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What is a galaxy redshift survey?

@ Measure the position of galaxies (RA, DEC + redshift).
© The CMB tells us the initial conditions for today’s distribution of matter.

© How the initial density fluctuations in the CMB evolved from redshift
1100 to today depends on Q,, Qa, Hy etc.
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From a point distribution to a power spectrum

@ Overdensity-field: dv, X

N v,

@ Two-point function:

&(r)

&(r) = (5(x +1)o(x)) ’
Ee(r) = [ du&(r, 1) Le(u)

homogeneity isotropy
aniscltropy

@ ...and in Fourier-space:

Pe(k) = 4n(—i)’ / Raré(njelkr)
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From a point distribution to a bispectrum

@ Overdensity-field:

5(x) = p(X)

@ Three-point function:

Elry, r2)

Eeyto1(r1,12)

E(ry,r2) = (O(X +r1)o(x + r2)0(x))

homogeneity isotropy
anisotropy
_)

@ ...and in Fourier-space:

B€1€2L(k1/k2)=(471)2(—i)€‘+€2/’12df1/rzzd’25€1sz(f1,f2)f€1(k1f1)jfz(szz)

— Triumvirate, arXiv:2304.03643
https://triumvirate.readthedocs.io/en/latest/
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The BOSS galaxy survey

@ Third version of the Sloan Digital Sky
Survey (SDSS-III)

@ Spectroscopic survey optimized for the
measurement of Baryon Acoustic
Oscillations (BAO)

@ The galaxy sample includes 1 100 000
galaxy redshifts in the range
0.2<z<0.75

@ The effective volume is ~ 6 Gpc®
@ 1000 fibres/redshifts per pointing
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The DESI galaxy survey

@ Mayall 4m telescope at Kitt Peak,
Arizona

5000 fibres/redshifts per pointing

13.6 million flux-limited sample of
galaxies at z < 0.4 (BGS)

23.7 million color-selected galaxies
at 0.4 < z < 1.5 (LRGs & ELGs)

2.8 million Quasars at z > 0.8

Ly-a forestat2 <z < 3.5

4m Mayall at Kitt Peak, Arizona. Twin to the Blanco, CTIO
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DESI schedule
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The ESA Euclid mission

@ Launched in July 2023 — L2 point

@ Space-based weak lensing + gal.
clustering survey over 15000 deg?

@ 30 million emission line galaxies
over the redshift range 0.7 to 2.0

@ Slitless spectroscopy (grism)
0 ESA's Euclid mission
@ESA Euclid

o Liftoff for the #DarkUniverse ﬁdetecl\’ve that aims to shed light on
the nature of #DarkMatter & #DarkEnergy

#ESAEuclid

T+00:00:08
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Euclid first images
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What are Baryon Acoustic Oscillations?

Multipole moment, ¢
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Baryon Acoustic Oscillations in BOSS

05<z<0.75
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@ BAO are the most robust observable we can extract from LSS
@ The observables are

(1 + 2)Da@)/rq = fo

cdz’
rgH(z’)

H(2)rg = Horg VQm(1 +2)3 + Qp + Q(1 + 2)2

@ We require a calibration of the ruler to constrain Hy (+ cos. model to
extrapolate to z = 0)
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BAO and Hy
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Alam et al. 2020
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Baryon Acoustic Oscillations in BOSS/eBOSS

oACDM ‘ oACDM
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@ Planck: Q = —0.044% 717

@ Planck+BAO: Q) = —0.0001 +0.0018

Alam et al. (2020)
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Looking into the (near) future
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Looking into the (near) future
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DESI first results
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Table 3. BAO key fitting results for DESI-M2 LRGs and BGS.
Sample Reconstruction | BAO Detection Significance a+Aa min(y?)/dof
DESI-M2 LRG Pre-recon 5.170 0.987 + 0.016 15.619/20
Post-recon 5.050 1.000 + 0.017 13.463 /20
DESI-M2 BGS Pre-recon 2.337 0.980 + 0.040 13.172/20
Post-recon 2.963 1.001 + 0.026 16.724 /20

@ 2 months of data (unblinded), no cosmological analysis
@ 110k galaxies in BGS and 260k in the LRG sample

@ Forecasting 0.29% error on the BAO between 0.4 < z < 1.1

Moon et al. (2023)
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What are redshift-space distortions?

O‘QBOSS DR12 GC .5 < z<0.75

The densities along the line-of-sight 0.1
are enhanced due to the velocity field
0.0

8g(k) = b15m(k) — U2V - v
= Om(k)(by + fi?)

k” [hMpc_l]

—0.1
— Introduces a quadrupole
— Sensitive to cosmology since
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Alam et al. (2017)
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Constraining the neutrino mass with BAO & RSD

,—\\ — Planck.
//r’ ~ —— Planck + BAO
Fid —— Planck + BAO + RSD
/ —— Planck + BAO + RSD + SN
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AmZ,~7.37x107%eV?

006eV < Planck (ACDM £y mv) +BOSS/eBOSS + SN < 0.099 eV

m,, <my, <m min (3, m,) ~ 0.06 eV
@ Neutrino mass hierarchy { "2 vs = M (2my)

My, <K My, <My, = min(} m,) =~0.1eV
@ Planck + DESI will yield oy ,,, = 0.017 eV
@ Tritium p-decay (Troitzk): my, < 2.05eV

@ KATRIN forecast: my, ~0.2eV (3, m, ~ 0.6eV)

Alam (2020), PDG (2018), Font-Ribera++ (2014), Wolf (2008)
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How to extract this information

BOSS DR12 Planck 2018 + BOSS DR12

m— RSD Fit = RSD Fit
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Brieden et al. (2021) Wedm h Wedm

@ The original BOSS analysis extracted BAO and RSD information (fog,
Da(2)/rq, H(Z)ra)

@ Recently there was a push for fits to the full-shape power spectrum
using EFTOfLSS to extract additional information from the slope

@ Such information can be extracted from template fits by an extension
of 1 or 2 parameters (shaperit, Brieden et al. 2021)

@ How to combine post-recon BAO with a full-shape analysis (chen etal. 2022)
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Testing inflation through primordial non-Gaussianity
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Dalal et al (2008), McDonald (2008)
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Primordial non-Gaussianity with LSS

eBOSS DR16, Mueller et al. (2022)
20 N
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@ eBOSS DR16 QSOs: £l = 12+ 21 (68 C.L.) excluding small k modes
and QSOs above z > 2.2 uelier et al. 2022)

@ Theoretical systematics e.g. b¢f11\}’f degeneracy areira 2022), rel. effects
(Castorina & di Dio 2022)

@ SPHEREX forecasts — Oloc < 0.87 (with bispectrum 0.23) (pore etal. 2015)

@ Single-field models generally predict fll\?f ~ O(€) < 1 (Maldacena 2003, Creminelii &
Zaldarriaga 2004)
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Non local PNG from the BOSS bispectrum
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® Planck 2018: fy] = —26 + 47; f7th° = —38 + 24

@ Not yet competitive with the CMB but proof of principle
@ These non-Gaussian templates arise in e.g. the EFT of inflation and
test the slow-roll nature of inflation
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How far can we go?
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SPHEREX 023 - 087 7 7 (Dore et al. 2015)
DESI 1.7-35 21 -114 | 11 -30 | (eragancaetal 2023)

MegaMapper 01 1 - 027 36 - 18 15 - 46 (Braganca et al. 2023)

Florian Beutler 8 Nov., 2023 23



Testing inflation through primordial features

H7Z spectrum
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@ Feature(s) in the inflationary potential can introduce features in the
primordial power spectrum, which might still be detectable today.
@ Sharp features can lead to linear oscillations, while periodic features

lead to log-oscillations.

@ Such features are predicted by many popular inflationary models like
monodromy inflation, brane inflation, axion inflation etc.
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Testing inflation through primordial features
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@ Feature(s) in the inflationary potential can introduce features in the
primordial power spectrum, which might still be detectable today.

@ Sharp features can lead to linear oscillations, while periodic features
lead to log-oscillations.

@ Such features are predicted by many popular inflationary models like
monodromy inflation, brane inflation, axion inflation etc.
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Testing inflation through primordial features
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@ Feature(s) in the inflationary potential can introduce features

0.25 0.30

in the

primordial power spectrum, which might still be detectable today.
@ Sharp features can lead to linear oscillations, while periodic features

lead to log-oscillations.

@ Such features are predicted by many popular inflationary models like

monodromy inflation, brane inflation, axion inflation etc.
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Testing inflation through primordial features

20 40 60 80
wiin [Mpc] Wiog

@ Here we use a model-independent approach based on

AP¢ _ JA® cos [a)log log (55=) | + A*"sin [a)log log (55) |,
Pc | A% cos [wiink] + AS™ sin [wiink]

@ LSS is more powerful than the CMB on small frequencies, while the
CMB can access much higher frequencies

@ DESI is going to provide constraints which cannot be accessed even
by a CVL CMB experiment
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Further linear corrections

Sg(k) = 6m(k) (b1 + fu?)

@ Detecting some of these terms can test theories which modify the
Euler equation (%o’?,\lf = %\'/” + V||) (Bonvin & Fleury 2018)
@ Most of these terms are strongly suppressed in the std. 2-pt correlators
(e.g. (H/k)? ~ 107 at k = 0.1h/Mpc in the power spectrum)
Yoo et al. (2010), Bonvin & Durrer (2011), Challinor & Lewis (2011)
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Further linear corrections

Lensing

g(k) = dm(k) (b1 + fu?) — / dr’ AQ((I) +\)

Doppler grav. redshift
. —

(H 1
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7 5 , Potential
Vi [ drl(d+W
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@ Detecting some of these terms can test theories which modify the
Euler equation (%o’?,\lf = %\'/” + V||) (Bonvin & Fleury 2018)
@ Most of these terms are strongly suppressed in the std. 2-pt correlators
(e.g. (H/k)? ~ 107 at k = 0.1h/Mpc in the power spectrum)
Yoo et al. (2010), Bonvin & Durrer (2011), Challinor & Lewis (2011)
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DESI-BGS forecasts for relativistic effects
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Spectroscopic surveys in the next decade

o Dark Energy Spectroscopic Instrument (DESI; primarily z<1.5)
o Baryon Acoustic Oscillations (BAO) and Redshift Space Distortions (RSD)
o DESI-II (primarily z>2)
o As powerful as DESI, but at z>2
o Early dark energy and growth of structure in matter-dominated regime
o Synergies with other Cosmic Frontier experiments
e Spec-S5
o Primordial physics (more constraining than the CMB in key areas)
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Dawson at P5 13

Spec-S5 (MegaMapper) — 6.5m aperture, 20k fibres

Schelgel et al. arXiv:2209.04322, arXiv:2209.03585, arXiv:1907.11171
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,,BOSS DR12NGC - 05 < z <0.75
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@ DESI and Euclid are the first stage 4 experiments to take data and the
first DESI data release is expected in 2024

© Galaxy surveys offer many observational signatures (BAO, RSD, rel.
effects) which offer powerful test for LCDM
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,,BOSS DR12NGC - 05 < z <0.75
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eBOSS DR16, Mueller et al. (2022)

20
&
© ,]  eBOSSDR16
D
T Penac
D = 4 -
202 -0l 00 o0l 02 3 Euclid
ke [AMpe™] DESI
[ I ———— |
35 37 89 41 42 44 46 48 0.1 0.2 03
Togyg [P(k.. ky)/(h™* Mpc?)) Kmax [h Mpc™'] wiin [Mpc]

@ DESI and Euclid are the first stage 4 experiments to take data and the
first DESI data release is expected in 2024

© Galaxy surveys offer many observational signatures (BAO, RSD, rel.
effects) which offer powerful test for LCDM

© DESI and Euclid have the potential to compete with the CMB on
several tests of inflation (PNG, primordial features)
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Euclid timeline

TO: Start
of Survey

(—' Release 1st year of LQ data - TO+14 mo

¢ Release 1st year of L1, L2, L3 data -- T0+26 mo
Release 2nd year of LO data
«&— - — | Release 2nd year of L1, L2, L3 data — T0+38 mo
4 _

Crovovonnnnn .

VMission timeline in years
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