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Dark Energy Spectroscopic Instrument

A DESI is a stateof-the-art spectroscopic instrument
installed at theMayall 4-meter telescope at Kitt Peak
National Observatory.

A First Stage4 spectroscopicsurveyon sky
- measuresthe 3D distributions of galaxies

- 1/3 sky 14000 deg?

A 40Mredshiftsat the end of thesurvey(5 years
x13previousspectroscopicsurveys
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Dark Energy Spectroscopic Instrument

- Expansionhistory of the Universe
=> ConstrainDark Energywith BAO
- How doesthe structureform?
=> Test of gravity(GR)
- Primordial physics inflation (f,)

- Neutrino mass,dark matter models..
+ many other science cases

Map the Univer‘%i!n 3D+o constrain the éosmologiéal model
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DESI Is a stateof-the-art instrument installed at the Mayall
4-meter telescope at Kitt Peak National Observatory.
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ocal plane is 8.
pulated with
5000 robotics fibers

DESI Is a stateof-the-art instrument installed at the Mayall
4-meter telescope at Kitt Peak National Observatory.
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DESI Is a stateof-the-art instrument installed at the Mayall
4-meter telescope at Kitt Peak National Observatory.
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These ﬁbers allow DESI to rnap an area of the sky
larger than 30 full m()ons———snnultaneously
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4 different tracersto probe theUniversez < 3.5
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4 different tracersto probe theUniversez < 3.5
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The DESI main survey

/Dark time survey
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Legacy Surveys

® DR9 (20.2k deg2)
—— DESI nominal

-75°

R.A. [deg] Credit: Anand Raichoor (LBNL)

DESI Legacy Imaging Survey$os://legacysurvey.org/dr9
Interactive Sky Viewerttps://legacysurvey.org/viewer
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DESI Main Su-vey

(~1.7M redshifts)

! ! J ,
DR2
Full shape results BAO results
|
Early Data Release— :
Start of Main Survey— June 2023—Survey |
May 2021 Validation Data |
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1
|

DR1
BAO results 23




K eonc  DESI DR1 contains thenost detailed 3D map of the
{ INSTRUMENT universeever, spanning 12 billion years of cosmic tim

75 ~ 9700 deg Main Survey :

- 13.1M galaxies

- 1.6M quasars

- 4M stars

+ Surveyalidation (1.7M objects)
Total: 20.4M redshifts
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Total 6,094,133
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https://data.desi.lbl.gov/doc/releases/dr1

o roceamc  DESI DR2 will contain two-thirds of the Syear survey
§ INSTRUMENT data and ~50M redshifts, two times more than DR1!

Main Survey (internal release):

- 31M galaxies

- 2.8M quasars

- 12.3M stars

+ Surveyalidation (1.7M objects)
Total: 46.1M redshifts

. ~ 12'355 de¥y

=
=]

w

=]
°
o
o

=
s W
°

o
(<))

o
'S
Bright Completeness

Dec. [deg]
. o

(=1
w
°

-30°

o
)

R.A. [deg]

1o Redshifts for the BAO analysis

w

S
o
o
o

Tracer DRI1 DR2

=
2 W
°

o
o

Dec. [deg]
. o

o
>
Dark Completeness

(=1
w
©

BGS 300,043 1,188,526

-30°

o
N

i IRG 2138627 4,468,483
-75°
I ~ 10'500 dey
. 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

25



DARK ENERGY DESI 2024 1I: Sample Definitions,
?ﬁi?&ﬁﬁiﬁ?”c Characteristics, and Two-point arxiv: 2411.12020v1

u.s. Dpcrtmeni of Energy Office of Science C l USte ring StatiStiCS

BGS0.1<z<0.4 BGS0.1<z<0.4
100 1500 20 ELG08<z<1.1 ELG08<z<1.1
500
E "o 1000
& § 20 400
= & - o
’TL_ 0 '5 500 “8- i § 300
w A ,TE T 200
i 50 % € -2 =
I — 100
500 v RACS <
_ AN PRI =
—~100 ) Y N3 T3 i R T4 55 g = 2 0
75 50 75 100 125 150 175 200 000 005 010 D15 020 025 D30 035 040 NITTEE 122 —100
5 (h~'Mpc) k (AMpc~1) &5 1=4
-200
LRG 0.4 06 25 50 75 100 125 150 175 200 0.00 005 010 015 020 025 030 035 040
LRG0.4<z<0.6 4<z<0. s(h“Mpc) k(hMpu'l)
3 (=0
100 -
f:z 1500 - ELG1l1l<z<16 FLG1l1l<z<1.6
=4
- 600
g o %
§. s 1000 20 500
v 0 1N o <o
= s < L, 400
“; < 500 4 0 a,
Y _so E ; TE 300
1
«
0 < 20 ~ 200
~100 o =
T 100
25 50 75 100 125 150 175 200 0.00 0.05 0.10 0.15 020 025 030 035 040 v —40 & " Q’ ' 44 4
s (h~"Mpc) k (hMpc) ol 1 (:’9\,0;}".59.“.“me%.dﬁ«;'ww \ '
+
LRG 0.6<2<0.8 LRG 0.6 <z<0.8 # "
1750 =60 i -100
100 s 25 50 75 100 125 150 175 200 0.00 005 010 015 020 025 030 035 040
: s (h~*Mpc) k (hMpc™1)
- 1250
&80 %
E 5 1000 SO 08 2.1
S - QS008<z<2. QS008<z<21
] ! 750 B8O
c s §ot=0
; < 500 60 P t=2 1000
“ =
=50 < 250 i=4
* - - 4o —~ 800
0 S fo <
2 20 =3
-100 [ ! i = S 600
25 50 75 100 125 150 175 200 0.00 005 010 015 020 025 030 035 040 w0 ri: 00
s (h~'Mpc) k (hMpc1) £ =
vl hY
LRG08<z<1.1 LRG08<z<11 a0 : - [ = 200 *‘ﬁj}*
1750 v : N | - T 1711 & 4 U '&, } L 1)
100 o 3| o 49, 48 < -
1500 -60 i T ﬂ ! 0 et gt T TR w 1:5;?‘
[ | R i 7 okttt
_ 1250 —80 | ) " A
<~ 50 by 1 -200
é. & 1000 25 &0 75 100 125 150 175 200 D00 005 010 0715 020 025 030 035 040
< o '}‘c 750 #/** 5 (h~'Mpc) k (hMpc™1)
s S ) [
L4 < S
n =50 250
= " o
0 ;,—umv;,w;a."““’a G
L)
~100 ~250 !
25 50 75 100 125 150 175 200 0.00 005 010 015 020 025 030 035 040 26

s (h~*Mpc) k (hMpc™1)


https://arxiv.org/abs/2411.12020

| DARK ENERGY

| SPECTROSCOPIC Flash BAOresultsfrom DESI DR1

i INSTRUMENT

U.S. Department of Energy Office of Science

lookback time [Gyr]
8 9

012 3 4 5 6 7 10 1 BGS ;
190 bt 1 N ) Y A : . i BN RG1+LRG2 Constraints on Qm
' LRG2 ELG Ly-a ' BN LRG+ELG and Horq from BAO
1.15 - * 144 N ELG under ACDM
u AT S _ =
Z  1.10 1 H 5041 Ly-x
- H ' i |(+ } I s . Al
%105- / w(a) =wo + (1 — a)w,
Q 100 k g .
> L r I = \‘\\ -
= ¥ ACDM N NCDM (W
% 1} | 80 100 120
Q 0.90 4 | i | \ Hyry [1(]0 km H_I]
0.85
Z 080 : LA : - - When combined with )
= SNe & CMB showed a s
S ie preference for wowaCDM
S
Q 10 T ' 3
=~ | B
=) ' —1.0 0.5 0.0
3 080 5 Olr T Ir - T i
~ ; %3] 1.0 135 2.0 2
) redshift z

Credit: DESI collaboration

Hint for Time dependentdark energy
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https://arxiv.org/abs/2411.12020
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| INSTRUMENT arxiv: 2411.12020v1 Chaussidoret al 2022
U.S. Department of Energy Office of Science o R.A. [deg]
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.

,,,,, 104 mm i 5\; w — DU
e oLRGs| 5" s — |
v @ 0 ELGs 0.2
0:QSO0s -l : Y1 FAmock

1073 1072 107 3p10° 10!

Pinon et al 2024 9 [deg]


https://arxiv.org/abs/2411.12020

SPECTROSCOPIC DESI surveystatus

INSTRUMENT

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

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

40 1

Dec. [deg]

Npass Area Fraction Expfaefraction
=1 14993 0.99 0.97

Number of unigue spectra [million]
with DELTACHIZ = 25

-45° Qvered by N tiles
60° T~ B = - ) [ 7~ >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
- P 2 q"\'
e - % \‘ ,..S)

s > Main Survey almost
A A : finished after 4 years of
Npass Area Fraction Expfag Obse rvathnS |

Dec. [deg]

=1 15011 0.98

Qvered by N tiles 14374 0.96

-45°

-60°
Stats for the 20250531 night: 233t
Moon illumination: 0.31 9684 0.89 0.88

4 DARK tiles completed -75° R.A. [deg] >7 4060 0.86 0.84
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5 => 8yearsurvey(until 2029)

3M 3.6M Quasars QSO9

0.8<z<2.6
+ Ly-a z>2.1
17M21M Emission line
galaxies ELGS)

0.6<z<1.6
8M 10MLuminous red

galaxies (RGS)
0.4<z<1.1

13-5M16M Bright galaxies
0<z<0.5
+ ~5M Newsamplef LRGs
Increasesky area 14'000 =t7'000 de§ Luminous Galaxies Extension
Bigger Overlapwith LSST (LGE)
Increasedensity(+50%)
Expected ~60M extragalactic redshifts O.4<z<l.1
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