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https://www.youtube.com/watch?v=-2mlU-YzEbw

The DESI instrument

Focal plane

Corrector 5000 fibers

~ 8 deg? FoV
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10 spectrographs



DESI main survey

Five target classes 14 000 deg= footprint

~40 million redshift

3 million QSOs

zZ> 2

Tracers 0.9 <z < 2.
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Matching fibers to targets from imaging

+ @ Legacy Surveys DR9 images
+ Older Legacy Surveys
+  unWISE W1/W2 NEO7

+ More surveys

@ www.legacysurvey.org
© .

— Overlays
+ Boundaries
+ Imaging catalogs
+ Spectroscopy
— DESI
DESI Footprint
DESI Fibers
DESI EDR tiles
DESI EDR spectra
DESI Dark-time Targets (DR9/Main)
DESI Bright-time Targets (DR9/Main)
DESI Dark-time Secondary Targets (DR9/Me
DESI Bright-time Secondary Targets (DR9/N
DESI Dark-time Targets (DR9/SV3)
DESI Bright-time Targets (DR9/SV3)
DESI Dark-time Secondary Targets (DR9/SV
DESI Bright-time Secondary Targets (DR9/S
DESI Dark-time Targets (DR9/SV1)
QS0,z=2.777 DESI Bright-time Targets (DR9/SV1)
RA,Dec: 195.2156, 24.9413 DESI Dark-time Secondary Targets (DR9/SV
Targetid: 39628373655291251 DESI Bright-time Secondary Targets (DR9/S
, + Bright Objects



http://www.legacysurvey.org

... and getting spectra

www.legacysurvey.org
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DESI Y1 sample
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DESI Y1 sample

S 45 210~ S 1073
o, Q rIEAS — BGS
2 404 BGS 2 B |
= —— LRG S M 7 ; —— LRG
%357 — ELG N N )3 ) — ELG
‘?» 3.0+ (, — QSO 'E’ \ \ o ,” — QSO
8 —  NGC 2 10-4 ‘\'/ W — S
T 251 -==-SGC = =Y ‘.\‘.:’ --=- N
8 2.01 sd')‘ i \
- 5 ‘ g
5 157 \ =
\ “‘“\\\ - 5] . .
2 1.0 - 3 > 1071~ If targeting
S osireal Y1 density|_. 1 E
SN L A e M = |\were complete
O 02 0.4 06 08 1.0 1.2 14 1.6 1.8 2.0 2.2 ks ! -7 " 0:6 TEEXEENEY
I Redshift
Tracer # of good z z range Area [deg?] Cassign 2 succ. %
BGS (M, < —21.5) | 300,043 0.1<z<04 7473  63.6%  98.9%
LRG 2,138,627 04<z<1.1 H740 69.3% 99.1%
B . ELG 2,432,072 0.8<z<1.6 H924 35.2% 72.7%
=L Gs will do much | gso 1223391 08<z<35 7249  874%  66.8%
better in Y3+ QSO 856,831 0.8<z<2.1 7249 87.4%  66.8%
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From BAO to "Full shape”

1750 ¢ ® monopole T
e YCompressed quantities
1500 1 “I . )
+ .0. 10
— 12501 ®0o
?E + ..‘...
3 000l POWEr Spectrum or R
S . . - 10‘1
= | correlation function ;
a =
. 500 4 ‘Q+H++++++++¢““¢‘¢‘ @ 107
| “‘“““.“
N | 01 RSD for
‘ ‘ ‘ | | | < JYsS
%0.025 0,050 0.075 0.100 0.125 0.150 0.175 0.20 0+ 100 107 100 10
k [h/Mpc] k [hMpc)
(@) Compress correlations to BAO's ay, a,. (+ reconstruction: BAO results) April papers

(o) Compress power spectra, using ShapeFit scheme

(C)

Directly fit power spectra ("Full modelling”)

in (b) and (c) combine with «y, a. from reconstructed

Baseline Nov papers

SAO
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Combined DESI Y1 BAO-only result

lookback time |Gyr]
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redshitt z
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Combined DESI Y1 BAO-only result
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galaxy .
e -Background
| ;" quasa(b SO)
Resonant absorption of QSO's light by neutral To Earth, | oy Al ‘ ,
hydrogen HI in the intergalactic medium ~ 0% ; R S, S
i . Intervening
Aabs = 1215.17 A x (1 + 2 . — e
‘T‘ : on !nuum* o 2 " ' ' ' v-] [ m
5 of = gz T EHON T
Tm 6- 04 T —T T Il
tracer of mild density fluctuations in the B I NG R
cosmic web, at z > 2 g W .Ir--w"l
E 0= T 1 1 T ‘ l ' ' 1 — T T
DESI Y1 sample: rEIO- —— Spectra exptime=1000 seconds
i DESI mock, QSO @ z~3
420,000 Lya QSO (60/deg?, x2 wrt 20 ? 6
years of SDSS) 2 .
low SNR § > 'm I
R I 111
contaminations: atmospheric skylines, 3600 3800 4000 00 Do 4600 4800 5000
metals, quasar's continuum ete. Herrera-Alcantar et al., arxiv:2401.00303
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Modelling the measured Lya correlations
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200

Correlation function = Fourier[power spectrum]

F o
175

P(k, p) ~ b*(1 4 Bu®)? Pin (k, o) Frp (K, 1) 250

/ 125

inear bias + RSD

iINncludes BAO 75

: : 50
Nnon-linear corrections

(from hydrodynamical simulations)

1 € (0.0, 0.5)

0 25 50 75 100 125 150 175 200
ry [Mpc/h]

rZE(rHr r_l_)
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Modelling the measured Lya correlations

Contaminants included in the model

- Impact of QSO continuum

»high-column density and metal

absorbers:
C)\obs 1 1
’]" p—
H H(Z) >\Lya )\metal

|Guy et al. arxiv:2404.03003]

from sky subtraction

50

75 100 125

ri [Mpc/h]

peEH0.0, 0 .5)

150

LrD

200

i

re&(ry, ro)
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Measured correlation function

Lya(A)XLya(A)

4 0.00<u<0.50
L 0.50<pu<0.80
0.50 v 0.80<u<0.95
$ 0.95<u<1.00
0.25 -
‘U 0.00
Q.
s
\
= —=0.25
<
(N
N —0.50 -
-0.75 - ® + ¥ PN
| +x- ¢
~1.00 - N
0 25 50 75 100 125 150 175 200
r [h-1 Mpc]

ohysical model fit
+ broadband polynomial

r?&(r) [h=*Mpc?]

154

10 -

Lya(A)xQSO
$ 095<u<1.00
v 0.80<u<0.95
A 0.50<u<0.80
++ + 4 0.00<u<0.50
0 25 50 75 100 125 150 175 200

r [h-1 Mpc]

+ Correlation between Lya
forest and quasar's positions
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Validation with mocks (synthetic data): recover

unbiased BAO parameters, good understanding of
statistical uncertainties

Data splits on the blinded data set:
LyaxLya vs LyaxQSO
Lya region A vs region B
North vs South
nigh/low SNR in QSO spectra
arge/weak ClV equivalent width in QSO spectra

Variations in the analysis

20
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Validation with mocks (synthetic data): recover
unbiased BAO parameters, good understanding of
statistical uncertainties

Data splits on the blinded data set:
LyaxLya vs LyaxQSO
Lya region A vs region B
North vs South
nigh/low SNR in QSO spectra
arge/weak ClV equivalent width in QSO spectra

Variations in the analysis

S

1.06 -

1.04 -

1.02 -

1.00

0.98-

0.96-

0.94-

Distribution of BAO results in mocks

——————— ——

I ———— —_——

<+ LyaColore
-+ Saclay
-
. 2
L

0.92 094 096 098 1.00 1.02 1.04 1.06 1.08

a;
Cuceu et al., arxiv:2404.03004
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Lyman-a BAO : pre-unblinding validation
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-2.5 0.0 2.5
Aa, (%)

-2.5 0.0
Aay (%)

2.5

- Variations in the analysis

no calibration

Npip = 1
€ free

Nss = 3.5
M =24A

Aobs < 5500 A

Aobs > 3650 A

Are < 12004

Z0<3.78

> 50 pixels in forest
original redshift estimates
mask-Lya redshift estimates
only quasar targets
DLAsSSNR > 1

weak BALs

no sharp lines mask

=2 U0

Aa; (%)

0.0
Aa. (%)

2

dmat ry <200 Mpc/h
dmat 2%

dmat model 4 Mpc/h
M=32A

M=16A

nside = 32

Ar=5 Mpc/h

no cross-covariance

r <200 Mpc/h

r <160 Mpc/h

r>20 Mpc/h

r> 40 Mpc/h with priors

eBOSS metals

vary Lucp

Luco = 10 Mpc/h

Luco = 3 Mpc/h

Gaussian redshift errors
weak CIV bias prior

no small-scales correction
UV fluctuations
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DESI DR1 BAO results at zgs = 2.33
| I Lya X Lya

|
Dir(zest) /74 1o l --- LyaxQSO
o = = 0.989 4+ 0.020 | | -
| [DH(Zeﬁ“)/”"’d]ﬁd i Combined
!
1.05 - :
w0, = Puzer)/ra 1340 094

d: 1.00 -

1.1% precision measurement of
the isotropic BAO scale at z=2.33 0.95 -

DESI Collaboration, arxiv:2404.03001

0.90 -

0.90 0.95 1.00 1.05 1.10
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-+ "Full-shape™: AP and linear growth
measurements at z~2.4

anesttaabptisit gyt |
- 1D flux power SpeCtrUm ...'I:;\:,.v’~"**’*‘*’”‘*’%*In”hn+ | | W sotropic BAO (a,)
/ . *”H*H BN AP BAO (¢,)
297, 2] == Full BAO (ap + @)
T Ravowzsoeoestt | | mumemd
- Small scale 3D power spectrum (M-L. + T R R T

Abdul Karim, arxiv:2310.091 16) I | | | | 3 Horalc

% - h‘m@‘% 65_ Karacayli 2405.14988 b g:ael_;

- Cross-correlation with CMB lensing -l e |- -
2 96%600 0.005 0.010 0.015 0.020 0.624 & r ‘ l E

bkm ] | = 2:—/\“\ l I l _-

- and others... eg. protocluster searches, g b W‘H\ | ]lll Ll
cross with 21cm... < 1T T ‘l‘ll T
—2F ] i

00 o5 o 15 20

k [h Mpc~1]
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Blind catalogs:

Full-shape analysis

Power spectrum estimator:

change overall z-to-distance (same as BAO)

change RSD using reconstruction
Additional blinding of weights for fni
(Chaussidon in prep.)
fo) na hif ! i1 ; (Xx.) ) l fshift
i AN T
l. . .-':-_“\ .
A /@\
’-' SS9 :-‘ ==
L v f:

only monopole and quadrupole
0.02 <k < 0.2 h/Mpc
window functions from randoms

theta-cut (M. Pinon, arxiv:2406.04804)

mock-based covariance + systematics
iIncluded at the data vector level

26
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Modelling: Effective fie

3 biases, 242 counter-ter

- Stochastic terms to Inc

ohysics

Full-shape analysis

Id theory

- Implementation: velocileptors (Eulerian

Version)

MCMC fits
- Some "projection effec

when eg the MAP Is outs
contours

P-‘-!I(kv/‘) = +

Ide the bayesian

ms/stochastic-terms
ude small-scale galaxy

'S", NO result shown

/

Cosmological parameters (FM)

Priors

Wedm U[OOI,OQQ]
Wh N0.02218, 0.00055]
h U[0.2,1]
In(1019A4;) U[1.61,3.91]
Ns N{0.9649, 0.0422]
Non-cosmological parameters Priors
(14 b1)0os U|0,3]
b20’§ NO, 52
bso? N0, 5%
7)) NO, 1252
9 N:O, 12.52:
SNy N10,2%] x 1/n,
SN2 N[07 52] X fsato'%eff/ﬁ’g
+ SNo + SNok*u® + SNk 11

stochastic-terms
contribution
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Full-shape analysis: systematics budget

Systematic Methodology Contribution
(units of 0 DR1)
Theoretical Comparison between 4 EFT models not detected for DR1
kmax = 0.20 h Mpc™1 (< 0.1)
Observational
a. Imaging Imaging weights per tracer, mode removal | ~ 0.2 (ELG, QSO)

b. Spectroscopic

and polynomial correction (ELG, QSO)
Tested with mocks and
repeated observations

< 0.1 (BGS, LRG)
< 0.2 (ELG)
< 0.1 (BGS, LRG, QSO)

c. Fiber f-cut method tested on mocks ~ 0.2
assignment with and without fibre-assignment
HOD+PWE Varying HOD in Abacus-1 cubic HOD: ~ 0.3 (Table 2 of [101])
and DR1-like mocks PWE: ~ 0.2
Fiducial Varying catalogue cosmology < 0.2 (FM, SF)
cosmology Varying catalogue and template cosmology
Covariances Based on comparisons between analytic and | < 0.2
mock covariances, rescaling factor
Total All contributions above 0.20 of DR1 ~ 0.46 (FM, SF)

error are added in quadrature

28
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S

CM

D

DESI YT

DSS

Cosmology result: BAO-only in ACDM

BAO consistent with:

BAQO (e

R4 + ACT D

B30SS 2020)

3 (primary: Planck 2018; lensing:

R6)

Planck

DESI and CMB are consistent at 1.90-level

0.30 -

=
S0.30

0.29 -

B DESI BAO CMB
SDSS BAO

\

N

96

08 100 102
Horg [100 km S_l]

104

106
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Cosmology result: BAO-only in ACDM

DESI YT

BAO consistent with:

- ODSS BAO (eBOSS 2020)

- CMB (primary:

Planck 2018; lensing:

PR4 + ACT DR6)

Planck

DESI and CMB are consistent at 1.90-level

217 - +
201
-Ea ww== Planck £+ 1o
—’ ——  best-fit ACDM
E 19 BGS
LRG
—$— LRG
18- —$— LRG+ELG
—4— ELG
—$— QS0
—4—
17
£
SL02{ + {
=1.00—F———————t+—— *
E +
=0.98-
o)
0.5 1.0 1.5 2.0
Redshift z
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DESI Y1 Full-shape + BAO fit in ACDM

1.9
BGS
LRG1
1.0 I LRG2
BN LRG3
0.8 Bl ELG
B QSO
B Al
0.6 -
ACDM
¥ 0.2 0.3 0.4 0.5
(m

0.6

Hy [kms™ Mpc 1]

80
BGS
LRG1
(Ch E LRG2
BN LRG3
70 - B LG
B QSO
B Al
65 -
ACDM
1 0.2 0.3 0.4 0.5
O

Consistent results between all tracers

0.6
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- BAO post-recon (no Ly« — :
— M_Nfodznmg pf&recjn) DESI FS+BAO + priors on BBN and ns::
I Joint analysis
0 = 0.2962 £ 0.0095,
og = 0.842 == 0.034,
Hy = (68.56 £ 0.75) kms™ ' Mpc ™!
0.9
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Dark energy with constant EoS: compatible with w=-1

The previous conclusion changes when considering a time- . .
fit varying w(z)

varying equation of state: 9 |
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Dark energy with constant EoS: compatible with w=-1

The previous conclusion changes when considering a time- ACDM . .

, , fit varying w(z)
varying equation of state: ,

2 01---

w(z) =wo + T Wa (CPL parametrization)

DESI BAO alone has poor constraining power . l

DESI + CMB = 2.6 ¢ S

—2 1

DESI| + CMB + supernovae = from 2.5 o to BN DESI BAO + CMB + PantheonPlus

3.90, depending on the considered SN sample E DESI BAO + CMB + Union3
: 8 DESI BAO + CMB + DESY5

~1.0 _0.8 _0.6 0.4

Wo > -1, wa< O favored "
0
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Dark energy with constant

Dark energy: DESI BAO + external

—0S: compatible with w=-1

The previous conclusion changes when considering a time-

varying equation of state:

w(z) = wo - 1jzwa
DESI

DESI

CMB= 206c

(CPL parametrization)

BAQO alone has poor constraining power

DESI| + CMB + supernovae = from 2.5 o to

3.90, depending on the considered SN sample

Wo > -1, Wa

<0 favored

-+ wow,CDM fit to DESI alone
wow,CDM fit to DESI4+CMB+DESY5
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---- DESI (BAO) + CMB + PantheonPlus -~~~ DESI (BAO) + CMB + Union3 ---- DESI (BAO) + CMB + DES-SN5YR
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error bars slightly reduced
significances almost unchanged
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ACDM fit
CMB measurements are sensitive to Y1, 007 mmm CMB (no CMB lensing) |
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But internal degeneracies limiting its precision 0.51 mm Ciiﬁ © DESI BAO ;
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CMB measurements are sensitive to > m,,,

But internal degeneracies limiting its precision

p—
O

ACDM fit

— CMB (no CMB lensing)
—— CMB
—— CMB + DESI BAO

_ 0.8 .
SAO helps break degeneracies (through Ho/ (m) 2 -1---- normal mass prdering
95% ClI limits: S 06° STEEEE inverted mass ordering
> my, <0.21eV CMB alone, ACDM 5

| ) my, <72meV | CMB + DES| BAO, ACDM -

e *0.00 0.05 0.10 0.15 0.20

(as in DESI 2024 VI paper: Y " m, [eV]

Planck 2018, ACT likelihood v1.1)

driven by the "1.9 o consistency"” between DESI and CMB within ACDM
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» m, <0.084eV (95 %, DESI (FS+BAO) + CMB[HiLLiPoP))
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Updated bounds on neutrino mass (CMB + DESI BAO + Full shape)
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(~unchanged wrt BAO alone)
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mil s o New DESI Results Weigh In On Gravity *

Model of modified gravity connected to late-time cosmic acceleration:

K*0 = —4nGa’p(a, k)Xipi A
(P + ) = —87Ga*X(a, k)Xipi A

__ﬂ

1 CMB
2 - - DESI 4+ BBN +in310
B DESI + CMB !

B DESI + CMB (LoLLiPoP-HiLLiPoP)
|

|
S
&)
-
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Adding Full-shape information to BAO:
sensitivity to growth of structures
favors os, Ss consistent with Planck

neutrino mass from structure growth
modified gravity 1o parameter consistent with GR

No major change / confirm earlier DESI BAO findings (dynamical dark energy, sum of neutrino masses)

https://data.desi.lbl.gov/doc/papers/

What's next?

Many additional results on Y1 data: fn, Lyman-alpha small-scale power spectra, cross-correlations...
Y1 data release next year ("DESI 2024 1)

Year-3 data collection completed last Spring, BAO analysis ongoing




