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s DESI 3D Map
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Physics program

- Galaxy and quasar clustering
- Lyman-alpha forest

- Clusters and cross-correlations
- Galaxy and quasar physics

- Milky Way Survey

- Transients and low-z
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o swovenr - DESIY5S galaxy samples
U.S. Depariment of Energy Office of Science Y5 A~ 4OM galaxy redshifts!
QSO: 3M (SDSS: 500k)

Lya 1.8 < 2
Tracers 0.8 < z < 2.1

ELG: 16M (SDSS: 200k)
0.6<z<1.6

LRG: 8M (SDSS: TM)
04<z<0.8
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Insomene ~ DESI: a stage IV survey

U.S. Department of Energy Office of Science
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erovenr — From images to redshifts

partment of Energy Office of Science |mag|ng surveys (201 4 -201 9) + WISE (lR)
target selection
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erovea — From images to redshifts
drment of Energy Office of Science

target selection

{ gWoydis NI

U.S. De

imaging surveys (2014 - 2019) + WISE (IR)
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all allNsrovens - Mayall Telescope
u.s. eqrment of Energy Office of Science Kitt Pea k, AZ

focal plane 5000 fibers

wide-field corrector

6 lenses, FoV ~ 8 deg?

4 m mirror
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Inswoment - Mayall Telescope

u.s. Depdriment of Energy Office of Science Kltt Pea k AZ

focal plane 5000 fibers

49 m, 10-cable fiber run

ten 3-channel
spectrographs

fiber view
camera
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eroven © Focal plane: 5000 robotic positioners
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U.S. Department of Energy Office of Science
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|Nsoment . FOcal plane: 5000 robotic positioners

Exposure time (dark): 1000 s

Configuration of the focal plane
CCD readout 140s

Go to next pointing
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| SPECTROSCOPIC

| sroment  Sppectroscopic pipeline

U.S. Department of Energy Office of Science
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ol e < Release of DESI DR1 (BAO) results
U_. Depariment of Energy Office of Science A ) ril 4th 2024

First batch of DESI Y1 cosmological analyses
data.desi.lbl.gov/doc/papers/

» DESI 2024 |: First year data release
» DESI 2024 II: DR1 catalogs

« DESI 2024 V: RSD from Galaxies and Quasars

« DESI 2024 VII: Cosmological constraints from RSD measurements

15


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

11 DARK ENERGY

| coaofc Release of DESI DR1 (BAO) results

U.S. Department of Energy Office of Science Ap ri | 4th 2024

First batch of DESI Y1 cosmological analyses
data.desi.lbl.gov/doc/papers/ V1KP4 leads

Hee-Jong Seo
» DESI 2024 |: First year data release Nikhil Padmanabhan

» DESI 2024 II: DR1 catalogs

« DESI 2024 V: RSD from Galaxies and Quasars

« DESI 2024 VII: Cosmological constraints from RSD measurements

16


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

§ DARK ENERGY . . .
|nsomenr - Baryon acoustic oscillations

U.S. Department of Energy Office of Science

LLLLLLL

Sound waves in primordial plasma

At recombination (z ~ 1100)

e plasma changes to optically thin
e baryons decouple from photons
e sound wave stalls

17
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§ﬁ5§$§5§%ﬁ.?"'° Baryon acoustic oscillations

LN WOyl NI
U.S. Department of Energy Office of Science

Sound waves in primordial plasma

At recombination (z ~ 1100)

e plasma changes to optically thin
e baryons decouple from photons
e sound wave stalls

spherical shell in the distribution of
galaxies, of radius the distance that
sound waves travelled

= sound horizon scale at the drag
epoch r4 ~ 150 Mpc ~ 100 Mpc/h 4
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Sound waves in primordial plasma

At recombination (z ~ 1100)

e plasma changes to optically thin
e baryons decouple from photons
e sound wave stalls

spherical shell in the distribution of
galaxies, of radius the distance that
sound waves travelled

= sound horizon scale at the drag
epoch r4 ~ 150 Mpc ~ 100 Mpc/h
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éfﬁgﬂﬁﬁ%ﬁ?”": BAO measurements

NI
U.S. Department of Energy Office of Science

LN SWOMLS

e transverse to the line-of-sight: Dy(z)/rq

transverse comoving distance

20
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;;gs;sm?"'c BAO measurements

N ZWoyis NI
U.S. Department of Energy Office of Science

e transverse to the line-of-sight: Dy(z)/rq
e along the line-of-sight: Dy(z)/rq = ¢/(H(2)rq)

Hubble distance

21
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jﬁgﬂﬁﬁ%ﬁ,‘?"": BAO measurements

N ZWoyis NI
U.S. Department of Energy Office of Science

e transverse to the line-of-sight: Dy(z)/rq
e along the line-of-sight: Dy(z)/rq = ¢/(H(2)rq)

At multiple redshifts z
<1 <2 <3

Probes the expansion history, hence the energy content
Absolute size at z = 0: Hyry

22
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| ECROSCOPC Correlation functions

INSTRUMENT

24
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U.S. Department of Energy Office of Science
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| SPECTROSCOPIC

INSTRUMENT

U.S. Department of Energy Office of Science
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i J 7o Power spectra

U.S. Department of Energy Office of Science

17501 1750 6004
a2, LRG1 500
5004 0] B N '
1500 5 7 S, eees Pre / 5004
S 1250 & 125040 “\ — Post s 400y
=% =% 1 =%
= 10004 = 1000 \ =300
b T . q
< 7501 = 70 T =
.y Lrs .y b, — 200
= onnd L =500 / e, S
RS a N, & 100
EE 251)-‘/ o e, EE 250 \\ e
\‘ freeill, — "‘-..“
04 | 0 —— 0 ol
—250 —250 —100 . : . , . . ‘ . .
0.05 0.10 0.15 0.20 0.25 0.30 0.05 0.10 0.15 0.20 0.25 0.30 0.05 0.10 0.15 0.20 0.05 0.10 0.15 0.20 0.25 0.30
_ _ . -1 -1
k [hMpe™] k [hMpc™!] k [AMpe™] k [AMpe™]
1750
1500
51250 5
=9 2
= 1000 = .
: g BAO wiggles
< TH0 =
= 500 w
a =
<250 i
0
—250
0.05 0.10 0.15 0.20 0.25 0.30 0.05 0.10 0.15 0.20 0.25 0.30 0.05 010 05 00 025 030
< —1 Tye—1 - . - B 2! B
k [AMpe k [AMpe ™Y k [AMpe ]

25



SPECTROSCOPC G fite. confi -
Insronent -~ 0MmMe Tits: contiguration space

U.S. Department of Energy Office of Science

Isotropic measurement
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Israone < Non-linear evolution

U.S. Department of Energy Office of Science

Non-linear structure growth and peculiar velocities blur and
shrink (slightly) the ruler

Eisenstein et al. 2008, Padmanabhan et al. 2012

T T T r T T T T T T g ' T Eog T T T i .'_ | g T

\ 4
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| erover - Density field reconstruction

U.S. Department of Energy Office of Science

14O 5 0YL23d

Estimates Zeldovich displacements from observed field and moves
galaxies back: refurbishes the ruler (improves precision and accuracy)
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U.S. Department of Energy Office of Science

Density field
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e DESI Y1 BAO analysis

e Biggest ever spectroscopic BAO dataset (V... and V)

4.0
23.5 —igg
S . T | 5.7 million unique redshifts
S 20 : | Effective volume V. = 18 Gpc®
2 20 .
£ 3 x bigger than SDSS!
5.
5.
=
g 0o Y

redshift
30
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ol nsowent . DESI YT BAO analysis

TN BWoyls NI
U.S. Department of Energy Office of Science

o (Ntracer and V)

. to mitigate observer / confirmation biases
(catalog-level blinding)

/ / /
(R.A.,Dec.,z) = (z,y,z) = (R.A.",Dec.’, 2')
fiducial cosmology cosmology (€, wo, wa

)

(random & unknown)

31
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gl eescore DESI Y1 BAO analysis

~1
U.S. Department of Energy Office of Science

¢ (Ntracer and V)

. to mitigate observer / confirmation biases
(catalog-level blinding)

/ / /
(R.A.,Dec.,z) = (z,y,z) = (R.A.",Dec.’, 2')
fiducial cosmology cosmology (€, wo, wa

)
+ RSD blinding: change reconstructed pecuifgfarefotitiaen

+ fio¢ blinding: add clustering-dependent signal on large scales
with weights

32
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U.S. Department of Energy Office of Science

(catalog-level blinding)
e Theory developments in BAO fitting code

Pyg(ky 1) = B(k, ) Pow (k) + C(k, 1) Py (k) +

L ol oo DESI Y1 BAO analysis

(Ntracer and V)
. to mitigate observer / confirmation biases

kP(k) [h~2 Mpc?]

Chen, Howlett et al. 2024, arXiv:2402.14070

600 -

400 A

—— Piin(k)
—-== D(k)
— Ws(k/A—n)

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
k[h Mpc™1]
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https://arxiv.org/abs/2402.14070
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U.S. Department of Energy Office of Science

(Ntracer and V)

to mitigate observer / confirmation biases
(catalog-level blinding)

Theory developments in BAO fitting code
New and improved reconstruction methods

New combined tracer method used for overlapping galaxy
samples (LRG and ELGin 0.8 < z < 1.1)

34
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I &l Nsmoment - DESI Y1 BAO analysis

LN Ls NI
U.S. Department of Energy Office of Science

¢ (Ntracer and V)
. to mitigate observer / confirmation biases

(catalog-level blinding)

e Theory developments in BAO fitting code

e New and improved reconstruction methods

e New combined tracer method used for overlapping galaxy
samples (LRG and ELGin 0.8 < z < 1.1)

. applied to all (discrete) tracer / redshift
bins consistently

35
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|Nemomnr < Tests of systematic errors

LN IWoNis NT
U.S. Department of Energy Office of Science

Considered many possible sources of systematic errors
using simulations and data:

WA

e observational effects (imaging systematics, fiber
collisions) no systematics

e BAO reconstruction (2 algorithms compared) detected

e covariance matrix construction

e incomplete theory modelling

e choice of fiducial cosmology

e galaxy-halo (HOD) model uncertainties

systematics
<< statistics

Max effect: ogat.+syst. < 1.0505¢at,

36
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| FECROSCOPC Release of DESI Y1 (BAO) results
U.S. Depariment of Energy Office of Science Ap ril 4th 2024

First batch of DESI Y1 cosmological analyses

https://data.desi.lbl.gov/doc/papers/ Y1KP6 leads
Alma Gonzalez

+ DESI 2024 I: First year data release Julien Guy

+ DESI 2024 II: DR1 catalogs Andreu Font-Ribera

« DESI 2024 V: RSD from Galaxies and Quasars

« DESI 2024 VII: Cosmological constraints from RSD measurements

37


https://data.desi.lbl.gov/doc/papers/
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| SPECTROSCOPIC
| INSTRUMENT I—ya forest

U.S. Department of Energy Office of Science credit: Andrew Pontzen
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Absorption in QSO spectra by neutral hydrogen in the intergalactic medium: Aups = (1 + 2u1) x 1215.17 A

Transmitted flux fraction F = e™" probes the fluctuation in neutral hydrogen density, 7 o nm; 38


https://s3.amazonaws.com/media-p.slid.es/videos/2681352/vhfjvNeL/lyman_alpha.mp4
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{| DARK ENERGY
~ If| SPECTROSCOPIC
INSTRUMENT

U.S. Department of Energy Office of Science
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Lya correlation functions in DESI Y1
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enoscoP< DESI Y1 Lya BAO analysis

U.S. Department of Energy Office of Science

ER

o Biggest ever Lya dataset (N .cer)

40000 A —— DESI Lya pixels / 200
~-- DESI QSO

2 i —-- SDSS DR16 QSO
5 30000 >420,000 Lya QSO at z> 2.1
5 20000 § 2x more than SDSS!
=
= 10000 1

o L P s

2.0 2.5 3.0 3.5 4.0
Z
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|Nseoment - DESI YT Lya BAO analysis

NI
U.S. Department of Energy Office of Science

(N tracer )

to mitigate observer / confirmation biases
(correlation function-level blinding)

41



KBS Ly BAO anafvs
{ INSTRUMENT yo analyslIs

U.S. Department of Energy Office of Science

. (Ntracer)

. to mitigate observer / confirmation biases
(correlation function-level blinding)

e Modelling of the correlation function: cosmological signal, and
many contaminants!

42



o Lo BAG analve
{ INSTRUMENT yo analyslIs

~1
U.S. Department of Energy Office of Science

. (Ntracer)

. to mitigate observer / confirmation biases
(correlation function-level blinding)

e Modelling of the correlation function: cosmological signal, and
many contaminants!

e Very stable results, systematic uncertainty neglected

4L N
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| cosofc Release of DESI Y1 (BAO) results

U.S. Department of Energy Office of Science Ap ri | 4th 2024

First batch of DESI DR1 cosmological analyses

https://data.desi.lbl.gov/doc/papers/ Y1KP7 leads
Eva-Maria Mueller

» DESI 2024 I: First year data release Dragan Huterer

» DESI 2024 II: DR1 catalogs

« DESI 2024 V: RSD from Galaxies and Quasars

« DESI 2024 VII: Cosmological constraints from RSD measurements
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| nsromenr - BAO measurements

N 3 Ls NI
U.S. Department of Energy Office of Science

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: Dg(z)/rq = ¢/(H(2)rq)
e low S/N, isotropic average: Dy(z)/rq = (2D%(2)Du(2))Y3/rq
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SPECTROSCOPIC
ol swowent - BAO measurements

LN Ls NI
U.S. Department of Energy Office of Science

These quantities directly relate to base cosmological parameters

Let's factor out the h terms:

* [Dm(2)h|(m; foE, Ok, ---)/
* [Du(2)h|(Qm; foE, Ok, ---)/

BAO measurements at different z constrain:

h = Hy/[100 km /s/Mpc]

(O, fractional energy
density of matter

fpr dark energy

e energy content (Qu, foE, ...) Qx curvature
e constant-over-z product l.e. Q, baryons
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| | srecroscorc DESI Y1 BAO

U.S. Department of Energy Office of Science

DESI BAO measurements
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U.S. Department of Energy Office of Science

DESI BAO measurements
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U.S. Department of Energy Office of Science

DESI BAO measurements

lookback time [Gyr]
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L N ZWnyis NE

U.S. Department of Energy Office of Science

DESI BAO measurements

lookback time [Gyr]
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U.S. Department of Energy Office of Science

DESI Y1 BAO

DESI BAO measurements
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Insroment - DESITY1 BAO

U.S. Department of Energy Office of Science

24

DESI BAO measurements
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NI
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DESI BAO measurements

Consistent with each other,
and complementary

Q= 0.295 £ 0.015
Hyrq = (101.8 £ 1.3) [100 km s ]

\

| nswomene - DESTYT BAO

0.6 1

(5.1%)

(1.3%)

DESI

504

ACDM

BGS
LRG1+LRG2
LRG+ELG
ELG

QSO

Ly-a

All

80

100 120
Hyrq [100 kms™}

140
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L N FW

DESI Y1 BAO consistent with: BN DESI BAO
0.35 -

=
S 0.30 -

0.25 1

06 08 00 102 104 106
Hyrq [100kms™]
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| nsroment - Consistency with other probes

NI
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LN SWOMLS

DESI Y1 BAO consistent with: EEE DESI BAO
0.35 - SDSS BAO

e SDSS eBOSS Collaboration, 2020

=
S 0.30 -

0.25 1

06 08 00 102 104 106
Hyrq [100kms™]
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https://arxiv.org/abs/2007.08991
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| nsroment - Consistency with other probes

LN IWoNis NT
U.S. Department of Energy Office of Science

WA

DESI Y1 BAO consistent with: BN DESI BAO CMB
0.35 A SDSS BAO

e SDSS eBOSS Collaboration, 2020
e primary CMB: Planck Collaboration,
2018 and CMB lensing: Planck PR4

: c |
+ ACT DR6 lensing ACT -5
Collaboration, 2023, Carron,
Mirmelstein, Lewis, 2022
0.25 -

06 08 00 102 104 106
Hyrq [100kms™]
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https://arxiv.org/abs/2007.08991
https://arxiv.org/abs/1807.06209
https://arxiv.org/abs/1807.06209
https://arxiv.org/abs/1807.06209
https://arxiv.org/abs/2206.07773

i DARK ENERGY
| nsroment - Consistency with other probes

LN IWoNis NT
U.S. Department of Energy Office of Science

DESI Y1 BAO consistent with: BN DESI BAO CMB
0.35 SDSS BAO ~ HEE DESI BAO + CMB

e SDSS eBOSS Collaboration, 2020
e primary CMB: Planck Collaboration,
2018 and CMB lensing: Planck PR4

: c |
+ ACT DR6 lensing ACT -5
Collaboration, 2023, Carron,
Mirmelstein, Lewis, 2022
0.25 -

?m = 0.3069 & 0.0050 (1°6%2 96 08 100 102 104 106

DESI + CMB Hyrq [100 km s~ ]
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https://arxiv.org/abs/2007.08991
https://arxiv.org/abs/1807.06209
https://arxiv.org/abs/1807.06209
https://arxiv.org/abs/1807.06209
https://arxiv.org/abs/2206.07773
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e BAO constrains rq((2,,h?, )h
. constrained by BAO at different z
. can be constrained by light element abundance from Big

Bang Nucleosynthesis (BBN): Schoneberg et al., 2024
— constraints on hi.e. Hy = 100h km/s/Mpc
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https://arxiv.org/abs/2401.15054
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DARK ENERGY

L 8 Neea™ Hubble constant

0L
U.S. Department of Energy Office of Science

Hy = (68.53 £0.80) kms ! Mpc !
g ~ _  SDSS: BAO+BBN -
DESI + BBN DESI: BAO + BBN - —e—
DESI: BAO + 6, + BBN A ==
Hy = (68.52 £ 0.62) kms~! Mpc ™! e
~ ~~ -~ CCHP: TRGB -
DESI —|_ 0* —|_ BBN SHOES: Cepheids
9, CMB angular acoustic scale 06 s 10 g 7

Hy [kms™ Mpc™]
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J eome - Hubble constant
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L N ZWnyis NE

Hy = (68.53 £0.80) kms ! Mpc ! Y
N —_ _ SDSS: BAOBBN { —e—
DESI + BBN DESI: BAO + BBN - —e—
DESI: BAO + 6, + BBN - O
Hy = (68.52 + 0.62) kms~! Mpc~! e
~ ~~ o CCHP: TRGB A
DESI —|_ 0* —|_ BBN SHOES: Cepheids A
e Consistency with SDSS 66 6 0 7 74

Hy [kms™ Mpc™]
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SPECTROSCOPC. Hubble constant

NI
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LN SWOMLS

Hy = (68.53 = 0.80) kms ' Mpc ™’ Y
“ ~ ~ SDSS: BAO+BBN
DESI + BBN

DESI: BAO + BBN
DESI: BAO + 6. + BBN

Hy = (68.52 4+ 0.62) kms ™' Mpc™*

7

CCHP: TRGB

DESI —I_ 0* —|_ BBN SHOES: Cepheids

e Consistency with SDSS
e |n agreement with

66

Hy [kms™ Mpc™]

—e—
—C—
—o—
Early
Late
68 70 72 74
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; SrECRON P Hubble constant

U.S. Department of Energy Office of Science

Fy

Hy = (68.53 £0.80) kms ! Mpc !
g ~ _ SDSS: BAO+BBN 4 —e—
DESI + BBN DESI: BAO + BBN - —e—
DESI: BAO + 6. + BBN A &
Hy = (68.52 £ 0.62) kms~! Mpc ™! e
~ ~~ o CCHP: TRGB A | o l
DESI —|_ 0* —|_ BBN SHOES: Cepheids @
e Consistency with SDSS 66 6 0 7 74
e In agreement with Hy [kms™" Mpe™]

e |In 3.70 tension with SHOES
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§ﬁ5§$§5§2ﬁ?"": Spatial curvature

NI
U.S. Department of Energy Office of Science

DESI + CMB measurements favor a flat Universe

0.3
EEE DESI BAO
CMB
0.2 1 BN DESI BAO + CMB
0.1
Qg = 0.0024 + 0.0016 (DESI + CMB) S
NI I S S N —
—0.1 1
—0.2

0.25 0.30 0.35 0.40
0, 63
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W

L N3 ¥is NI
U.S. Department of Energy Office of Science

Dark Energy fluid, pressure p, density p
Equation of State parameter w = p/p
Linked to the evolution of Dark Energy w(z) = —1 +

| swovenr - Dark Energy Equation of State

1 dIn fDE (Z)

3 dln(1+z)
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N ZWoyis NI
U.S. Department of Energy Office of Science

| nsoment~ Dark Energy Equation of State

0.0
Constant EoS parameter w = p/p
0, = 0.293+0.015 (5.1%) I
w = —0.997915 (15%)
DESI R

—1.51
—2.0 l l l l
0.0 0.1 0.2 0.3 0.4

0.5
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N ZWoyis NI
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| nsoment~ Dark Energy Equation of State

0.0
Constant EoS parameter w = p/p
Q, = 0.293 +0.015 (5.1%) 05
w=-0.99101  (15%)
DESI R TV |
CMB

—1.5 1
—2.0 l l l l
0.0 0.1 0.2 0.3 0.4

0.5
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|nswonenr~ Dark Energy Equ

L N ¥is NI
U.S. Department of Energy Office of Science

ation of State

0.0
Constant EoS parameter w = p/p
O, =0.293+£0.015 (5.1%) 051
= —0.99701 15
\w ~0.13 ( %z ,fs\
~ S —1.0 e r 7 N N—
DESI BB DESI BAO ‘\7
SNe (uncalibrated): ;‘th+
—1.5 1
® Brout, Scolnic, Popovic et al., 2022
—2.0 ' , , ,
0.0 0.1 0.2 0.3 0.4

0.5
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https://arxiv.org/abs/2202.04077

DARK ENERGY

eover - Dark Energy Equation of State

U.S. Department of Energy Office of Science

L N ZWnyis NE

0.0
Constant EoS parameter w = p/p
Qn =0.293 £0.015  (5.1%) 0T
_ +0.15 I
w b _0.99_013 (15%) S
N~ ' o S _10_ _______________________
DESI BN DESI BAO
SNe (uncalibrated): ngh+
—1.57 ===- Union3
® Brout, Scolnic, Popovic et al., 2022
e Union3 Rubin, Aldering, Betoule et al. 2023 20
00 01 02 03 04 05
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https://arxiv.org/abs/2202.04077
https://arxiv.org/abs/2311.12098

{l DARK ENERGY

U.S. Department of Energy Office of Science

jﬁi?;ﬁﬁ%i.?"'c Dark Energy Equation of State

0.0
Constant EoS parameter w = p/p
Q= 0.29340.015  (5.1%) N e
_ +0.15 P R
w = _0.99_013 (15%) N — 3 .
~ g g SN T R - - SO
DESI BN DESI BAO SN
SNe (uncalibrated): ngh+
. . —1.o7 . Union3
¢ Brout, Scolnic, Popovic et al,, 2022 | ... DES-SNZYR
e Union3 Rubin, Aldering, Betoule et al. 2023 20
e DES-SN5YR DES Collaboration et al. 2024 0.0 0.1 0.2 0.3 0.4

0.5
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https://arxiv.org/abs/2202.04077
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https://arxiv.org/abs/2401.02929
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| Nsmonewr - Dark Energy Equation of State

N ~1
U.S. Department of Energy Office of Science

Fy

0.0
Constant EoS parameter w = p/p
O = 0.293 £0.015  (5.1%) P
w = —0.9910:1 (15%) i
- ~~ o 3 1.0 _______________________;.. ::1\.\ _______
DESI EEE DESI BAO SO
CMB -
Qm = 0.3095 + 0.0065 (2.1%) 5|~ Pauheons
’ ==== Union3
w=-0.997+0.025 (2.5%) |- DES-SN3YR
« P DESI BAO + CMB + Pantheon+
Ve _2 : T T T
Vo 01 02 03 04 05
Assuming a constant EoS, DESI BAO fully {hy
compatible with a cosmological constant... 70
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Inswovenr . Dark Energy Equation of State

LN 1
U.S. Department of Energy Office of Science

Varying EoS

z
1+ 2

w(z) = wy + w, (CPL)
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1
U.S. Department of Energy Office of Science

Varying EoS |
y g i : : --=-- DESI BAO
w(z) = wp + Wq (CPL) o DESI BAO + CMB
]- _|_ z 1‘ (' ~‘~.}~~\
_ +0.34 _ +0.48 \ A
Wo = _0'45—0.21 Wy — _1-79_1.00 ()--——-l\-\---_:. _____ N
~ \/ 4 S N DA \\
DESI + CMB = 2.60 N RN
_2 T i \\\\ \\\\ \\:\\
_3 l AR N
—1.0 —0.5 0.0
Wy
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Varying EoS

Dark Energy Equation of State

. . | ---- DESI BAO
w(z) = wy + w, (CPL) o DESI BAO + CMB
1+ 2z 14 7777 B DESI BAO + Pantheon+
— +0.34 _ +0.48 \
Wy — _0-45_0.21 Wy = _1-79_1.00 R e e £ L Rt
A VO o S \\ N
DESI + CMB = 2.60 R
_2 ] i \\ \\ : \::\
_3 l MR Wt
—1.0 —0.5 0.0
wWo
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U.S. Department of Energy Office of Science

Varying EoS

A
_ . (CPL
w(z) = wy + g Zw ( )
wp = —045°0%  w, = ~1.7970%

DESI + CMB — 2.60

| e Dark Energy Equation of State

---- DESI BAO
DESI BAO + CMB
B DESI BAO + Pantheon+
DESI BAO + Union3
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Varying EoS

Dark Energy Equation of State

. : | ---- DESI BAO
w(z) = wy + w, (CPL) o DESI BAO + CMB
1 + z 14 77 T ~< DESI BAO + Pantheon+
\ DESI BAO + Union3
. 10.34 o 10.48 N\ DESI BAO + DES-SN5YR
Wy — _0-45_0.21 Wy = _1-79_1.00 O~ oo
A VO 7 S \\
DESI + CMB — 2.60 R
o
_3 ; Pt hS A N
—1.0 —0.5 0.0
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N ZWoyis NI
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Combining all DESI + CMB + SN
wy = —0.827 4+ 0.063  w, = —0.757)5;

DESI + CMB + Pal&cheonnL — 2.50

1_

| emomenr - Dark Energy Equation of State

BN DESI BAO + CMB + Pantheon+

4

e

Wy
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N ~1
U.S. Department of Energy Office of Science

Combining all DESI + CMB + SN 2

wy = —0.827 £0.063  w, = —0.757032 1.

DESI + CMB + Paztheon+ —> 2.50 0

wy=—064+011  w,=-127704
_ 9]
-3

| nsroment - Dark Energy Equation of State

BN DESI BAO + CMB + Pantheon+
DESI BAO + CMB + Union3

4

e

—05 0.0

Wy

o
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Combining all DESI + CMB + SN 2

wy = —0.827 £0.063  w, = —0.757032 1.

DESI + CMB + Pe;lr;‘ch601rlvL —> 2.50 0
wo=—-064+011 w,=-1277040 =

\

Vs

— 9

wy = —0.727 £ 0.067  w, = —1.05705
DESI + CMB + DES-SN5YR —> 3.9¢

-3

IWerowens~ Dark Energy Equation of State

—11

BN DESI BAO + CMB + Pantheon+
DESI BAO + CMB + Union3
B DESI BAO + CMB + DES-SN5YR

1.0 0.5 0.0

Wy
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|Nsovent - Dark Energy Equation of State

U.S. Department of Energy Office of Science

Comblnlnga” DESI " CMB + SN 2 B DESI BAO + CMB + Pantheon+
L L 10.29 DESI BAO + CMB + Union3
EUO = —0.827 £ 0.063 Wq = _0'75—0.&3 11 mmm DESI BAO + CMB + DES-SN5YR

DESI + CMB + Paztheon+ — 2.50

wo = —0.64+£0.11  w, = —1.27i8;§9£

nV

Wy = —0.727 = 0.067 w, = _1.054—0.31

—0.27 | | |
DESI + CMB + DES-SN5YR —> 3.90 e e

wo > —1,w, < 0favored, level varying on the SN dataset

-3
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"1 SPECTROSCOPIC I

I sonear © Sum of neutrino masses
u.s. Depcrtmeﬁnlt of Energy Office of Science

Internal CMB degeneracies limiting precision on the sum of neutrino

LN SWOMLS

masses 0
B CMB (no lensing)
CMB
= 0.4 1
"o,
S
2 0.2
0.0

62 64 66 68 70
Hy[kms™ Mpc™]
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Internal CMB degeneracies limiting precision on the sum of neutrino

masses
Broken by BAQO, especially through Hy

Low preferred value of H, yields
S m, < 0.072eV (95%, DESI + CMB)

Limit relaxed for extensions to ACDM
> m, < 0.195eV for wyw,CDM

0.6

— 0.4 1

> my, eV
©

0.0

B CMB (no lensing)

CMB

B DESI BAO + CMB

62

64 66 68
Hy[kms™ Mpc™]

DESI BAO + 6, + BBN

70
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|Nsovent ~ Y1 BAO constraints: a summary

U.S. Department of Energy Office of Science

Fy

DESI already has the most precise BAO measurements ever
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{| nseoment Y1 BAO constraints: a summary

N 3 Ls NI
U.S. Department of Energy Office of Science

DESI already has the most precise BAO measurements ever

DESI BAO is consistent (at the ~ 1.9¢ level) with CMB in flat ACDM
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Y1 BAO constraints: a summary

DESI already has the most precise BAO measurements ever

DESI BAO is consistent (at the ~ 1.9 level) with CMB in flat ACDM

In flat ACDM, DESI prefers "small Q,,, large H, (though 3.70 away from
SHOES), small > m,"
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U.S. Department of Energy Office of Science

DESI already has the most precise BAO measurements ever

DESI BAO is consistent (at the ~ 1.9 level) with CMB in flat ACDM

In flat ACDM, DESI prefers "small Q,,, large H, (though 3.70 away from
SHOES), small > m,"

Some hint of time-varying Dark Energy equation of state especially
when combined with supernovae measurements

85



DARK ENERGY
SPECTROSCOPIC I
|| NSTRUMENT What's next?
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U.S. Department of Energy Office of Science

Y3 data on disk... and BAO analysis on-going! Stay tuned :)

But Y1 has not yet revealed its full potentiall
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|| NSTRUMENT What's next?

N ZWoyis NI
U.S. Department of Energy Office of Science

Y3 data on disk... and BAO analysis on-going! Stay tuned :)

But Y1 has not yet revealed its full potentiall

Y1KP5 leads: Pauline Zarrouk, Hector Gil-Marin
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gl o Full shape analysis

U.S. Department of Energy Office of Science

observed redshift = Hubble flow

—

kP(k) [(Mpc/h)?

1750 1 ¢ monopole
¢¢¢.“0.. ® quadrupole
1500 t +¢¢¢ o....“..
1250 |++ %o *s0e
Og
1000 t
750 1
500 } ++H+++++++++“ﬂ¢
¢¢¢“¢“..
250 1 “”'ﬂ

k [h/Mpc]

0
0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200
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| sroment - FUll shape analysis

LLLLLL

U.S. Department of Energy Office of Science

observed redshift = Hubble flow and peculiar
velocities (RSD = "redshift space distortions")

1750 1 ¢ monopole
¢¢.“0. ® quadrupole

1500 1 +¢¢¢

T 12509

1000 T

Mpc/h)

750 1

s00 ] ++++H+++*++++mm oo,

kP(k) [(

2501

0
0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200
k [h/Mpc]

RSD probes growth of structure foyg, sensitive to gravity, DE, v

Full shape also driven by primordial physics (Weam, Wh, s, S, ---) 69
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§ﬁ5§$§5§2ﬁ?"": Full shape analysis

NI
U.S. Department of Energy Office of Science

Three power spectrum Effective Field Theory models considered:
- pyblrd B Velocileptors LPT

== Velocileptors EPT

- velocileptors . ——

! — PyBird
7/ FM: LRG Mean; Vas & Max. F.

- folps

V = 200 [Gpc/h]’
Maus et al. 2024

Lai et al. 2024 %
Noriega et al. 2024 i A BN
Maus et al. 2024 n 0, los(10"a)

credit: Mark Maus, Hernan Noriega, Yan Lai
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https://arxiv.org/abs/2404.07312
https://arxiv.org/abs/2404.07283
https://arxiv.org/abs/2404.07269
https://arxiv.org/abs/2404.07272

| DARK ENERGY .
| nsmowent - FULl shape analysis - tests

N ~1
U.S. Department of Energy Office of Science

Fy

- maximum fitting scale kpax

- galaxy - halo connection, bias parametrization, prior choices
- projection effects

- fiducial cosmology

- covariance matrix
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| nswovewr - FUll shape analysis - tests

N ZWoyis NI
U.S. Department of Energy Office of Science

- maximum fitting scale kpax

- galaxy - halo connection, bias parametrization, prior choices
- projection effects

- fiducial cosmology

- covariance matrix

- Imaging systematics

- Spectroscopic systematics

- "fiber collisions" Mathilde Pinon et al. 2024
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http://arxiv.org/abs/2406.04804
https://arxiv.org/abs/2406.04804

| DARK ENERGY
| SPECTROSCOPIC

Isonear < Fiber collisions
u.s. Depcrtmenlt of Energy Office of Science Pinon et al. 2024

Groups of galaxies too close to each other cannot all receive a fiber

NGC SGC
= 1.0F : - -
S -== altMTL — ELG
104 mm < 0.8F —— data i — LRC
S‘ — QSO
Q -
S
< -~
& i
’ =
o
~ i
Q
10° 102 10°
0 [deg] 0 [deg]

Pinon et al. 2024, arXiv:2406.04804

0.05° ~ positioner patrol diameter
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https://arxiv.org/abs/2406.04804
https://arxiv.org/abs/2406.04804

] DARK ENERGY
sl SPECTROSCOPIC 1 11
somer - Fiber collisions

U.S. Department of Energy Office of Science Pinon et al. 2024
Impacts power spectrum measurements (altMTL vs complete)

(=2 (=1

——— f-cut complete
=== f-cut altMTL

complete | 200
altMTL

400

100

[
OF4's U"\u-\n‘}h_-\\_ e —
L 1 L

I

200

kAP(k) kP (k) [(Mpc/h)?

k [h/Mpc] | k -[h /Mpc] k [h/Mpc]


https://arxiv.org/abs/2406.04804

| DARK ENERGY
somer - Fiber collisions
U.S.LDNe::r::eﬁnlt of Energy Office of Science Pinon et al. 2024
Impacts power spectrum measurements (altMTL vs complete)

Solution: #-cut = remove all pairs < 0.05°, new window matrix

complete | 200F —— f@-cut complete

400

=
2, ~ == altMTL — == f@-cut alt MTL
=
= 100 |
— 200 F N
=
=< 0 - 1 1 0 1
S 25 |
§:‘ 0 -I 1 1 _25
0.0 0.2 0.4 0.0 0.2 0.4

k [h/Mpc] k [h/Mpc]
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| DARK ENERGY
sl SPECTROSCOPIC 1 11
§|NSTRUMENT Flber COIIISlonS

1

U.S. Department of Energy Office of Science Pi non et ad | . 2024

New window matrix W, (P,(k)) = W™ (k, k") P,(k')

— 0.4

k [h/Mpc] k [R/Mp

k [h/Mpc]

—
=

—
ja]

—_
o

—
=

i

%]
T

e

)
T

v —0xt=4|[r=2xt=4||r=4x¢ 0.015
0.010

| £ = D= 2 gfzgxgj E":Alxﬁ:QJ 10.005

40.000

1—0.005

U=2x{=0]||F=4x{=0
—0.010

—0.015

025  0.50 0.25  0.50 0.25  0.50
K [/ Mpc] k' [h/Mpc] k' [h/Mpc]
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DARK ENERGY

|srecRoscoric Eilsar collisions

| 4l INSTRUMENT
u.s. D’qe;ortmseﬁnt of Energy Office of Science Pi non et ad | . 2024

New window matrix W, (P,(k)) = W™ (k, k") P,(k')
Very non diagonal: let's "rotate" it

10°F I ;o - ;o _ F — _
_,(}4_‘4’:())(6:4 .f’:zxfgil- /=4 % f 0.015 L=0x£,=0 b=2x10,=0 bi=4xl,=0
é. .
‘%\ L
=, 02F 0.010
= '\0/5

[ =0x =2 gfzgxe‘ f’:4xe:i 10-005 Wr h=oxt=2 | G=2xt=2 bo=1xb=2

L C o =2x{, =4 [ of=4xl,=4

0010 ol _ o w

— Jeut

—0.015 LT W
1 O —4 4 1 1 'l L 1

or - Y - oF 00 02 04 00 02 04 0o 02 04
0.25 0.50 0.25 0.50 0.25 0.50 ky [h/Mpc] ke [h/Mpc] ke [h/Mpc]

K [/ Mpc] k' [h/Mpc] k' [h/Mpc]

=
=
s

40.000

o
2
T

k [h/Mpc]

—0.005

U=2x{=0]||F=4x{=0

o
e

ja=)
[R]

k [h/Mpc]
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L N ZWnyis NE

u.sS.

Fiber collisions

Department of Energy Office of Science Pi non et ad | . 2024

Successfully removes the > 10 bias

T T T T T T T T T T T T T T T
1.06 . . alt i
¢  complete ¢ altMTL 1ol 11k
1.04 | -
X X o L0
25 10 . L1F { =
] = =5 =
22 1.02 ph =09
1O0FFy-=-1 3" __%' o %)_“ 7 1 " - ___%%___%‘}__H_ 0.8}
0.98 1 1 1 1 1 L 1 1 1 1 1 1 (0.7 e 1
(A S — | EURR p— — LA I e —— T T____1_____ LIPS o 1 SO —— E————
o
s 0.2F 1 = 02r e - 02F
g & ° S
=) B ~
:‘- [*] T )
0.0 [ B o 0.0 e e o I L
.-ic.z o ‘C:? o “:151 o
T o2} 49 o2t I a2t
o
—04p-q--mm T I I —04p-gm-m-m I R Ly —04p-q--—m- T
e L ‘ 3 0 ) ¥ > VIS S A 0
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Fy

DR1: o(og) ~ 0.034, o(€2,,,) ~ 0.0095

1.2
BGS
LRG1
1.0 - LRG2
LRG3
ELG
0.8 QS0
All
0.6
04 ACDM
0.1 0.2 0.3 0.4 0.5

0.6

Hy [kms™! Mpc™!]

Inswoment ~ FUll shape - mock constraints

N 3 1
U.S. Department of Energy Office of Science

80
+ Q,h* from BBN BGS

LRG1

75 LRG2
LRG3
ELG

70 QSO
All

65 -

60 ACDM

0.1 0.2 0.3 0.4 0.5

0.6
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: - mock constraints
U.S. DeportmentofEnergyOFﬁce of Science Chau55|don et a| 2024 In ,0/’6,0

DR1: o(fif) ~ 10

DR1 no weights DR1 no weights
DR1 FKIP weights DR1 FKP weights loc
Y5 FKP weights Y5 FKP w eig:,hts SDSS: O'( ) ~ 20
DR1 « L welghts R1 OQE
Y5 OQE weights 5 OQE weig lltH
2.1 30 .
2.0 5
L 2.5 .
] I I I I—
—40 0 —50 0 50
NL by NE by
(a) LRG with bg(by) = 26.(by — 1). (b) QSO with bg(by) = 26.(by — 1.6). 100
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Insonenr - What | haven't talked about

U.S. Department of Energy Office of Science

Y1 supporting papers: BAO and Full Shape theory modelling, covariance
matrices, BAO reconstruction, etc., see data.desi.lbl.gov/doc/papers/

DESI EDR data public (including 1%: 140 deg®, 1.2M extragalactic
redshifts): DESI Collaboration 2023 arXiv:2306.06308

A bunch of science papers: Lya, small scale clustering (HOD), etc., see:
data.desi.lbl.gov/doc/papers/edr/
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|Nswomenr— ConNclusions

U.S. Department of Energy Office of Science

DESI runs beautifully!

Y1 full shape analysis and £ unblinded, papers in a few weeks

I\/Iany alternative analyses! DE reconstruction, Hy without BAO, modified gravity, higher

order statistics, alternative statistics, etc.

DR1 catalogs to be publicly available next year

Y3 data on disk, BAO analysis starting! 102
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| nsoment - DESIYS forecasts

U.S. Department of Energy Office of Science

Survey Validation (DESI Collaboration, arXiv:2306.06307)
BAO and RSD constraints at the end of the survey (Az = 0.1)

(92
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|recRoscoric. DESI YS forecasts

N ZWoyis NI
U.S. Department of Energy Office of Science

Survey Validation (DESI Collaboration, arXiv:2306.06307)
BAO and RSD constraints at the end of the survey (Az = 0.1)
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Inswovenr - IMaging surveys used by DESI

LN ~1
U.S. Department of Energy Office of Science

Optical surveys (grz)

North (5.2k deg?)
- BASS (gr): 2016 - 2018

- MzLS (z): 2015 - 2019

r-band depth

credit: NOIRLab

22.50 22.75 23.00 23.25 23.50 23.75 24.00 24.25

~ 22.7 in SDSS ~ 23.7 in North
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Inswovenr - IMaging surveys used by DESI
U.S.LDNepor:eHnlt of Energy Office of Science

Optical surveys (grz)

North (5.2k deg?)
- BASS (gr): 2016 - 2018

- MzLS (2): 2015 - 2019
South (11.7k deg?)
- DECaLS (grz): 2014 - 2019

r-band depth

22.50 22.75 23.00 23.25 23.50 23.75 24.00 24.25

~ 22.7 in SDSS ~ 23.7in North ~ 24.2 in South
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LN ~1
U.S. Department of Energy Office of Science

Optical surveys (grz)

North (5.2k deg?) o

-BASS (gr): 2016-2018 "¢

- MzLS (2): 2015 - 2019 g 0s

South (11.7k deg?) £,

- DECaLS (grz): 2014-2019
0.0

|Nsovent ~ IMaging surveys used by DESI

bo
T
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Wavelength (A)
Dey et al. 2019

4000 5000 6000 7000 8000 9000 10000
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1 DARK ENERGY

1
U.S. Department of Energy Office of Science

Infrared survey

WISE & NEOWISE (W1, W2,

W3, W4): 2010 - 2020

10°
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Wright et al. 2010
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[ eeonme < Target selection

Iﬁ%{?a‘l_s .,‘.:‘. 5

S o R o
oy Wt
4 } :"'.

r-band depth

22.50 22.75 23.00 23.25 23.50 23.75 24.00 24.25

~ 22.7 in SDSS
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U.S. Depdriment of Energy Office of Science

ELG_LOP normalized target density

Dec. [deg]

R.A. [deg]

Raichoor et al. 2022 arXiv:2208.08513

oo ¢ Target selection
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L o< Target selection - BGS (0.1 < z < 0.4)

S. Department of Energy Office of Science DES| Collaboration. arXiv:2306.06307
, . .
® Legacy Survey ,,] @ BGS Bright 154 @ BGS Faint -+
B 19.5 <r <
34 . . _-"
_ i 1.0 :
= 994 =
2+ = |
= | > -
=0 " S — B
11 . galaxy = Q- ™
; it star - -l#,—“ |
L = P | — 00
— - I -
! 5 184, 1 J} )
ey 1= e —.3
p— It’-‘
-3 . : . 16+ : Lo ~1.04 T+
-2 0 2 4 6 14 16 18 20 19 20 21 22
g—z r magnitude Tfber Magnitude

BGS bright ~ 850 targets deg >
BGS faint ~ 520 targets deg >
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| sovens © Target selection - LRG (O 4 <z<1.1)

u.s. [;epcnrrmenf C,;Energy Office of Science 2.5 a) Star reJeCt|On b) redshlft |
a) star rejection with WISE e 5 .« ”
E 1.0 Redshift
b) g — W1 > 2.9 selects targets ,.
Wlth < > 03 el - 1.0
C) Slope Of r — W]. VS W]. ' 10 15 20 25 ) 1 2 3 4 0.8
chosen to produce ~ constant - —
: C) density -
number density 0.4 < z < 0.8 & s )
d) spectro S/N with z-fiber cut .3
~ 640 targets deg > ’ o
17 18 19 20 17 18 19 20 21 112
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LN IWoNis NT
U.S. Department of Energy Office of Science

a) number density tuned with

gfiber < 24.1
b) star / low-z rejection with
g—1rVvsr—=z N

C) rejection of z > 1.6 with g — r
cut

d) high [Oll] withg —rvsr — 2

~ 1940 targets deg >

2.0

1.5 1

1.0 1

0.5

— stellar locus (68.3% contour) &
= G LOP
== ELG VLO
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| emomens~ Target selection - ELG (0.6 < z < 1.6)

o = = . =
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LLLLLL

U.S. Department of Energy Office of Science

a) PSF-type objects
b) 16.5<r<23 cutto

remove bright stars, low S/N
spectro

c) QSO separated from stars
with excess infrared from
the dusty torus: W1, W2 >
22.3 and random forest
trained on grzW1W?2 colors

~ 310 targets deg*

grz - W

o erosconc Target selection - QSO (0.8 < z < 3.5)

Known QSOs 0.5

-0.5 ﬁ;[ 05 1.0 15 20 25 3.0

stellar locus

114



1 DARK ENERGY

a nsroment - Fiber view camera

CER]

~NT
U.S. Department of Energy Office of Science

fibers illuminated from spectrographs  positioning: "blind" move (50 umn:
FVC takes image through the corrector ‘correction” move (6pm)
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. fﬁi?;ﬁﬁ%’i.?”'c Focal plane: 5000 robotic positioners

20191103
00023912

19 43 12
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|Nsroment— Oppectrographs

Red Channel
560-772 nm

Blue Channel Charse Coupled \Vacuum Cryostat
arge Coupl i—
360-593 nm Device Detector

10 identical 500 fiber spectrographs
3 arms (red, blue, NIR) R e,
Linear Pulse Tube cooled

Charge Coupled
Device Detector

French technical contribution AN .
(CEA, CNRS) K= _—
AR ‘ 4 ichroic

Vendor (French!) Winlight =\ S ——— _ D

Fiber Slit Array Collimator Mirror I

Volume Phase Holographic

| 1
(VPH) Grating

NIR Shutt k. d Fi
utter 0 Exposure Shutter and Fibers

Back llluminator 1 1 7
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|nsomenr - RO OtIC positioner
USLDepb;r:mentofEnergy Office of Science 2 DOF (@ @) 2 motors in Open_loop

©
ferrule holder (on eccentric arm) /
/ / eccentric axis (®) bearing

O] motor

©® motor 107 pm
fiber
central axis e / = 1.4 arcsec (~seeing)
© bearing S ) control
/ ' electronics

© motor
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| | ecroscorc Observing sequence

L N ZWayis NI

U.S. Department of Energy Office of Science

_Reposition & readout in <2min!  Exposure time (dark) 1000 s

Number

Observation
:;::t:: Monitor l"""""“-""’"""’"’-"“‘“““ : : wﬁmﬁmw
] ' i i i n n i ;
¥ | T O B LS L i
g $ : : H : ' i :
i | %ié 5§ ?? wil§ i HE EE g §s§
i |% =i 15 ¢ EESIFS &2 OE[E %l 85 8 & 3
T HEH E silEls = £ FH N : 3! s L
i3 |k BE T j8 § mflp Ny 5|EEipR IR EREER L
Shutter | i : 5 : 2 ‘ : y :I Open
| [ ] :
CCDs | | crear] Accumulate
| | I |
Telescope :
Guider L ..: CED
_ i o
Alignment |
i
FP Fans off
Positioners | l
Fiber illuminators off Oon ) off
| i [ | I
Fiducial lamps off * on _ - . | = off
Fiber view camera bnw:{ hﬂm EI 19
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|nsroment ~ DESI vs SDSS

U.S. Department of Energy Office of Science

Fy

@ spss

Mirror diameter 2.5 m
Number of fibers 1000
Troughput ~20%

Spectro resolution 1560 - 2650

x20 survey speed and x2 resolution!

A

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

4m
5000
20%-50%
2000 - 5000
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PECTROSCOPIC
3§ INSTRUMENT

U.S. Department of Energy Office of Science

Full Survey: 14,000 deg”

asgn. comp. z. comp. #good z

(Y3)
BGS 380%
LRG 90%
ELG 60%
QSO 99%

99%
99%
73%
67%

Survey strategy

Op 1 P+ ]./’T_L
— X
P V P
. BGS
10771 —— LRG
—— ELG
T‘g —— QSO
= 1/Po(k = 0.14 h/Mpc)
(Yo) £ 0
13.8M 2
7 5M E W
=
15.7M B 1077
2.9M —
0.5 1.0 15 2.0

redshift 121
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U.S. Department of Energy Office of Science

Full Survey: 14,000 deg”
Field of view: 8 deg” ~ 42 full moon

dark time: LRG, ELG, QSO - 7 passes

— L
—

=
3

1073

fraction of area

107
0 2 4 G 8

# of coverings

fraction of area

=
=
1

=
=
b

=
=
&

107

SPECTROSCOPIC
nsroment - ourvey strategy Schlafly et al. 2023 arXiv:2306.06309

—

2

4
# of coverings

bright time: BGS - 4 passes

6
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|nswomewr - DESI data release 1 (DR1)

1

55 bapsman by Ofce o s ObSETVALions from May 14th 2021 to June 12th 2022

L
B0®
45"
30 o [ ] &
15° _ -
D e 270° @ @40° 210* lﬁﬂﬁ""' 150° 120°
il
&
-15*
-30° a 3 4 :;‘ & / Npass Area Fraction Expfagfraction
_ / =1 52 0.00 0.00
-45° gvered by N tiles ;’ = 2 0 0.00 0.00
II .rf,d
-60° 7 ~< i
Stats for the 20210514 night:
Moo illumination: 0.11 _75° Sf [ 0. 00 0.00
EMARE tolees i nded sl = T [y AR A A
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L N ZWnyis NE

o
@
Z
U
@
a
T T T T
0.0 0.1N82 0.3 0.4 0.5 0.6 0.7 0.8 0.9/1.0 FracCov
-45° Frastion of final coverage > 0.25
=0.75
-60° =>
Stats for the 20220611 night: =1.00
Moon illumination: 0.94 -75°
1 DARK tiles completed RA. [deg]

Area
9721
6143

1985

Fraction ExpfagefFraction

0.65
0.41

13
0.10

L sl e DESI data release 1 (DRI)
S Deporment of Energy Offce of science - QDS@FVAtioNs from May 14th 2021 to June 12th 2022

0.66
0.43

0.14
0.11

BGS
LRG
ELG
QSO

asgn.
comp.

64%
69%
35%
87%

Y1/
Y5

40%
30%
21%
50%
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| YERox™ The Contreras Fire (June 11 - 17 2022)

2022:06-17 05:49:50
KPNO Mayall 4m
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Ju g

D(f?undﬁ ‘the DESI project:-
: operatloﬁs ($12M/year) .- = 40

- construction ($56M)
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U.S. Department of Energy Office of Science

(N tracer )

|Nseoment ~ DESI DR1 Lya BAO analysis

. to mitigate observer / confirmation biases
(correlation function-level blinding)

e Modelling of the correlation function:

= cosmo signal

PLya(knu') — b2(1 T BU2)2

linear bias + RSD

=7/ + 7l
Fr(k, 1)
hydro-sim

i [Mpc/hl]

200

75 100 125
ri [Mpc/h]

HE(0.0,0.5)

150

175 200

1.5

1.0

r2&(ry. ru)

0.5

0.0

-0.5
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SPECTROSCOPC DESI DR1 Lya BAO lysi
{ INSTRUMENT yo analyslis

U.S. Department of Energy Office of Science

® (N tracer )

. to mitigate observer / confirmation biases
(correlation function-level blinding)

e Modelling of the correlation function:

Fy

1.5

r2&(ry. ru)

= cosmo signal e

= high-column density s

= metal absorbers o 11 %D Sill
Alya  Ametal y

0.0

HE(0.0,0.5)

-0.5
0 25 50 75 100 125 150 175 200

ri [Mpc/h] 128
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Fy

U.S. Department of Energy Office of Science

® (N tracer )

|Nseoment ~ DESI DR1 Lya BAO analysis

. to mitigate observer / confirmation biases

(correlation function-level blinding)
e Modelling of the correlation function:

= cosmo signal

= high-column density

= metal absorbers

= correlated noise (sky subtraction)

i [Mpc/hl]

200

1.5

1.0
125

r2&(ry. ru)

0.5

0.0

HE(0.0,0.5)

-0.5
U 5 100 125 150 175 200

ri [Mpc/h] 129



glfﬁli:ﬁlfggggilc DESI DR1 L BAO IVSi
INSTRUMENT Yo analyslIs

NI
U.S. Department of Energy Office of Science

LN SWOMLS

. (Ntracer)

. to mitigate observer / confirmation biases
(correlation function-level blinding) = —— physical model fit

e Modelling of the correlation function - + broadband polynomial

Lya(A)xLya(A)

4 0.00<u<0.50

broadband: < 0.1¢ ” s Hu

o
wn
(=]

% 0.95<u<1.00

r2€(r) h2Mpc?]

o & o e
v el o N
(=] o w

e
~
wn

=
o
o

0 25 50 75 100 125 150 175 200

r[h—l Mpc] 130
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| G DESI DRI Lya BAO analysis

N ~N1
U.S. Department of Energy Office of Science

. (Ntracer)

. to mitigate observer / confirmation biases
(correlation function-level blinding)

e Modelling of the correlation function

e Cross-covariance matrix

Fy

Correlation matrix

0.010

0.005

smoothed jackknife, validated
with mocks

0.000

10% impact on BAO uncertainty — wej N ¢

0.005

15000 +— -0.010
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|| scroscore DES| DR1 Lva: BAO analysi
{ INSTRUMENT yo analyslis

~1
U.S. Department of Energy Office of Science

. (Ntracer)

. to mitigate observer / confirmation biases
(correlation function-level blinding)

e Modelling of the correlation function

e Cross-covariance matrix

e Very stable results, systematic uncertainty neglected

4L N
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eovenr © Tests of systematic errors

-
|
N
A
»
o
[
0
i o
|
o

+ no calibration + . g gmat r < 200 Mpc/h
Moip =1 ". * dmat 2%
O RE c fraa I : dmat model 4 Mpc/h
+ Miss = 3.5 ! ! M=324
e M=2.44 —d o M=164
—ms J i
— Acbs < 55004 ! Ar=5 Mpc/h
S N— l Agps > 36504 r——— —— no cross-covariance
—_— ' Anp < 1200 A i
—— 25<3,78 ————t 4 r < 200 Mpc/h
— —_— = 50 pixels in forest i‘ r<160 Mm‘;’“
—_— i original redshift estimates :I: i = ig :F‘C"h o
—lie——t 2 mask-Lya redshift estimate ! : r= pc/h with priors
—_— only quasar targets | i
—'.‘—' —_—— DLAs SNR = 1 I r eBOSS metals
— weak BALs y i vary Luco i
. SR — =
_ no sharp lines mask ' * Luep = 10 Mpc/
r Luco = 3 Mpc/h
r t T T :I: ! Gaussian redshift errors
w25 00 23 w23 D'DD 23 —_— L weak CIV bias prior
Ao 06 Aay (%) + r no small-scales correction
=Y . UV fluctuations
tests with same dataset (not red): shifts < oat/3 ’ N

2.5 —2.5 0.0 2.5

tests with varying datasets (red): shifts consistent with stat ml o) Aay (%)
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U.S. Department of Energy Office of Science

Prior volume effects
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Ieromema ¢ Full shape analysis

U.S. Department of Energy Office of Science

FM, Voy - Min.F. vs Max.F.

Tests: bias parameterization — MauF.

== Max.F.
I b, b3,y : Uninformative Priors

e maximal freedom: all 4 bias | V =200 [Gpc/h]’
parameter free |
e minimal freedom: b,, bs fixed

| L
(co-evolution) , -
;53.17 7 ""'\\ T = :
% . N
=300 0% .. \ 7113
ER 6 R 711\
29[ N r. 1 i / 1 \'\
067 0.68 0115  0.125 30 3.1
h Wedm In(101°Ay)

credit: Hernan Noriega 135
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LN WOyl NI
U.S. Department of Energy Office of Science

Tests: stability with k..

|nswovenr~ FUll shape analysis

70.0

fos gt

AT R R R R
ihjﬁ """ T f-—Hy-

credit;: Mark Maus
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gﬁ:i?;ﬁﬁ%i.?"'c Other datasets

U.S. Department of Energy Office of Science

e SDSS BAO (for comparisons only): eBOSS Collaboration, 2020

e Primary CMB: Planck Collaboration, 2018

e CMB lensing: Planck PR4 + ACT DR6 lensing ACT Collaboration,
2023, Carron, Mirmelstein, Lewis, 2022

e BBN: Schoneberg et al., 2024

e SN: Pantheon+ Brout, Scolnic, Popovic et al., 2022, Union3 Rubin,
Aldering, Betoule et al. 2023, DES-SN5YR DES Collaboration
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i DARK ENERGY
|nsmoment ~ Neutrino mass hierarchies
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Current constraints do not strongly favor normal over inverted
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Appendix B
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Not that much!
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measurements with SDSS
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Dark energy equation of
state:

P =wp

e CPL parameterization:
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E.NSTRUMENT BAO measurements: dark energy

X DM / D{’/{l&nek

X DH / Dglanck

1.0 15 2.0 2.5
redshift z

153


http://arxiv.org/abs/astro-ph/0208512

DARK ENERGY
SPECTROSCOPIC
INSTRUMENT

14O 5 0YL23d

L N ZWnyis NE
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Full tables

model/dataset O Ho 1030k W or wo Wa
[kms=! Mpc™!]

Flat ACDM

DESI 0.295 4+ 0.015 — — — —
DESI+BBN 0.295 4 0.015 68.53 & 0.80 — — —
DESI+BBN+4, 0.2948 +0.0074  68.52 + 0.62 — — —
DESI+CMB 0.3069 £ 0.0050  67.97 £ 0.38 — — -
ACDM+Qy

DESI 0.284 + 0.020 — 65753 — —
DESI+BBN-+6, 0.296 + 0.014 68.52 + 0.69 0.3%3% — —
DESI+CMB 0.3049 + 0.0051  68.51 + 0.52 2.4+ 1.6 — —
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Full tables

model/dataset O Ho 1030k w or wy Wy
[kms=! Mpc™!]
wCDM
DESI 0.293 + 0.015 — — —0.991513 —
DESI+BBN+4, 0.295 + 0.014 68.675% — —1.002700%8 —
DESI+CMB 0.281 £ 0.013 71.3715 — —1.122*0062 —
DESI+CMB+Panth.  0.3095 + 0.0069  67.74 £ 0.71 — —0.997 +0.025 —
DESI+CMB+Union3  0.3095 4 0.0083  67.76 4+ 0.90 — ~0.997 + 0.032 —
DESI+CMB+DESY5  0.3169 4+ 0.0065  66.92 4 0.64 — —0.967 + 0.024 -
wow, CDM
DESI 0.34470-037 — — —0.551037 < —1.32
DESI+BBN+6, 0.33810:0%9 65.0132 — —0.531033 < —1.08
DESI+CMB 0.34470052 64.775% — —04570351  —1.797) 8
DESI+CMB+Panth.  0.3085 4 0.0068  68.03 + 0.72 — ~0.827 £0.063 —0.7570:2
DESI+CMB+Union3  0.3230 + 0.0095  66.53 + 0.94 — —0.65+£0.10  —1.27030
DESI+CMB+DESY5  0.3160 + 0.0065  67.24 & 0.66 — ~0.727+0.067 —1.057031
wowe CDM+4Qk
DESI 0.313 + 0.049 — 870 —0.7015 52 <121
DESI+BBN-+6, 0.3467003% 65813 59704 —0.52+04% < -1.44
DESI4+CMB 0.34770:03% 64.3720 -0.9+2 —0.41193% < —1.61
DESI+CMB+Panth.  0.3084 £ 0.0067  68.06 £ 0.74 0.3+18 —0.831+0.066 —0.737)33
DESI+CMB+Union3  0.323370 9559 6645098  —04+19 —064+£011 —1.3070
DESI+CMB+DESY5  0.3163 4+ 0.0065  67.19£0.69  —02+19 —0.725+£0.071 —1.0670%
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Full tables

model / dataset O Hy [kms~!Mpc™!] Em, [eV] Neog
ACDM+) m,

DESI4+CMB 0.3037 &= 0.0053 68.27 & 0.42 < 0.072 —
ACDM+ Nqg

DESI+CMB 0.3058 £ 0.0060 68.3 1.1 — 3.10 £0.17
wCDM+)_ m,

DESI+CMB 0.282 4+ 0.013 7117013 <0.123 —
DESI4+CMB+Panth.  0.3081 4 0.0067 67.81 & 0.69 < 0.079 —
DESI4+CMB+Union3  0.3090 4 0.0082 67.72 + 0.88 < 0.078 —
DESI4+CMB+DESY5  0.3152 4 0.0065 67.01 &= 0.64 < 0.073 —
wCDM+ Neg

DESI+CMB 0.281 + 0.013 71.0718 — 2.97 +0.18
DESI4+CMB+Panth.  0.3090 & 0.0068 679+ 1.1 — 3.07 £ 0.18
DESI4+CMB+Union3  0.3097 4 0.0084 67.8 £ 1.2 — 3.06 £0.18
DESI+CMB+DESY5 0.3163 4 0.0067 67.2+1.1 — 3.09 +0.18
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model / dataset Qn Hy [kms™ ! Mpc™] Xm, [eV] Neg
wow,CDM+)_ m,

DESI+CMB 0.34475-032 64.7133 <0.195
DESI+CMB+Panth.  0.3081 & 0.0069 68.07 £0.72 < 0.155 —
DESI+CMB+Union3  0.3240 4 0.0098 66.48 +0.94 < 0.185 —
DESI+CMB+DESY5  0.3165 4 0.0069 67.22 £+ 0.66 < 0.177 —
WoWe CDM+ Neg

DESI4+CMB 0.3467:032 63.9722 — 2.80 +0.17
DESI+CMB+Panth.  0.3093 & 0.0069 67.5+1.1 — 2.93+0.18
DESI+CMB+Union3  0.3245 4 0.0098 659+ 1.3 — 291 +0.18
DESI+CMB+DESY5 0.3172 4+ 0.0067 66.6 £1.1 — 2.92+0.18
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