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* DESI Collaboration et al., DESI 2024 IlI: Baryon Acoustic Oscillations from Galaxies and

Quasars

* DESI Collaboration et al., DESI 2024 |V: Baryon Acoustic Oscillations from the Lyman Alpha

Forest

* DESI Collaboration et al., DESI 2024 VI: Cosmological Constraints from the Measurements of

Baryon Acoustic Oscillations

* Chen et al. (2024), Baryon Acoustic Oscillation Theory and Modelling Systematics for the DI
2024 results

» Paillas, Ding, Chen et al. (2024), Optimal Reconstruction of Baryon Acoustic Oscillations for
DESI 2024

* Rashkovetskyi et al. (2024), Semi-analytical covariance matrices for two-point correlation
function for DESI 2024 data

* Mena-Fernandez et al. (2024), HOD-Dependent Systematics for Luminous Red Galaxies in t
DESI 2024 BAO Analysis

* Garcia-Quintero et al. (2024), HOD-Dependent Systematics in Emission Line Galaxies for the
DESI 2024 BAO analysis

And more in progress!

Ramirez-Pérez et al. (2024), The Lyman-a forest catalogue from the Dark Energy
Spectroscopic Instrument Early Data Release

Gordon et al. (2023), 3D correlations in the Lyman-a forest from early DESI data

Filbert et al. (2023), Broad Absorption Line Quasars in the Dark Energy Spectroscopic
Instrument Early Data Release

Herrera-Alcantar et al. (2024), Synthetic spectra for Lyman-a forest analysis in the Dark Energy
Spectroscopic Instrument

Bault et al. (2024), Impact of Systematic Redshift Errors on the Cross-correlation of the
Lyman-a Forest with Quasars at Small Scales Using DESI Early Data

Guy, Gontcho A Gontcho et al. (2024), Characterization of contaminants in the Lyman-alpha
forest auto-correlation with DESI

Cuceu et al. (2024), Validation of the DESI 2024 Lya forest BAO analysis using synthetic
datasets
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Combining all DESI + CMB + SN 2

B DESI BAO + CMB + Pantheon+

_ 1 _ +0.29 DESI BAO + CMB + Union3
wO — _0'827 = 0'063 wa T _O°75—0.25 1- B DESI BAO + CMB + DES-SN5YR

—_—_—— e
DESI + CMB + Pantheon+ — 2.50

wy =—064+011  w, =—1.27704
—/—/

wo = —0.727 = 0.067 w, = —1.0510:31 3 |
e e . — .
DESI + CMB + DES-SN5YR — 3.9¢ 10 0.5 0.0

wy > —1,w, < 0 favored, level varying on the SN dataset
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e Sharpening the standard ruler
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BAO measures ratios of distances over the sound horizon scale
at the drag epoch ["standard ruler"] rq

e transverse to the line-of-sight: Dy(z)/rq
e along the line-of-sight: Dy (2)/rq = ¢/(H(2)rq)
e isotropic average: Dy(z)/rq = (2D3(2)Du(z))Y?/rq




Five target classes DESI (2021-2026)
40 million redshift

3 million QSOs
Lya z>2.1
Tracers 0.9<z< 2.

16 million ELGs
06<z<1.6

0.4<2<1.0
13.5 million

Brightest galaxies
00<z<04
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Dec. [deg]

— DESI (expected)
—— SDSS DR16
DESI DR1

-75°

R.A. [ded]

More than 420,000 Lya QSOs at z>2.1

DESI DR1 Quasar and Lya sample

|

40000 - : —— DESI Lya pixels / 200
I - == DESI QSO

30000 - —-= SDSS DR16 QSO

20000 A

Number counts

10000 -

2.0 1 2.5 3.0 Betd 4.0

(twice as many as in 20 years of SDSS)
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Lya auto-correlation
measured in 50 x 50
bins of 4 Mpc/h

“u wedges” used in
plots only

Very strong RSD

Spurious correlations
caused by Silicon

Lya(A)xLya(A)

2 spectral regions, 4 correlation functions

Impact on very small <
angular separations
(included in fits)
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Variations in the analysis

HHHE
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only quasar targets

DLAs SNR > 1

weak BALs

no sharp lines mask

Tests with same data set (purple, green,

BAO shifts <5 stat (gray band)

Tests with varying data sets (red):

BAO shifts consistent with statistical fluctuations

, blue):
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eBOSS metals
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Gaussian redshift errors
weak CIV bias prior

no small-scales correction
UV fluctuations
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Mapping LSS @ z<2.1

4.0 1
BGS
3.51 i IRG
— ELG
3.0 1 Q80
251
201
1.5 ¢
1.0 1
0.5t E s
L ——
0.0 . + s — — + — - —
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

redshift

Five target classes DESI (2021-2026)

16 million ELGs
06<z<16

04<z<10

13.5 million
Brightest galaxies
0.0<z<04

Four different tracers (bright,
luminous red, emission line,
quasars)

Six redshift bins, including
one overlapping bin

5.7M unique redshifts

18 Gpc3 volume

3x SDSS
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* The biggest data set both in terms of numbers and volume
 Use of a catalog-level blinding scheme to avoid confirmation bias
* Pipelines/systematics (largely) determined before unblinding
Unified pipeline across all tracers/redshift slices, consistent models
in Fourier and configuration space
* Physically motivated enhancements to the BAO pipeline
* Improvements to reconstruction
* Acombined LRG+ELG analysis between 0.8<z<1.1
* Comprehensive, revisited systematics error budget
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200 A

150 1 120
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LRG2: 6.8c0
LRG3:&8.7T0
LRG3+ELG1:9.10

ELG2: 7.00
QS0: 4.20

Jl Srcrosconc BAOs are significantly detected for all samples

Aggregate distance
precision with Year 1
data:

0.52%

Cf. All SDSS galaxy
BAOs over two
decades:

0.64%
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Chen, Howlett et al
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Results for ag,
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LRG 0.8<z<1.1

c000
c001
c002
c003
c004

Fiducial cosmology +
4 different cosmologies

lsecroscone - ASSumMed cosmology makes no difference

c003 includes
a non-
standard Neff

€000 €000 €000
Aoy Aagp Aa

Perez-Fernandez et al

—0.02 002 -0.05 0.05 -005 005 —0.03 0.03

€000
A

Space | Parameter | c000-c00X c000-c003
: Qliso 0.1% 0.2%
Fourier
QAP None (0.1%) | None (0.1%)
Qliso None (0.1%) 0.2-0.3%
Config.
QAp None (0.1%) | None (0.1%)
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Use of analytic covariances, calibrated with mocks

Qiso [0 TR
] E ; o | QS0: A=-01+07 | 0.04F ' A |/ QS0: A=28+103
’ & — ELG1: A=-0.0%05| , .} 1 { |7 ELGL: A=0.3%108
2 0 :
s 1.0} / g ELG2: A =0.0+0.4 ; < ELG2: A =2.1+83
g [ LRG1: A= -0.0+04 | 0.02f - /" . LRGl: A=38+177
T 0.9F 4| = LRG2: A=0.0+0.2 At / ] LRG2: A = -0.6+5.8
i . ; — LRG3: A= -00+0.2]| . ! i LRG3: A =18+52
0.9 1.0 0.02 0.04
QXap Oa,,
i l A—: — QSO: A=0.0+£2.0 ; e ‘ QSO: A =29 +10.7
) ’ — ELG1: A= -0.0+1.5]| 0.10f ¥ i ELG1: A = -0.3+10.2
B i V' ]|~ ELG2: A=00z1.1 r ELG2: A = 0.2+ 7.4
g — LRGl: A=0.1%+1.3 | » ’, LRG1: A = -0.2+8.2
S 0 0.05F B y -
» - — LRG2: A=-0.1+0.8 / LRG2: A =1.4+6.1
0.8k i d | = LRG3: A=0.0+0.7 YA { LRG3: A=14+56
0.8 1.0 13 0.05  0.10
mock mock
Wadekar et al
Philcox et al Alves et al, in prep

Rashkovetskyi et al Forero-Sanchez et al, in prep
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1.15
BGS ¢ LRG3 ¢ QSO LRG1 ¢ ELG2
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1.02 4
1.05 7 on
g . 1
ki | RPN § & § ISP & U, J SN . | L W] |
&1.00 5 1.00 ol
oa &
098 B & In 0951 -
- o
0.90 +
(.96 -
T T T ' T ' T 0.85 T T T T T
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Redshift Redshift

Yuetal, in prep
Rosado-Marin et al, in prep
Krolewski et al, in prep
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Systematics are subdominant to statistical errors

Systematic Error (in percent) | Comments
Theoretical 0.1 (®iso), 0.2 (aap) | Includes fitting methodology and choices,
as well as expected impacts from
galaxy bias and cosmology misestimation
Observational
a. Imaging Not detected Tested on the data, with the

b. Spectroscopic
c. Fiber assignment

Not detected
Not detected

largest change being 0.3% seen for the

ELG1, and the rest being 0.1%.

Tested with the mocks on the clustering level.
The test was finalized after unblinding.

Tracer OBGS OLRGs,ELGs 0QSo
Space Source tiso (%) | iso (%) | aap (%) | aiso (%)
&(r) | Theory (Table 7) 0.1 0.1 0.2 0.1
¢(r) | HOD (Table 8) 0.2 0.2 0.2 0.2
&(r) | Fiducial (Table 11) 0.1 0.1 0.1 0.1
£(r) Total 0.245 | 0.245 0.3 0.245
P(k) | Theory (Table 7) 0.1 0.1 0.2 0.1
P(k) | HOD (Table 8) 0.2 0.1 0.1 0.12
P(k) | Fiducial (Table 11) | 0.1 0.1 0.1 0.1
P(k) Total 0.245 0.18 0.245 0.19

HOD 0.2 Only one detected statistically significant pair
Limited by statistical precision of mocks
Note : some of this error is already included in
the theory budget

Neg 0.2 (aiso) Bias for N.g = 3.7

Fiducial D 4(z) <0.1 May require iteration post-unblinding

if best-fit is far from fiducial
Upper limit based on statistical precision

Reconstruction Not detected No significant effects from different
algorithms etc.
Covariances Not detected Based on comparisons between analytic

and mock covariances

Max. effect:

0 stat—+sys

1-050-8tat
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DESI BAO measurements

lookback time LGyr]
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Overall size
of the BAO

Anisotropy
of the BAO

O
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The z<2.7 BAO Hubble Diagram

(DM/DH)DESI fid (Dv/Td)/(Dv/Td)DESI fid

< 1.00

(Dwm/Du)

1.051

BGS 6dFGS WiggleZ
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o
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Solid line is not a fit, Planck 2018 LCDM model

l

: |

0.2

0.4 0.6 0.8 1.0 1.2 1.4 1.6
Redshift 2
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(Dm(2)/rg)/(Dfid(2)/rid)

0.92

1.04 1

(Du(2)/rg)/(Df8(2)/rfd)

Re-analysing SDSS yields consistent results
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redshift
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0.96 1
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Gaussian priors

DESI fiducial cosmology
BOSS fiducial cosmology
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2 1.051
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§ 1.00 ; ' * I r<0.2 cross-correlation between
S T the samples based on effective
=095 + volume
§ LRG 04<2<06 —@— LRG+ELG 08 <z < L1 SDSS
S 0.90- ~— LRG06<2<08 - ELG1l1<2z<16 DES Y6 2.7-3 sigma discrepancy at z~0.7;
' ' ' ' ' ' ' slightly lower with the DESI
% 1.05- reanalysis.
2 T
§1,oo + ! ' Blind analysis, we were not trying to
) t match results (or a cosmology)
=0.951
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0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Redshift z



| DARK ENERGY Is the DE result all because of the z =

3l SPECTROSCOPIC

i INSTRUMENT O 5 1 point?

U.S. Department of Energy Office of Science

No! Fig. 12 of the paper already addressed this.

0-

DESI+SDSS
(DESI+SDSS)
(DESI+SDSS

BAO + CMB + PantheonPlus
BAO + CMB + Union3
BAO + CMB + DESY5

—0.6 —0.4
These results all swap the

DESI z < 0.6 data points
for SDSS/BOSS ones

Wy

DESI VI. Cosmological constraints FAQ
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Distance measurement relative to ACDM

Stay tuned for Y>=3 data and beyond
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