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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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DESI Y5 galaxy samples
Y5 ~ 40 M galaxy redshifts!

i SPECTROSCOPIC
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DARK ENERGY
erovea — From images to redshifts
drment of Energy Office of Science

target selection

Zwod.is NT

U.S. De

imaging surveys (2014 - 2019) + WISE (IR)
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W ol e Mayall Telescope
u.s. eqrtment of Energy Office of Science Kitt Pea k, AZ

focal plane 5000 fibers

wide-field corrector
FoV ~ 8 deg?

49 m, 10-cable fiber run

ten 3-channel
spectrographs

fiber view
camera
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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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I vsaoves - DESI data release 1 (DR1)
US-Deparimentof Evrey Offceof scionce. - QDS EIVAtions from May 14th 2021 to June 12th 2022

Final survey

- dark time (LRG, ELG, QSO): 7 visits
- bright time (BGS): 5 visits
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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 DR1 cosmological analyses
https://data.desi.Ibl.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

11


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

13
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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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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

15
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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

16
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Iswovenr~ BAO measurements

LN WOyl 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

17
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| rECROSCOPC Correlation functions

INSTRUMENT

24

L N ZWodis NI

U.S. Department of Energy Office of Science

Excess probability to find 2 galaxies separated by a separation s
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U.S. Department of Energy Office of Science
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SPECTROSCOPC G fite. confi -
Insronent -~ 0MmMe Tits: contiguration space

U.S. Department of Energy Office of Science

Isotropic measurement

0.004 A

x (D¥(2)Du(2))"? /ry

0.000 A

A&y(s)

—0.002 1
LRG1

—0.004 - Pre Post

anisotropic measurement 0.0050-

0.0025 A

0.0000 -

Ay(s)

x Dy(z)/Dy(2)

=0.0025 1

—0.0050 1

50 75 100 125 150
s [h~"Mpc]

20



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
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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 reconstruction
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L N ZWnyis NE

U.S. Department of Energy Office of Science

o (Ntracer and V)
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o oo unique redshifts
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Effective cosmic volume Vg = 18 Gpc
than SDSS!

b
o

—
[ ]

—
=

number density 10~4(h/Mpc)?3

o
=]

0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

redshift

<
=
=]

24



ok DARK ENERGY
ol nsoment - DESI DR1T 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)

25



| DARK ENERGY .
| nsmowent - DESI DRT BAO analysis

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

Fy

o (Ntracer and V)

. to mitigate observer / confirmation biases
(catalog-level blinding)
e |[mprovements in the theory and methodology,

26
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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,

27



I&l DARK ENERGY

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

First batch of DESI DR1 cosmological analyses
https://data.desi.Ibl.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

28


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

U.S. Department of Energy Office of Science credit: Andrew Pontzen
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https://s3.amazonaws.com/media-p.slid.es/videos/2681352/vhfjvNeL/lyman_alpha.mp4
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U.S. Department of Energy Office of Science

DESI DR1 Lya BAO analysis

(N tracer )

°
40000 A —— DESI Lya pixels / 200
~-- DESI QSO
)]
£ 30000 - —-- SDSS DR16 QSO
-]
(@]
@)
20000
Q o
=
= 10000 1
0

atz> 2.1
than SDSS!

3.0 3.5 4.0

31



il DARK ENERGY

|Nseoment ~ DESI DR1 Lya BAO analysis

NI
U.S. Department of Energy Office of Science

(N tracer )

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

32



SPECTROSCOPC DESI DR1 Lya BAO lysi
{ 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!

33



|| 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: cosmological signal, and
many contaminants!

e Very stable results, systematic uncertainty neglected

4L N
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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 DR1 cosmological analyses
https://data.desi.Ibl.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
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https://data.desi.lbl.gov/doc/papers/

il DARK ENERGY

| 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(2)/rq = ¢/(H(2)rq)
e low S/N, isotropic average: Dy(z)/rq = (2D%(2)Du(2))Y?/rq

36
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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 .e. (2, baryons

37
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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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L N ZWnyis NE

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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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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L N FWaoyis

NI
U.S. Department of Energy Office of Science

DESI BAO measurements

Consistent with each other,
and complementary

Q= 0.295 £ 0.015
Hyrq = (101.8 £ 1.3) [100 km s ]
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|Nsoment . Consistency with other probes

U.S. Department of Energy Office of Science

L N FW

DESI Y1 BAO consistent with: BN DESI BAO
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| nsroment - Consistency with other probes

NI
U.S. Department of Energy Office of Science

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

DARK ENERGY
| 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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1 DARK ENERGY
SrECRON P Hubble constant

1
U.S. Department of Energy Office of Science

e BAO constrains rq(Qmh?, Qyh?)h
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; SrECRON P Hubble constant

U.S. Department of Energy Office of Science

Fy

e BAO constrains rq({2,,.h?, Qyh?)h
e () constrained by BAO at different z

50
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| nsovewr - HUDDle constant

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

e BAO constrains rq((2,,h?, )h

e () constrained by BAO at different z

. can be constrained by light element abundance from Big
Bang Nucleosynthesis (BBN): Schoneberg et al., 2024

51


https://arxiv.org/abs/2401.15054

W

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

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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L 8 Neea™ Hubble constant
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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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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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Hy = (68.53 £0.80) kms ! Mpc ! Y
N —_ _ SDSS: BAO+BBN { —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

. — —1
e In agreement with Hy [km s~ Mpc ™|
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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
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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
O, 57
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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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| nsoment~ Dark Energy Equation of State

0.0
Constant EoS parameter w = p/p
Q,, = 0.203 £0.015 (5.1%) I
w= 09905  (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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| 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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IWerowens~ Dark Energy Equation of State

U.S. Department of Energy Office of Science

Fy

0.0
Constant EoS parameter w = p/p
QO = 0.293 £ 0.015  (5.1%) 05
— +0.15
~ S —1.0 e 7 N N—
DESI EEE DESI BAO U
SNe. CMB
) 154 Pantheon+
® Brout, Scolnic, Popovic et al., 2022
—2.0

0.0 01 02 03 04

0.5
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jﬁi?;ﬁﬁ%i.?"'c Dark Energy Equation of State

0.0
Constant EoS parameter w = p/p
Qm = 0.293+0.015 (5.1%) Y
_ +0.15 TR
w = _0.99_013 (15%) SRS
~ ~\” o S — 1.0 f==mmmmmmmm e
DESI BN DESI BAO
SNe: B
Pantheon+
—157 . Union3
® Brout, Scolnic, Popovic et al., 2022
e Union3 Rubin, Aldering, Betoule et al. 2023 20
00 01 02 03 04
oy

0.5
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Dark Energy Equ
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ation of State

0.0
Constant EoS parameter w = p/p
Q. = 0.293 +0.015 (5.1%) N
_ +0.15 TR
~ g g ST ) S — S
DESI BN DESI BAO SN
SNe: CAB
Pantheon+
=157 ..y
' nions
o Brout, Scolnic, Popovic et al,, 2022 | ... DES.SNGYR
e Union3 Rubin, Aldering, Betoule et al. 2023 20
® DES-SN5YR DEs Collaboration etal. 2024 0.0 01 02 03 04
o

0.5
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| Nsmonewr - Dark Energy Equation of State
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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... 64
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Varying EoS

z
1+ 2

w(z) = wy + w, (CPL)
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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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Varying EoS

A
_ . (CPL
w(z) = wy + g Zw ( )
wp = —045°0%  w, = —1.79703

DESI + CMB — 2.60

| eaoee’© 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
o 10.34 o 10.48 N\ DESI BAO + DES-SN5YR
Wy — _0-45_0.21 Wy = _1-79_1.00 O~ oo
A VO o S \\
DESI + CMB — 2.60 R
o
_3 ; Pt hS A N
—1.0 —0.5 0.0
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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_

| ewomenr - Dark Energy Equation of State

BN DESI BAO + CMB + Pantheon+

4

e

Wy
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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

| vsroment - 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

72



DARK ENERGY
SPECTROSCOPIC

|Nsovent - Dark Energy Equation of State
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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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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

75
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With > 0.059 eV prior (NH) T
o5 i —— DESI BAO + CMB
) m, < 0.113eV (95%, DESI + CMB)
£ 0.6 1
S
0.4 1
0.2
0.0 — : :
0.00 0.05 0.10 0.15 0.20

2.y [eV]
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U.S.LDNeport:eHnlt of Energy Office of Science
With > 0.059 eV prior (NH) 1

|Nsovent - Neutrino mass hierarchies

0.8 1
> my < 0.113eV (95%, DESI + CMB)
of ]
With > 0.1eV prior (IH) N
Y “m, < 0.145eV (95%, DESI + CMB)
0.0 !
0.00 0.05

i —— CMB (no lensing)

| —— DESI BAO + CMB

CMB

0.10

2.y [eV]

0.15 0.20
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|Nsovent - Neutrino mass hierarchies
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—— CMB (no lensing)
CMB
—— DESI BAO + CMB

With > 0.059eV prior (NH) 101

0.8 1

) m, < 0.113eV (95%, DESI + CMB)

2 0.6

P/P,

With > 0.1eV prior (IH) 04-

0.2 1

) m, <0.145eV (95%, DESI + CMB)

0.00 0.05 0.10 0.15 0.20

2.y [eV]

Current constraints do not strongly favor normal over inverted
hierarchy (~ 20) 78
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DESI already has the most precise BAO measurements ever
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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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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
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Fy

"Full shape" (not only BAO peak measurement) analysis

Y3 data on disk!

83



1 DARK ENERGY
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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|nswomewr - DESI data release 1 (DR1)

U.S. Department of Energy Office of Science

5.7 million unique redshifts at z < 2.1 and > 420,000 Lya QSO at z > 2.1

4.01 40000 H —— DESI Lya pixels / 200
P BGS DESI QSO
o : .
8, 351 : —— LRG "
S . — ELG £ 30000 1 —.- SDSS DR16 QSO
S P — o
E 3.0+ Q50 g
=t @)
S 251 £ 20000
— o
2,0l £
= = 10000 -
: ""--...‘_.
815 _
e . —
L 04 0 ' . . .
'_q A
E 2.0 2.5 3.0 3.5 4.0
g 0.51 : ] : : z

0.0 i e — — + — " —

000 025 050 075 1.00 1.25 1.50 1.75  2.00
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2?;’2?&532‘;.?”‘: DESI Y5 forecasts

U.S. Department of Energy Office of Science

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

51 —— BGS BRIGHT
;Jg‘ —— LRG 30
= 4. —— ELG_LOP
s Quasars @ Lya 25 -
5] —— Cosmic variance limit 9:%
2 3 S 207
c y—
o -
= o
L, © 154
5 2 S
C | -
S 10
| -
5 1
w 1 5 -

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
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gﬁiiﬁlﬁﬁi‘;ﬁp'c DESI Y5 forecasts

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

(92

—— BGS BRIGHT 3.01
—— IRG BN owoW,CDM  (yy/ Planck)
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—— Cosmic variance limit
2.0

w
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i J 7o Power spectra

U.S. Department of Energy Office of Science
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Density field
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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:

= cosmo signal — r?4r?
Prya(k,p) =07 (1 + ) P (k, 1)
linear bias + RSD hydro-sim

200

i [Mpc/hl]

HE(0.0,0.5)

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

1.5

r2&(ry. ru)
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|Nseoment ~ DESI DR1 Lya BAO analysis

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:

200

= cosmo signal o [
= high-column density =
m metal absorbers o 11 %wD Sill

)\Lya )\metal

HE(0.0,0.5)

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

1.5

r2&(ry. ru)
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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:

= cosmo signal o

= high-column density
= metal absorbers

= correlated noise (sky subtraction)

Fy

1.5

i [Mpc/hl]
r2&(ry. ru)

HE(0.0,0.5)

[V} 5 100 125 150 175 200 93
ri [Mpc/h]
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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:

= cosmo signal o

= high-column density
= metal absorbers

= correlated noise (sky subtraction)

Fy

1.5

i [Mpc/hl]
r2&(ry. ru)

HE(0.0,0.5)

[V} 5 100 125 150 175 200 94
ri [Mpc/h]
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. (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
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o & o e
v el o N
(=] o w

e
~
wn

=
o
o
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r[h~1Mpc]
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(N tracer )

eonea - DESI DR1 Lya BAO analysis

NI
U.S. Department of Energy Office of Science

to mitigate observer / confirmation biases

(correlation function-level blinding)
Modelling of the correlation function
Covariance matrix

smoothed jackknife, validated
with mocks

Correlation matrix

5000 1 SR

10000 4.

15000 +—

0.010

0.005

0.000

0.005

-0.010
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eovenr © Tests of systematic errors
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—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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D140 350Yi23d
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b?‘lh'(.‘l-llli' - - ey —— —_—— 0 ———{—
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spectrum
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flat prior on| i o o o o o
Y, E". b))
polynomial | | . - . " .
broadband
Reclsotb - —o— —_—— 00— —o— —0—
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¢ (Ntracer an d 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

+ fni, blinding: add clustering-dependent signal on large scales
with weights
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o (Ntracer and V)

. to mitigate observer / confirmation biases
(catalog-level blinding)
e Theory developments in BAO fitting code

—— Piin(k)
—-== D(k)
— Ws(k/A—n)

600 -

400 A

-
A Y
\
N\
[}
' ~
A s
N %\
0 \X\

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
k[h Mpc™1]

Chen, Howlett et al. 2024

kP(k) [h~2 Mpc?]

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

kAP (k)

Some fits: Fourier space
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— 100 1

LRG1
Fre

Post

200 1

—200 1

0.10

ﬂ_'l;'J D_:?f]
k [hMpe ]

0.25

0.30

B 7
o

ﬂh'} ﬂ_tlﬂ ﬂ'rl'} ﬂ_i?ﬂ 0.2
k [hMpe™Y]

(.30
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AR ARV AR ARV A A AR AR
8 ° CMB lowl + TTTEEE (lite+Apjanck) + Lensing + DESI

, o CMB lowl + TTTEEE (lite+Apjanck) + DESI
61— 95% C.L.

4 _///////////
o

N

credit: Christophe Yeche
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i —4— QS0 —4$— ELG
i —4— Lya 1.0 —4— Lya
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0.36-
0.341
0.32

< 0.30-
0.281

0.26 1

I DESI BAO
SDSS BAO
B (DESI+SDSS) BAO
CMB
96 98 100 102 104 106

Hyrq [100 kms™1]

Perfectly consistent!
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| rEcRoso"™ DESI - SDSS consistency (Q,,)

BGS 6dFGS WiggleZ
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/o{

0.8 1.0
Redshift z

Using these 2 points
alone moves Q,, by < 20
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Not so much in flat ACDM... Lo —— DESI BAO
_ ' —— CMB
(SO we dO nOt Comblne them —— PantheonPlus
. : 0.8 — Union3
in this model!) e
”
206
o
—~
ay
0.4
0.2
0.0-

0.25 0.30 0.35 0.40 0.45
in 105
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Bl DESI BAO

Consistent in wow,CDM! == cus
B Union3

8 DESI BAO+CMB+Union3

0.0 0.2 0.4 0.0 . _
QIII Qn’] wﬂ
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Appendix B

B DESI BAO+CMB (Planck PR3)
---- DESI BAO+CMB (Planck CamSpec)

0.4+

0.31

eomer < plik vs PR4 Planck likelihoods

plik + lensing

CamSpec + lensing
DESI + CMB|plik]
DESI + CMB[CamSpec]
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wy — w, With > m,, free

B DESI BAO+CMB+PantheonPlus
0 DESI BAO+CMB+Union3

I DESI BAO+CMB+DESY5

BN fixed > m,

=== variable ¥ m,

10 —08 —06 —04
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0.000

Qx

—0.005

| DARK ENERGY
| SPECTROSCOPIC

wo — w, With Qx

Preference for wy > —1,w, <0
persists when curvature is left free

I DESI BAO + CMB + Pantheon+
DESI BAO + CMB + Union3
I DESI BAO + CMB + DES-SN5YR

J

-0.9 —0.6

W

—0.004

%

0.004
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Not that much!

DESI + SDSS swaps DESI
measurements with SDSS
for 2 < 0.6

—0.40 compared to DESI
only

| vsroment - DE constraints driven by low-z ?

'_I.
I

0

-
o
-
—
Pl

B (DESI+SDSS) BAO + CMB + Pantheon+
(DESI+SDSS) BAO + CMB + Union3
BN (DESI+SDSS) BAO + CMB + DES-SN5YR

L e o e
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w(z)

-0.5
= DESI BAO + CMB
L S -, S ——— -
—1.5 4
T T T T
-0.5
= DESI BAO + CMB + Pantheon+
— 1.0 e e ——_— e e e e
—1.5 4
N —0.5
DESI BAO + CMB + Union3
By S ———
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T T T T
—-0.5
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— 1.0 e e
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1.050
f% 1.025 - I
. T = -0.90
Dark energy equation of Q| oo -—\\
state: N o - L 0.95
5
P =wp 0.950 . - - - 5
- -1.00
e w = constant . o
ém 1.025 - L _1.05
S 1000 + ——— '
4
@ 0.675 - Il.lO
0.950 T

0.0 0.5 1.0 15 2.0 2.5
redshift z
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Dark energy equation of
state:

P =wp

e CPL parameterization:

w(a) =wo + (1 — a)w,

E.NSTRUMENT BAO measurements: dark energy

X DM / D{’/{l&nek

X DH / Dglanck

1.0 15 2.0 2.5
redshift z
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D140 750YLPId,
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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% — —1.00270098 —
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 —0.7579-2
DESI+CMB+Union3  0.3230 + 0.0095  66.53 + 0.94 — —0.65 +£0.10  —1.27+040
DESI+CMB+DESY5  0.3160 + 0.0065  67.24 & 0.66 — ~0.7274+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 03+18 —0.831+0.066 —0.737)32
DESI+CMB+Union3  0.323370 9559 66.45+0.98  —04+19 —064+£011 —1.30708
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 4+ 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 711178 <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 71.071% — 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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ACDM

ACDM+Qk

wCDM

wow, CDM

wow, CDM+Qk

ml neome - Hubble tension

H, tension with SHOES
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e
]
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*
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—% —4— DESI BAO + CMB
O
|
e
o
|
*
1 2 3 4

Level of tension in o
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