Theoretical challenges in LSS

role of priors on EFT parameters; prior-volume effects and impact of prior
choiceion e.g. og; (dis)agreement of various methods/codes e.g. 2309.04468

perturbation theory vs simulation-based inference

e.g. simbig 2310.15256

Beyond EdS kernels e.g. bootstrap 2109.09573 or cosmology-specific kernels (e.g. 2309.11496 for
long-range forces, 2205.11583 for massive neutrinos, 2205.10026 2308.06096 for time-dependent kernels at
2loop,...)

pushing to higher loops; renormalization, bias, fftlog methods, ... eg.
2211.17130 bispectrum, 2308.07379 power spectrum in redshift space

~

pushing to higher n-point functions or other statistics e.g. trispectrum; skew
spectra 2210.12743,...

perturbation theory of collisionless Vlasov-Poisson instead of the usual
fluid-Poisson e.g. 2210.08089
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https://arxiv.org/abs/2309.04468
https://arxiv.org/abs/2310.15256
https://arxiv.org/abs/2109.09573
https://arxiv.org/abs/2309.11496
https://arxiv.org/abs/2205.11533
https://arxiv.org/abs/2205.10026
https://arxiv.org/abs/2308.06096
https://arxiv.org/abs/2211.17130
https://arxiv.org/abs/2308.07379
https://arxiv.org/abs/2210.12743
https://arxiv.org/abs/2210.08089

Theoretical challenges/perspectives of LSS

* What kind of new physics can we hope to constrain/discover?
* How to quantify (possible) tensions?

* What will be the legacy of LSS experiments?
What is our “nightmare scenario”?



theoretical challenges in LSS some next steps

® higher loops, higher N-point functions ® new theory results
® ?-loop PS, 2-loop bisp., 1-loop trisp. ® non-locality in time and galaxy formation
® gain ~30% using 1-loop bisp. ® needs high order (5th) computation
D’Amico, ML, D’Amico, Donath, ML, ® New recursion relation
Senatore, Zhang 22 Senatore, Zhang 22 (1)

D’Amico. Donath, ML.  Philcox, Ivanov, Cabass. Donath, ML, Senatore 23

Senatore, Zhang 22 (2) Simonovic, Zaldarriaga 22

® new methods for integration

e FFTlog, massive propagators Galaxies meet QCD
® 1-loop bisp. only possible with this new workshop at ETH

technology with P. Zhang

Simonovic, Baldauf, Zaldarriaga, = ML, Senatore 18
Carrasco, Kollmeier 17

Anastasiou, Braganca, Senatore,
Zheng 22



Role of priors on EFT parameters

profile, EC
profile, WC

MCMC, EC
== MCMC, WC
— profile, WC (¢4 = c*°"° = 0)

L(og) resp. P(og)

Bayesian analysis of BOSS full shape + BAO data with prior on counterterms

Vs profil#lihood (no priors) Im, Herold, Simon, Ferreira, Hannestad,
Pow, ram 2310.15256 L



Simulation-based inference

SimBIG Py(k < 0.5)
B SimBIG By(kuas < 0.5)
SimBIG CNN
( (Fmax = 0.28)

Ivanov et al.(2020)

Pi(k < 0.25)
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Simulation-based inference

Ss

.

“The full constraining power of neither the CNN nor the WST can currently be
robustly exploited. This is because these statistics identify cosmological
imprints that are specific to our forward model. One way to robustly exploit
these statistics is to use a more flexible and generalizable forward model that
can describe the WST and CNN across the different test simulations.

Alternatively, we can also construct clustering statistics more robust to model

misspecification” -~ 2310.15246
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]
Simulation-based inference

SIMBIG BOSS (10% volume) + BBN prior SIMBIG BOSS (10% volume) + BBN prior
Pk < 05) _— Hahn et al. (2022) Puk < 0.5) Hahn et al. (2022)
By(kizs < 0.5) — Hahn et al. (2023) Bolki < 0.5) Hahn ef al. (2023)

_ Lemos f al. (2023) N . Lemos ct al. (2023)

GC BOSS CMASS-SGC Py(k < 0.25) PT Tvanov ef al. (2020) BOSS CMASSSGC

GC BOSS CMASS-SGC Py(k < 0.25) Emu. —_— Kobayashi et al. (2022) Py(k < 0.25) + BBN prior Ivanov et al. (2020)

(full volume) By + BBN Prior ~ —a— Philcos ef al. (2022) By + BBN prior —_ Philcox et al. (2022)

all volume) P fixed 0, ——a Chen cf al. (2022) P+ fixed Q. — Chen et al. (2022)

MB Planck TT, Tl  lowE - Aghanim e al. (2020) P, + Planck prior —_— Alam et al. (2017)
MB Planck TT, T - lowE + lens - Aghanim cf al. (2020) OMB WMAP Hinsha et al. (2013)

CMB ACT+WMAP - Aiola et al. (2020) OMB SPT Dutcher et al, (2021)

CMB ACT Lensing + BAO —_ Madhavacheril et al. (2023) CMB ACT —— Aiola et al. (2020)

WL KiDS-1000 — Asgari et al. (2021) CMB Planck —— Aghanim et al. (2020)

WL KiDS + VIKIN — Asgari et al. (2020) . :

Nla - Cepheid 0! —_— t al. (2022]

6 ——  Amon ef al. (2022), Secco et al. (2022) SNIa - Cepheid SHOES Riess ct al. (2022)

SNIa - TRGB —— Freedman ef al. (2021)

— Troxel e al. (2018) R o 201

_ Dalal et al. (2023) S s _— nang et al. (2019)

— Sugiyama cf al. (2023) TD Lensing _ Denzel et al. (2021)

GC+CMBL DELS + Planck J— White et al. (2022) Tully Fisher —————  Kourkchi e al. (2020)

GC+CMBL inWISE + Planck - Krolewski f al. (2022) OMB-+lensing + Panthieon Baxter et al. (2021)
02 04 14 12 5 60 65 80 85

70 5
Hy [kms™' Mpe™]

SimBig applig& to subvolume of BOSS with 9-param HOD model 2310.




Simulation-based inference
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blue=

Vlasov-Poisson-PT (VPT) vs fluid+EFT

4 n=+1

ver' ¢

-param,

), points=N-body (for ns = —1, 0,
axhuber, Scoccimarro 2210.08089



Vlasov-Poisson-PT (VPT) vs fluid+EFT

PR, Py o< k°, k, /Ky = 1.39, approx.: cum2 (sv)

Puw(k)/Po
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Vorticity,Puw o< k? (not k*). Need and NNLO to get this in PT
. Laxhuber, Scoccimarro 2210.08089
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Pushing to higher orders (ex: two-loop matter Pk + RSD)

Monopole Quadrupole
1.3 T 7
—— Quijote /
— EFT NLO !
129 —4- SPT NLO
—— EFT NNLO /
114 —t- SPTNNLO g
/
/
2 /
210 4
[ i
& <
‘\
0.9 ES
N
N,
s
N,
N
0.8 4 S
~
N
hY
N
0.7 T T T T T 0.0 T T T T }
0.00 005 010 015 020 025 030 000 005 010 015 020 025 030

k[h / Mpc] k [h/Mpc]

Taule, MG 2308.07379

and many other (bispectrum,...).
Higher order bias for galaxies needed...information gain on cosmo parim.Ai




Beyond EdS kernels (here: for massive v)
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Beyond EdS kernels (here: for massive v)

| i LA

D‘.é 1.00
= (4

0.98 1
—— Linear
g4 —+ NLO
0.96 1
—+ NNLO

000 005 010 020 025 030 000 005 010 020 025 030 000 005 010

020 025 030

0.15 0.15 0.15
& [h/Mpe] & [h/Mpe] & (h/Mpc]

ratio EFT vs N)Ay (Quijote) at LO, NLO, NNLO and Y~ m, = 0.1,0.2,0.3eV

Taule, MG 22 533




theoretical challenges In LSS some next steps

galaxy formation time Donath, ML, Senatore 23
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theoretical challenges in LSS some next steps

1 -‘OOD bispectrum inteqra\s Anastasiou, Braganca, Senatore,

Zheng 22
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theoretical challenges in

1-loop bispectrum constraints
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