DARK ENERGY
SPECTROSCOPIC

o) |
:hlﬂ BERKELEY LAB e
us. Depcrtnl of Energy Office of Science

Cosmology with the Lyman-a Forest brs "f"' Ry

:x.;' }
Roger de Belsunce 1
+ Vid Irsic, Oliver Philcox, Simone Ferraro, Pat McDonald, Martin White, A il ~
Julien Guy, Nathalie Palanque-Delabrouille, Andreu Font-Ribera, Andrei o e S
Cuceu, Naim Karacayli ‘4 ' \“"

Spec-S5 meeting @ LBL: May 8, 2024 LMt WA ;
A o 20T A AR v B

3




Probing cosmology at different scales ' DES! presentation (Fort-Ribere)

Breaking degeneracies
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Photometric eBOSS DR16: ~200k spectra
£ Galaxies Future 21cm - DESI year-1: ~500k spectra
k= ” . DESI year-5: ~840k spectra
& Spectroscopic Weak Spec S-5:  >>1M spectra (?)
1 Ga|aXIeS Lensing &
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The Lyman-a forest - scales

Probe of LSS at high-z down to small scales
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" du Mas des Bourboux et al. (2020)
2 Font-Ribera et al. (2017)
3 Zaldarriaga et al. (2001)
4 Palanque-Delabrouille et al. (2013)
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« BAO: Expansion history

* Full-shape: Amplitude (o03g) &

matter (Q,,n)
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Amplitude & shape of matter clustering

Sum of neutrino masses ), m,,
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 Neutrino mass
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* |GM thermal parameters
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A. Cuceu

Why do we need a high-z measurement?
Break degeneracies from BAO measurements
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k Py(k) [ ~*Mpc?]

' du Mas des Bourboux et al. (2020)

Lyman-a forest 3D power spectrum
Comparison to best-fit theory prediction from 2PCF measurement’
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Consistent anisotropic P3D from eBOSS at z~2.33 for NGC and SGC at 1-2 o level
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' Chen, Vlah & White (2022)

Theory vs. simulation-based analyses S Bty (ooa))

4 Pedersen+ (2020, 2023)
5 Cabayol-Garcia+ (2023)

Perturbative models'? Emulator model34
— Theoretically well motivated (EFTofLSS) — Simulation-based model
— Ly-a forest resolution at all scales required
— Fast but difficult to compute — Can extend to non-perturbative regimes

— Higher-order terms / N-PCF
— Field-level inference

— High z = high k reach — (Potentially) extract all the available
information

I

Hybrid model: (EFT + simulation-based model)
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Full-shape analysis of Lyman-a forest data
Accurate model down to smaller scales?
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Probe Scales from CMB tO Lyman_a 1 Palanque-Delabrouille et al. (2013)

From large to small scales

Matter power spectrum: Pk(massive neutrinos) / Pk(massless neutrinos) « CMB
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CMB lensing x Lyman-a forest: power spectrum ' Zaldarriaga et al. (2001)

2 Valinotto et al. (2009)
Break degeneracies to measure Sg: 05 ~ (62,) 3 Doux et al. (2016)
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* Mean Lyman-a forest in 2<z<4; fy,~1/4 « CMB lensing (kappa) map from Planck PR3
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~40 detection of CMB lensing x Lya forest: power spectrum
First signal from DESI year-1 data
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~4 .80 detection of CMB lensing x Lyman-a P1D
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Signal from 290,000 Lyman-a forests at z*~2.4 but cosmology interpretation difficult
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What do gain from Spec-S57? 2 Mo & winte 2011y

More lines of sight + cross-correlations with high-z galaxies
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Summary & next steps

* Lyman-a forest probes:
— small scale clustering
— highredshift: 2<z<5
— early-Universe physics
» Robust P3D estimator to extract information at
all scales from Lyman-a forest

— sensitive to large-scale intensity and
temperature fluctuations™-2

* Detection of CMB lensing x Lya forest power
spectrum signal

Lyman-a: high z = high k
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Early time

Late time

Large scales

1 White+ (2010)
2 Zaldarriaga+ (2001)

Small scales
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