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Dark Energy Spectroscopic Instrument

* DESI is a state-of-the-art spectroscopic
instrument installed at the Mayall 4-meter
telescope at Kitt Peak National Observatory.

* First Stage-4 spectroscopic survey on sky
- measutres the 3D distributions of galaxies

- 1/3 sky 14000 deg®

- 40M redshifts at the end of the survey (5 years)
! %! x13 previdﬁs Spectroscopic surveys
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- Expansion history of the Universe
=> Constraint Dark Energy with BAO

- How does the structure form?
=> Test of gravity (GR)

- Primordial physics, inflation (£)

- Neutrino mass, dark matter models...

+ many other science cases
i‘) <
: e - .
Map the Universe in to-constrain the cosmological model
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DESI is a state-of-the-art instrument installed at the Mayall
4-meter telescope at Kitt Peak National Observatory.
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DESI is a state-of-the-art instrument installed at the Mayall
4-meter telescope at Kitt Peak National Observatory.
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That feed
10 spectrographs
A ~ 360-980 nm

DESI is a state-of-the-art instrument installed at the Mayall
4-meter telescope at Kitt Peak National Observatory.
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U.s. Department of Energy Office of Science

. ' i,. il ". ;
: : B ' &
Ful Moo % b
: .(tQ',_SCalC) '_. i 4 o
‘ e Rt 3.2 degrees
2 > ..~‘ :

Wavelength (Angstroms)



{ DARK ENERGY
o e obiC |- These ﬁbers allow DESI to map at

| INSTRUMENT larger than 30 full moons——-snnult

i FullMoon ' :
(to scale) - :

o

* »
|® 3
8y ' ’I ,
: . e At
Y & "g,,t- .
. ',« - - 1
o S 1 .
+ § rediad
+ P
" ’ n wn - (i
. [ 1w,y~q’htmmh Lj
| w‘w | \
| 9000 e

e a
Wavelength (Angstroms)



| DARK ENERGY

INSTRUMENT

L N IWn N

1
U.S. Department of Energy Office of Science

4 different tracers to probe the Universe z < 3.5

N
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| SPECTROSCOPIC The DESI main survey
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/ Dark time survey \

3M Quasars (QSOs)
0.8<z<2.6
+ Ly-« z>2.1

17M Emission line
galaxies (ELGs)

0.6<z<1.6
8M Luminous red

galaxies (LRGs)
\ 0.4<z<1.1
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/ redshifts

DESI Main Su-vey

(~1.7M redshifts)

! ! '
DR2
Full shape results BAO results
|
Early Data Release— :
Start of Main Survey— June 2023—Survey |
May 2021 Validation Data |
|
|
|

DR1
BAO results 13




DESI DRI1 contains the most detailed 3D map of the
universe ever, spanning 12 billion years of cosmic time.

- ~ 9'700 deg?

Main Survey :

- 13.1M galaxies

- 1.6M quasars

- 4M stars

+ Survey Validation (1.7M objects)
Total: 20.4M redshifts
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Dark Completeness

BGS 300,043
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LRG 2,138,627
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-75°

R.A. [deg] — Q'
9500 deg” ELG 2,432,072

DR1 Main-Survey Completeness
—Bright Program: 41% (4 passes) QSO 1,223,391

—Dark Program: 29%
Total 6,094,133
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Publicly available: https://data.desi.lbl.gov/doc/releases/dr1


https://data.desi.lbl.gov/doc/releases/dr1

| DARK ENERGY : : :
| spectroscoric  DESI DR2 will contain two-thirds of the 5-year survey

| INSTRUMENT data and ~50M redshifts, two times mote than DR1!

o ~12'355 deg?

Main Survey (internal release):

- 31M galaxies

- 2.8M quasars

- 12.3M stars

+ Survey Validation (1.7M objects)
Total: 46.1M redshifts
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10500 deg” ELG 2432072 6,534,844
DR2 Main-Survey Completeness
—Bright Program: 73% (5 passes) QSO  1,223391 2,062,839

—Dark Program: 67%
Total 6,094,133 14,254,692
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BGS501<z<04

DESI 2024 1I: Sample Definitions,
Characteristics, and Two-point
Clustering Statistics

BGS50.1<z<04
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Systematic errors from the target selection (imaging systematics):

- Target density variations due to photometric properties

= North
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= DES I- I q PSF Depth r
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Yu et al. 2024 ;
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Krolewski et al. 2024

°

°

* Systematic errors from spectroscopic operations:
- Change in spectroscopic success rate (SSR) due
to instrumentation or observing conditions

o

°
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Spectroscopic succes rate

. ) Fiber patrol NGC

* Fiber assignment effects: cadius Y . —

- Miss close pairs of objects = 08 — 1RG
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45° 60‘ VNS
Ref. Topic Section
[12] DESI LSS catalogs | Sections 2.3, 4, 5.1 and 8
[14] Catalog-level blinding Section 2.4
[15] Catalog-level blinding method for fy1, measurements Section 2.4
[22] Incompleteness due to fiber assignment Section 5
[23] Removing scales affected by fiber assignment incompleteness Section b
[13] Alternative realizations of DESI fiber assignment Section 5.2
[16] | Improved Galactic extinction maps from DESI Observations of stars Section 6
[17] Forward modelling imaging systematics for DESI LRGs Section 6
[18] Correcting for imaging systematics in DESI ELGs Section 6
[20] DESI spectroscopic systematics Section 7
[21] Correcting for spectroscopic systematics in DESI ELGs Section 7
[31] | Comparison between analytical and mock-based covariance matrices Section 10.2
[29] Analytic covariance matrices for correlation functions Section 10.2
[30] Analytic covariance matrices for power spectra Section 10.2
[24] Simulations of DESI LSS Section 11

Table 1. The list of the papers supporting this paper and the corresponding sections where their
results are discussed.
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BAO — Expansion (Dark Matter, Dark Energy)
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BAO — Expansion (Dark Matter, Dark Energy)

isotropic measurement
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Full-shape & BAO in a Nutshell

Peculiar velocities impact the measurement of the redshift and create anisotropies

in the galaxy distribution

Srsp(k,a) = [1 4

——

LOS / { Vﬂ—mV+xﬂ/

f(2)=Q, )

logarithmic growth of structure

Ztrue

GR predict y = 0.55

Observed %’

positions

Zobs = Lirue ® Zpec = |:(1 + Zmze) X (1 + Zpec ):I -1

1. Hubble flow
2. Coherent with growth of structure

Credit : H. Gil-Marin

(Kaiser 1987)
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Credit : |. Bautista

Enhancement / reduction of the clustering
along the line-of-sight (LOS) 2
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Full-shape & BAO in a Nutshell

Peculiar velocities impact the measurement of the redshift and create anisotropies

in the galaxy distribution

Srsp(k,a) = [1 4
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logarithmic growth of structure
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GR predict y = 0.55

Zobs = Lirue ® Zpec = |:(1 + Zmze) X (1 + Zpec ):I -1

Observed
positions

1. Hubble flow
2. Coherent with growth of structure

Credit : H. Gil-Marin
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FIRW: ds® = a(7)%[—(1 + 20)dr? + (1 — 23)6;;dz'dz’]

At late times:

kg‘l’ = '—4‘?TG{12 E'é f_ﬁf_
’ } In GR:

k*(® 4+ U) = —81Ga® ¥ipil\;
0.6 4 - DESI +0.40
Choose the following time dependence: *
0.5 = - 4+0.20
Q a ©
#(a’) =1+ ;}2( ) Qo_.\l i - +0.00
A .
-0.20
() Al 0.3 - |
Y(a) =1+ (a) #-0.40
N 0.2

I I L}
0.0 0.5 1.0 1.5

Growth rate of structure
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4 ;

B DESI + BBN + ngqg

2V = —47Ga? Sipil\ |
. . . 2 |
Describes the motion of massive :
particles in a gravitational field: < i

— can be directly constrained by DESI

o = 0.1140%

Area where we don’t trust our theory predictions



s nswomenr ~ Full-shape DR1: Modified Gravity

4 -
BN DESI + BBN + n.,
1

kz(‘I’ - ‘D) = —STTGIIZ Zipiﬁi e CMB

Describes the motion of massive particles 9
in a gravitational field:

— can be constrained by lensing and ISW g

_ +0.12
EU - 0-25_0*18 0- _______________
Slight departure from GR related to '\
CMB lensing anomaly 9

Area where we don’t trust our theory predictions
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;
EEE DESI + BBN + nyo
|

Combination of clustering - CMB :
SN DESI + CMB-nl +1DESY3 (3 x 2-pt)

and lensing:

DESI +CMB-nl+DESY3

11 = 0.04 + 0.22
S0 = 0.044 + 0.047

Suggest consistency with GR

Area where we don’t trust our theory predictions
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J NsTRUMENT BAQO: From DR1 to DR2
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Combination of
LRG3 and ELG,

o F lookback time [Gyr] yleldlng our tightest BAO
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.

bf: DESI + CMB + DESY5
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BAQO: From DR1 to DR2

Error bars are

lookback time [Gyr] reduced by a factor
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New 2D BAO fits

lookback time [Gyr]
8 9

01 2 3 4 5 i 7 1 11 Q
ldluu 1 1 1 1 1 L L 1 'l - fOr SO
LRG2 ELG

1075 - Py '|_}
- FN I)/_\ Y BGS
— 1050 *"'1-i+|-|’y} \'Ll ! .-.—1—.-—14_) y 0.5 LRG1
= 1.025 - . BN LRG2

B N ] | BN LRG+ELG
E,.. 11mn ‘h"! — e | ""-'.. I — e ——bmmm = oo oo o oo m S oo - l‘:l.(:
Ploca h'i'__?--—ﬂIltz"V- r 1 0.4 E QSO
2 0.975 = > z
S | ~
= M &
2y 0.950 fﬁ\ ,./Y{ H\j\
- . 0.3

0.925 L‘”"’(( H‘JH ! LT*
= LHRGHELL Q50
. (L9000 T T / T
C'-:J;' { T I / 90 100 110
S LS e _—— Horg [100 km 57
= ] : Y1
= — DESI ACDM ==== DESI wgu,, CDA
2 o . : : :
T
= 0.0 0.5 1.0 1.5 2.0 2.5
a redshift z

bf: DESI + CMB + DESY5
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BAQO: From DR1 to DR2
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Agreement & complementarity

lookback time (Gyr] between tracers

01 2 3 4 5 i 7 8 9 10 11
1 1 1 1 1 L 1 1 'l 'l
L. 100 LRG2 ELG Liv-ox
= A) I|
1.075 r') .| P
. A ALY BGS
= e o ¥ N, ¥ i
— 1050 Ty iy o Ay, | 0.5 LRG1
= 1.025 4 " ! EEE LRG2
S N BN LRG+ELG
El 1,000 A—eeX | S S S— L ----- . ELG
= “T'""‘L'"\"VH r 1 0.4 N QSO
= 09751 S & E - Lo
= :’h‘i -
£y 0.950 4 Y
L f .!‘\. .
. 0.3
0,925 4 ""H-,_H({ "{\-H
- LRGHELG
= 0.900 . .
) . 0.2
T - - -
E;j;: If I I 90 110
W I AP L L L L L T T T S A EEESSSSSSSS——— F Horq [100 km s7']
=~ ¥ Yy 1
= — DESI ACDM ==== DESI wgu,, CDA
E\-.. ".EJ T T T T
= 0.0 0.5 1.0 1.5 2.0 2.5
] redshift =
—

bf: DESI + CMB + DESY5
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0.34
---- DESI DR1 BAO
. EEE DESI DR2 BAO
EEE CMB (P)
ik CMB (P-ACT DR6)
g 0.30 -
0.28 1 ‘
0.26 - ACDM \\~—"
08 100 102 104 106
Hyrq [100 km s71]
Q,, =0.2975+0.0086
DESI DR2 m
{hrd = (101.54 + 0.73) Mpc

DR1 — DR2: 40% improvement in
precision on L, and /ry

On the consistency between CMB
(including the new ACT results) and DESI, see 22X72:2504.18464

nswver - BAQO: From DR1 to DR2

36


https://arxiv.org/pdf/2504.18464

| DARK ENERGY
il SPECTROSCOPIC
g INSTRUMENT

U.S. Department of Energy Office of Science

0.34
---- DESI DR1 BAO
. EEE DESI DR2 BAO
BN CMB (P)
Es2y CMB (P-ACT DR6)
20301
0.28 1 \\‘\\
0.26 - ACDM \\~—"
08 100 102 104
Hyrq [100 km s71]
Q = 0.2975 £+ 0.0086
DESI DR2 m
{hrd = (101.54 + 0.73) Mpc

DR1 — DR2: 40% improvement in
precision on L, and /ry

On the consistency between CMB

106

QIII

0.34

0.32 1

0.30 1

0.28 -

(including the new ACT results) and DESI, see 22X72:2504.18464

BAO: From DR1 to DR2

, BB DESIBBN
\ DESI+-BBN-+4,
I CMB
SHOES
79 74

Hy [kms™! Mpe ]

BBN prior on w,:
Hy = (68.51 £+ 0.58) km/s/Mpc

Adding prior on angular acoustic scale 0 :
Hy = (68.45 + 0.47) km/s/Mpc
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DARK ENERGY
SPECTROSCOPIC

{ INSTRUMENT Dark Energy Equation of State

i We model a varying
i DE equation of state through:

w(a) = wy + we(l — a)

< l
3 i
—1- i
Y ;
_3 ]: T T
—1.5 —1.0 —0.5 0.0
wy
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Dark Energy Equation of State

2 i
i ---- DESI DR1 BAO
A | ---- DESI DRI BAO + CMB
1 1 i
|
|
e e
\\ |\"’..
3 \\l e
S R
AN
_1 =1 : \\ \\ \\:\\
1 » ~ ~S
1 TS \\\
I AN .
i \\\\\\\ \\::\
— 9 - i A ‘:\\
: \\\\\ \\\\
1 “~ \\ \\\\
i \\\\\\ \\\\\\
: \\\\\\ \\ \\
_3 I| T KN N
—1.5 —1.0 —0.5 0.0
Wy

We model a varying
DE equation of state through:

w(a) = wy + we(1 — a)

_ +0.34

w, = -1.7977%
Y
DR1: DESI + CMB = 2.60
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---- DESI DR1 BAO
---- DESI DR1 BAO + CMB
I DESI DR2 BAO
Bl DESI DR2 BAO + CMB

{ INSTRUMENT Dark Energy Equation of State

We model a varying
DE equation of state through:

w(a) = wy + we(1 — a)

wp = _0451_33% Wy = _179-5{]]33 )
Y
DR1: DESI+CMB = 2.60

A\

wy = —0.42+0.21 w, =-1.75+0.58

\ J
Y

DR2: DESI+CMB = 3.1¢
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In ACDM:
— DESI BAO predicts slightly
lower values of ) than Planck

— SN data sets predict
higher values of Q than Planck

601 ACDM ---- DESI DRI BAO
—— DESI DR2 BAO
—— CMB

0 —— Pantheon+
—— Union3

DESY5

Probability density

§INSTRUMENT Dark Energy Equation of State
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In ACDM:
— DESI BAO predicts slightly
lower values of ) than Planck

— SN data sets predict
higher values of Q than Planck

601 ACDM ---- DESI DRI BAO
—— DESI DR2 BAO
—— CMB

*0] —— Pantheon+
—— Union3

DESY5

Probability density

{ INSTRUMENT Dark Energy Equation of State

In wOwaCDM:

— Prediction of Q. from DESI BAO

consistent with SNe Ia data sets

15

---- DESI DR1 BAO wow,CDM

—— DESI DR2 BAO
———  Pantheon+

. —— Union3 %
~+ Y/
=104 —— DESYbH ’ %
= ! \
(D) / \
o ,’ \
e / )
= 4 \
ko) / \
= ’ .
— !
lae) 7
®) ’ \

i ’ \
2 5 /

V4
ol ). \
/
2,
/’ ‘\
f” \\\
0 T T ==
0.2 0.3 0.4

Qm
42
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DESI DR14-CMB+Pantheon+
DESI DR14+-CMB+Union3
DESI DR1+CMB+DESY5

04 —-02 00

wy

—08 —06

Dark Energy Equation of State

Combining DESI + CMB + SN:

wy = —0.827 +0.063 w, = —0.757 02

¢ Y J

DR1: DESI + CMB + Pantheon+ =
2.50

wo = —0.64 + 0.11  w, = —1.277040
J

\\

Y
DR1: DESI + CMB + Union3 =

3.50

Wo = —0.727 £ 0.067 w, = —1.05f3;g.‘0
Y
DR1: DESI + CMB + DESYS5 =

3.9¢
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A . .

\Os _i_ Combining DESI + CMB + SN:
| : Bl DESI DR2+CMB+Pantheon+
E BN DESI DR2+CMB+Union3 wo = —0.838 £ 0.055, w, = —0.627022
| BN DESI DR2+CMB+DESY5 \ v —
E DR1: DESI + CMB + Pantheon+ =

—17 2.8¢

S | (wp = —0.667 +0.088, w, = ~1.09"}3

! Y
5 DR1: DESI + CMB + Union3 =

—21 | 3.86
Jwo = —0.752£0.057, w, = —0.86"3%
: Y
E DR1: DESI + CMB + DESY5 =

=S — 420

44



| DARK ENERGY
il SPECTROSCOPIC
g INSTRUMENT

L N IW

a NI
U.S. Department of Energy Office of Science

Non-parametric way of determining wi(z
through binning:

— comparison of different redshift interv
without the assumption of a specific
functional form

DESI + (8., wh, whe)ous + Uniond

0
=
Q
@]
[ R
S I
I
o
-~
I —10t
o4
-~
<

Extended DE Study

—0.6 - | — wow,CDM

Binned w(z)

-(0.8 4

—1.0 1

4.0

Chebyshev Polynomial

7

Testing different parameterisation
of either w(z) ot ppg(2):

— alternative 2 parameter models with different
functional forms

— introduction of additional degree of freedom

2 3 4
# of free parameters

45
For more details, see arXiv:2503.14743
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Main/BRIGHT : 695%2254 completed tiles up to 20250531 (=96%, weighted

18372 BACKUP+BRIGHT{1B}+DARK{1B} tiles up to 20250531

= 4].3M SPEC_GAL/QSO
= 16.3M SPEC_STAR

40

Dec. [deg]

Npass Area Fraction Expfaefraction
=1 14993 0.99 0.97

Number of unigue spectra [million]
with DELTACHIZ = 25

45° 3 overed by N tiles
-60° =4 11622 0.93 0.92
Stats for the 20250531 night: ~ ~ \ > =5 0.87 0.87
Moon illum?nation: 0.30 _75°
3 BRIGHT tiles completed RA. [deg]
Main/DARK : 9464/;._3160 completed tiles up to 20250531 (=93%, weighted
" '\'
° 2 T o v
60° ==t > % S

4w > Main Survey almost
N ) e : finished after 4 years of

Npass Area Fraction Expfag
=1 15011 0.98
14374 0.96

Dec. [deg]

observations !

-45° Qvered by N tiles

-60°

Stats for the 20250531 night:
Moon illu!'nination: 0.31 _75° =
4 DARK tiles completed RA. [deg] =7 4060 0.86 0.84
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| NerROMENT DESI Timeline

o?* DR3 collection
v OQ\\ O@ final main survey
et
. 3 years
DESI Main Survey y .
extension
---\--- —
2020 2021 ! 2024 2027

: -

DR1 DR2

Full shape results BAO results
|

_ Early Data Release—
Start of Main Survey— June 2023—Survey
May 2021 Validation Data

(~1.7M redshifts)

DR1
BAO results 48
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| SPECTROSCOPIC DESI Extension

5 => 8 year survey (until 2029)

Galactic plane —— DESI LSST = DESI-extension

75°

-75°
R.A. [deg]

Increase sky area 14'000 => 17'000 deg?
Bigger Overlap with LSST

Expected ~60M extragalactic redshifts

3M 3.6M Quasars (QSOs)
0.8<z<2.6
+ Ly-o z>2.1

17M 21M Emission line
galaxies (ELGs)

0.6<z<1.6
M 10M Luminous red

galaxies (LRGs)
0.4<z<1.1

13-5M 16M Bright galaxies
0<z<0.5

+ ~5M New sample of LRGs

Luminous Galaxies Extension

(LGE)

Increased density (+50%)
0.4<z<1.1
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[ T :ggégﬁ.cf LotS of new sc:1ence to

INSTRUMENT

L}

U‘s Dmt.fE gyOFflcel‘:f)_S ccccccc dlscover W]_th DESI

 "~ Full shape MG constramts compauble Wlth GR
DR2 is fully cons1stent Wlth DR1 Wlth error bat
smallef by almost ~2X L /'-_ e

prefer dynam/cal DE at 3 16

i® Includmg SN data strengthens thls to 2 80‘ 426"+



| DARK ENERGY
| SPECTROSCOPIC
i INSTRUMENT

U.S. Department of Energy Office of Science

APPENDIX
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Redshifts forthe BAO analysis

Tracer DRI

BGS
LRG
ELG
QSO

Total

300,043
2,138,627
2432072

1,223391

6,094,133

DR2
1,188,526
4,468,483
6,534,844
2,062,839

14,254,692

Five target classes

40 million redshifts}

in 5 years

3 million QSOs
lya z>21
Tracers 0.9<z<2.

16 million ELGs
06<z<16

2 millian | RGe
o MHHON L;\b‘n

04<z2<1.0

13.5 million

DESI (2021-2026)

Brightest galaxies
00<z<04




L aisestone | Consistency with SDSS
g j INSTRUMENT
L5 D1 of Energy Office of Science
0.34 1 --=-- DESI DR1 BAO

0.32 1

< 0.30

0.28 -

0.26 A

B DESI DR2 BAO
Bl SDSS BAO

08 100 102
Hyrq [100 km s™1]
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i+ speCTROSCOPIC DR2:

M Level of Significance for the different data sets

Datasets Axiap Significance A(DIC)
DESI —4.7 1.70 —0.8
DESI+(8., wb, whe)oMmB —8.0 2.40 —4.4
DESI4+CMB (no lensing) —9.7 2.7T0 —5.9
. - TABLE VI. Summary of the difference in the effective yiap
DESI+CMB 12.5 3.1s 8.7 value (defined as twice the negative log posterior at the max-
DESI+Pantheon+ —4.9 1.7 -0.7 imum posterior point) for the best-fit wow,CDM model rela-
. tive to the best ACDM model with wy = —1, w, = 0, for fits
DESI+Union3 -10.1 270 —6.0 {0 different combinations of datasets as indicated. The third
DESI+DESY5 ~13.6 3.30 —9.3 column lists the corresponding (frequentist) significance levels
' ‘ ) given 2 extra free parameters, and the final column shows the
DESI+DESY3 (3x2pt) -7.3 2.20 —2.8 results for A(DIC) = DIC, w,com — DICAepMm. As a rule of
DESI4+DESY3 (3x2pt)+DESY5 —13.8 3.30 -91
DESI+CMB+Pantheon+ —-10.7 2.80 —6.8
DESI+CMB+Union3 —-17.4 3.80 -13.5

DESI+CMB+DESY5 —-21.0 4.20 -17.2




o inerer . Robustness of the Dark Energy results
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2 NPT
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E """" DESI E BN DESI+CMB+DESY5 E BN DESI+CMB+DESY5
o ; B DESI+(f., @, @ye)omp J -== DESI+CMB+DESY5 (z > 0.1) ‘ DESI+DESY3 (3 x 2pt)
N - == DESI+CMB (no lensing) ; | BN DESI+DESY3 (3 x 2pt)+DESY5
BN DESI4+CMB ; i
-1} | i |
3 i i )
-2t | e a
-1 -1.0 ~05 0.0 -1.0 ~0.5 0.0
wy Wy Wy
Different level of CMB information: DESYS5 calibration: Replacing the CMB with DESY3:
> CMB-derived priors > remove samples for z> 0.1 - constraints on wOwa purely
(late-time dark energy independent) > best fit still lies in the lower depending on low-z probes
> full CMB information (with or quadrant

without lensing)
> tighten constraints on wOwa

through fixing



w owaveor | Robustness of the Dark Energy results
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| gt
w1 P

L5 Department of Energy Office of Science

141
| B DESI+CMB [CamSpec]|
; BN DESI+CMB [P1ik]
3 === DESI+CMB [L-H]
01
s :
3 -1 i
24
3L
-1.

Results are robust to different CMB likelihoods



xceneror - Robustness of the Dark Energy results
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L5 [Jepnﬂmunl of Energy Office of Science

Isotropic BAO oy, Porpondlrular BAO a; Parallel BAO o
1041+ “ 104 .
2 =10 -
& & &
= 1.00 = 1.00 e
For supernovae at ':Q: ) )
H ~ ~ N
z> 0.1, which 3o i 3098 3
partially overlap E "W DEst 1 E =
. = 0.96 [ =— ACDM: CMB 15 096 W peEst Y S
the redshiftrange | —— ACDM: DESY5 i L ® ® wCDM: DESI+CMB+DESYS .
—— ACDM: DESI =+ wyw,CDM: DESI+DESYS
of DESI, the 094 F . \coM: DESI+CMB 1 094 o w,CDM: DESI+CMB+DESYS .
ACDM model that 002 0.1 05 1 3 002 0.1 0.5 1 3 002 0.1 0.5 1 3
best fits the DESI SN distance modulus u: DESY5 SN distance modulus pu: Umon3 SN distance modulus u: Pamheon+
data is also a TR TR T
. = ACDM: DESYS ACDM: Unlon3d = ACDM: Pantheon+
good fit to the 0.10F = & wCOM: DESI+CMB+DESYS 1 0.10F® * wCOM: DESI+CMB 4 Unload 1 0.10F® ® wCDM: DESIHCMB+ Panthecn 4 8
- wyw,CDM: DESI4DESYS =+ ww,CDM: DESI4 Usion3 - oy, COM: DESI4 Pastheon +
SNe data - wyw.CDM: DESI+CMB+DESYS =+ wowaCDM: DESI4+CMB4+ Union3 == * wowaCDM;: DESI4+CMB+ Pastbean +
(b[ue [ine) 3 005 [ 1 005Fs 0.05 1
[ »is
; —
0.00 = 0.00 0.00 —
~0.05F ~0.05 ~0.05 b
002 0.1 0.5 1 3 002 01 0.5 1 3 002 01 0.5 1 3

Redshift Redshift Redshift
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===+ DESI (BAO) + CMB + PantheonPlus
ForDR1:  mumm DESI (FS+BAO) + CMB + PantheonPlus

- DESI (BAO) + CMB + Union3
B DESI (FS+BAO) + CMB + Union3

|52 Evolving DE: Adding Full-shape to the mix

===+ DESI (BAO) + CMB + DES-SN5YR
BN DESI (FS+BAO) + CMB + DES-SN5YR

_2-
10 —08 06 —04 10 —08 —06 —o4 10  —08 06 —04
Wy wyp wy
N\ J '\
Y Y Y
2.5¢ = 3.56 = 3.4o 396 = 3.8¢

2.50
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W sl Nswovene | Full-shape DR1: Modified Gravity
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Area where we don’ttrust our theory predictions

. CMB

BN DESI+ CMB . |
I

BN DESI + CMB:nl +'DESY3 (3 x 2-pt)

BN DESI + BBN + nijo /

Combination of clustering and

lensing: 9 - .

o

o = 0.21 £ 0.24

Yo = 0.166 + 0.074 ¢ DESI
+CMB

po =0.041£0.22 | oy, cmB-
Yo = 0.044 4+ 0.047 [ ]+

| DESY3

GR



DESI Imaging systematics: QSO case

TS use Legacy survey DRY:

R.A. [deg]
75°

45°
30°
=
.0
g _15°
Q 9
-30°

== North
== South 750
e—
23.250 24.375 25.500
Systematics need to be estimated
for each photometric regions

Trends are corrected using different
regression techniques:
- Linear

- Random forets

q PSF Depth r
[mag.]

0.2 =
0.1 =
0.0 =
—-0.1 =
-0.2 =

0.2 =
0.1 =
0.0 =
-0.1 =
—-0.2 =

0.2 =
0.1 =
0.0 =
=01
-0.2 =

Relation QSO target density -1

-+_

Trends in the number density of QSO vs imaging features
(north region)

0.2 = 0.2
0.1 — 3 0.1 —JE e
o 2l o04- et ] 0.0
L7
—-0.1 = —0.1 =
1 1 [ —02 - 1 1 1 02— 1 I I I
2.5 3.0 3.5 0.025 0.050 0.075 0.100 —0.050 —0.025 0.000 0.025 0.050
log10(Stellar Density) per sq. deg. E(B-V) Sgr. Stream
0.2 = 0.2 =
: 0.1 =" 0.1 -4
00— WMM 0.0 - 2
|/ 4 M)
: 3 —-0.1 P @ —0.1 + &
I I [ =02 = I I I | =02 =% [ I [ 1
15 2.0 2.5 1.25 1.50 1.75 2.00 2.25 1.0 1.2 1.4 1.6 1.8

PSF Size in g-band PSF Size in r-band PSF Size in z-band

0.2 = 0.2 =
o:1 I I B . — »v*"M
4
: ‘ 0.0 = M 0.0 =~
—0.1 —-0.1 =
1 [ [ [ =02 = [ i [ r =02 [ [ i I
240 242 244 246 23.25 23.50 23.75 24.00 24.25 23.0 23.2 234 23.6 23.8
PSF Depth in g-band PSF Depth in r-band PSF Depth in z-band
0.2 — 0.2
No correction 0.1 = 0.1 =
Systematics correction with NN 0.0 = o H v 0.0 = hate s
Systematics correction with Linear L '\H 'y
Systematics correction with RF —-0.14 —0.1 ;
Fraction of number of objects -0.2 - | I I I -0.2 - I I I 1

by bin 214 216 218 220 20.8 210 212 214
PSF Depth in Wl-band PSF Depth in W2-band

Chaussidon et al. 2022 60



Spectroscopic systematics: ELG case

0.8

Trends in the spectroscopic sucess rate vs

spectroscopic features

0.7
<
0
[

0.6

]

MEAN_FIBER_Y [mm]
|

-200

-300

-4

5
2400-300-200-100 0 100 200 300 400
>0.80 400
0.77 300
0.74
200
071
068 100
065 & 0
w
g 062 _j40
0.59
-200
0.56
0s3 300
<0.50 -400

0+
-400 -300 -200 -100 O

100 200 300 400
MEAN_FIBER_X [mm]

Across the focal plane

+ lots of other features...

L
05 06 0.7 08

SSR

ELG_LOPnot

(SO Z success rate

e

1.03

1.02

1.01 4

1.00

0.99 4

'0.98 4

0.97 1

N: unweighted x2/dof=95.]/10
S: unweighted xZ/dof=646g2/1

N: ZFAIL x?/dof = 41.6/10
¢ S: ZFAIL y¥dof=70.2/10

100 120 140 160 180
TSNR2 ELG at 0.01<z<2

Vs the SNR

=> We observed only small trends according to spectroscopic features

Redshift catastrophics failure with
sky-residual lines confusion

[O11] line

catastrophics rate: 0.27%

confusion\ ;| .
LA

= -
(=] %]
| L

estimated
[=] =]
[#)] co

Z
o © 9
=] 8] i
I L L

o
=]

Z true

Yu et al. 2024
Krolewski et al. 2024

Trends with spectroscopy are minors and have < 0.2¢ impact on clustering measurements
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Fiber assignment (FA)

Fiber patrol — e/

radius

— ELG
—— LRG
— QSO
—— BGS

=
)
T

: Y1 FA mocks
Tests on ELG Y1 DESI mocks R T T R TV ST/ R TiY

i _ (=0 {=2 (=4 9 [dcg]
o \ . s ('.umplm (\. . . . . Y
£ o] \\ “ |- [ Mgl Missing pairs at small separations!
g 2001 \ \ “‘\-.\NM R .
S T Cut pair separation < 0.05 deg (~
of ‘ NS . .
size of the patrol radius) leads to
= :: i - \,;;,;;',;;;u% Cover o | R I unbiased measurement with FA
< 5o u .\*. - | . LW : : : /
0.0 0.2 0.4 0.0 0.2 0.4 0.0 0.2 0.4

k [h/Mpc] k [h/Mpc] k [h/Mpc] Plnon et al_ 1” 2024 62



Fiber assignment:
Pairwise-Inverse-Probability (PIP) weighting scheme

) Bianchi & Percival 2017
Fiber patrol Mohammad et al. 2020
radius

Statistical estimation to observe a galaxy pair:

Number of FA runs

4%,‘
C) ] Number of time the galaxy +

pair has been observed

L = 0 for galaxy inside The pairs DD and DR at a given

the same patrol radius separation angle 0 are up-weighted
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