily employing he ull join poserior o he iniial condiions, cosmological parameers, and
bias parameers given he daa. We consider a simplified scenario in which analyical predicions
a he field level are possible, enabling a direc and conrolled comparison wih n-poin saisics.
Wihin he ramework o he Effecive Field Teory o Large-Scale Srucure (EFoLSS), we de-
scribe galaxy clusering wih a finie se o effecive parameers and consruc summary saisics
rom auo- and cross-correlaions o powers o he observed densiy field, providing an efficien
means o incorporaing higher-order inormaion. Tis approach allows us o assess he relaive
inormaion conen and robusness o field-level and n-poin analyses. Te same ramework can
be exended o more complex orward model, such as hose including primordial non-Gaussianiy
or addiional bias operaors, paving he way or esing new physics.
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Ambiguiies and uncerainies in graviaional dark
mater producion

Content

Te persisen absence o non-graviaional dark mater signals has increased ineres in candidaes
ha inerac exremely weakly wih he Sandard Model—i a all. (Non-perurbaive) graviaional
paricle producion provides an unavoidable mechanism or generaing such dark mater via he
expansion o spaceime. However, predicing he exac relic abundance is subjec o significan
heoreical ambiguiies ied o he ramework o F in curved spaceimes, as well as uncerainies
coming rom inflaionary and reheaing dynamics.
In his alk, I will presen an overview o hese uncerainies based on recen resuls or scalar
and vecor specaor fields across differen inflaionary backgrounds. Tese ambiguiies become
especially problemaic or masses below he scale o inflaion due o achyonic insabiliies and
he non-adiabaiciy o he field modes. Since his regime is o paricular ineres or oher non-
hermal producion mechanisms, such as reeze-in, i is crucial o address hese concepual and
echnical challenges o ensure a robus phenomenological approach.
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Abstract ID : 271

From la space o de Siter cosmological correlaors

Content
Te generaion o primordial densiy inhomogeneiies rom inflaon quanum flucuaions is a
crucial predicion o inflaion. Te correlaion uncions o hese flucuaions, called cosmological
correlaors, can be sudied in a perurbaive ramework where he quanum flucuaions can be
described as quanum fields ha propagae in a de Siter space-ime. However, his propagaion
has a complex ime and kinemaic dependence due o broken Lorenz invariance.

In his alk, I will show how an inegral ransorm allows one o express he mode uncions ha
encode propagaion o quanum fields in de Siter in erms o heir fla-space counerpar, which are
plane waves. Ten, his inegral ransorm can be used o wrie any cosmological correlaor rom
he corresponding fla-space one, by applying a suiable linear ransorm on he kinemaic variables
and inegraing over he ransormaion variables. In paricular, I will illusrae his consrucion
wih a undamenal example, ha is he exchange o a single massive paricle during inflaion.
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Exra Dimensions Revive Cosmic Srings in Pulsar
Timing Arrays

Content

Cosmic srings are a well-moivaed source o sochasic graviaional-wave backgrounds (SGWBs),
bu curren pulsar iming array (PA) daa are oen inerpreed as avoring he supermassive black
hole binary scenario over he sandard Nambu–Goo sring SGWB emplae. In his alk, I will
show ha his conclusion can change once cosmic srings are allowed o explore exra dimensions.
Te key effec is ha exac cusps are no longer generic and are insead replaced by near-cusp
evens. Te modified beaming and phase space o hese evens reshape he PA-band specrum
raher han simply rescaling is ampliude. I will presen a phenomenological model o his effec
and is preliminary conronaion wih NANOGrav daa hrough Bayesian inerence. Te resuls
sugges ha exra-dimensional dynamics may reopen cosmic srings as a viable inerpreaion o
he nanoherz SGWB.
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Abstract ID : 273

Perurbaive Modeling o Mixed Dark Mater
Cosmologies

Content

Large-scale srucure is a powerul probe o dark mater beyond he sandard cold paradigm, since
even a subdominan warm componen can leave observable signaures hrough is ree-sreaming
effecs. In mixed dark mater cosmologies, where cold and warm componens evolve joinly, hese
effecs generae no only oal densiy flucuaions bu also relaive densiy and velociy perur-
baions ha can leave disinc imprins on galaxy clusering. I presen a perurbaive ramework
o describe hese signaures using a wo-fluid reamen o cold and warm dark mater. In recen
work (arXiv:2508.21481), we derived he linear soluions or he coupled sysem and showed ha
he relaive modes induce new conribuions o he galaxy bias expansion. Including hese effecs,
I compued he linear galaxy power specrum in boh real and redshi space and perormed Fisher
orecass or DESI and PFS, showing ha neglecing relaive perurbaions can significanly bias
consrains on he warm dark mater racion, paricularly or ligh warm relics. I will hen presen
ongoing work, now nearing compleion, ha exends his ramework beyond linear order by incor-
poraing he nonlinear evoluion o mixed dark mater perurbaions ogeher wih he associaed
relaive-mode bias conribuions. Tis yields a more accurae and sysemaically improvable de-
scripion o galaxy clusering across a wider range o scales and srenghens he inerpreaion o
upcoming survey daa in searches or non-sandard dark mater.
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Enhancemen o axion-densiy power specrum via
CD phase ransiion

Content

We presen an enhancemen o axion densiy power specrum during he CD phase ransiion.
Te axion-radiaion coupling ogeher wih he sel-ineracion leads o an enhancemen o he
power specrum on horizon scales during he phase ransiion. We evaluae he axion densiy
power specrum a he end o he CD phase ransiion and show a pronounced enhancemen or
he hillop iniial condiions.
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Abstract ID : 275

Dark secor models wih a vanishing speed o sound

Content

We develop a field heory descripion o he dark secor, consruced under he requiremen o
having a vanishing fluid sound speed so as no o spoil cosmic srucure ormaion. Te orm
o he field heory naurally arises in ransverse diffeomorphism invarian scenarios, in which
case he dark secor is unified ino a single scalar field. Aer a sysemaic model selecion, we
classiy he resuling amilies ino adiabaic and non-adiabaic fluids. We find ha, in general, he
adiabaic amilies exacly reproduce he ΛCDM dark secor, while he non-adiabaic amilies admi
he inerpreaion o an ineracing dark mater and vacuum energy.
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Abstract ID : 276

A ramework or efficien map-based simulaions o
miigae insrumenal sysemaics or CMB surveys

Content
Te curren and uure observaions o he CMB are expeced o reach unprecedened sensiiviy
o place sringen consrains on boh cosmological parameers and undamenal physics. Te
ground-based Simons Observaory Large Aperure elescope sared observaions las year, and
will provide he mos sensiive small-scale CMB measuremens. A igh conrol over insrumenal
sysemaics is criical, hrough he assessmen o heir impac as well as heir miigaion.

In his alk, we propose a new generalized ramework o efficienly simulae sysemaics a he map
level, along wih he Pyhon package smaries opimized o handle high resoluion simulaions.
As a firs applicaion, we demonsrae ha our resuls are in agreemen wih significanly more
numerically expensive end-o-end simulaions or a se o beam-relaed sysemaics. Te abiliy o
efficienly produce large ensembles o such simulaions will allow or more robus cosmological
parameer esimaion rom he power specra o he CMB and graviaional lensing poenial.
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Cosmological analysis o cosmic shear and galaxy
clusering wih he KiDS survey

Content

Weak graviaional lensing has emerged as a compeiive cosmological probe, and i is oen com-
bined wih galaxy clusering o provide consrains on he mater densiy and mater flucuaions o
he Universe. In his alk, I will presen he cosmological analysis o daa rom he Kilo Degree Sur-
vey (KiDS), where we combine saisical measuremens rom galaxy shapes and galaxy posiions
using he laes, ull-survey daa release. Building on he published cosmic shear cosmological re-
suls, I will ocus on deails o he galaxy posiion sample selecion. In paricular, I will presen he
magniude-limied KiDS Brigh sample, bu also inroduce he mehodology or measuring galaxy
clusering using he ull-deph, cosmic shear sample. In addiion, I will presen mehodological
advances such as supplemening he daa wih sellar mass uncion measuremens and using he
halo model or modelling observables, as well as including specroscopic daa in a sandard 3x2
analysis, increasing cosmological inormaion and robusness hrough sel-calibraion.
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Exploring primordial signaures in Large-Scale
Srucure wih GENGARS

Content

Primordial non-Gaussianiy (PNG) provides a unique window ino he naure o inflaion, and
large-scale srucure (LSS) surveys offer a promising roue o sharpen is consrains. While lo-
cal PNG leaves a characerisic imprin on large-scale 2-poin clusering saisics, many well-
moivaed non-local PNG models mainly induce higher-order correlaions, making heir signaures
more difficul o model and deec. Cosmological simulaions are hereore essenial o connec pri-
mordial physics wih lae-ime observables in he nonlinear Universe.
I will presen GENGARS, a ramework o generae non-Gaussian iniial condiions or N-body sim-
ulaions rom arbirary separable primordial bispecra. I will ouline he main idea behind he
mehod, emphasizing how he kernel choice conrols he variance and accuracy o he generaed
correlaion uncions, and describe he prescripion adoped in GENGARS o make he calculaion
compuaionally easible while preserving he arge primordial bispecrum. I will hen discuss
how his pipeline can be applied beyond sandard emplaes, including oscillaory eaure mod-
els, o assess how primordial correlaions propagae ino lae-ime mater and halo saisics. Fi-
nally, I will briefly commen on how his ramework can provide a basis or uure field-level and
simulaion-based inerence applicaions.
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Measuring magneic ields a cosmological disances
wih graviaional lensing

Content
Magneic fields drive galaxy evoluion by shaping he inersellar medium and regulaing sar
ormaion. However, heir origins and cosmic hisory remain obscure. o undersand he evoluion
o magneic fields rom iniial seed fields o well-ordered sysems, resolving he spaial srucure o
hese fields across cosmic ime is essenial. Alhough achievable in local galaxies, his ask becomes
increasingly difficul a high redshi due o limied angular resoluion and ain emission levels.

Srong graviaional lensing provides a unique opporuniy o exend our knowledge o magneic
fields o high redshi. Recenly, we have developed a new pixellaed Bayesian ramework ha
enables us o consrain magneic fields in boh lensing and source galaxies. By combining his
echnique wih high-resoluion daa rom ALMA, we have uncovered a kiloparsec-scale spiral
magneic field in a graviaionally lensed sarburs galaxy a redshi 2.6, demonsraing ha re-
solved magneic field opologies can now be recovered well ino he early Universe. In his alk,
I will discuss how we apply his approach o probe he opology o magneic fields in galaxies
a cosmological disances, as well as he observaional limis and requiremens or a sysemaic
survey o magneic fields across cosmic ime.
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Latice Simulaions o Muliield Inlaion

Content

Te inflaionary period in he early universe provides a widely acceped mechanism or generaing
primordial perurbaions. While some single-field models successully reproduce curren observa-
ions, mulifield models can lead o disinc observaional signaures on scales much smaller han
hose probed by he cosmic microwave background. Mulifield models o inflaion inroduce richer
dynamics, including nonlinear evoluion where sandard perurbaive mehods break down. In his
work, we exend exising numerical echniques o a general mulifield seup. We explore he wa-
erall regime near he end o hybrid inflaion, where achyonic insabiliies lead o as, nonlinear
growh o field flucuaions. Using latice simulaions, we ollow he evoluion o he coupled fields
hrough his regime and compue he resuling curvaure perurbaions. Tese resuls demonsrae
he imporance o accuraely describing mulifield dynamics in nonlinear regimes. In paricular,
hey highligh how nonlinear effecs during he final sages o inflaion can affec curvaure per-
urbaions and poenially leave observaional signaures.
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Large Primordial Flucuaions: Sochasic vs.
Classical δN approaches

Content

Te classical evoluion o fields during a period o acceleraed expansion in he very early universe
(”inflaion”) can esablish an idealised homogeneous and isoropic cosmology. However, quanum
flucuaions ineviably generae inhomogeneiies and anisoropies on all observable scales and
beyond. Te N ormalism provides a powerul ramework o describe he nonlinear curvaure
perurbaion in erms o flucuaions in he duraion o inflaion, N . In is sandard implemena-
ion, N is calculaed using he classical rajecory o find he number o e-olds o inflaion rom
a given field value o he end o inflaion. In conras, he sochasic N ormalism incorporaes
quanum flucuaions as sochasic noise along he rajecory, enabling a non-perurbaive rea-
men o inflaionary dynamics ha can be crucial or rare, large flucuaions. In his work, we
compare he classical and sochasic approaches o sudy he saisics o large curvaure perurba-
ions when coarse-grained a a given lengh scale. Tis is paricularly relevan or calculaions o
primordial black hole ormaion. Using he numerical code PyFP, we compue he disribuion o
curvaure perurbaions rom slow-roll inflaion driven by a quadraic poenial, and perorm a de-
ailed comparison wih he classical N  ormalism, ideniying regimes where quanum diffusion
significanly impacs he probabiliy disribuion o large flucuaions.
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Localized Deecion o Baryon Acousic Oscillaion
Shells in DESI DR1

Content

I presen resuls rom a new local approach o deecing and characerizing Baryon Acousic Os-
cillaions (BAO) in he large-scale disribuion o mater. Te possibiliy o observing individual
BAO srucures in configuraion space was long speculaive unil he Hoʻoleilana candidae (ully
e al. 2023), discovered in he Cosmicflows-4 daase, revealed a single shell-like over-densiy wih
BAO-scale radius. Ta discovery raised he quesion o wheher such eaures are reproducible
cosmological signaures or rare flucuaions, and highlighed he need or sysemaic searches in
much larger and deeper surveys. Our work addresses his quesion by exploiing he unprece-
dened saisical power o modern daases o confirm he sandard BAO shell and o ideniy
individual insances wih high confidence.
We apply a spherical wavele ransorm (Arnale-Mur e al. 2012) o galaxy redshi caalogs, con-
volving hem wih shell-shaped filers anchored on cluser ceners idenified in he DESI Legacy
Surveys opical cluser caalog wih combined spec- and phoo-z (Wen & Han 2024), and racing
surrounding srucure wih specroscopic redshis rom DESI DR1. Our analysis ocuses on he
bes-observed regions o DR1 and on he luminous red galaxy samples LRG1 (0.4 < z < 0.6) and
LRG2 (0.6 < z < 0.8), using o order 100,000 clusers as anchors or poenial BAO ceners. Exensive
ess agains dedicaed mock and randomized caalogs, consruced o reproduce he observaional
properies o boh cluser and galaxy samples while excluding BAO physics, enable us o deec he
ensemble BAO shell signal in configuraion space wih significance greaer han 5σ. Building on
his validaion, we assemble a caalog o individual BAO candidaes, each wih local significances
exceeding 5σ. Te resuling sample comprises roughly one housand large-scale shell-like sruc-
ures, wih abou five hundred candidaes in each redshi bin, and saisical srengh comparable
o or greaer han Hoʻoleilana, demonsraing ha localized BAO eaures are a reproducible aspec
o he cosmic densiy field raher han isolaed curiosiies.
Raher han replacing he radiional wo-poin correlaion uncion (2PCF), our mehod provides a
complemenary, objec-based descripion o BAO. While he 2PCF yields a volume-averaged acous-
ic scale, he wavele approach delivers localized measuremens o ceners, radii, and radial profiles,
enabling direc sudies o environmenal dependence, anisoropies, and redshi evoluion. Tis lo-
calized characerizaion opens new possibiliies or cosmological inerence, including consisency
ess, independen probes o H(z) and H0 rom sacked and individual BAO deecions, ess o
large-scale homogeneiy and isoropy, and improved conrol o sysemaics associaed wih spa-
ial averaging.
In his alk, I will presen he mehodology, represenaive deecions o boh sacked and individ-
ual BAO shells, he saisical validaion ramework, and he implicaions o localized BAO mea-
suremens or uure large-scale srucure analyses wih DESI, Euclid, 4MOS, and relaed surveys.
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Geomeric Z’: Dark Mater, and Black Hole Probes

Content

In his alk, I will discuss a purely geomeric vecor field arising in meric-Palaini graviy and is
inerpreaion as a possible fih orce. When meric-Palaini graviy is exended by he anisym-
meric par o he affine Ricci ensor ogeher wih a mater secor involving he affine connecion,
he heory dynamically reduces o general relaiviy ogeher wih a massive vecor field o geome-
ric origin. Tis field, idenified as he geomeric couples universally o ermions while remaining
decoupled rom scalars and vecor bosons as a consequence o is geomeric origin. I will discuss
how he geomeric Z’ can serve as a viable dark mater candidae and examine is implicaions or
black hole ormaion. Te alk will highligh how he geomeric Z’ provides a common ramework
or fih orce, dark mater, and black hole physics.

Other topic / keywords:

geomeric Z’, fih orce, dark mater, black hole

Author: PULIÇE, Beyhan (Isinye Universiy)

Presenter: PULIÇE, Beyhan (Isinye Universiy)

rack Classification: Dark Mater; Dark Energy / Modified Graviy

Contribution ype: alk

Status: SUBMIED

rack Reviews:

Dark Energy / Modified Gravity:

Judgments: Posiive: Poser

Reviews:

GARCIA-GARCIA, Carlos: Accept: Poster • 2.0 (Tis submission is beter suied or
DM rack)

Abstract rating 2

GLAVAN, Dražen: Accept: Poster • 1.0 (Tis submission is beter suied or DM rack)

Abstract rating 1

Submited byPULIÇE, Beyhan <beyhan.pulice@isinye.edu.r> onTursday, 30April 2026

May 14, 2026 Page 465



Cosmo-26 / Repor o Absracs Graviaional Waves rom Cosmic …

Abstract ID : 285

Graviaional Waves rom Cosmic Srings wih
Backreacion

Content

Cosmic srings are one-dimensional opological deecs, which are ormed during symmery-breaking
phase ransiions wih a non-simply conneced vacuum maniold. I hey exis, hey are expeced
o generae graviaional waves, which we migh be able o deec wih uure graviaional wave
observaories such as LISA or Einsein elescope. In paricular, local eaures on he srings, such
as kinks and cusps, would produce disincive graviaional waveorms.
Te evoluion o hese srings can be approximaely modelled using Nambu-Goo dynamics, which
can hen be used o calculae he graviaional wave signals hey emi. In previous such calcula-
ions he effec o he graviaional backreacion o he sring ono isel was negleced. However,
since he graviaional sel-orce is paricularly imporan or kinks and cusps we would expec i
o especially affec he graviaional waves produced by hese eaures.
By modelling how simple cosmic sring loops evolve under he effec o heir own graviy we find
ha he graviaional backreacion suppresses he ormaion o cusps. Tis subsequenly leads
o a high-requency cu-off in he graviaional wave signal hey produce, which has imporan
implicaions or deecing such signals wih uure observaories.
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Inrinsic Galaxy Shapes as a Novel Probe o
Cosmology: Primordial Pariy Violaion wih

Inrinsic Alignmens

Content

Inrinsic alignmen (IA), he large-scale correlaion o inrinsic galaxy and halo shapes, is recog-
nized no only as a major sysemaic in weak-lensing analyses bu also as a cosmological signal
in is own righ. Because IA is sensiive o he graviaional idal field and is higher-order sais-
ics, i provides inormaion complemenary o sandard lae-ime observables and may open a
new window ono early-Universe physics. In his alk, I will presen our recen analyical and
numerical resuls on primordial pariy violaion in IA, combining predicions rom an effecive
field heory or IA wih measuremens rom N-body simulaions. We show ha primordial pariy
violaion can leave disincive signaures in he IA power specrum. In paricular, or a pariy-odd
rispecrum o curvaure perurbaions enhanced in he collapsed limi, we find a characerisic
large-scale enhancemen o he pariy-odd componen o he IA power specrum, namely he EB
power specrum. I will hen presen Fisher orecass o consrain he ampliude o such pariy-
violaing primordial signals using curren and upcoming galaxy survey daa. Finally, I will discuss
ongoing mehodological developmens or measuring and analyzing he pariy-odd IA power spec-
rum in observaional daa.

Other topic / keywords:

Author: KURIA, oshiki (Max Planck Insiue or Asrophysics)

Presenter: KURIA, oshiki (Max Planck Insiue or Asrophysics)

rack Classification: Large-Scale Srucure

Contribution ype: alk

Status: SUBMIED

rack Reviews:

Large-Scale Structure:

Judgments: Posiive

Reviews:

HILDEBRAND, Hendrik: Accept • 3.0 (Ineresing bu no sure how relevan. A bi
niche…)

May 14, 2026 Page 468



Cosmo-26 / Repor o Absracs Inrinsic Galaxy Shapes as a Novel …

Abstract rating 3

KUIJKEN, Koen: Accept • 4.0 (Nice o see IA as a physics probe and no jus nuisance.
Early days hough…)

Abstract rating 4

Submited byKURIA, oshiki <oshiki.kuria0@gmail.com> onTursday, 30April 2026

May 14, 2026 Page 469



Cosmo-26 / Repor o Absracs Measuring scalar ensor dynamics …

Abstract ID : 287

Measuring scalar ensor dynamics in he early
universe

Content
Curren searches or non-Gaussianiy are mosly limied o higher-order correcion uncions o
scalar perurbaions. In he meanime, primordial B-mode deecion is one o he main goals
o nex-generaion CMB experimens. Bispecra involving B-modes, i.e., ⟨TTB⟩, ⟨EEB⟩, and
⟨TEB⟩ are o grea imporance or wo reasons:
Firs, ensor perurbaions source B modes while scalars do no, searching or bispecra involving B
modes could pu sronger consrains on ensor non-Gaussianiy, which is prediced in a number
o compelling heoreical models, i.e., inflaion models involving axion-gauge field ineracions,
primordial magneic field as a mechanism o generae ensor non-Gaussianiy.
Second, curren consrains on primordial ensor perurbaions rom  and E modes are limied
by cosmic variance and B-mode observaions are no ye cosmic-variance limied. Tereore, in-
cluding uure B-mode daa rom upcoming CMB experimens will improve our consrains on
bispecra involving primordial ensor perurbaions.

In his alk we describe a generalizaion o he Komasu-Spergel-Wandel(KSW) bispecrum esi-
maor which shares is saisical properies wih he exising KSW Esimaor and mainains he
avorable numerical scaling wih angular resoluion. We apply his esimaor o SO and advanced
SO daa and presen a se o preliminary consrains on fNL or bispecra involving ensor perur-
baion, i.e., ⟨h⟩, ⟨hh⟩, ⟨hhh⟩.
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Muli-messenger Cosmology wih graviaional
waves and NewAhena

Content
Te connecion beween graviaional wave (GW) sources, shor gamma-ray burss and heir X-
ray aerglows in GW170817 is a cornersone or muli-messenger cosmology, allowing or an
independen measuremen o he cosmic expansion.

Graviaional wave signals alone canno consrain he Hubble consan, H0, due o inrinsic degen-
eracies beween redshi and he masses o he merging objecs, and beween luminosiy disance
and sysem’s inclinaion angle relaive o he observer. Elecromagneic counerpars o GW sig-
nals break hese degeneracies by providing direc redshi measuremens and consrains on he
binary’s inclinaion.
 In his presenaion, I will discuss how NewAhena will play a cenral role in he nex decade o
muli-messenger asrophysics.  Te high-resoluion offered by X-IFU will provide access o X-ray
lines a he disances argeed by he hird-generaion graviaional waves deecors. Tese highly
resolved specra will deliver he missing redshi inormaion. Meanwhile, WFI’s high sensiiviy is
well suied o observe ain GW aerglows over long imescales, hus consraining he inclinaion
angle o binary sysems.

In synergy wih nex-generaion inereromeers such as he Einsein elescope and Cosmic Ex-
plorer, NewAhena will deliver cosmological measuremens ha are compeiive wih radiional
probes, urher highlighing he cenral role o neuron sars in muli-messenger cosmology and
asronomy.
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Abstract ID : 289

One-poin mater PDFs beyond TopHa ilers

Content

We sudy one-poin probabiliy disribuion uncion (PDF) or averaged mater densiies over
spherical cells as a non-perurbaive probe o he large-scale srucure.  Te PDF is analyically
modelled using a pah inegral ramework. I conains a leading order conribuion conrolled by
he spherically symmeric graviaional collapse dynamics, as well as higher order conribuions
coming rom aspherical flucuaions. We invesigae he sensiiviy o he PDF o he shape o he
window uncion by considering a amily o radial window uncions inerpolaing beween he
op-ha and Gaussian filers in coordinae space. We find ha he sensiiviy is raher mild sug-
gesing ha he PDF is robus agains he precise choice o he filer. Te resuls are compared o
N-body simulaions.
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Cosmological Consrains on Novel Tsallis
Holographic Dark Energy wihin Rasall Theory

Content

In Rasall heory, he cosmological implicaions o new sallis holographic dark energy combined
wih he Rasall correcion o General Relaiviy are invesigaed. A comprehensive daa se—
including Dark Energy Specroscopic Insrumen Baryon Acousic Oscillaions (Daa Release 2),
PanheonPlus ype Ia Supernovae, Hubble parameer measuremens, and Big Bang Nucleosyn-
hesis—is used o consrain model parameers via Markov Chain Mone Carlo analysis. Resuls
indicae ha his ramework reproduces he presen dark energy densiy parameer in agreemen
wih he Lambda Cold Dark Mater model, while predicions or he Hubble parameer a iner-
mediae redshis show improved consisency wih observaions compared o he sandard model.
New sallis holographic dark energy alone canno achieve his agreemen. Dynamical sabiliy
analysis demonsraes a sable de Siter ae or he Universe. Te sudy also reinorces heoreical
and observaional bounds on he Rasall parameer and highlighs he model’s esable deparures
rom sandard cosmology, providing a viable candidae or dynamical dark energy.
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Evaporaing black holes: how he burden o heir
memory sabilizes hem

Content

Te memory burden effec describes how an objec’s sored inormaion resiss is own decay.
Tis mechanism is especially pronounced in saurons - sysems ha saurae uniariy bounds on
enropy - wih black holes providing he prime example. I will show how memory burden can hal
Hawking evaporaion and dynamically sabilize black holes agains complee decay. Crucially, his
phenomenon is no exclusive o graviy: i arises naurally in generic quanum many-body sysems
and renormalizable field heories, underscoring is broader heoreical relevance. I will hen discuss
he phenomenological consequences, ocusing on poenial signaures in he early Universe and
oday. In paricular, memory-sabilized black holes can produce disincive high-energy cosmic-
ray signals and leave characerisic imprins on he CMB, offering correlaed cosmological and
asrophysical probes o his peculiar orm o dark mater.
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Lukewarm inlaion, primordial black holes,
graviaional waves and he GUT scale CD axion

Content

In his alk we presen “Lukewarm Inflaion”, a concree paricle physics model wih parameri-
cally low reheaing emperaures ha can naurally generae a paramerically large, broad, nearly-
fla enhancemen o he primordial curvaure power specrum. In he case o reheaing emper-
aures TR ∼ 5 eV, his simulaneously produces plane-mass primordial black holes and scalar-
induced graviaional waves consisen wih he nanoherz requency range, possibly wihin reach
o presen and uure pulsar iming arrays (PAs). Furhermore, or TR

lesssim1 GeV, he lae-sage inflaionary epoch efficienly dilues primordial relics, opening a vi-
able window or he CD axion wih a GU-scale decay consan and i ∼ 1 o accoun or par
or all o he observed dark mater abundance.

Other topic / keywords:

Authors: FERRAZ, Paulo B. (Universiy o Coimbra); MANSO, Anónio (Joze Sean Insiu); ROSA,
Joao (Universiy o Coimbra)

Presenter: MANSO, Anónio (Joze Sean Insiu)

rack Classification: Dark Mater; Inflaion / Primordial Perurbaions; Early Universe;
Graviaional Waves

Contribution ype: alk
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Abstract rating 4
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Abstract ID : 293

Probing Inlaionary and Reheaing Signaures o
he Double-Sine-Gordon Poenial in General

Relaiviy and Rasall Graviy

Content
Cosmic inflaion is one o he mos successul rameworks or addressing he undamenal prob-
lems o he sandard Big Bang model, including he horizon, flaness, and magneic monopole
problems. Among various inflaionary scenarios, solionic poenials, due o heir opological ea-
ures and dynamical sabiliy, have atraced considerable atenion in cosmological sudies. Tis
sudy invesigaes he Double-Sine-Gordon (DSG) poenial,
\begin{equaion}
V(\phi) = \alpha \cos(N\phi) + \bea \cos(2N\phi),
\end{equaion}
where ϕ denoes he inflaon field, while , , and N are ree parameers conrolling he ampli-
ude, relaive conribuion o each harmonic erm, and he requency o he oscillaory srucure,
respecively. Te model is sudied wihin wo differen graviaional rameworks: General Rela-
iviy (GR) and Rasall graviy, he later being a represenaive o geomery-mater non-minimal
coupling heories.

In boh rameworks, he inflaionary models based on he DSG poenial are consisen wih he
Planck Collaboraion 2018 daa combined wih BK18 and BAO observaions, and saisy he he-
oreical requiremens imposed by he rans-Planckian Censorship Conjecure (CC). However,
differences emerge beween he wo approaches. Te analysis o he inflaionary dynamics re-
veals differences in he parameer space and he range o viable number o e-olds beween he
wo graviaional rameworks, while remaining consisen wih observaional consrains.

Te reheaing phase in boh models is well described, yielding a posiive reheaing number o
e-olds (Nreh) and a final reheaing emperaure (Treh) ranging rom 10−2 GeV o 1016 GeV. Ad-
diionally, he analysis consrains he ree parameers o he DSG poenial, including N , , and
, as well as he Rasall parameer, ideniying viable regions o parameer space consisen wih
boh observaional and heoreical bounds.

Tis comparison highlighs ha while he DSG poenial provides a viable inflaionary model
wihin GR, is implemenaion in Rasall graviy exhibis enhanced heoreical consisency and
broader compaibiliy wih observaional consrains, making i a promising candidae or model-
ing he early Universe.
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Author: Ms AFSHAR, Behnoush (Research Insiue or Asronomy and Asrophysics o Maragha)

Co-authors: Pro. BAMBA, Kazuharu (Fukushima Universiy); Dr MORADPOUR, Hooman (Re-
search Insiue or Asronomy and Asrophysics o Maragha)

Presenter: Ms AFSHAR, Behnoush (Research Insiue or Asronomy and Asrophysics o Maragha)

May 14, 2026 Page 481



Cosmo-26 / Repor o Absracs Probing Inflaionary and Reheain …

rack Classification: Inflaion / Primordial Perurbaions; Early Universe

Contribution ype: Poser

Status: SUBMIED

rack Reviews:

Inflation / Primordial Perturbations:

Judgments: Negaive

Reviews:

CESPEDES, Sebasian: Reject • 1.0

Abstract rating 1

WANG, Dong-Gang: Merge • 2.0

Abstract rating 2

Submited by AFSHAR, Behnoush <b.ashar@riaam.ac.ir> on Tursday, 30 April 2026

May 14, 2026 Page 482



Cosmo-26 / Repor o Absracs ”CoDE-4: A Phenomenological Fra …

Abstract ID : 294

”CoDE-4: A Phenomenological Framework or
Cross-Epoch Cosmological Consisency”

Content
CoDE-4 (Cosmic Dynamical Expansion Framework v1.0)

Cross-Epoch Consisen Resoluion o he H₀ ension wih Coupled Expansion–Growh Dynamics

Model Saus and Scope

CoDE-4 is a phenomenological cosmology ramework designed o es wheher modes early-ime
expansion modificaions combined wih scale-dependen srucure-growh coupling can reconcile
he Hubble-parameer discrepancy while preserving observaional consisency rom recombina-
ion o lae-ime large-scale srucure.

Te presen release represens a validaed baseline implemenaion raher han a finalized cosmo-
logical heory. As wih all precision cosmology rameworks, parameers are expeced o evolve as
consrains improve rom nex-generaion surveys.

Planned updaes will incorporae:

• Euclid large-scale srucure mapping

• Roman Space elescope supernova disances

• DESI final BAO caalogues

• CMB-S4 acousic consrains

• JWS high-redshi galaxy saisics

All revisions will be version-racked and released hrough he public reposiory.



Observaional Alignmen (v1.0 Validaion Suie)

CoDE-4 demonsraes simulaneous agreemen wih 14 independen observaional regimes:

Early-Universe Geomery

✔ Planck acousic scale θ*
✔ Firs acousic peak posiion ℓ₁
✔ CMB shi parameer R
✔ damping-ail expansion consisency
✔ Big-Bang nucleosynhesis expansion rae
✔ mater–radiaion equaliy redshi



Expansion Hisory

✔ BAO disance scale D_V(z)
✔ Panheon ype-Ia supernova luminosiy disances
✔ comoving disance o recombinaion
✔ sound-horizon calibraion



Srucure Formaion
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✔ redshi-space disorion growh \sigma_8(z)
✔ growh index γ evoluion
✔ Inegraed Sachs–Wole poenial decay
✔ mater power-specrum urnover scale
✔ weak-lensing clusering parameer S_8



Early Galaxy Formaion

✔ improved high-redshi srucure iming consisen wih
JADES-GS-z14-0 ormaion consrains



Expansion-Rae ension Resoluion

Te ramework reduces he early- vs lae-Universe Hubble discrepancy rom

4.89\sigma \righarrow 0.17\sigma

wih

H_0 = 72.86\ \mahrm{km\,s^{-1}\,Mpc^{-1}}

while preserving CMB acousic geomery.



Mehodological Conribuion

Unlike early-dark-energy scenarios ha modiy only he background equaion o sae, CoDE-4
inroduces a dual-mechanism srucure:

(1) early-ime expansion modificaion (ε-coupling)
(2) scale-dependen perurbaion-growh enhancemen (β-coupling)

Tis combined approach allows he expansion hisory and srucure-ormaion imeline o adjus
simulaneously wihou degrading recombinaion-era observables.

Te numerical ramework inegraes:

• modified Friedmann evoluion wih early-ime coupling erms

• second-order perurbaion growh solver wih effecive graviy scaling

• cross-epoch validaion spanning recombinaion → BAO → weak lensing → srucure growh



Model Philosophy

CoDE-4 is designed as an adapive phenomenological ramework raher han a fixed parameer
soluion. As observaional consrains improve, parameers will be ieraively refined wih ully
reproducible releases.

All implemenaions are open-source and publicly version-racked.

Peer validaion is invied.



Scienific Moivaion

Te ≈5σ discrepancy beween early-Universe (Planck CMB) and lae-Universe (SH0ES) deermina-
ions o H_0 represens one o he primary ensions in precision cosmology.
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CoDE-4 demonsraes ha modes early-ime expansion modificaions, when joinly consrained
across recombinaion geomery, expansion hisory, and srucure growh observables, can recon-
cile his discrepancy wihou degrading agreemen wih esablished daases.

Mehodology:

Te ramework inegraes: (1) sel-consisen Friedmann inegraion wih early-ime coupling
erms, (2) coupled perurbaion growh solver wih modified effecive graviy, (3) comprehensive
cross-epoch validaion suie spanning CMB geomery → srucure ormaion → weak lensing.

Code & Reproducibiliy

MI-licensed implemenaion available a:

htps://gihub.com/siddharharesearch-a

Includes:

• ull solver pipeline

• validaion suie

• observaional consisency ess

• reproducible parameer configuraion

Other topic / keywords:

H₀ ension and Beyond-ΛCDM Soluions

Author: SAHISH KUMAR, Siddharh (Independen Researcher)
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rack Classification: Large-Scale Srucure; Dark Mater; Cosmic Microwave Background;
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Contribution ype: Poser

Comments:

Tis submission presens resuls rom he CoDE-4 cosmological ramework, an indepen-
denly developed numerical solver designed o address curren expansion–srucure en-
sions while preserving early- and lae-ime observaional consisency. Te model simul-
aneously reproduces CMB acousic geomery, BAO disances, Panheon supernova con-
srains, equaliy redshi, and srucure-growh observables (σ₈ and γ), while reducing
he H₀ discrepancy rom 4.9σ o 0.17σ.

Paricular emphasis is placed on mainaining cross-epoch consisency: early-universe ex-
pansion (BBN), recombinaion geomery (θ* and ℓ₁), and lae-ime poenial decay (ISW)
remain aligned wih observaional expecaions despie modificaions o he expansion his-
ory. Te ramework also explores implicaions or early srucure ormaion moivaed
by recen JWS deecions.

I welcomes echnical eedback and discussion regarding parameer degeneracies, growh
evoluion, and observaional exensions o he model.
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Abstract ID : 295

The pah o realisic SIMP dark mater

Content

Srongly ineracing dark secors wih pseudo–Nambu–Goldsone bosons provide a compelling
and versaile ramework or sub-GeV dark mater. While he original SIMP paradigm emphasizes
number-changing 3 → 2 processes as he primary mechanism or seting he relic abundance,
he phenomenology o pionic dark mater is significanly richer. Depending on he mass spec-
rum and ineracion srenghs, he relic densiy may insead be governed by 2 → 2 annihilaions
(WIMP-like regime), semi-annihilaion channels involving vecor mesons, as well as higher-order
processes such as πππ → ρ. A comprehensive descripion hereore requires a ramework ha
consisenly incorporaes pion dynamics, vecor resonances, anomalous ineracions, and poral
couplings.
We sudy CD-like dark secors in which he dark mater candidaes are pions sabilized by un-
broken dark flavor symmeries. Te low-energy effecive heory is ormulaed wihin he Hidden
Local Symmery (HLS) approach. Te resuling HLS Lagrangian, augmened by he gauged Wess–
Zumino–Witen erm, is consruced in a represenaion-independen way and applies o complex,
real, and pseudo-real ermion heories.
As a minimal benchmark, we consider he pseudo-real symmery-breaking paternSU(2Nf )/Sp(2Nf )

wih Nf = 2. We incorporae latice resuls or Sp(Nc = 4) o obain realisic relaions beween
mπ/fπ and mρ/mπ .
A dark phoon poral is included o ensure hermal conac wih he visible secor and o evaluae
is impac on he relic abundance and he sabiliy o dark mater wihin he HLS ramework.
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vanger); KRICHEVSKIY, Daniil (Universiy o Savanger); MELKILD, Halvor (Universiy o Oslo); POM-
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Abstract ID : 296

Saying ocused: In-ligh monioring o he Euclid
space elescope

Content
One o he Euclid survey’s primary cosmological probes is weak graviaional lensing: he apparen
coheren disorion o galaxies caused by heir ligh passing hrough graviaional poenials along
he line o sigh. Obaining precise and accurae galaxy shapes is hereore crucial or unbiased
cosmological inerence. Te leading source o sysemaic error in hese measuremens is he poin-
spread uncion (PSF), which can inroduce spurious correlaions i no modelled accuraely.

During survey operaions, he main driver o PSF variabiliy is he deocus waveron error, which
affecs he PSF size and consequenly he apparen roundness o galaxies. We presen a as, purely
empirical mehod o esimae he deocus waveron error using a simple linear relaion beween
deocus and he laeral displacemen o diffracion spikes in brigh sars.

Tis approach enables us o race he remarkably sable evoluion o he Euclid elescope across is
ull survey imeline. Our deocus esimaor provides a igh per-exposure prior or PSF modelling
and is generalisable o oher diffracion-limied elescopes.
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Improved cosmological consrains on axion-lepon
ineracions

Content

We invesigae lepon-flavour-conserving (LFC) and lepon-flavour-violaing (LFV) axion-lepon
couplings using cosmological daa, addressing he specific mass ranges where he sandard ∆Neff
approximaion ails. We implemen a ull phase-space reamen o hermal axion producion and
incorporae finie axion mass effecs o es hese couplings agains Planck 2018 CMB and DESI
DR2 BAO measuremens. Our analysis significanly srenghens previous cosmological bounds in
he mass range 0.1 eV
lesssimma

lesssim1 keV. For ma ∼ 10 eV, cosmological limis on LFC elecron and muon couplings, as well
as LFV µ-e couplings, improve by a acor o abou 5 compared o sandard ∆Neff limis, while
bounds on couplings involving he au lepon improve by several orders o magniude. Crucially,
or LFV au couplings, our bounds surpass recen Belle-II limis on τ → ℓa decays or ma

gtrsim0.3 eV. We also apply approximae Ly- ores consrains, exending he exclusion reach
up o 108 GeV (LFC) and 109 GeV (LFV) or masses approaching 1 keV. Applied o he CD axion,
our analysis excludes parameer space wih ma

gtrsim2 eV or Cτ = 1, oherwise allowed by ∆Neff alone. Based on arXiv:2511.14864.
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Field-Level Baryonic Halo Paining or Weak Lensing

Content
Baryonic eedback is one o he leading sysemaic uncerainies or upcoming Sage IV weak
lensing surveys such as LSS, Euclid, and Roman. Sandard baryon correcion models offer a as
fix, bu hey are spherically symmeric by consrucion —missing he correlaed, non-spherical
srucure o real baryonic fields and he galaxy shapes ha drive inrinsic alignmen signals.

I will presen Baryonificaion and Inrinsic alignmen wih Neural Diffusion, BIND, a generaive
model ha pains ull field-level dark mater, gas, and sellar mass disribuions ono dark mater–
only halo paches, condiioned on 35 asrophysical and cosmological parameers rom he CAMELS
50Mpc/h simulaion suie. Because BIND learns direcly rom halos in hydrodynamical simula-
ions, i generaes non-spherical halo fields by consrucion and naurally capures morphological
diversiy across he galaxy populaion. I will show ha he generaed fields respond correcly o
variaions in eedback parameers a he field level, enabling rapid exploraion o he parameer
space and sraighorward marginalizaion over baryonic physics wihin simulaion-based iner-
ence rameworks. Wih bind, I will presen he recovery o he mater power specrum wihin
saisical expecaions, as well as accurae halo shapes and sellar disribuions ha mach hose
o he rue hydrodynamical simulaions, hereby opening he way or applicaions o inrinsic
alignmen sudies.

BIND opens a pah oward as, accurae baryonified field realizaions wih realisic galaxy mor-
phologies, and I will discuss how i can serve as a flexible ool or WL inerence in he precision
cosmology era.
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Tachyonic encore: A universal shif o inlaionary
observables

Content

We propose a generic, largely inflaon‑poenial–independen mechanism in which a ligh axion
specaor, iniialized near he hillop o is poenial, reshapes inflaionary observables hrough
purely graviaional muli‑field dynamics. During inflaion he axion is rozen and he background
ollows an effecively single‑field rajecory. Aer inflaion ends he axion rolls, inducing a urn
in field space and ransien achyonic phases o he isocurvaure mode. Te resuling “achyonic
encore”occurs enirely on super‑horizon scales. Tese phases generae a nearly scale‑invarian
enhancemen o he curvaure power specrum, suppressing he ensor‑o‑scalar raio and shiing
he scalar il o a weighed combinaion o adiabaic and enropic ils a horizon crossing. We
show ha hese effecs can reconcile oherwise disavored inflaon poenials wih curren CMB
consrains. Te same dynamics predic a nearly scale‑invarian local non‑Gaussianiy, f localNL ∼
O(1), wihin reach o upcoming surveys, and can arise wihou significan uning in he axiverse
conex.
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Cosmology rom UNIONSWeak Lensing

Content

Te Ulraviole Near-Inrared Opical Norhern Survey (UNIONS) is a 5-band ugriz imaging survey
ha will cover over 6000 square degrees o he norhern sky, observed rom elescopes in Hawaii.
Te imaging deph is similar o he Dark Energy Survey, bu he sky coverage will ulimaely be
larger. Moreover, he norhern sky has considerable overlap wih redshi surveys such as he SDSS
surveys and DESI. A key applicaion o hese daa is measuremen o he cosmological parameers
rom weak graviaional lensing. I will presen he firs cosmological resuls rom 3500 square
degrees o weak lensing daa and discuss prospecs or uure daa releases.
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Tachyonic encore: A universal shif o inlaionary
observables

Content

We propose a generic, largely inflaon‑poenial–independen mechanism in which a ligh axion
specaor, iniialized near he hillop o is poenial, reshapes inflaionary observables hrough
purely graviaional muli‑field dynamics. During inflaion he axion is rozen and he background
ollows an effecively single‑field rajecory. Aer inflaion ends he axion rolls, inducing a urn
in field space and ransien achyonic phases o he isocurvaure mode. Te resuling “achyonic
encore”occurs enirely on super‑horizon scales. Tese phases generae a nearly scale‑invarian
enhancemen o he curvaure power specrum, suppressing he ensor‑o‑scalar raio and shiing
he scalar il o a weighed combinaion o adiabaic and enropic ils a horizon crossing. We
show ha hese effecs can reconcile oherwise disavored inflaon poenials wih curren CMB
consrains. Te same dynamics predic a nearly scale‑invarian local non‑Gaussianiy, f localNL ∼
O(1), wihin reach o upcoming surveys, and can arise wihou significan uning in he axiverse
conex.
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Anchoring he Hubble Consan wih Cosmic
Disance Dualiy

Content

Te Cosmic Disance Dualiy Relaion (CDDR) is a undamenal geomeric relaion ha connecs
he luminosiy disance and he angular diameer disance a a given redshi. I holds in any meric
heory o graviy wih sandard phoon propagaion and number conservaion, and is hereore
independen o any specific cosmological model. Since disance measuremens orm he basis o
our undersanding o he expansion hisory, CDDR provides a powerul and robus consisency es
beween differen cosmological probes. In his work, combining he wo disance probes - BAO
and ype Ia Supernovae - we show ha disance dualiy serves as an anchor bridging he early-
lae calibraion by consraining a specific combinaion o rd−Mb, in a model-independen ashion.
We urher demonsrae ha, under he assumpion o he CDDR, he join SNIa and BAO analysis
imposes sringen, model-independen consrains on he Hubble consan, effecively ruling ou
a broad class o lae-ime soluions o he Hubble ension.
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Unbiased Bayesian Inerence o Peculiar Moions o
Galaxies rom Type Ia Supernovae Observaions

Content

Te peculiar moions o galaxies are powerul cosmological probes ha race he growh o sruc-
ures and he disribuion o mater in he universe, providing a means o invesigae he naure
o dark energy and es graviy on cosmological scales. However, heir direc observaion is ex-
remely challenging, as i requires independen and precise disance measuremens o galaxies.
We presen a Bayesian approach o esimae he radial componen o peculiar velociies o galax-
ies hosing ype Ia supernovae (SNe Ia), relying solely on he background cosmological model
and he precision o he SNe Ia daa. Unlike oher peculiar velociy esimaors based on Hubble
residuals, our mehod does no assume local lineariy o he magniude-redshi relaion or a fixed
cosmology, making i unbiased even or large peculiar velociies and sel-consisenly avoiding
bias due o a wrong cosmology. We validae our mehod using simulaed supernova daa wih he
precision o curren and upcoming surveys, and urher compare i wih he linearized esimaor
o es is efficacy. We show ha our esimaor has lower bias han he sandard esimaor and
remains consisen even or larger values o vp/cz. We also presen a Bayesian derivaion or he
linearized esimaor generalized o include he supernova magniude covariance.
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Abstract ID : 304

Non-local inverse energy ranser in primordial
magneic ield evoluion

Content
Magneic fields in cosmic voids could be o primordial origin, generaed by early universe phase-
ransiions. During heir urbulen decay, primordial magneic fields (PMFs) migh undergo in-
verse energy ranser, increasing heir correlaion lengh over ime. Undersanding his process is
crucial or consraining PMFs, ye is physical mechanism is sill debaed, paricularly in sysems
where magneic heliciy is zero on average.

We sudy how energy is ranserred across differen scales in he magneic and velociy fields by
measuring shell-o-shell energy ranser uncions rom numerical simulaions o decaying helical
and non-helical magneohydrodynamic urbulence.

Independen o magneic ne-heliciy, growh o large magneic scales is predominanly sourced
by inegral-scale srucures in he magneic and kineic reservoir, leading o parially non-local
inverse ranser. In he case o vanishing ne-heliciy, ranser uncions beween he posiively
helical and negaively helical pars o he field are compued. We find ha inverse ranser is
heliciy-segregaed: energy flows o large scales only wihin each helical secor, no across hem.

Tese findings are consisen wih he heory underlying he conservaion o he Hosking ine-
gral which is hough o conrol he decay o magneic fields in he case o vanishing ne-heliciy.
Beyond power-specra and global quaniies, heliciy-decomposed shell-o-shell energy ranser
uncions provide a more deailed diagnosic or he evoluion o PMFs and heir ineracion wih
he primordial plasma.
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Abstract ID : 305

Excied saes o wave dark mater halos afer a
sudden disurbance

Content

We presen an analysis o he nonequilibrium dynamics o a broad amily o excied saes o he
Schrodinger Poisson equaions. An iniial spherically symmeric, groundsae solion is sreched
or squeezed and is le o reely evolve, hereby orming he solion halo sysem. We invesigae
he mechanism o virialisaion, including he observed scalar field burss1 and heir connecion o
he solion breahing mode. Te amily o exciaions sudied samples paricularly well he region
o core-halo mass relaions in which he solion mass is much larger han he halo mass.
1F. Siddharha Guzmán and L. Aruro Ureña-López,ApJ 645 814,2006
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Abstract ID : 306

KiDS Legacy cosmic shear analysis wih he KiDS
MeaCalibraion pipeline

Content

We developed a new shear measuremen pipeline in he Kilo-Degree Survey (KiDS) collaboraion,
MeaCalibraion, which is robus as i is less sensiive o he morphology o observed galaxies. In
he KiDS-1000 cosmic shear analysis, he MeaCalibraion pipeline increased 28 percen consrain-
ing power on he cosmological parameer (S8) compared o he fiducial pipeline, lensfi, because
o he higher source number densiy. Wih he success o he new pipeline, we coninue our cos-
mic shear analysis wih he final release o Legacy daa rom KiDS. As he KiDS Legacy cosmic
shear analysis using he lensfi caalog claims no ension wih he Planck consrain, checking he
resul wih an independen shear caalog is valuable. In his analysis wih MeaCabliraion, we
urher opimize sar selecion, phoo-z calibraion, and he image sacking process wih updaed
asromery.
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Abstract ID : 307

How Galaxy Formaion Physics Impacs Primordial
Non-Gaussianiy Consrains in DESI

Content

Primordial non-Gaussianiies (PNG), parameerized by he ampliude NL , provide a direc window
ino he physics o he early Universe and a means o discriminae among inflaionary models. Con-
srains on NL rom he cosmic microwave background are limied by cosmic variance, making
large-scale srucure surveys such as DESI a promising avenue or urher progress. A cenral
challenge is ha he PNG signal is degenerae wih he galaxy bias parameer bϕ , which quanifies
he response o galaxy clusering o PNG. Tereore, igh priors on bϕ are required o break his
degeneracy.
In his work, we presen esimaes o priors on bϕ or he second DESI daa release using semi-
analyical models o galaxy ormaion (SAMs). We consruc galaxy samples wih a range o
properies and use hese o selec DESI-like samples o luminous red galaxies (LRGs), emission-
line galaxies (ELGs), and quasars (SOs). We perorm our analysis using wo independen semi-
analyical models, SHARK and GALFORM, as well as wo independen mehodologies o esimae
bϕ. We find good agreemen beween he mehodologies.
However, we find ha he prediced values o bϕ depend sensiively on he underlying galaxy
physics implemened in he semi-analyical models.
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Abstract ID : 308

Inegraed effecs in Large Scale Srucure

Content
Measuring primordial non-Gaussianiy (PNG) is one o he goals o curren and uure galaxy
surveys. Since general relaivisic effecs are degenerae wih any signal measured rom PNG, a
ully relaivisic, non-Newonian approach is required. In previous sudies, inegraed line-o-sigh
effecs, such as lensing convergence, Shapiro ime delay and inegraed Sachs-Wole, have largely
been ignored in power specrum analysis.

In his alk, I will show ha i is imporan o consider inegraed effecs o model he power
specrum accuraely. In curren galaxy surveys, such as Euclid, we show ha by neglecing hese
conribuions in our power specrum analyses, we bias our PNG measuremens on he order o 3σ.
Tis effec becomes increasingly imporan a higher redshi and or uure galaxy surveys like
MegaMapper, making i crucial o include inegraed effecs in curren and uure power specrum
analyses.
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Abstract ID : 309

Bohmian Trajecories and Complex
Thermodynamics oQarkonium Oscillaor in Conic

Graviaional Space-Time

Content

Te sudy elucidaes he quanum rajecories o he relaivisic Qarkonium oscillaor in conic
graviaional field. Firs, he Klein-Gordon (KG) equaion is solved wih respec o he consrained
meric, and he quanum dynamics are discussed around he asympoic regimes. Aerwards, he
energy specrum is ound or he examinaion o he bound saes and scatering cases. Secondly,
he Bohmian rajecories are invesigaed wih respec o he quanum Hamilon Jacobi equaion
(HJE) in de Broglie-Bohm (dBB) perspecive o invesigae he ineracion o he Qarkonium
oscillaor wih he space-ime background via he resonances and phase o he quanum rajeco-
ries. Finally, he hermodynamic evoluion o he sysem wih respec o ime is discussed by he
complex pariion uncion. Consequenly, i is inerred ha, in he exreme space-ime environ-
mens he dynamics o he Qarkonium confinemen lies in he well-defined quanum rajecories
hrough he complex domains, and leads o he
apprehensible observables via he quanum phase ransiions.
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Abstract ID : 310

FOSSIL: A uure mission or CMB specral disorion
measuremens

Content

Te only precise measuremen o he cosmic microwave background (CMB) specrum o dae was
achieved by COBE-FIRAS in he early 1990s, demonsraing ha he CMB specrum is exraordi-
narily close o a perec blackbody emission. However, boh sandard and non-sandard physical
processes are expeced o generae small deviaions rom his specrum, known as CMB specral
disorions. Tese disorions provide a unique and largely unexplored probe o he hermal hisory
o he Universe, offering complemenary insighs ino early-Universe physics, paricle ineracions,
and srucure ormaion.
Te measuremen o CMB specral disorions has hereore become a major objecive or uure
cosmology missions and is now recognised as one o he key scienific goals o he ESA Voyage
2050 programme. Aer a brie overview o he scienific moivaions and observaional challenges
o specral disorion measuremens, I will presen a curren experimenal effor aiming a flying
he ESA M8 candidae mission FOSSIL.
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From Few Simulaions o Trusworhy Poseriors:
Scatering-Covariance Laen Spaces or Simulaion
Augmenaion and Inerpreable SBI in CMB and

Weak-Lensing Cosmology

Content
Modern CMB and large-scale-srucure analyses ace some o he same saisical botleneck: he
daa are high-dimensional, non-Gaussian, affeced by complex sysemaics, and oen have in-
racable likelihoods, while he end-o-end simulaions needed or Mone Carlo validaion or Simulaion-
Based Inerence are prohibiively expensive. I will presen a unified ramework based on he Sca-
ering Covariance: an inerpreable, physics-inormed analogue o a convoluional neural nework,
buil rom fixed oriened waveles, nonlineariies, and cross-scale/cross-channel covariance sais-
ics.

In recen work (Campei e al., A&A, 2025), we used his represenaion o consruc a as map-
level generaive emulaor or CMB insrumenal sysemaics simulaions. Even when rained on as
ew as en high-fideliy simulaions, he emulaor generaes saisically independen approximae
realizaions ha reproduce power specra, scatering saisics, Minkowski uncionals, and pixel-
covariance srucure, enabling orders-o-magniude simulaion augmenaion a negligible cos
compared wih ull end-o-end campaigns.

I will hen describe how he same scatering-covariance laen space can be used or ransparen SBI
pipelines: or CMB polarizaion, o iner parameers such as he opical deph o reionizaion and
he ensor-o-scalar raio while conrolling non-saionary oreground and insrumenal residuals;
and or weak-lensing cosmology, o emulae high-resoluion non-Gaussian convergence maps and
iner parameers such as Ωm and σ8 beyond wo-poin saisics. Te goal is a simulaion-efficien,
inerpreable alernaive o “black-box” neural inerence: using a ew expensive simulaions as
anchors or large, calibraed, saisically-conrolled inerence pipelines.
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Tesing he equivalence principle in galaxy surveys:
a mater o ime and wo luids

Content

Does dark mater experience graviy in he same way as ordinary mater? By hrowing differen
objecs rom he Pisa ower, Galileo showed ha hey were all subjec o he same acceleraion,
hence providing a demonsraion o he so-called weak equivalence principle. However, he va-
lidiy o his principle or dark mater remains a key open quesion, which is rarely addressed in
cosmological analyses. In my alk, I will presen wo complemenary approaches o answer his
quesion in galaxy surveys. Te firs one relies on graviaional redshi, a consequence o he
disorion o ime in a graviaional poenial, while he second one is based on a wo-fluid descrip-
ion o ordinary and dark mater. I will show ha hese mehods provide crucial inormaion o
consrain deviaions rom he equivalence principle and o disinguish beween graviy modifica-
ions and non-sandard dark mater scenarios. Hence, repeaing Galileo’s experimen across he
Universe migh lierally be a mater o ime and wo fluids.
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UV areacs in ulra-slow-roll models o inlaion

Content

Wihin single-field inflaion, primordial black hole and scalar-induced graviaional wave produc-
ion rom enhanced primordial perurbaions ypically requires a ransien non-atracor phase,
such as ulra-slow roll. We invesigae he physical consisency o modelling such scenarios
hrough analyical Hubble-flow paramerisaion. By reconsrucing he underlying scalar field
poenial, we show ha even smooh ransiions in he slow-roll parameers can hide sharp, local-
ized eaures in higher-order derivaives a he ransiion rom ulra-slow-roll o slow-roll. Tese
are ypically no ound in analyic poenials. o evaluae he impac o hese srucures, we im-
plemen a UV-filering procedure based on discree Fourier ransorm o sysemaically suppress
high requency modes in field space o boh classes o models. We find ha he filer effecively
removes sharp eaures in Hubble-flow-derived poenials, while prooypical analyical poenials
remain largely unaffeced. As a consequence, we show ha UV-filered models ypically preserve
Wands dualiy invariance. Beyond linear perurbaion heory, he inroducion o spurious UV e-
ecs migh affec oher observables, such as non-Gaussianiy and loop conribuions. Our resuls
hereby quesion he soundness o Hubble-flow paramerisaion or modelling inflaionary models
wih a ransien non-atracor phase.
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Searching or cosmic opology wih large-scale
srucure daa

Content
Cosmic opology remains one o he las roniers o modern Cosmology. Recen heoreical de-
velopmens, ogeher wih he rapidly growing volume and precision o cosmological daa, now
make i possible o probe he global shape o he Universe wih greaer sensiiviy. While curren
and uure cosmic microwave background (CMB) observaions coninue o provide powerul ess
o opology, I will demonsrae ha large-scale srucure surveys offer an even more promising
roue.

In his alk, I will inroduce he heoreical basis or cosmic opology searches and explain why
hree-dimensional racers o srucure will ouperorm wo-dimensional CMB surveys. I will quan-
iy he expeced improvemen rom large-scale srucure daa, discuss he pracical challenges in-
volved in exracing opological signaures, and ouline a pahway oward applying hese mehods
o upcoming surveys.
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Auomaed Deecion o Sars Clusers Using
Unsupervised Learning on Gaia DR3

Content
Te discovery and characerizaion o sar clusers are essenial or sudying he assembly hisory
and dynamic evoluion o he Milky Way. However radiional densiy-based clusering echniques
(like DBSCAN and HDBSCAN) have rouble due o he high variabiliy in sellar densiies and he
remendous amoun o high-dimensional noise wihin he Gaia Daa Release 3 (DR3) caalogue.

o address hese issues, we propose an auomaic and unsupervised learning ramework or dis-
covering and validaing sar clusers independen o human inervenion. Tis ramework uses
densiy-adapive represenaion learning, which allows us o dynamically adjus our represen-
aion as opposed o using fixed heurisic parameers in order o learn abou laen spaial and
kinemaic relaionships hroughou 5D asromeric (alpha, dela, varpi, mu_alpha, mu_dela) and
phoomeric space.

By applying a deep embedding archiecure o he sellar disribuions, we creae a eaure-rich
maniold ha, as a resul, enables boh he idenificaion o compac open clusers as well as pre-
viously unrecognized diffuse sellar associaions ha exis along he galacic plane.
Iniial resuls demonsrae ha his approach significanly minimizes human bias while mainain-
ing high scalabiliy or massive daases. Te proposed ramework provides a robus, generalizable
AI pipeline capable o acceleraing Galacic surveying and refining our census o he Milky Way’s
building blocks in anicipaion o uure Gaia daa releases.
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The Canadian Galacic Emission Mapper (CGEM):
Overview and Early Observaions

Content

Graviaional waves rom inflaion may have le a deecable signaure in he pariy-odd, “B-mode”
componen o he polarizaion o he Cosmic Microwave Background (CMB). Deecing B-modes
in he CMB would be “smoking gun”evidence or inflaion and would probe some o he highes-
energy physics in he known universe. However, curren experimens have placed sringen upper
limis on B-modes. I B-modes are presen in he CMB, he signal is exremely ain and is domi-
naed by polarized Galacic oregrounds a all requencies. I is hereore essenial o map polarized
oregrounds wih high precision o enable a deecion o CMB B-modes. Te Canadian Galacic
Emission Mapper (CGEM) is a new 4m single-dish radio elescope a he Dominion Radio Asro-
physical Observaory ha is mapping polarized Galacic synchroron emission rom 8-10GHz over
he Norhern sky, wih a planned counerpar in he Souhern hemisphere. CGEM will grealy im-
prove models o polarized CMB oregrounds and will hence be an imporan aid o curren and
uure B-mode experimens. In his alk, I’ll give an overview o CGEM. I’ll hen describe how we
designed his purpose-buil insrumen o measure he sky wih minimal polarizaion sysemaics,
highlighing in paricular he polarizaion puriy o he opical design. I’ll also showcase early
observaions rom a pahfinder version o CGEM, deployed in February 2025, which has been map-
ping he sky since. Tese daa already show immense promise or uure science wih CGEM.
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Abstract ID : 317

Gauge Fields and Their Uses During Inlaion

Content

I will discuss he role o gauge fields during inflaion, wih paricular emphasis on scenarios where
hey are coupled o an axion-like inflaon. Such couplings can lead o rich dynamics wih observ-
able consequences, including he producion o chiral primordial graviaional waves and primor-
dial black holes. In addiion, gauge fields can play an imporan role in reheaing and provide
a source o primordial magneic fields, offering poenial links beween inflaionary physics and
presen-day asrophysical observaions.
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Abstract ID : 318

The lyman-alpha Fores consrains on primordial
black holes as dark mater candidaes

Content

Primordial black holes (PBHs) remain a viable candidae or Dark mater. Te goal o his work is
o consrain heir parameer space wih a new undamenal probe, he Lyman-alpha ores, which
depends on wo parameers, he reionizaion hisory and hermal hisory o he universe. We
adop exended mass uncions or he PBH mass disribuion. o implemen he effec o PBHs
in cosmological simulaions we enhance he small-scale power specrum in he iniial condiions
o reproduce he expeced effec o he discreeness o mass on massive PBHs and he alernaive
models o inflaion ha produce hem. Tese models are run using a quick lyman-alpha version o
he SWIF code and compared o DESI daa. o avoid numerical ariacs, we ran several fiducial
models and compued he raio beween he PBH and CDM predicions, and beween CDM and
observaions.
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Abstract ID : 319

Euclid 1, Spizer and ACT view on Planck galaxy
proocluser candidaes

Content
As he larges and mos massive graviaionally bound srucures in he Universe, galaxy clusers
sands a he crossroads beween asrophysics and cosmology. Beore hey reach dynamical equi-
librium, collapse and mater accreion rom he cosmic web dicae heir inernal dynamics. Such
objecs are called prooclusers and are usually deeced a 1.5 < z < 8, way earlier han galaxy
clusers hemselves. Tis redshi range includes he Cosmic Noon, he sar ormaion peak in he
Universe in which prooclusers play a cenral role. Moreover, hese srucures are impaced by
he values o cosmological parameers such as σ8 and H0, hence our moivaion o undersand
hem beter.

Gas inside prooclusers have no been heaed by graviaional collapse ye, which makes is Sun-
yaev Zeldovich and X-ray signal oo ain or curren elescopes. Tereore, heir deecion is based
upon he search or galaxy overdensiies a high redshi. I will presen how I worked wih daa
rom Euclid 1 combined wih Spizer o ideniy several solid prooclusers candidaes using his
mehod. I will also alk abou how I deeced heir oal mass or he firs ime using CMB lensing
maps rom he Aacama Cosmology elescope.
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Abstract ID : 320

Can a JWST-driven reionisaion hisory be consisen
wih Planck’s opical deph and DESI’s oal

neurinos mass consrains a once?

Content

In his alk we will look a a modificaion o he sandard reionisaion hisory hrough he lens o a
model or he opical deph (τ ) ha is moivaed by he recen resuls by JWS, which find sources
o ionising phoons a redshis larger han ever observed beore. By using his JWS-driven model,
which allows or a “bumpy”reionisaion hisory ha pushes τ o higher values as opposed o CMB
measuremens, we will es wheher one can resore consisency beween he consrains on τ

ound by Planck and JWS. In addiion, by aking advanage o he direc correlaion beween he
opical deph and he oal neurinos mass (Σmν ), we will es wheher he consrains on Σmν

ound by DESI can be relaxed o be once again consisen wih he resuls.
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Abstract ID : 321

Modiied graviy & riends vs curren CMB daa.

Content

In his alk we will look or evidence o he effecs induced by seemingly differen exensions o he
sandard cosmological model in he cosmic microwave background (CMB) primary and secondary
anisoropies measured by he laes AC, SP and Planck releases: modified graviy (hrough he
growh index - ‘’, a modificaion o he growh o linear perurbaions in he sandard model, and
he ‘µ−Σ’ ramework, a modificaion o he Poisson and lensing perurbaion equaions), massive
neurinos and non-vanishing spaial curvaure. By looking a heir correlaions and he differences
in he impac hey have on cosmological observables, such as he CMB lensing specrum, we assess
wheher such addiions can be old apar and ideniy he common roo o heir deecion: he
lensing anomaly.
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Abstract ID : 322

A Disormal Affair: How Dark Mater Mimics
Lorenz Violaion

Content

We sudy he effecs o general disormal meric ransormaions on ermionic fields, showing ha
he Dirac acion acquires addiional kineic and axial-curren couplings. When he sourcing field
akes a nonrivial background value, apparen Lorenz-violaing effecs arise, which we classiy
wihin an effecive field heory. For scalar and vecor ulraligh dark mater, precision ess o
roaion and boos invariance place sringen consrains on he couplings. We urher derive
consisency condiions requiring he absence o ghos degrees o reedom, which or muli-scalar
ransormaions demands a degenerae field-space meric, yielding consisen wo-field modified
graviy models.
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Magneic monopole plasma oscillaions and
implicaions or TeV Blazars

Content

Magneic monopoles arise in many beyond Sandard Model scenarios, symmerize Maxwell’s equa-
ions, and explain he quanizaion o elecric charge. I has been argued ha, when placed in an
asrophysical magneic field, monopoles induce a magneic version o plasma oscillaions. In his
work, we explore monopole-induced oscillaions o he inergalacic magneic field (IGMF). We
show ha monopole-induced oscillaions o he magneic field lead o collimaion o elecrically
charged paricle rajecories, reducing he usual deflecion by he magneic field. Te collimaion
effec impacs he deflecion angle in he elecromagneic cascades o eV blazars and leads o
a decrease in he angular size o blazar secondary GeV halos. Tereore, he consrains on he
secondary halo angular size rom combined H.E.S.S. and Fermi-LA observaions ranslae ino
bounds on he magneic monopole abundance. Te bounds on he magneic monopole flux ob-
ained in his work rom blazar 1ES 0229+200, depending on he IGMF srengh, can be as srong
as F
lesssim5× 10−23 cm−2s−1sr−1 or low-mass monopoles m
lesssim106 GeV, sronger han exising laboraory and asrophysical bounds. Te bound becomes
subdominan o curren consrains i he presen-day IGMF value is sronger han B

gtrsim10−12 G. A he same ime, in he case o non-zero monopole abundance, he IGMF lower
bound rom eV observaions isel should be revised, resuling in a sronger lower bound a higher
monopole number densiy.
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Abstract ID : 324

Probing high-redshif srucure growh: orecass
and irs insighs rom Euclid AGNs and CMB

Lensing Cross-Correlaions

Content

Measuring he growh o cosmic srucure is a powerul es o he sandard cosmological model.
Te Euclid mission is delivering an unprecedenedly deep sample o Acive Galacic Nuclei (AGN),
providing a unique large-scale srucure racer reaching ar ino he high-redshi universe. Here,
we explore he cosmological poenial o cross-correlaing Euclid AGNs wih CMB lensing (κ) maps
rom Planck, AC, and SO. Using a mock caalog o millions o unobscured AGNs up o z = 5

(Bisigello e al., 2024), we model he κ×AGN signal o orecas consrains on he redshi evoluion
o srucure growh (σ8(z)), linear AGN bias, and primordial non-Gaussianiy (fNL). Building on
his heoreical ramework, we are acively adaping our pipelines o he newly acquired Euclid
1 daa. We will share early insighs rom hese real observaions, oulining our seps oward
measuring he clusering properies o he firs Euclid AGN sample.
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Neuralino Dark Mater Relic Densiy in Finie SU(5)
wih Sarobinsky Cosmology

Content

We sudy he relic abundance o he lighes neuralino in Finie Unified Teory FUB, a ully finie
N=1 supersymmeric SU(5) model whose all-orders vanishing bea uncions uniquely fix he so
SUSY-breaking specrum in erms o a single gaugino mass parameer M. We couple his heory
o Sarobinsky R²-inflaionary cosmology and sysemaically examine wheher he observed dark
mater abundance Ωh² ≈ 0.12 can be reproduced wihin his minimal ramework.
Tree pos-inflaionary producion mechanisms are analyzed: non-hermal graviaional produc-
ion via scalaron oscillaions (Arbuzova, Dolgov & Singh 2021), sandard reeze-ou during rehea-
ing, and early reeze-ou in he pre-reheaing epoch. In all cases, he model ails o reproduce he
observed relic densiy. Te wo compounding sources o ailure are idenified: he bino-dominaed
naure o he FUB LSP, which suppresses he annihilaion cross secion by ~10² relaive o a wino
or higgsino o equal mass, and he rigidiy o he Sarobinsky reheaing parameers fixed by CMB
normalizaion (m_φ ~ 3×10¹³ GeV), which ses a diluion hierarchy insufficien o compensae he
bino overabundance.
We conclude ha he minimal FUB + Sarobinsky ramework canno accoun or he observed
dark mater abundance across he ull parameer space. Embedding FUB ino N=1 supergraviy
is idenified as a promising direcion o open new viable scenarios, and is discussed as he naural
nex sep o his program.
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Higher-order Galaxy Bias: Theory and Numerics

Content

Te large-scale disribuion o galaxies encodes cosmological inormaion on he hisory and ma-
er conen o he Universe. Te ull, non-Gaussian galaxy disribuion can be analysed on large
scales using a perurbaive ormulaion o galaxy bias, which is he effecive field heory o large-
scale srucure. Sae-o-he ar ull-shape analyses o pas surveys such as BOSS and currenly
operaional Sage IV campaigns such as DESI and Euclid ypically employ a mos hird-order per-
urbaion heory. Going beyond his order has he poenial o enhancing he inormaion exrac-
ion rom he galaxy disribuion, bu poses several challenges, boh heoreically and numerically.
In his alk, I will discuss recen (and ongoing) progress on ourh- and fih-order perurbaion
heory or galaxies and he remaining seps o be aken owards applicaion o curren and uure
survey daa.
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Symbolic Emulaion or Fas Inerence in Modern
Cosmology

Content
Modern cosmology oen requires repeaed evaluaions o expensive heoreical predicions, rom
inerence and model comparison o orecass and exploraory sudies beyond ΛCDM. Symbolic
regression offers a as and accurae alernaive or building emulaors, compeiive wih radiional
neural-nework approaches while reaining compac analyical expressions ha are ransparen,
inerpreable, and easy o inegrae.

We presen CMBolic, a suie o symbolic emulaors or CMB lensing, emperaure, and polariza-
ion anisoropies in ΛCDM exensions including massive neurinos and he now-sandard CPL
paramerizaion o evolving dark energy. Tese emulaors reach he accuracy required or Sage-IV
cosmological analyses while remaining excepionally lighweigh and easy o implemen. We ur-
her show how symbolic regression can be applied o oal mater power specra in he Generalized
Dark Mater ramework, enabling as and scalable consrains on broad classes o non-sandard
dark mater models.
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Oscillon Sabiliy in he Presence o Kineic
Coupling afer E-model α-atracor Inlaion

Content

We sudy pos-inflaionary oscillon dynamics in an E-model -atracor scenario in which he
inflaon is kineically coupled o an ulraligh axion. We perorm nonlinear hree-dimensional
latice simulaions using GABE o invesigae how his ineracion affecs boh he ormaion o
oscillons and heir subsequen evoluion. We find ha oscillons can sill orm in he presence o
kineic coupling or µV

lesssim0.08MPl. However, in he parameer regime we can reliably evolve, ully ormed oscillons
are desabilized a laer imes or µW

gtrsim0.06MPl by backreacion rom he populaed χ secor. Alhough our resuls do no provide
direc evidence or oscillon decay ino he χ secor, hey show ha kineic coupling can desabilize
oherwise long-lived oscillons and hereby modiy he pos-inflaionary dynamics o he E-model
-atracor. Tis poins o a novel mechanism in which backreacion governs oscillon lieimes.
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On EFT consrains rom quasi-normal modes

Content

Recenly, a new bound on Effecive Field Teories o graviy has been proposed, based on he
sabiliy o Black holes. Te conjecure saes ha Black holes in modified graviy should always
be more sable han heir counerpar in General Relaiviy. I will show, using a simple power
couning argumen, ha his condiion does no provide any useul bound on EF coefficiens.

Other topic / keywords:

Black holes

Authors: JULIANO, Leonardo (Scuola Normale Superiore, INFN); Pro. RINCHERINI, Enrico
(Scuola Normale Superiore, INFN)

Presenter: JULIANO, Leonardo (Scuola Normale Superiore, INFN)

rack Classification: Dark Energy / Modified Graviy; Graviaional Waves

Contribution ype: alk

Status: SUBMIED

rack Reviews:

Gravitational Waves:

Judgments: Posiive: alk

Reviews:

GAROFFOLO, Alice: Accept • 3.0

Abstract rating 3

MALHORA, Ameek: Accept: alk • 4.0

Abstract rating 4

Dark Energy / Modified Gravity:

Judgments: Posiive: alk

Reviews:

GARCIA-GARCIA, Carlos: Accept: alk • 2.0

Abstract rating 2

May 14, 2026 Page 548



Cosmo-26 / Repor o Absracs On EF consrains rom quasi- …

GLAVAN, Dražen: Accept: alk • 2.0

Abstract rating 2

Submited by JULIANO, Leonardo <leonardo.juliano@sns.i> onTursday, 30April 2026

May 14, 2026 Page 549



Cosmo-26 / Repor o Absracs PANDA: A reePM N-body code  …

Abstract ID : 330

PANDA: A TreePM N-body code o simulae
Horndeski models wih a phenomenological

screening.

Content

In his alk, I will presen he curren saus and firs resuls o PANDA. PANDA is a modified
version o he reePM N-body solver Gadge-4, exended o include Modified Graviy wihin he
Effecive Field Teory ramework, enabling simulaions across he broad class o Horndeski heo-
ries. In paricular, PANDA implemens a mapping o general Horndeski models hrough a se o
parameers modiying he sandard paricle dynamics, boh in real and Fourier spaces, according
o he linearised approach o EFoDE. Addiionally, o ensure consisency wih he ull non-linear
heories, and reproduce he correc dynamics a small scales, PANDA implemens a phenomeno-
logical screening mechanism, exploring boh environmen- and scale-dependen approaches. I will
presen he general srucure o he code, is curren limiaions, and is poenial applicaions o
large-scale cosmological simulaions o srucure ormaion.
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Effecs o Primordial Magneic Fields (PMFs) in he
linear and non-linear regimes

Content

I am going o presen how he presence o PMFs changes he shape o he mater power specrum
and how his resuls in new predicions or cosmological observables. By comparing heoreical
predicions wih observaional daa, i will be possible o consrain PMFs parameers. I will explore
predicions rom boh he linear and non-linear regimes, such as he galaxy luminosiy uncion
and weak graviaional lensing, respecively.
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Emulaion o cosmological simulaions using
Evoluion Mapping

Content

Wih he adven o sage-IV specroscopic galaxy surveys, modern cosmology has enered an era
o unprecedened precision. While perurbaion heory approaches remain he sae o he ar or
large-scale srucure (LSS) analyses, heir applicabiliy is resriced o he mildly non-linear regime,
meaning ha valuable daa is being discarded. Simulaion-based mehods offer an alernaive o
push our analyses o smaller scales. However, he compuaional cos o running high-fideliy
simulaions presens a major botleneck. In recen years, machine-learning rameworks have been
developed o emulae he oupu o N-body codes. Building on hese effors, we presen a convo-
luional neural nework (CNN) ha leverages he Evoluion Mapping ramework. Tis approach
explois cosmological parameer degeneracies, enabling he CNN o emulae N-body simulaions
across a broad range o cosmological scenarios.
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SkyExplain: a ramework or machine learning
inerpreabiliy in cosmology

Content
We presen a novel ramework or cosmological model selecion based on Neural Neworks rained
direcly on simulaed Cosmic Microwave Background (CMB) emperaure and polarisaion maps,
as well as summary saisics.

A cenral componen o his work is SkyExplain, an open-source ramework designed o bring
inerpreabiliy o machine learning applicaions on cosmological daa. SkyExplain enables he
mapping o eaure imporance direcly ono he sky, bridging he gap beween black-box models
and physically meaningul insighs.

We demonsrae he capabiliies o SkyExplain in enhancing sensiiviy o suble signaures o
primordial physics beyond he sandard ΛCDM paradigm using CMB daa. o his end, we gener-
ae Planck-like simulaions and develop a hybrid archiecure ha combines principal componen
analysis wih neural neworks, opimised or classificaion asks. We urher inerpre he model’
s predicions using Shapley Addiive exPlanaions (SHAP), ideniying he regions o he sky and
angular scales ha drive he disincion beween ΛCDM and eaure models.

Te ramework is designed o be easily exensible o a broad range o cosmological observables,
rom large-scale srucure summary saisics o he idenificaion o sysemaics in weak lens-
ing shear maps. More broadly, our goal is o esablish an open, communiy-driven hub where
researchers can experimen wih, adap, and exend hese ools or heir own analyses.

We will presen resuls on classificaion perormance, calibraion, and inerpreabiliy, alongside
an Open Science iniiaive ha provides public access o he ull pipeline—rom simulaions o
rained models and inerpreabiliy ools.
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Abstract ID : 334

Probing he large scale srucures o he Universe
wih GW observaions

Content

Galaxy surveys have radiionally served as he primary probe o he large-scale srucure (LSS) o
he Universe. Te rapidly growing caalog o graviaional-wave (GW) merger evens now offers an
independen and complemenary probe or cosmological sudies. Tird-generaion (3G) GW obser-
vaories, including he Cosmic Explorer and Einsein elescope, are expeced o deec housands
o compac binary mergers per year wih localizaion areas smaller han a square degree. Concur-
renly, nex-generaion elecromagneic surveys, such as he Vera C. Rubin Observaory and he
Square Kilomeer Array, will provide unprecedened maps o cosmic srucure. We presen new
saisical mehods or using GW observaions o probe he background cosmology and he LSS o
he Universe, and discuss sraegies or combining GW merger caalogs wih galaxy survey daa.
We show ha 3G deecors can independenly probe key LSS observables, including baryon acous-
ic oscillaions (BAO) and clusering bias, using GW observaions alone. Furhermore, sudying
he redshi evoluion o hese LSS eaures may provide new insighs ino he connecion beween
compac binary ormaion and cosmological srucure ormaion.
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Abstract ID : 335

From he Waveuncion o he Universe o
In-In-Correlaors: A Perurbaive Map o All Orders

Content

Boh he Waveuncion o he Universe and he Schwinger-Keldysh in-in ormalism are cenral
ools or analyzing primordial cosmological observables, such as equal-ime correlaion uncions.
While heir concepual equivalence is well esablished, a sysemaic and explici map beween
heir diagrammaic expansions has remained elusive. In his alk, I show how o consruc such
a map by analyzing he relaion beween he wo rameworks a he diagrammaic level. I show
ha diagrams conribuing o correlaion uncions in he Waveuncion o he Universe approach
can be uniquely reorganized ino Schwinger-Keldysh diagrams. Tis correspondence holds o all
orders in perurbaion heory, including arbirary numbers o ineracion verices and loops.
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Abstract ID : 336

Primordial Black Holes: Small Scales, BigQesions

Content
Primordial black holes (PBHs) may have ormed rom he collapse o large densiy flucuaions in
he early Universe and provide a powerul probe o he primordial power specrum on oherwise
inaccessible scales. However, ranslaing PBH abundances ino consrains on primordial physics
remains limied by heoreical uncerainies. A key source o his uncerainy is he choice o win-
dow uncion, which describes how flucuaions on differen scales conribue o collapse. Despie
is cenral role, his ingredien is oen reaed in a simplified or inconsisen way.

In his alk, I will highligh he impac o he window uncion on PBH predicions and presen
recen work aimed a improving is modelling, including exploraory machine learning approaches.
Tese resuls represen a sep oward a more robus connecion beween early-Universe physics
and PBH observables.
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Abstract ID : 337

Muliield Cosmological Collider Signal wih a Twis
and a Turn

Content

Te presence o muliple massive scalar fields during inflaion is oen a generic predicion o UV
complee heories o graviy. In addiion o he op down moivaion, mulifield models o inflaion
also solve he “-problem”by incorporaing non-geodesic rajecories in he field space. Deviaions
o he inflaon’s rajecory rom he geodesic, quanified by bending parameers, generae sizable
non-Gaussianiies beyond jus he single-field slow roll scenario. While wo field models wih
“urning”have been well sudied, models wih more han wo acive fields remain unexplored. In
his work we ake a phenomenological approach o sudy he non-Gaussianiies ha are generaed
by having more han wo acive fields during inflaion. In paricular we obain he squeezed limi
bispecrum o he adiabaic modes, which in presence o coupling o muliple massive fields, pro-
duces he so called “cosmological collider signal”. While our resuls hold or he general N > 2

field case, or pedagogy we highligh hese resuls in he special case o N = 3 fields ha has wo
bending parameers - “orsion”and “urning”. Upon careully considering all he cubic verices we
find ha he squeezed limi bispecrum has mixed oscillaions or muliple heavy fields ha de-
pend on he mass gap. We also find ha or some verices ha are unique o having N > 2 fields,
here’s a novel shape ha generaes a large local conribuion in he squeezed limi. Tese findings
could help discern differen mulifield models via specific emplae searches in cosmological daa.
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Vecor induced Graviaional Waves sourced by
Primordial Magneic Fields

Content
In his work, we develop a generic ormalism or he sudy o ensor perurbaions induced a sec-
ond order by firs-order vecor meric perurbaions, dubbing hese induced ensor modes vecor-
induced graviaional waves (VIGWs). Noably, considering an inflaion-inspired power-law ype
magneic field power specrum o he orm PB(k)∝knB (where nB is he magneic specral index),
we show ha he VIGW signal is enhanced or siff pos-inflaionary EoS, wih he maximum en-
hancemen happening or w=1. We explicily demonsrae his conribuion is dominan over he
firs-order magneically-sourced GWs. Te VIGW specrum exhibis a maximum a around he
scale crossing he cosmological horizon a he end o reheaing, kreh, wih is presen day peak
ampliude scaling as ΩGW(kreh,η0)∝ΔNreh×(Hin/MPl)8, where Hin is he Hubble parameer a
he end o inflaion and ΔNreh he duraion o he pos-inflaionary era in e-olds. For w=1 (ki-
naion) and nB>−3/2, one urher obains a nearly nB-independen requency scaling o he GW
specrum o he orm ΩGW(,η0)∝(ffreh)−2.8 or >reh≡kreh/(2π). Finally, we highligh ha he
VIGW signal can be well wihin he deecion bands o several nex-generaion inereromeric
GW missions a small scales. Indicaively, or Hin∼O(107)GeV and O(1014)GeV, and ΔNreh∼15
and 10, he VIGW signal is expeced o be deecable by LISA and E respecively.
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Abstract ID : 339

In Search o New Physics in he CMB Using AI

Content

In his alk, I will presen a se o AI echniques designed o look or signaures o new physics in
CMB daa. In paricular, I will inroduce how spherical graph neural neworks can be applied o
perorm machine learning direcly on CMB emperaure and polarizaion map daa. Furhermore,
I will discuss how recen advances in agenic AI can assis wih a variey o asks ranging rom
lieraure review o scienific code generaion and debugging, as well as CMB daa analysis. Fi-
nally, I will look a a concree example o employing he aoremenioned AI echniques o deec
signaures o non-rivial cosmic opology in CMB emperaure and polarizaion daa, highlighing
my recen work wih he COMPAC Collaboraion.
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Abstract ID : 340

Negenropy conrains on primordial nongaussianiy

Content

Te CMB is gaussian, a leas according o he esimaors ha have been used in surveys like Planck,
which is he bispecrum and rispecrum. In recen years here have been various proposals o
nongaussian signaures ha spread hrough ou he whole PDF o flucuaions, and in some cases
canno be capured by looking a lower n-poin uncions. We propose he negenropy as a single-
poin esimaor ha capures generic deviaions rom gaussianiy and apply i o he Planck daa in
order o consrain models ha lead o such signals. As an applicaion we derive analyic consrains
on specaor axions during inflaion.
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Generic eaures o he evoluion o scalar ield dark
mater galaxy halos

Content

We sudy he nonlinear evoluion o scalar field dark mater galaxy halos ha undergo a broad
amily o sudden disurbances creaed by a sreching or compression o he ground sae, or spon-
aneous collapse rom an almos uniorm background. o dae we have worked in reduced dimen-
sions (spherical symmery, plus exploraory atemps in cylindrical geomery or consideraion
o dark mater filamens). Tis, while on he one hand resricive, gives good access o very fine
resoluion o he mater wave field and hus high velociy componens such as scalar field burss.
We find generic eaures o he halos ha are correlaed wih he ime elapsed since he exciaion,
which may poenially find use or classiying he age o dark mater halos.
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De-lensing o CMB maps and consraining
primordial graviainal waves: inluence o Galacic

oregrounds

Content

Deecing primordial graviaional waves (PGWs) is one o o he main goal or upcoming Cosmic
Microwave Background (CMB) experimens. Achieving his objecive requires accurae removal
o CMB graviaional lensing signal rom CMB polarisaion maps, so called de-lensing, as well
as cleaning o he maps rom diffuse Galacic oregrounds. In his alk I will presen sudies on
influence o he Galacic emission on reconsrucion o CMB lensing poenial and de-lensing o
divergence-ree componen o CMB polarisaion maps or CMB-S4-like experimen. I will also pay
special atenion o esing sensiiviy o he PGW ampliude consrains o Galacic oreground
residuals based on realisic oreground models o varying complexiy. Our resuls show ha precise
modelling o he Galacic emission will be crucial or esimaion o he ampliude and is errors.
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Sysemaic evaluaion o ground-sae Scalar Field
Dark Mater a dwar galaxy scales

Content

Halo densiy profiles in CDM ollow a fixed uncional orm (e.g., NFW) ha predics over-dense
cuspy inner regions compared wih observed cores. Alernaive DM models like Scalar Field
(Fuzzy) Dark Mater (SFDM) aim o ackle his by producing cores balanced by quanum pressure
and graviy. However, srong srucure ormaion consrains on SFDM have moivaed he need
or Sel-Ineracions (SI). In his alk I address wheher SI can alleviae hese ensions in SFDM.
We demonsrae ha repulsive quaric SI produces solionic cores embedded in NFW envelopes,
reproducing boh 1D roaion curves and explici dynamical reconsrucion o hos halos in 3D via
he Gross-Piaevskii-Poisson equaions or 17 DM-dominaed galaxies in he SPARC daase using
a single boson mass (m) and ineracion srengh (g) pair. Tis analysis is hen exended o he
LILE HINGS daase.
Te core radius is a uncion o (m, g) which gives rise o a localised microphysical parameer de-
generacy. We resolve his using Hierarchical Gibbs Sampling, hus placing early benchmarks on
repulsive quaric SI in SFDM agains compeing DM models hrough Bayesian Model Comparison.
We generalise he analysis by exending across a amily o ground-sae poenials in SFDM - non-
ineracing, quaric SI, quaric+sexic SI, he ull cosine SI, and he logarihmic SI –o sysemaically
map mos o he ground-sae SFDM landscape. Tis ramework is shied o he Ulra Fain Dwar
regime o significanly suppress baryonic eedback effecs on DM consrains. Tis is moivaed
by asrophysical ensions wih observed consan cenral surace densiy (ρcrc = consan) and
is slope mismach wih heory predicions. We commen on he validiy o his es and how he
analysis eiher consrains which SFDM poenial survives, or, i he relaion does no hold unda-
menally, delivers benchmark scaling relaions across he SFDM amily.
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Sysemaic evaluaion o ground-sae Scalar Field
Dark Mater a dwar galaxy scales

Content

Halo densiy profiles in CDM ollow a fixed uncional orm (e.g., NFW) ha predics over-dense
cuspy inner regions compared wih observed cores. Alernaive DM models like Scalar Field
(Fuzzy) Dark Mater (SFDM) aim o ackle his by producing cores balanced by quanum pressure
and graviy. However, srong srucure ormaion consrains on SFDM have moivaed he need
or Sel-Ineracions (SI). In his alk I address wheher SI can alleviae hese ensions in SFDM.
We demonsrae ha repulsive quaric SI produces solionic cores embedded in NFW envelopes,
reproducing boh 1D roaion curves and explici dynamical reconsrucion o hos halos in 3D via
he Gross-Piaevskii-Poisson equaions or 17 DM-dominaed galaxies in he SPARC daase using
a single boson mass (m) and ineracion srengh (g) pair. Tis analysis is hen exended o he
LILE HINGS daase.
Te core radius is a uncion o (m, g) which gives rise o a localised microphysical parameer de-
generacy. We resolve his using Hierarchical Gibbs Sampling, hus placing early benchmarks on
repulsive quaric SI in SFDM agains compeing DM models hrough Bayesian Model Comparison.
We generalise he analysis by exending across a amily o ground-sae poenials in SFDM - non-
ineracing, quaric SI, quaric+sexic SI, he ull cosine SI, and he logarihmic SI –o sysemaically
map mos o he ground-sae SFDM landscape. Tis ramework is shied o he Ulra Fain Dwar
regime o significanly suppress baryonic eedback effecs on DM consrains. Tis is moivaed
by asrophysical ensions wih observed consan cenral surace densiy ( ρcrc = consan) and
is slope mismach wih heory predicions. We commen on he validiy o his es and how he
analysis eiher consrains which SFDM poenial survives, or, i he relaion does no hold unda-
menally, delivers benchmark scaling relaions across he SFDM amily.
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Learning CMB-independen reionisaion consrains
rom high-redshif quasars

Content
Recen evidence or evolving dark energy rom DESI BAO measuremens has been shown o be
degenerae wih he opical deph o reionisaion au_CMB and could be absorbed in a value exceed-
ing Planck’s legacy measuremen o au_CMB ~ 0.05. Gaining a rue undersanding o he Epoch o
Reionisaion hereore remains one o he pivoal asks o modern cosmology, and nex-generaion
elescopes such as EUCLID and JWS are opening up he pah o he firs CMB-independen pre-
cision consrains on au_CMB derived rom he Lyman-alpha damping wing signaure imprined
by he oreground neural inergalacic medium (IGM) on he specra o high-redshi quasars.

We developed a new simulaion-based inerence ramework –coded ully differeniably in he ma-
chine learning ramework JAX –o disenangle he IGM damping wing rom a quasar’s unknown
inrinsic specrum and iner is lieime as well as wo physical measures o he local ionisaion
opology in ron o he source: he HI column densiy and is disance o he firs neural pach.
Our pipeline accouns or all relevan modelling uncerainies, caused by IGM ransmission fluc-
uaions, quasar coninuum reconsrucion, and specral noise. Enabled by a normalising flow
model as neural likelihood esimaor, our ramework is he firs ha harnesses he ull-resoluion
specral inormaion, including he highly non-Gaussian pixels blueward o he Lyman-alpha line.
By analysing higher-order saisics o synheic flow-generaed specra, we demonsrae ha our
flow model has ruly learned non-Gaussian inormaion, significanly ighening he resuling pa-
rameer consrains.

Based on realisic mock specra resembling he disribuion o upcoming quasars ound by Euclid,
we show ha we will soon be able o robusly consrain he evoluion o he IGM neural racion
a he < 5% level beween 6 < z < 10. We presen he firs such consrains covering he redshi
range 5.75 < z < 7.7 based on 41 archival specra and 27 new high-qualiy JWS/NIRSpec specra
rom our currenly running 94-hour Cycle 4 program, consraining boh he global iming and he
local ionisaion opology near hese objecs and placing a robus Planck-independen consrain
on au_CMB.
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Triggered phase ransiions and graviaional waves

Content

Cosmic phase ransiions are a key source o graviaional waves and are usually assumed o be
conrolled by emperaure. We sudy scenarios in which he ransiion is insead riggered by
he dynamics o an addiional scalar field. Tis seup allows or qualiaively new possibiliies,
including delayed ransiions and symmery resoraion a low emperaures. In paricular, we
ocus on U(1) symmery-resoring phase ransiions and he role o he cosmic sring nework. We
discuss he associaed graviaional wave signal and is possible connecion o recen pulsar iming
array observaions. We also menion implicaions or CD confinemen and he elecroweak phase
ransiion.
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Revisiing he naure o dark mater and dark energy
rom he lens o Spherical Cosmos Model

Content
Dark mater and dark energy are considered he wo undamenal componens o he universe.
Based on he sandard cosmological model (ΛCDM) and he saisical daa published so ar, nearly
95% o he oal mass-energy densiy o he universe is atribued o hese wo dark componens.
However, heir precise origin is no known o he communiy o cosmologiss and paricle physi-
ciss. Despie exensive ongoing effors and significan invesmens in recen decades o deec
dark mater, a collisionless and key componen ha sabilizes he universe, is rue naure remains
unanswered, conroning scieniss wih he so-called “dark mater crisis”. In parallel, a variey
o dark energy definiions have been proposed across differen models o explain he acceleraed
expansion o he universe. However, hese models ace heir own challenges and inroduce addi-
ional complexiies or ambiguiies or scieniss, wih no experimenal evidence ye confirming he
direc deecion o dark energy.

Such dilemmas in science oen poin o he need o reopening he room or heoreicians and
philosophers in physics, so ha heir perspecives can be offered and possibly be converged wih
hose already esablished. As a resul, he missing language required or he rue descripion o
hese undamenal elemens o he universe can be obained, and he hurdles ha cosmology un-
avoidably aces can be surmouned. In his respec, he spherical cosmos model (SCM), derived
rom -Consciousness Cosmology, offers a complee and unified picure o he universe, enabling
cosmologiss and paricle physiciss o address cosmological puzzles, and o view hem rom a
novel and sarling perspecive. Proposed our decades ago and published in recen years, his
subfield o cosmology ollows a holisic approach o describe he universe as a whole.

In SCM, space is he main consiuen o he cosmos, an enormous nework ha encompasses he
universe and is neiher mater nor energy, bu raher a dynamic, non-neural eniy wih specific
eaures ha influences cosmological evens. In his model, space is also considered he ground
or he emergence and developmen o baryonic mater, ranging rom elemenary paricles and
molecules o planes, sars, galaxies and clusers o galaxies, ec. A varying viscosiy-like eaure,
or wha is called “space conracion”, is atribued o he space in SCM, hrough which dark mater
and dark energy are explained.

Te concep o viscosiy ascribed o space is no he same as ha defined in classical physics and
fluid mechanics, bu raher a eaure dependen on he conracion and sress o space isel. In
oher words, space exhibis mesh-like and fluid-like behaviors, as i can conrac, inerwine and
rebound o is relaxed sae; hence, exhibiing differen levels o space viscosiy, which are reerred
o as dark mater and dark energy. In SCM, hese wo dark elemens are a eaure o space isel,
wih no baryonic, achyonic, scalar-field, quinessence, or oher such origins. Tereore, hey can-
no be deeced direcly hrough observaional experimens; however, heir influence on baryonic
mater can be deeced indirecly. Dark mater and dark energy eaure graviaional properies
and hold he srucures o he cosmos, as well as massive cosmic objecs, ogeher. High levels o
space viscosiy are atribued o dark mater, whereas low levels are atribued o dark energy.

o elaborae urher, in SCM, dark mater and dark energy are considered dynamic responses o
space o he disribuion o baryonic mass, he inensiy o he graviaional field surrounding
his mass, and he level o space conracion associaed wih i. Wherever here is baryonic mass,
graviy orms and resuls in space conracion around he mass. Te higher he densiy o he
baryonic mass, he greaer he magniude o he graviy, and he greaer he conracion o he
space will be, respecively. Tis chain o sequences leads o a local increase in he viscosiy o space,
which is consisen wih observaions, or example, around galacic discs and is convenionally
known as dark mater halos. In oher words, dark mater is merely a conracion o space. Upon
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he ormaion o galaxies or supermassive srucures and he effec o heir graviy o he space,
depending on heir baryonic mass densiy, differen densiies o dark mater can emerge, which
are corresponding o differen levels o space viscosiy. Convenional cosmology calls he hidden
mass around galacic discs and oher massive srucures “dark mater”and ries o assign a newly
defined paricle o i. However, wha really exiss is no an enormous populaion o unknown
paricles, bu merely a dynamic response o space, which is he resul o is conracion. Dark
energy, on he oher hand, is he resul o lower levels o space conracion, exising around, e.g.,
elemenary paricles o much lower mass densiies han galaxies and oher massive srucures ha
canno cause high inensiy o graviaional fields.

As can already be inerred, in SCM, dark mater and dark energy are no wo disinc, independen
elemens o he universe, bu raher wo dynamic phases o space ha emerge rom local gravia-
ional condiions and physical scales. Around massive srucures, galaxy clusers, ec., ha possess
high baryonic mass densiies, space conracs and inerwines considerably more han around a
mass o low baryonic densiy. Te ormer denoes a super-viscous regime, where he porion o
dark mater is high, while he later denoes a poor-viscous regime, equivalen o wha is called
dark energy in convenional cosmology.

o conclude, in spherical cosmos model (SCM) dark mater and dark energy are o he same origin
and merely differen phases o “space viscosiy”. Tis dynamic eaure o space depends on he
baryonic mass densiy and he graviaional field ormed around he disribuion o such mass. Su-
permassive srucures in he universe lead o high levels o space viscosiy, ascribed o dark mater,
whereas lighweigh baryonic masses, such as elemenary paricles, lead o low levels o space vis-
cosiy, ascribed o dark energy. Te SCM model, derived rom -Consciousness Cosmology, sheds
ligh on he pah ahead o cosmologiss, paricle physiciss, philosophers, ec. and invies everyone
o challenge convenional cosmology, reshaping definiions and revisiing heir mehodologies in
realizing he main consiuens o he universe as well as is oundaions.
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Inegral-Equaion Mehod or Non-Cold Relic
Perurbaions: From Massive Neurinos o Decaying

Dark Mater

Content

Te sandard approach or compuing perurbaions o non-cold relics in Bolzmann solvers relies
on a runcaed mulipole hierarchy, which inroduces numerical ariacs and becomes compua-
ionally expensive a small scales. We presen an alernaive ramework based on inegral equa-
ions (IEs), where he ormal soluion o he collisionless Bolzmann equaion is expressed as a
convoluion o graviaional source erms wih analyic kernels. Tese convoluions are evaluaed
ieraively alongside he res o he perurbaion sysem using non-uniorm as Fourier ransorms
(NUFFs). Tis mehod is ree rom runcaion ariacs and is applicable o arbirary non-cold relic
species wihou model-specific fluid approximaions. We implemen his ramework in CLASSIER
(CLASS Inegral Equaion Revision), a publicly available modificaion o he Bolzmann solver
CLASS. As a primary demonsraion, we apply he IE mehod o massive neurinos, achieving sub-
0.1% accuracy in he mater power specrum up o k∼ 100Mpc−1 wih significan speedup over
he convenional runcaed hierarchy. We urher demonsrae he generaliy o his ramework by
applying i o decaying dark mater, illusraing ha he mehod exends naurally o non-sandard
non-cold relics.
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Eigenmodes, correlaion marices, and deecabiliy
o Euclidean maniolds

Content

I he Universe has non-rivial spaial opology, observables depend on boh he parameers o he
spaial maniold and he posiion and orienaion o he observer. In infinie Euclidean space, mos
cosmological observables arise rom he ampliudes o Fourier modes o primordial scalar curva-
ure perurbaions. opological boundary condiions replace he ull se o Fourier modes wih
specific linear combinaions o seleced Fourier modes as he eigenmodes o he scalar Laplacian.
In his paper we consider he non-orienable Euclidean opologies \E{7}–\E{10}, \E{13}–\E{15}, and
\E{17}, encompassing he ull range o maniold parameers and observer posiions, generalizing
previous reamens. Under he assumpion ha he ampliudes o primordial scalar curvaure
eigenmodes are independen random variables, or each opology we obain he correlaion ma-
rices o Fourier-mode ampliudes (o scalar fields linearly relaed o he scalar curvaure) and he
correlaion marices o spherical-harmonic coefficiens o such fields sampled on a sphere, such
as he emperaure o he cosmic microwave background (CMB). We evaluae he deecabiliy o
hese correlaions given he cosmic variance o he CMB sky. We find ha in maniolds where
he disance o our neares clone is less han abou 1.2 imes he diameer o he las scatering
surace o he CMB, we expec a correlaion signal ha is larger han cosmic variance noise in he
CMB. Our limied selecion o maniold parameers are exemplary o ineresing behaviors, bu
no necessarily represenaive. Fuure searches or opology will require a horough exploraion
o he parameer space o deermine wha values o he parameers predic saisical correlaions
ha are convincingly atribuable o opology.
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Graviaional Waves rom Primordial Black Hole
Binaries: The Role o Higher-Order Clusering

Content

Primordial black holes (PBHs) ormed in he early Universe are a well-moivaed dark mater can-
didae and a poenial source o graviaional waves (GWs). In his work, we invesigae he GW
signals originaing rom early-ormed PBH binaries, wih a paricular ocus on he impac o pri-
mordial clusering induced by non-Gaussianiy in he curvaure perurbaions. We model he spa-
ial disribuion o PBHs using higher-order correlaion uncions, incorporaing he effecs o
local-ype non-Gaussianiy on boh he wo-poin and hree-poin correlaion uncions.
We show ha clusering significanly modifies he iniial condiions o PBH binaries, including
heir ypical separaions and angular momenum, hereby affecing heir merger imescales and
survival probabiliy agains early disrupion. While previous sudies have primarily ocused on
he role o he wo-poin correlaion uncion, we explicily compue he PBH hree-poin corre-
laion uncion and consisenly include is conribuion. We find ha hree-body correlaions
play a non-negligible role: hey can enhance he probabiliy o close encouners, while simul-
aneously increasing he rae o binary disrupion hrough early hree-body ineracions. As a
resul, he presen-day merger rae exhibis a non-rivial dependence on he level o primordial
non-Gaussianiy, including a criical hreshold beyond which he merger rae is significanly sup-
pressed.
We urher compue he sochasic graviaional-wave background generaed by he cosmic popu-
laion o PBH mergers, incorporaing he modified merger hisory due o clusering. Our resuls
show ha primordial clusering can subsanially aler boh he ampliude and specral shape o
he GW background, poenially bringing predicions ino agreemen wih curren observaional
bounds or wihin he reach o uure GW experimens. Tis work highlighs he crucial role o
primordial non-Gaussianiy and higher-order clusering in connecing PBH ormaion scenarios
wih graviaional-wave observaions.
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Nucleaion Raes or Firs-Order Phase Transiions in
a Sric EFT Expansion

Content

We presen a sysemaic compuaion o bubble nucleaion raes or cosmological firs-order phase
ransiions wihin a sric EF expansion obained hrough dimensional reducion and he inegra-
ion o fields heavier han he nucleaion scale. Te calculaion consisenly separaes conribuions
rom he leading EF poenial, higher-order operaors generaed by consecuive maching seps,
and flucuaion deerminans around he criical bubble. Tis ramework allows us o compare he
relaive impac o ull deerminan preacors and higher-dimensional operaors while mainaining
conrolled power couning.
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Searching or Cosmic Topology wih Bayesian
Mehods using he Likelihood

Content

Te universe has a non-rivial opology i here exis non-conracible closed loops hrough space.
I he lengh scale o he opology is comparable o ha o he las scatering surace, hen his
would influence he saisics o he cosmic microwave background (CMB). Here, we discuss one
mehod o searching or his signal—he likelihood search.
Te covariance marix describing he CMB saisics can be calculaed and used o find he Gaus-
sian likelihood o he opological model parameers given a CMB map. Tis includes no only he
lengh scales and angles o he axes o a given opology, bu also (since opologies are generally
anisoropic) he orienaion o he observer. We discuss mehods o efficienly compue he likeli-
hood and explore his parameer space.
Te covariance marices can also be used o calculae he Kullback–Leibler (KL) divergence. We
can also calculae he Fisher marix or each opology, which gives us an esimae o he error bars.
Tese echniques are used o show which opologies are allowed and discoverable given curren
Planck CMB limis and deermine he exen o which uure CMB experimens like LieBIRD can
improve hese limis.
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Non-Linear Effecs o he Ineracing Dark Energy
Model

Content

We ocused on a phenomenological ineracing dark energy model (IDE) wih energy-momenum
ranser rom dark mater o dark energy hrough a coupling Q = ξHρDE . Following our previ-
ous work on consraining he parameers o he same IDE model using CMB and DESI daa, we
now presen he N-body simulaion resuls based on a modified version o RAMSES code. Com-
pared wih he fiducial LCDM resuls, he IDE model predics an enhanced power on large scales
bu suppressed clusering on small scales (k ≥ 2 h/Mpc), consisen wih he reduced dark mater
densiy a lae imes.
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The Universe is No Saisically Isoropic

Content

We have long celebraed he grea success o cosmology in predicing he observed properies o
he cosmic microwave background. And ye, or over wo decades here has been consisen and
slowly mouning evidence ha on large scales he CMB is anomalous. Te evidence is consisen
rom experimen o experimen and i implies he violaion o saisical isoropy. I will discuss
his evidence, why i is so compelling, and where i may be poining us.
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Precision SZ Cluser Cosmology wih he Souh Pole
Telescope in he Era o Nex-Generaion

Observaions

Content

Te unprecedened deph o curren-generaion CMB experimens enabled a window ino sudying
he hermal Sunyaev-Zeldovich (SZ) effec in a once inaccessible populaion o galaxy clusers.
Te newes insrumen on he Souh Pole elescope, SP-3G, has produced CMB maps wih noise
levels o 3.2, 2.5, and 8.9 μK-arcmin a 95, 150, and 220 GHz, respecively. Tis has allowed or he
deecion o over 7,200 clusers wih masses ranging rom 7.9x10^{13} o 1.6x10^{15} in he redshi
range 0.037 < z < ~2. Te cluser sample deeced in high-resoluion SP-3G maps will enable high-
precision cross-validaion wih opical and X-ray cluser caalogs, and combined wih opical weak
lensing measuremens rom wide-field surveys, offer new leverage on cosmological consrains
derived rom cluser abundances. SZ cluser cosmology is now also being inernally validaed
hrough CMB-only probes, including consrains on he SZ–mass relaion rom cluser masses
inerred via he lensing o he CMB by galaxy clusers, and measuremens o he bias parameer
rom he clusering o galaxy clusers. Fuure analyses using he ull 10,000 deg² SP-3G survey,
leveraging a subsanially larger cluser sample, will yield increasingly precise and sel-consisen
consrains on cosmology rom cluser abundances.
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Large deviaion echniques or srucure abundances
: beyond perurbaive non-gaussianiies

Content

Te excursion-se ormalism provides a key connecion beween primordial inflaionary flucua-
ions and he abundance o cosmic srucures such as dark mater halos and voids, radiionally
assuming Gaussian random walks. In his work, we exend his ramework o flucuaions whose
disribuion presen srongly non-Gaussian ails, beyond he reach o perurbaive approaches o
primordial non-Gaussianiy based on saisical momen expansion. We address his problem wih
rigorous, analyical derivaions relying on he large deviaion principle, suied or he sudy o rare
flucuaions. We derive new firs-passage ime disribuions or random walks wih non-Gaussian
saisics and obain updaed predicions or he halo mass uncion. We also sudy he wo-barrier
firs-passage problem relevan o cosmic void ormaion, leading o a new analyical predicion or
he void size uncion, wih improved accuracy on he larger scales. Our resuls demonsrae he
poenial o large deviaion echniques as a bridge beween inflaionary scenarios oen leading o
srongly non-Gaussian ails and lae-Universe observables.
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Improving he Precision o BICEP’s CMB
Measuremens

Content

For over 20 years, he BICEP series o elescopes has been observing CMB polarizaion rom he
Souh Pole wih ever increasing sensiiviy, coninually improving he leading consrains on pri-
mordial graviaional waves and he ain B-modes hey would produce a degree scales. Te mea-
suremen challenge is immense. As sensiiviies coninue o increase, rom exising daases which
consrain he ensor-o-scalar raio r a he level o σ(r) ∼ 0.005 o goals o he curren surveys o
reach σ(r) ∼ 0.001 or below, sysemaic effecs mus be conrolled o nano-Kelvin levels, requir-
ing many orders o magniude suppression o environmenal asrophysical conaminans. Building
on our program’s experience o hese measuremens, a sixh-generaion BICEP elescope, called
BA4-90/150, will be commissioned in 2027. In his alk I will discuss how BA4 will coninue o im-
prove BICEP’s sandard o sensiiviy and sysemaic conrol, while precision in-field calibraion
measuremens o he BICEP program will coninue o inorm miigaion sraegies in our cosmo-
logical analysis and robusly characerize he upper limis o residual sysemaic uncerainy or
measuremens o r. Precision absolue polarizaion angle calibraions also promise o improve
measuremens o cosmological bireringence.
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Uniying he asrophysical graviaional-wave
background and oreground or cosmological

inerence

Content

Te Hubble ension is a major cosmological problem, wherein early- and lae-universe measure-
mens o he Hubble consan are significanly discrepan. Tis ension can be probed by develop-
ing new measures o he Universe’s expansion. In recen work, we creaed he sochasic siren, a
novel way o measure he Hubble consan using he graviaional-wave (GW) background (GWB)
arising rom binary black hole mergers. Tis mehod can be deployed in parallel wih he spec-
ral siren—which considers only resolved mergers—by joinly analyzing he separae daases o
he GW oreground and background. However, he disincion beween he oreground and back-
ground is ulimaely arificial: he GWs we can resolve are dicaed by our deecors. Disinguish-
ing beween he wo sources is hus echnically incorrec in some scenarios and may acually pose
issues in he analysis o uure GW daa. In his alk, I will ouline a new, unified mehod o mea-
sure he Hubble consan ha makes no disincion beween he oreground and background o
GWs. I will demonsrae he mehod applied o simulaed daa and share he resuling cosmological
consrains.
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Improving Consrains on Inlaion wih he Souh
Pole Observaory

Content

Cosmic inflaionary models predic a background o primordial graviaional waves ha would
imprin a B-mode polarizaion signaure in he cosmic microwave background (CMB). Te Souh
Pole Observaory (SPO), a join effor beween BICEP and he Souh Pole elescope (SP), aims o
consrain he srengh o his signaure, parameerized by he ensor-o-scalar raio r, and hereby
consrain he energy scale o inflaion. B-mode resuls using BICEP daa hrough he 2018 ob-
serving season coninue o be world-leading in consraining r (r < 0.036 a 95% confidence) a
an uncerainy o σ(r) = 0.009. A levels lower han his, graviaional lensing o he CMB rom
large-scale srucure becomes a key oreground ha conribues o he uncerainy. SPO plans
o leverage he higher angular resoluion o SP o enable delensing o he CMB o separae ou
primordial B-modes rom he lensing oreground and push o lower uncerainy. Hardware im-
provemens will also play a major role, including he upcoming BICEP Array 90/150 GHz receiver
and SP-3G+ camera. In his alk, I will summarize he hisory up o he curren sae o r con-
srains, give a preview or BICEP and SP hardware upgrades, and presen SPO’s road map or
reaching σ(r) ~ 0.001 by 2034.
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Relaivisic Effecs in Large-Scale Srucure a Higher
Order

Content

In his alk, I will presen a second-order calculaion o relaivisic large-scale-srucure observ-
ables in cosmological perurbaion heory. I will do so by decomposing hese ino he simples
observables, he “cosmic rulers and clock”, which are he building-blocks o any oher large-scale-
srucure observable, including galaxy number couns, on large scales. I will show how o calculae
hem using a ully non-linear covarian definiion o he observables. Ten, I will validae hese
ormulæ on hree non-rivial space-ime merics: wo o hem are null ess on merics which are
obained by applying a gauge ransormaion o he background space-ime, while he hird is he
“separae universe”curved background, or which we can also compue he observables exacly.
I will hen illusrae he resuls by evaluaing he second-order observables in a simplified sym-
meric se-up. Te resuls o his paper orm a significan (and he mos complicaed) par o he
relaivisic galaxy number densiy a second order.
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The Small-Scale Limi o he Cold-Dark-Mater
Power-Specrum

Content

Te mater power specrum P(k) is one o he undamenal quaniies in he sudy o large-scale
srucure in cosmology, and measures ha ampliude o densiy flucuaions on a scale k. In his
alk, I will describe is small-scale asympoic limi, and give a heoreical argumen o he effec
ha, or cold dark mater, P(k) has a universal asympoic scaling wih he wave-number k, or
k » k_nl, viz. P(k) ~ k^(-3). I will explain how graviaional collapse drives a phase-space flow o
srucure o small phase-space scales, and how his balance dicaes he k dependence o he power
specrum. I will show Vlasov-Poisson simulaions ha suppor he heory, and also describe a
saionary-phase echnique or deriving an equivalen resul.
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Dark Mater and Sellar Dynamics Around Massive
Black Holes

Content

In his alk, I will describe how o use sellar dynamics o consrain he disribuion o dark mater
around super-massive black holes, in wo cases. Firs, concerning graviaional aoms o uzzy
dark mater (FDM) around black holes wih nuclear sellar discs (like he Milky Way’s): I will
show ha i he aom is in a spherically asymmeric sae, here will be a differenial orque on he
disc ha could disrup i; any observaions o he exisence and sabiliy o his disc can hus be
used o pu consrains on he FDM paricle mass. Moving on o cold dark mater, I will describe
how he ineracion o a “dark mater spike” (a srong densiy cusp ha can exis around black
holes) wih he sellar populaion in he nuclear cluser can lead o markedly differen behaviour
and densiy profiles, o he exen ha mos o he spike is someimes evaporaed. For boh cases,
I will describe which black-hole masses (and oher parameer values) are mos sensiive o hese
effecs.
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Audible Axion Magneogenesis

Content

Axion-like paricles coupled o he Sandard Model phoon are able o simulaneously generae a
graviaional wave background and primordial magneic fields, providing a muli-messenger probe
o a promising dark mater candidae.
Mechanisms like rapped misalignmen can delay he onse o oscillaions, inducing a period o
supercooling in he early Universe. Te supercooling hen allows or exponenial producion o
phoon quana via a achyonic insabiliy, generaing observable graviaional wave signaures.
In his alk, we show ha reheaing o he Sandard Model plasma simulaneously produces srong,
helical magneic fields on inergalacic scales. Te parameer space mos promising or gravia-
ional wave deecion yields magneic field srenghs ha exceed lower bounds rom blazar obser-
vaions.
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Superhorizon Isocurvaure as a Window ino Dark
Mater Producion

Content

Searches or neurino isocurvaure usually consrain a specific linear combinaion o isocurvaure
perurbaions. We will discuss realisic cosmological scenarios and argue ha in general boh,
neurino and mater isocurvaure perurbaions are generaed, whose raio we parameerize by a
newly inroduced mixing angle. We obain he firs limis on his new mixing angle rom PLANCK
daa, and find modes evidence or non-vanishing pure neurino isocurvaure.
We urher show ha in he presence o non-zero dark radiaion isocurvaure, he induced dark
mater isocurvaure can disinguish differen producion mechanisms such as reeze-in and reeze-
ou.
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HETDEX [OII] galaxies a z < 0.48 : Volume-limied
samples and heir power specra

Content

Te Hobby-Eberly elescope Dark Energy Experimen(HEDEX) delivers an unprecedened caa-
log o over wo million emission-line-seleced galaxies hrough is unargeed IFU specroscopic
survey using he VIRUS specrograph on he 10m HE. Te firs public daa release(PDR1) in-
cludes approximaely hal a million [OII] emiters a z≤0.48, providing a unique and complemen-
ary probe o large-scale srucure in he low-redshi universe. Leveraging HEDEX’s high sen-
siiviy and unbiased emission-line selecion, we consruc volume-limied subsamples o [OII]
emiters wih comoving number densiies o 2-5x10^(-3)(h/Mpc)^3, a acor o five o en higher
han hose o ypical cosmological specroscopic surveys. Tese volume-limied samples avoid he
redshi-dependen selecion biases inheren o flux-limied caalogs, simpliying he radial selec-
ion uncion and enabling more robus clusering measuremens. We presen he galaxy cluser-
ing analysis o hese samples, discussing heir cosmological implicaions wih a HOD modeling o
hese samples.
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Forward-Modelling Galaxy Surveys: A Robus
Analyic Model or Projeced Galaxy Bias

Content

Galaxies, as racers o he large-scale srucure o he Universe, are key observables or esing cos-
mological models in he lae Universe and ino he non-linear regime. In his conex, muli-scale
baryonic dynamics, and heir evoluion over ime, can have considerable effecs on he galaxy-halo
connecion. I unmodelled, residual uncerainies in he galaxy field can obsruc cosmological
inerence and weaken ess o exensions o ΛCDM. In wo-dimensional projecion along he line-
o-sigh, he relevan halo-level inormaion can be incomplee or effecively marginalised over.
o his end, I will presen an analyic galaxy bias model in projecion ha incorporaes sochas-
iciy and non-localiy already a linear order, while enorcing physicaliy. I will show how he
model can be calibraed o he projeced power specrum measured in hydrodynamical simula-
ions o sample galaxy populaions rom simulaed mater fields while condiioning on seleced
galaxy properies. Te model maches he wo-poin saisics down o he simulaions’resoluion
by consrucion, while recovering he bispecrum down o ~10 Mpc up o z=3. Te model beter
reproduces non-lineariies driven by correlaions beween he local ampliude o he galaxy field
and is phase, as well as he field’s mode coupling, han a local bias model across mos scales and
down o low halo masses. Tis improves he robusness o join clusering plus galaxy-galaxy
lensing consisency ess o he growh o srucure, helping o separae asrophysical sysemaics
rom genuine scale-dependen srucure growh. Finally, I will demonsrae how his ramework
enables efficien field-level orward modelling o galaxy posiions consisen wih hydrodynamical
simulaions, providing a pracical roue owards simulaion-based inerence and principled model
comparison wi surveys such as Euclid and Rubin LSS.
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Abstract ID : 367

New consrains on serile neurino hermalisaion

Content

In his work, we revisi he problem o serile neurino hermalisaion or MeV reheaing empera-
ures wih he ull oscillaion paradigm o he 3+1 scheme, exending he analysis ha we recenly
carried ou in he absence o serile neurinos. For he firs ime, we consider he effec o all mixing
angles, fixing hose exclusive o acive neurinos o he values obained in global-fi analyses bu
leaving he hree acive-serile angles as ree parameers. Te evoluion o neurinos is obained
wih a modified version o he ForEPiaNO code and he bounds on acive-serile parameers and
he reheaing emperaure are compued using he laes available cosmological daa. In paricu-
lar, we perormed a join analysis ha combines consrains rom Big Bang Nucleosynhesis, he
Cosmic Microwave Background, and galaxy surveys, alongside separae invesigaions o hese
daases and orecass or nex-generaion experimens.
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Dark mater phase-in: Producing dark mater
paricles afer a irs-order phase ransiion

Content

I dark mater is produced non-hermally via non-renormalisable ineracions (so-called UV-dominaed
reeze-in), he resuling abundance depends sensiively on he deails o reheaing. Tis sensiiviy
can however be much reduced in he presence o a cosmological firs-order phase ransiion, aer
which he decaying scalar field ransers is energy densiy o he SM radiaion, hereby diluing
pre-exising paricle abundances. I will discuss how his phase-in mechanism inroduces a depen-
dence o he final DM abundance on he deails o he phase ransiion, in paricular he equaion
o sae o he universe. Using resuls rom latice simulaions, I will show ha large gradiens in
he scalar field persis even aer he bubble collisions, leading o an equaion o sae ha differs
significanly rom he one o non-relaivisic mater. Larger Lorenz acors o he bubble walls
lead o higher-momenum modes in he power specrum o he scalar field, corresponding o a
more radiaion-like equaion o sae. Tese resuls affec he dark mater abundance as well as
oher cosmological observables linked o he phase ransiion.
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Semi-Analyical Evoluion o Axion Inlaion
Through Weak o Srong Backreacion

Content

Axion inflaion wih a Chern-Simons coupling o gauge fields provides a well-moivaed and phe-
nomenologically rich realizaion o he early universe. Te rolling axion achyonically amplifies
one gauge heliciy, and or sufficienly large coupling his producion becomes srong enough o
back reac on he axion background resuling in a non-linear axion evoluion. In his work, we
develop a semi-analyical descripion o he homogeneous axion dynamics ha ollows he sysem
coninuously rom weak o srong backreacion. We derive a simple effecive equaion o moion
or he axion zero mode ha incorporaes he delayed gauge response and provides a unified de-
scripion o he homogeneous evoluion rom weak o srong backreacion. Tis ormulaion cap-
ures boh he onse o backreacion and he subsequen approach rom unsable o a sable Anber
Sorbo ype atracor branch. We show ha his sable regime is consisen wih recen analyical
and numerical approaches, and ideniy he condiions conrolling he ransiion beween he weak
and srong backreacion regimes. We hen use his homogeneous reamen as a oundaion or
exending he model o inhomogeneous axion perurbaions, wih he goal o undersanding how
local nonlinear dynamics modifies he evoluion.
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When Tiny Halos Sir Spaceime : Graviaional
Waves rom Fifh-Force Mergers

Content

Dark mater ermions ineracing via atracive Yukawa orces mediaed by a ligh mediaor can
orm dark mater halos in he very early universe. We show ha bound sysems composed o hese
halos are capable o generaing graviaional wave (GW) signals deecable oday, even when he
individual halos are significanly ligher han he solar mass. Te Yukawa orce dominaes he
dynamics o hese halo binaries, raher han graviy. As a resul, large GW signals can be produced
a iniially exremely high requencies, which are hen redshied o requency bands accessible o
curren or uure GW observaories. In addiion, he resuling GW signals carry disincive eaures
ha enable uure observaions o disinguish hem rom convenional ones. Noably, even i only
a small racion o dark mater experiences srong fih-orce ineracions, such effecs provide a
new avenue o discover sel-ineracing dark mater hrough GW observaions.
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Consraining EFToLSS counqererms wih Weak
lensing

Content

We presen consrains on Effecive Field Teory o Large-Scale Srucure (EFoLSS) counererms
using weak graviaional lensing daa and he Sym-EF emulaor [arXiv:2511.05093]. Te emulaor
enables as and accurae predicions or nonlinear mater power specrum up o wo loops. We
sudy he sensiiviy o weak lensing observables o EF conribuions and explore he consraining
power o curren lensing daa on effecive parameers describing nonlinear clusering. Our resuls
demonsrae he poenial o combining EF-based modelling wih weak lensing measuremens
or precision cosmology applicaions.
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