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4+ The Dark Energy Spectroscopic Instrument
4+ Galaxies, quasars and Ly-a
4+ The key science targets: the BAO and RSD
4+ Blind analysis
+ BAO measurements
4+ DESI DR1 cosmology
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I DARK ENERGY

M ol yecroscore - A prief history of galaxy redshift surveys

a W S| INSTRUMENT
! b7 JAS el
~ -~ . ‘ ‘I —
1o

.S. Department of Energy Office of Science

Redshlft surveys mcreasmg (0% every.10 years ‘
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Shift: surveys mcreasmg {oXx: every.10 years |

. All Imear modes mapped by ~2043
All detectable galaxies mapped by ~2.061
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A brief history of galaxy redshift surveys
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Redshlft surveys mcreasmg (0% every.10 years '

All Imear modes mapped by ~2043
All detectable galaxies mappsd by ~20061
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Located at the Mayal 4-m
Telescope @ Kitt Peak (AZ)
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Dark Energy Speg roSeopicinstrument (DESIH)
Located at the Mayal 4'm Corrector lenses, 3.2° F | \ : 5006 . t" il

. with 6 | A : . robotic pos
Telescope @ Kitt Peak (AZ) oty P ‘ el

5000 fibers
3.8-m . primary

* 5000 fibers in robotic actuators ‘ - T spectrographs
* |0 fiber cable bundles i X 3 channels
* 3.2 deg.field of view optics | ‘
* |0 spectrographs A

Readout l"

& Control 22 " 3

ﬁ_ / — Courtesy.of D. Schlegel
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Red Channel
560-772nm

10 Multi-Object Spectrographs:
* 360 - 980 nm range over 3 channels
e Resolution: 2000 (blue) — 5500 (NIR)
* 500 fibers per spectrograph
e 4kx4k CCDs, 60s readout

Blue Channel
360 - 593 nm

Charge Coupled
Device Detector ™~

Linear Pulse Tube Compressor

" «—— Linear Pulse Tube Cooler

Vacuum Cryostat
—

Near Infrared Channel
747 - 980 nm

Charge Coupled

le PS
better than 1 % over many days
Lov d o :

Throughput of optical chain is excellent
~40% at 700 nm (total)

Volume Phase Holographic Fiber Skt Array Collimator Mirror
(VPH) Gratin ,
. < NIR Shutter < Exposure Shutter and Fibers
% Back llluminator

New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB)
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% L EJ Legacy Survey Sky Browser X -+

€« —> C @& legacysurvey.org/viewer-desi?ra=195.0876&dec=28.1662&layer=Is-dr9&zoom=13&sga

RA,Dec = 195.0523, 28.1687, zoom 13 1

d - . DESI starts with an image + .
Legacy Surveys (public surveys; 2/3 from DECam)

-

J

New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB)
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L ® EJ Legacy Survey Sky Browser X ar

« - C @ legacysurvey.org/viewer-desi?ra=195.0876&dec=28.1662&layer=Is-dr9&zoom=13&sga

- O
RA,Dec = 195.1230, 28.1851, zoom 13 |8 O

—

)O O ...then select targets

_ & e R
0 ' OQ@ g ~- O
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The Dark Energy Spectroscopic Instrument

® o EJ Lcoacy Survey Sky Browser X+

« = C @ legacysurvey.org/viewer-desi?ra=195.0876&dec=28.1662&layer=Is-dro&zoom=13&sga

ey c00.-11 (@ susc-oam.
RA,Dec = 195.0710, 28.1548, zoom 13 - \C

- SN, & — | LUV

‘ GALAXY2-1128
«w.then measure 2’s

ARN -Oed) ¢ N 4) 41
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| e ’3
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| QSO, z=1.148

\ (ZINARNE O

GALAXY, z = 0.086 [==Y.Z2=0

GALAXY, z = 1.478 :.,

\ | -

/ 40

= 0.549

» ¥ GALAXY, z = 0.373 GALAXY, z = 0.028 |

GALAXY, z = 1.162 .
z = 1.308 |, .

X
| GALAXY, z = 1.514 (ZWAR : - GALAXY, z=1.070
_ GALAXY, z = 0.638 (ZWARN=0%*=; Q I e&.’

® { GALAXY, z=01a0

GALAXY, z = 0.324
". Y (! LAXY, z= 0,189 '

2 daa 7_0994 :

g LAXY,Z:1.12 ‘
e GALAX‘ ' 7 = 1.508 (ZWABN=0x4) sl axy =d.

GALAXY, 2 = 1.163 (ZWARN=0x4) |£=0.000
e

GALAXY, z = 0.861
. 3
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e
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New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICB)

e _"W

GALAXY. z=0298

) o

G'_A.[ STAD-AL
GALAXY, z = 0.22

GALAXY, z = 0.877 }
[N A RN -4 ——

proes

GALAXY, z = 0.202 (ZWA
| GALAXY, z = 0.083

= 1.041

" Z= 0.875 (ZWARN=0x4) B !

GALAXY, z=0.214

B 3 ] z=0.023 patis
GA, z=0.882 \

GALAXY, z = 1.080 (ZWARN=0x4)

— 0)(4)

174 GALAXY,z: 1.138 ".'
=0x4) , -

N s Mt N by

N et

£
N

R o~y

» GA
z =0.201 - !



" 1 DARKENERGY
sl wsovenr  1he Dark Energy Spectrosccplc Instrument

U.S. Department of Energy Off

. DESI “First. Light” on Oct 22, 2019
. 500 flbers on Trlangulum Galaxy (M33)

3.2 d'egr'ee’s't b

o
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Triangulum Galaxy (M33)
Fiber # 160

H and N+

Intensity
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Five target classes DESI| (2021-2026
DESI targets for DR N | ( )
40 million redshift .
Tracer redshift range | Niracer zeg | Po(k =0.14) | Vg (Gpc?)
BGS 0.1 —0.4 300,017 | 0.30 | ~ 9.2 x 10° 1.7
LRG1 0.4 —0.6 506,905 | 0.51 | ~ 8.9 x 10° 2.6
LRG2 0.6 — 0.8 771,875 | 0.71 | ~ 8.9 x 10° 4.0 o
LRG3 08—1.1 | 859.824 | 0.92 | ~ 8.4 x 103 5.0 3 million QSOs
ELG1 0.8 —1.1 1,016,340 | 0.95 | ~ 2.6 x 103 2.0 Lya z>2.1
LRG3+ELG1 0.8 —1.1 1,876,164 | 0.93 | ~ 5.9 x 103 6.5 Tracers 09<z7 < 2.
ELG2 1.1 -1.6 1,415,687 | 1.32 | ~ 2.9 x 10° 2T
QSO 0.8 —2.1 856,652 | 1.49 | ~ 5.0 x 103 1.5
Ly-a. 1.77<z 709,565 (2.33 16 million ELGs
4.0 06<z<16
S s — |
: | -
T° | g 04<z<1.0
E 20 13.5 million
3 1s] Brightest galaxies
;g 1.0 { 00<z<04
= 05 5 g

e
(=
o

025 050 075 1.00 125 150 175 2.00

redshift

New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB) 8
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Not just the size+quality of the data, but the size+quality of the survey
Exposure time is dynamically modified to be constant in depth, not exposure time

Main/DARK : 27444%0929 completed tiles up to 20220611 (=28%, weighted=29%)

DESI DR1

Dec. [deq]

'30° —— T T T T T = , .
0.0 0:1N2 0.3 0.4 0.5 0.6, 0.7 0.8 0.9/1.0 Finstov. Qe Fraction Bxplast maction
_45° Frastjon of final coverage > 0.25 6143 0.41 0.43
-60° TS 1985 13 0.14
Stats for the 20220611 night: =1.00 0.10 0.11
Moon illumination: 0.94 _75°
1 DARK tiles completed RA. [deg]

New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB) 9
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What are the constituents of matter?
What is the physics of inflation?
e.g. Neutrino masses, Primordial P(k),

| g Nature of dark matter,
o W growth of perturbations

AL
e

C,pw»
“"* What is the expansion

feat e Standard ruler. history of the Universe?

Understanding,
cosmic
acceleration
Redshift'space)» @ How does structure form,
: : within, this background?

e.g. madified gravity, GR

Homogenetiy, non-gaussianity

other non-cosmological info. May be Key to
e.g. Galaxy formation, ensure robustness.
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What are the constituents of matter?
What is the physics of inflation?
e.g. Neutrino masses, Primordial P(k),

Nature of dark matter,
growth, of perturbations

Homogenetiy, non-gaussianity

other non-cosmological info. May be Key to
e.g. Galaxy formation, ensure robustness.
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Distances in cosmology are hard. We need calibrators!

PP
Imch [ '1' RARARARERY! lz' I I ]H’:{sl

New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB)
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position-space
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U.S. Department of Energy Office of Science FOU rler-Space ,,,,,,,,,,,,,,,,,,
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Spectroscopic surveys: angles and redshifts Fat Stripe 82 N s
20
: _ Q
* The redshift survey catalogues deliver: angles and & o
. 16 A
redshifts for each galaxy 0% (201620161

LRG

 Redshifts are converted to comoving distances
assuming a (reference) cosmological model and

assuming velocities are due to Hubble flow §ﬁ o
< / 3

cdz

R N

49@ D
* Produce a 3D map we use to extract information ;% ) B
""7/;3.4 2
We are going to need rulers to calibrate our measurements! Py 2
%, '

New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB)

13




- - W p .,
YT A iy LTy
L3 SO 7 v TN
.. . |&l DARK ENERGY
Py :

(% || SPECTROSCOPIC The B AO as a Standard rU|er

B O R
oa WV | INSTRUMENT
' ;

U.S. Department of Energy Office of Science

The arbitrary choice of reference cosmology distorts all the measured
angular and radial scales.

Angular diameter distance

Radial distance

. i
|
|
8
. %
. |
@ 1 * mEn "

& | .

> ®

I | n

llllllllllllll "I n HE BB ENEDN HE B EEEEEEEEEDRN
A \ ’.
* L N
@ | N N
. TLITIS o

The distortion is different in the line-of-sight direction and in the transverse direction.

V

Introduces an anisotropy if the reference or fiducial cosmology differs from the

actual cosmology: Alcock-Paczynski effect
New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB)
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U.S. Department of Energy Office of Science

The arbitrary choice of reference cosmology distorts all the measured
angular and radial scales.

o Angular diameter distance
Radial distance e,

. i
|
|
.
@ Ly
. |
@ 1 * mEn "
& | .
> ®
o n
llllllllllllll "I n HE BB EERN E BB EEEEEEENEN
A \ ’.
* HEnm
@ | ]
. T TI o

In particular, it’s true for the BAO scale: the sound horizon scale at drag

epoch: r; o~

New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB)
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The arbitrary choice of reference cosmology distorts all the measured
angular and radial scales.

Angular diameter distance

|
0“‘ ...“ n
llllllllllllllz‘l ] : E B EEEDN EEEEEEEEEEDNEDRN I:'\ o
\ o o
f ’F-Y iﬁ"’ | N ] EEn -' J»
- - I . NEEEEEEEamag ‘§@‘l\ r

Dy /1, D,,/r,

Radial distance

For aficionados —» 06” — [DH/rd]/[DH/rd]ﬁd
dilation parameters
(dilation p ) New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB)
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The along and across LOS BAO distortions can be reparametrized in

0
\\\\\'
EEEEEEEEEEERESfEEEEENI]

. . \1/ AP effect
Isotropic re-scaling

{[Dy(2)/ "Dy} = D(2) /7, D,/(z)/Dy(z)

For aficionados —» [a||a2]1/3 = O, O‘J_/OCH = Qyp

\ Alcock-Paczynski

New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB) barameter
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Exploiting BAO-only at different redshifts...

B BAO Bl BAO | BBN B CMB+BAO+SN (owgw,ACDM) B CMB B BAO-Distance Ladder

e

Uncallibrated BAO (r; unknown)
Dy(z)/ID\(zy) &  Dy(z2)/Dy(z;)
Expansion history £(z) — eg. Q in LCDM

H{y in units of r, — Hyr;

Callibrated BAO (r; known)

1?:0 lliO 1510 1€l50 0.125 | 0.30 0.135
rg [Mpc] Qpm

_ _ Credit: Eva-Maria Muller & SDSS

If r,; is given by external datasets — H, & r;

New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB) 16
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Nonlinear evolution blurs and shrinks the BAO peak in the galaxy distribution...

PR 1 1 '

New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB)
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Reconstructing the field through Zeldovich displacements undo the non-linear shift

Eisenstein et al 2008, Padmanabhan et al 2012
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We can improve both precision and accuracy

: . 7O F -
A LRG1 | 5 | BGS ) ;
& 40 B \ ) I ﬁ -
Q R j & \ e I
. N \\ ]
= 20 | X ;/'m i | & :
&N - V\'\.M " | L . > . _
= 0f \, : l v -Z
*&O/’ \.\-\; | ]
N, 20 ._ ¢ pre-recon . M_ | . <} pre-recon ;
—20] post-recon Y7 . :_ post-recon ]
68 2.5 o o . éf 2.0 _____ R ;L_'________'________'_______l:
I —— - - - A \\/\ N\

E 0.0:'/ —_———— ] E 00E )\\ V/VV\/\] /\/\J A’\l\/ ‘
< R | T < 2
50 75 100 125 150 0.06 0.10 0.15 0.20 0.25 0.30

s [h~1Mpc] k [h/Mpc]

New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB)



1 DARK ENERGY |
I 8l NstomenT The RSD as a gravity probe

U.S. Department of Energy Office of Science

« RSD: Enhancement / reduction of the clustering along the line-of-sight (LOS) direction due
to peculiar velocities (Kaiser 1987)

over-density

A
%ﬂg Actual Shape A
g%; Observed Shape . Ve .

» W

/N

_—

V = X||V + XJ_V

|

f(2)=Q,(2)

logarithmic growth of structure

LOS

line-of-sight direction

% Ztrue

Zops = e D2y =| (142, )% (1+2,,.) |-

% ’ 1. Hubble flow
i\ 2. Coherent with growth of structure

New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB) 19
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PO (e ) = P“”(k)L <u>+P<2><k>L () + P k)L, (u)
monopole quadrupole hexadecapole

Isotropic signal Anisotropic signal

) 1
POk, 7) = (b(z)2 + gb(z)f(z) + gf(z)z) P, (k,2)

PO(k,z) = (fb@f(z) e f(z)z) P, (k,2) D gl =0
38 / —_— f(z) X0 8(z) & b(z) X 04(2)
P(4)(k, Z) _ (Ef(z)2>Pm(ka Z) .................. :
When Qm from BAO is added.... f(2) = Q (2)" — 04(2)

New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB)
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Which information is extracted from P(k)?

* Alcock-Paczynski & isotropic dilation: background

* Redshift Space Distortions: perturbations

s there more relevant
information?

New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB)
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Q1do2s0¥LD

Cosmological
interpretation

Galaxy Catalogues Power Spectra ++ Compression

kPy(k) [h—>Mpc3]
kPy(k) [h—3*Mpc3]

Cosmological
interpretation

kPy(k) [h=3Mpc3]
kPy(k) [h=3Mpc3]

% Q2 ALh, ...}
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Cosmological
interpretation

o ADyIrDy@Ir, fou() (Q A h)

Galaxy Catalogues Compression

Cosmological

f?
interpretation Are these the same"”:

No!
“u
’%%/ Q2 ALh, ...} Why?
//.
%, Compression is not lossless
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|

== BAO & RSD We would like to promote the
m Full-Modeling traditional BAO+RSD to the FM
DESI 2024: Maus+2024a constraining power

T D T e e ————— —

1 A 1 ll 1
0.4 64 66 68 70 2.5 3.0 3.5
Ho log(10*°%A;)
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T
|

mm BAO & RSD

ShapeFit & Full Modelling

We would like to promote the

B ShapeFit o
m Full-Modeling traditional BAO+RSD to the FM
/ DESI 2024: Maus+2024a constraining power
. f
| :
E 104'E
. ' 2
| =
| ! <
E T 102
- o ; BAO
: . a, A
03 0.4 64 66 68 70 2.5 30 35 10 | RSD fGSS
Qm Hy log(10*°A) ———————
10~4 103 1072 1071 10°

k [h/Mpc]
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Modelling transfer function dependence: ShapekFit

Compressed Variables

: D H(Z)/ Fs
Standard BAO analysis —l
D, (z)/r,
Late-time quantities
+ (in units of rs)

Standard RSD analysis

Late-time quantities

-+

m(z) (Shape) —»
early-time quantity
v

\Dy(2) /1, D)/ 7, fo5(2), m(2) }

ShapekFit analysis
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LCDM Variables

§)

m

h-r

S

A

\)

Q h*

v

ra [Mpc/h]

1551
1151

751
(Q hAY}+{Q,n} 0109

ShapeFit & Full Modelling

Geometry & Growth
Slope only
= ShapeFit

115 155

Td [MpC/h]
Brieden, HGM, Verde 2021

0.524 0.939 75

O I
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What is new about DESI data?

* |s the largest redshift catalogue, both in terms of volume and objects
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(oarcenereY — Blinding DESI data

| INSTRUMENT

What is new about DESI data?
* |s the largest redshift catalogue, both in terms of volume and objects.

* This is the first time that redshift survey data is analyzed in a
catalogue-based blinded

* Allow us to mitigate confirmation bias!

Blinding
Process
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(ra,dec,7) ————  (X,Y,Z) ——— > (ra,dec, )

fiducial cosmology blind cosmology w,, w,, £
(not revealed!)

+ change to peculiar velocity contributions to redshift to blind growth rate

+ weights-based blinding for primordial non-Gaussianity fy

2. density-dependent RSD-like shift 3. Imprint f ; signature in P(k)
1- geometrlcal AP-IIke Shlft @ original redshift space (;) ® reconstructed real space (X;) ® blinded redshift space (F}’) through galaxy weig hts
B PPN : 7. 1 K :
l;?():().ﬁ‘ é -
| I

1230.0' 230.0. C
= 1 —= (7
1220.0 "\\ 1220.0 \\\
-30.0 2100 10.0 30.0 -30.0 -10.0 10.0 30.0
h~Mpc h~Mpc
84(7) 6g(X) 64(7)
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ESI data

(I‘a, dGC, Z) E—— (Xa Y9 Z) - (ra9 dec’ Z,)

blind cosmology wy, w,, €2,
(not revealed!)

fiducial cosmology

Test ate

Y2 acceptable? Yes

« consistent between pre and post? Yes

a consistent between NGC+SGC and NGC? Yes

Consistency between North and South? Tested at the level of the clustering (Section 2)

« consistent across different fiducial cosmologies? Yes nature in P(k)
1. geome « consistent between £(r) and P(k)? Yes xy weights

Are the error bars reasonable? Consistent with the mocks

a consistent between LRG and ELG 0.8 < 2z < 1.1 Yes

\ /) . /)] |
5 1250.0 \ _‘JJ “ = 1250.0“*
| oy ol
" . < .—‘\ p ‘
= 2400 ,: f “# 12400 . —
1230.0/ R { ° 1230.0. '
=3 v 1 T —\
1220.0 N’\ v . 1220.0 \\
-30.0 -10.0 10.0 30.0 -30.0 -10.0 10.0 30.0
h~*Mpc h~*Mpc
64(r) 64(X) 64(r)
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Systematic error quantification

* Observational effects (imaging, fibre assigment)
* Accuracy of reconstruction algorithm(s)

 Covariance matrix
 Theory modelling
e Choice of fiducial cosmology

* |mpact of galaxy-halo connection (HOD)
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Systematic error quantification

no BAQO error

>

detected
Tracer OBGS OLRGs,ELGs JgQso
n Space Source aiso (%) | aiso (%) | aap (%) | aiso (%)

° Th eOry m Od el I I ng zr) Theory (Table 7) 0.1 0.1 A(P)).Z 0.1
£(r) HOD (Table 8) 0.2 0.2 0.2 0.2

* Choice of fiducial cosmology » S0) |l e | 01| o1 | o Lo
P(k) | Theory (Table 7) 0.1 0.1 0.2 0.1

 Impact of galaxy-halo connection (HOD) P | Petosa (noe | 01 | o1 | o1 | o1
P(k) Total 0245 | 018 | 0245 | 0.19

New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB) 27



0 AT . TR
“;"r‘\_.‘;‘i.;\ b D 5 “ ) 8 (e "
" 1 DARK ENERGY
R AR Toot i \‘.'f ":“
B iE
Lo Ry PagR. .« A o
Ve o : LA 5
o AL | o YAV 0
,"'. R’ ' \‘ 3 \f“. b f Yol O
\ 41 3 /
NS } h '. AL sl 0
o VR INSTRUMENT
b —
1 f g
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Systematic error quantification

Total systematic error-budget is very small compared to the statistics

Maximum effect: ~ 5 %,

no BAQO error

d

gQso

o _ _ %) | aiso (%)
Iy JU ® £(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
* Choice of fiducial cosmology o T o e R T I e
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
* |mpact of galaxy-halo connection (HOD) pi | Ficwa (taoe 1) | 01 | o1 | o1 | o1
P(k) Total 0.245 0.18 0.245 0.19
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Isotropic dilation Dy/(z)/r,

200 - Aggregate distance
precision: 0.52%
LRG2: 6.80
LRG3:8.70
LRG3+ELG1:9.10
All SDSS galaxy
ELG2: 7.00 :
0S0: 4.20 BAO (20 years): 0.64%
008 " o - . DESI|I DR1 ~ BOSS DR12 + eBOSS DR16
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The BAO measurements

==== Planck + 1o \
—— best-fit ACDM
49— BGS
LRG
—4— LRG
—4— LRG+ELG
—4— ELG
~4- Q50
* : _— i *
I |
0.5 L0 PO
Redshift z

2.5

Fap/Fyp"

2.0
1.8-
1.6
g=== Planck X 1o
A —— best-fit ACDM
LRG
1.21 —$— LRG
| —— LRG+ELG
—— ELG
405 —4— Ly-«
1.1+
A
0.5 1.0 2.0

Redshift z

2.9
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The BAO measurements

best-fit ACDM
BGS
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LRG
18- ‘ LRG+ELG
,'1" ELG
':" QSO
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17 . ,
g
o
° 109
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> g TN
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g 1.00 = . |
) - .
. . : I
>0.98- }
\Q_/ ’.. an?® ;

1.0 1.5 2.0 2.5

Redshift z

Fap/Fy5"

1%

1.0

Planck £ 1o
best-fit ACDM
LRG
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Ly-a

0.5 1.0 .
Redshift 2
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How this compares to the

previous BOSS & eBOSS?

; .
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~
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—$— QSO SDSS
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V'S | ]
N L J
[ ¢ ‘:
.
. .
0’ “’
®aguns®
",
o %,
o .
o .
n a
» a
|
- |
. .
Planck 2018 best-fit % 2 Q

0.2 0.4 0.6 0.8 1.0 1.2 1.4
Redshift z

New Strategies for Extracting Cosmology from Galaxy Surveys - H. Gil-Marin (ICCUB)




BV nodatns . o
GRET L RRR
.. . &l DARK ENERGY
g A as el - \ ,. ANl
W o B < .’.2!’ ’\ E\\
g s SPECTROSCOPIC

T i PSR, U O

o U -

PR o e
w [ 8L INSTRUMENT
: : - -
1 f g

U.S. Department of Energy Office of Science

How this compares to the
previous BOSS & eBOSS?

Largest differences on

Dy/ryjatz=0.71, ~ 250
DESI - SDSS 20% correlated

Statistical fluke? DR3 will tell
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Q. =0.295+0.015 - (5.1%)

rh = (101.8 + 1.3) Mpc — (1.3%)

(. 7 0.36 -
| BGS Bl DESI BAO
0.6 - Bl LRG1+LRG2 ~ SDSS BAO
' BN LRG+ELG ot BEE (DESI+SDSS) BAO*
B FLG \ BN CMB¥*
0.5+ B QSO .32 |
Bl Ly-o
— All
504 5 0.30-
0.3 0:25
0.2 - 0.26 - *Swap the DESI
z < 0.6 results by
01 ' | | ' | | | | | | SDSS
70 80 90 100 110 120 130 96 98 100 102 104 106
*primary CMB: Planck Collaboration 2018
Tdh [Mpc] rdh [Mpc] ancli CMyB lensing: Planck PR4 + IACT DR6

lensing ACT Collaboration, 2023
Carron, Mirmelstein, Lewis, 2022
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0.3

Implications for cosmology: kKCDM BB DESI BAO
I DESI BAO+BBN+-6,
0.2- CMB
Universe is still flat DESI BAO+CMB
DESI BAO+6+: 0.1-
_ 5+0.015
Uk = 0.0108 575556 GM
0.0
DESI BAO+BBN+8:x:
_ +0.0048
2k = 0.0003 7054 _0.1-
DESI+CMB: .
(x = 0.0024 £ 0.0016 e 0.25 0.30 0.35 0.40
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Implications for cosmology: wCDM

02 B DESI BAO === TJnion3 model /dataset Q. Hy W
—0.4+ E g:fltBheonPlus l:] EE:FISBAO+CMB+PantheonPIus [Jm J Mpc—l]
wCDM
—0.6 DESI 0.293 £+ 0.015 — —0.991218
DESI+BBN+46, 0.295 4 0.014 68.615 % —1.002+0-0%1
—0.8- DESI+CMB 0.281 + 0.013 7i3ies —1.12210.062
S DESI+CMB+Panth.  0.3095+0.0069  67.74+0.71  _0.997 4 0.025
—1.0- DESI+CMB+Union3  0.3095+ 0.0083  67.76+0.90 —0.997 - 0.032
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---- DESI BAO g
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i i BN DESI BAO + CMB +PantheonPlus
| | W DESI BAO + CMB + Union
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Wy Wy
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What’s going on?

CMB fault?
9 .
B CMB (no lensing)
BN CMB
1 -=-=- DESI BAO

s DESI BAO + CMB

A A T
Y 4

| INSTRUMENT The DESI cosmology results

SNe fault?
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BN (DESI+SDSS) BAO

15
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0.0
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The Hy parameter

With external datasets we can
inform on the value of r; and

measure H,,

DESI BAO + ext data prefers a
slightly larger value for H,,, but
consistent with Planck 18.

| SPECTROSCOPIC The DESI| cosmolo gy resu Its
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Neutrinos

CMB alone is not able to
able to efficiently measure

2.,

The DESI cosmology results
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Neutrinos
0.0
CMB alone is not able to . 8:2 (no lensing) %
able to efficiently measure BN DEST BAO 4+ CME +
- Sa
Y m, iy +
o, =
: Ky aa
Adding BAO data breaks the S —
]
degeneracy through H,, A 0.2 - =
Low preferred value of H, yields
>y - my, < 0.072eV (95%, DESI + CMB)
Limit relaxed for extensions to ACDM 0.0 6'2 ()4 ()0 68
, < 0.195eV for ,CDM R
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1.2 ,
e Full Shape (FS) measurements were
unblinded 3 weeks ago. 1.0 -
« FS will add RSD information (og), and
also add extra information on the e .8
expansion history through the
broadband shape. .
e Stay tuned for the end of 2024
ACDM §
-0 0.2 0.3 0.4 0.5 0.6
O
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 DESI has reported the most precise BAO measurement to date: 0.52%
» DESI + ext. data has measured H, with ~ 1 %

e DESI is consistent with a flat ACMD model

 \When combined with CMB and some SNe samples, there are hints of time-
varying DE EoS.

* Full Shape analysis is already unblinded. Results to appear by the end of 2024!
 DR2 (3 years) already taken. New BAO analysis to appear soon.
 DESI has recently been extended till the end of 2028, then DESI |l will take over
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First batch of DESI DR1 cosmological analyses are out:

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

e DESI 2024 I: First year data release

e DESI 2024 II: DR1 catalogs

e DESI 2024 IlI: BAO from Galaxies and Quasars at z < 2

e DESI 2024 1V: BAO from the Lyman-a Forest at z > 2

e DESI 2024 V: RSD from Galaxies and Quasars at z < 2

e DESI 2024 VI: Cosmological constraints from BAO measurements

e DESI 2024 VII: Cosmological constraints from RSD measurements

+ 15 companion papers
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Thank you for your attention!
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1.3

BGS LRG ELG

---- DESI wow,CDM

0.9 - HH * * \{({ | {
0.8 - HU { \H\H% : : |

LRG LRG+ELG QSO

Distance measurement relative to ACDM
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LRG 0.8<z<1.1

> BGS ¢ LRG3 ¢ QSO
1.04 - LRG1 ELG1 ¢ weighted
¢ LRG2 ¢ ELG2 ¥  unweighted _:—
——  Planck 2018 ACDM
- , | — Low w. ACDM 1021
ST ] Q ———  Thawing dark energy l
(Y 0.05F 7 - — N.g = 3.70 . i[ B
AP 0.00 , : | — oy = 0.75 ACDM alSO e I 1 et | || ==t~
—-0.05F gl OD .-
| | 1 098] B -
0.05 F , N T g = H
a H 0.00 |- / +H
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0.00 . . .
oAl _ N | W Observational (imaging)
—-0.04 T T - .
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Five fiducial cosmologies tested. Credit: KP4 WG

All consistent.
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B DESI BAO + CMB + Pantheon+
- DESI BAO + CMB + Union3
B DESI BAO + CMB + DES-SN5YR

Preference forwy > —1,w, < 0
persists when curvature is left free
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- CMB + PantheonPlus
- CMB + Union3

- CMB + DESY5
—0.6 —0.4
These results all swap the W
DESI z < 0.6 data points 0
for SDSS/BOSS ones
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