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Abstract:

The Dark Energy Spectroscopic Instrument (DESI) is mapping the large-scale structure of the Universe with unprecedented
precision, opening a new window on cosmic expansion and the growth of structure. In this talk, | will give a brief introduction to
the DESI survey and highlight recent results from Data Release 2 based on galaxy clustering measurements. | will first
summarize the latest baryon acoustic oscillation constraints, and then discuss the ongoing full-shape analysis effort, including
validation through mock challenges and the incorporation of higher-order information. The presentation will provide a concise
snapshot of where DESI DR2 stands today and what these developments imply for upcoming cosmological constraints.
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Overview of DESI — Telescope

4-meter Mayall telescope,
KittPeak Observatory in Tucson, Arizona

Weighs approximately 500 tons!

UNIVERSITY OF WATERLOOQ CENTRE FOR

WATERLOO ASTR@®PHYSICS
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QSO
o 3.5 million
0.8<z<4.0

Overview of DESI — 60M Spectra

ELG
o 23 million
DB<2<1.5

Now a 8-year survey. 55 lgRGu
The full survey will lead to 60M o 0.4 <T'< '102
spectroscopically-confirmed BGS

galaxies and quasars 19 million

0.1<z<04

0.0 1.0 2.0 3.0 4.0
Redshift
e e A AR Expected target breakdown for DESI full 8-year survey
WATERLOO = ASTR®PHYSICS

Claire Lamman | DESI Collaboration
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Overview of DESI — 5000 fiber-optic “ eyes

Credit: DESI data: Anand
Raichoor/DESI collaboration;

Spacewatch All-Sky Camera
Jfootage: SPACEWATCH®, Lunar
and Planetary Laboratory
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Two DESI Data Releases (DR 1 and DR2)

Main,'DAR?Ks:. 2650/9929 (=27%) completed tiles up to 20220531

DR2: Largest spectroscopic galaxy sample!

e Over 30M galaxy and quasar redshifts in
3 years of operation, ~15M of which are
used in BAO analysis.

e (Compared to DR1 (~6M redshifts), DR2
represents a factor of ~2.4 improvement
in data volume.

Dec. [deg]
- -]

Stats for the 20220531 night
ination: 0.03

Mluminat
25 DARK tiles completed

R.A [deg]

Main/DARK : 8215}'}50_16[) completed tiles up to 20241229 (=81%, weighted=81%)

DR1 DR2
= Duration | 13 months 3 years
2 g

accae arun Prac Number
of 5.7M 14.7M
et 5 ————— Galaxies
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DESI BAO measurements

A

\

Opao = 1q/Dy(2)

UNIVERSITY OF WATERLOO CENTRE FOR
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Clustering from galaxies and quasars
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DR2 BAO — Distance Measurements

[sotropic BAO Distance
T ] 1.15_--"1'

BAO Distance Ratio
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DR2 BAO - ACDM

0.34
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U BN DESI DR2 BAO
. N CMB
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106

40% Improvement in the precision
compared to DR1.

Discrepancy between BAO and CMB has
increased: 1.9¢ (DR1) —> 2.36 (DR2).
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DR2 BAO — Dynamical Dark Energy

Cosmological constant (ACDM)

N
Bl DESI+CMB+Pantheon+
DESI+CMB+Union3
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DR2 BAO — Dynamical Dark Energy

% i p— CPL: wy + w,(1 —a)
= BA: wy + wu_u—g_il(.—_,f%
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DR2 BAO — Neutrino mass

ACDM

-=-- DESI DRl BAO + CMB
| —— DESI DR2 BAO + CMB (Baseline)
1.0 —— DESI DR2 BAO + CMB (plik) . _ :
—— DESI DR2 BAO + CMB (L-H) Neutrinos: geometric effect
. | . and free streaming
X a
2051 o Zmv <0.064 eV Tight upper bound and
= disfavours inverted hierarchy
. | Negative neutrino mass
0.0 — T
0.00 0.05 0.10 0.15 0.20
Y - m,[eV]
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Full-Shape analysis
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Modelling of the full-shape of the galaxy power
spectrum enables to:
probe the growth of structures fos
e test the theory of gravity and dark energy

2 WATERLOO ASTREPHYSICS e constrain the sum of neutrino masses

observed redshift = Hubble flow

and
peculiar velocities (RSD = "redshift space distortions")
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From DRI1 FS to DR2

LRC1.2.3+ELG+QSO GCeomb

UNIVERS

------- DR1 Pk Mocks
B DR2 Pk Mocks
0.66 0.70 0.30 036 0.6 080 04 0.7
h 0, o Ym,
ITY OF WATERLOO CENTRE FOR
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DR2 improves by = 20% —

Credit: Folps Team

30%
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2-Point (pairs):

First-time higher-order statistics l

From DRI1 FS to DR2

Galaxy triangles probe nonlinear
gravitational evolution. 3-Point (Triangles)

ii UNIVERSITY OF WATERLOO CENTRE FOR

WATERLOO ASTR®PHYSICS
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From DRI1 FS to DR2

LRG2 NGC

EFT-Pk
— EFT-Pk+Bk A'hll_mt\_\ =0.2

0.65 0.70

i UNIVERSITY OF WATERLOO CENTRE FOR

WATERLOO ASTR@®PHYSICS
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Both Fourier and configuration
space analysis, 7 independent
groups

Push bispectrum to quasi-linear
scale; improves by = 20%

Credit: Folps Team
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Projection Effect

DESI DR1 + BBN+ngg

I BLP

— Full Jeffreys + BLP
—— HIP

w

gf UNIVERSITY OF WATERLOOQ CENTRE FOR
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Using tighter physical priors (Zhang, et al.)
e use knowledge of galaxy-halo connection, hod-informed prior (HIP)
(Morawetz et al.):
e no prior at all, different statistical interpretation of the results
Perform a reparameterizations, full Jefferys prior (Bonici et al.)
e  Better basis, bayesian, does not require simulations

— Frequentist PL == Bayesian MCMC X MAP * MLE

50 A% ~1.0 05 0.0

iy
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DR2 FS — Final stage of Mock Challenge

Tracer Redshift bin/snap
BGS-21.35 0.1-0.4 (0.300)

Abacus-HF Mock Suite: HOD Mocks based on AbacusSummit and ~ R° g 26000

: LRG 0.6-0.8 (0.725)

fitted to DR2 clustering LRG 0.8-1.1 (0.950)
We prepared cubic-box mocks for all tracers using five different = g1 90
cosmologies, combined with a range of HOD variations. We also £ T
produced realistic cut-sky mocks, including fiber assignment, at the gLsGo ;'2_1'? Eg'gzg;
DESI fiducial cosmology. These mocks are designed to stress-test aso 1'1_1 ' 4 (1°250)
theoretical models and analysis pipelines. Qso 1:4_1 :7 (1:550)
QSO 1.7-2.1 (1.850)

QSO 0.8-2.1 (1.400)
highz-QSO 1.7-2.3 (2.000)
highz-QSO 2.3-2.8 (2.500)
highz-QSO 2.8-3.5 (3.000)

1000 Holi/Glam-Uchuu mocks for every tracers ready for covariance

ii UNIVERSITY OF WATERLOO CENTRE FOR

‘%" WATERLOO ASTR®PHYSICS
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More DESI Probes

e C(CMB Lensing (Alex)
o 20% — 50%
additional

Improvement

gf ii UNIVERSITY OF WATERLOQ CENTRE FOR

WATERLOO ASTR@®PHYSICS
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DR2 FS — Final stage of Mock Challenge

Tracer Redshift bin/snap
BGS-21.35 0.1-0.4 (0.300)

Abacus-HF Mock Suite: HOD Mocks based on AbacusSummit and tgg 8‘::8'2 Eg‘g 2{;
fitted to DR2 clustering T 0.8-1.1 (0.950)
We prepared cubic-box mocks for all tracers using five different A g Liwsll
cosmologies, combined with a range of HOD variations. We also s Ulmloc VAT
produced realistic cut-sky mocks, including fiber assignment, at the fLG 1.3-1.641475)
. . QSO 0.8-1.1 (0.950)

DESI fiducial cosmology. These mocks are designed to stress-test e 11-1.4 (1.250)
theoretical models and analysis pipelines. Qso 1.4-17 (1.550)
QSO 1.7-2.1 (1.850)

QSO 0.8-2.1 (1.400)
highz-QSO 1.7-2.3 (2.000)
highz-QSO 2.3-2.8 (2.500)
highz-QSO 2.8-3.5 (3.000)

1000 Holi/Glam-Uchuu mocks for every tracers ready for covariance

ii UNIVERSITY OF WATERLOO CENTRE FOR
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