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Instrument (DESI)
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The DESI galaxy survey
@ Mayall 4m telescope at Kitt Peak,
Arizona
5000 fibres /redshifts per pointing

13.6 million flux-limited sample of
galaxies at z < 0.4 (BGS)

23.7 million color-selected galaxies
at0.4 <z < 1.5 (LRGs & ELGs)

2.8 million Quasars atz > 0.8

Ly-a forestat2 <z < 3.5

4m Mayall at Kitt Peak, Arizona. Twin to the Blanco, OTIO
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DESI 2025: Data Release

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

Dec. [deg]

Area
9721
6143

1985

Stats for the 20220611 night: =

Moon illumination: 0.94 750
1 DARK tiles completed -

R.A. [deg]

@ 5.7 million unique redshifts

DESI 2025
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DESI 2025: Data Release

Main/DARK : 66714%929 completed tiles up to 20240409 (=67%, weighted=68%)

Dec. [deg]

Area Fraction Expfag
13262 0.89
12038

8236

Stats for the 20240409 night: =

Moon illumination: 0.03 750
28 DARK tiles completed -

R.A. [deg]

@ 14 million unique redshifts

DESI 2025
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What is a galaxy redshift survey?

© Measure the position of galaxies (RA, DEC + redshift).

© The CMB tells us the initial conditions for today’s distribution of
matter.

© How the initial density fluctuations in the CMB evolved from
redshift 1100 to today depends on Q,, Q4, Hp etc.
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From a point distribution to a power spectrum

@ Overdensity-field: avy | XN
sx) = PX =P P(X)— F2\_——,
v,
@ Two-point function:
homogeneity isotropy
= 5 r
&(r) = (0(x +1r)o(x)) anisotropy " 1
= &)= [ duér, wLe(w)

@ ...and in Fourier-space:

Py(k) = 4ri(—i)' / Paré(n)je(kr)
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From a point distribution to a bispectrum

@ Overdensity-field:

x)-p
ox) = P
p
@ Three-point function:
homogeneity isotropy
= &Ly,
&(r1,r2) = (O(X+11)3(X +12)0(X)) | anisotropy L(ri,r2)
= E€1€2L(I’1,I’2)

@ ..and in Fourier-space:

B€1ézL(k1rk2)=(47T)2(—i)[1+€2/f12d’1/’22d’25t’1é’zL(f1rfz)/€1(k1f1)f€2(k2f2)

|

— Triumvirate, wangetal. 2024)
https://triumvirate.readthedocs.io/en/latest/

N
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https://triumvirate.readthedocs.io/en/latest/

What are Baryon Acoustic Oscillations?

Multipole moment, ¢
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Planck collaboration
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What Baryon Acoustic Oscillations constrain
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@ The observables are

Id
Du(z) ¢
ra  H@)rg

= cs(2) ( W
- dz = 147.05 Mpex (—ab
d /zd § Pe*10.02236

H(z)
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Du(z) % cdz
_/o raH(Z’)

Kk [h Mpc]
@ BAO are the most robust observable we can extract from LSS

=c [Hord\/Qm(1 +z)B8+(1- Qm)]_1

@ We require a calibration of the ruler to constrain Hy
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DESI 2025: Measurements (5.6 - 14.70)
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DESI 2025: ACDM

H(z) = HO\/Qm(1 +2)3+(1-Qp)

QSO

Qu
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DESI 2025
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DESI 2025: ACDM
H(z) = HO\/Qm(1 +2)3+(1-Qp)

= Qso
BGS
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DESI 2025
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DESI 2025: ACDM
H(z) = HO\/Qm(1 +2)3+(1-Qp)

= Qso
BGS
LRG1
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DESI 2025
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DESI 2025: ACDM

H(z) = HO\/Qm(1 +2)3+(1-Qp)
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DESI 2025: ACDM

H(z) = HO\/Qm(‘I +2)3+(1-Qp)
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DESI 2025: ACDM

H(z) = HO\/Qm(1 +2)3+(1-Qp)
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DESI 2025: ACDM

H(z) = HO\/Qm(1 +2)3+(1-Qp)
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DESI 2025: ACDM

H(z) = HO\/Qm(‘I +2)3+(1-Qp)

BGS
0.5 LRG1
B LRG2
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B ELG
0.4 QSO
F l Lyo
< — Al
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Q,, = 0.2975 + 0.0086 (2.9%)
Horg = 101.54 £ 0.73 X 10%kms™" (0.72%)

DESI 2025
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DESI 2025: ACDM

H(z) = HoVQm(1 +2)3 + (1 = Qp)

0.34
_ ---- DESI DRI BAO
‘\\ I DESI DR2 BAO
. CMB
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— 2.30 tension between DESI and the CMB (20 with the recent ACT
release).

*CMB = Planck [simall, Commander (for ¢ < 30) and CamSpec (for £ > 30)] TTTEEE + (Planck PR4 + ACT DR6) CMB lensing
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DESI 2025: Hubble tension

76
74
. SHOES
|
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24,
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DESI (= > 1.1)+BBN
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O

e DESI + BBN gives a 0.8% constraint on Hy

(68.51 + 0.58kms™" Mpc™")
@ Planck has a 0.74% constraint (67.4 + 0.5kms™" Mpc_1)

@ 4.5¢ tension with SHOES (no CMB involved!)

DESI 2025, Schoeneberg (2024)
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DESI 2025: «CDM

H(z) = HoVQm(1 +2)% + (1 = Qm)(1 + 2)3(1+@)
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0y =0.3098 + 0.0050
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DESI 2024 /2025
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DESI 2025: wow,CDM with @(2) = wo + wats

H(Z) = HonOm(1 +2)% + (1 = Qpp)(1 + 2)3(1aotion)gSn

2

DESI 2025
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DESI 2025: wow,CDM with @(2) = wo + wats

H(Z) = HonOm(1 +2)% + (1 = Qpp)(1 + 2)3(1aotion)gSn

--- DESIDRI
N DESI DR2

wo

DESI 2025
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DESI 2025: wow,CDM with @(2) = wo + wats

H(z) = Hox/Qm(1 +2)3 + (1 = Q)1 + 2)3(1+wo+wa)g=3waiiz

- == DESI DR1+CMB

=10 —0.5 0.0
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@ DESI + CMB has a 3.1¢0 preference for evolving DE
°
°
°

DESI 2025
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DESI 2025: wow,CDM with @(2) = wo + wats

H(Z) = HonOm(1 +2)% + (1 = Qpp)(1 + 2)3(1aotion)gSn

~= DESI DR1+CMB
B DESI DR2+CMB
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@ DESI + CMB has a 3.1¢0 preference for evolving DE
°
°
°

DESI 2025
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DESI 2025: wow,CDM with @(2) = wo + wats

H(z) = Hox/Qm(1 +2)3 + (1 = Q)1 + 2)3(1+wo+wa)g=3waiiz

0

B DEST+CMB-PantheonPlus
DESI-CMB—Union3
B DESI-CMB-DESY3

-1.0 —0.8 —0.6 —0.4
@ DESI + CMB has a 3.1¢ preference for evolving DE
@ Increases to between 2.8 and 4.20 when including SN datasets
@ The 4.20 (DESY5) has recently been revised to 3.20 mopovic etal. 2026)
@ With the CPL parametrization Hy is getting smaller (not bigger)

DESI 2025
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DESI 2025: Full-shape constraints from DR1

LRG0.4<z<0.6
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DESI 2025: Constraining the neutrino mass

—— DESI+CMB [caSpoc] DESI
—— DESI+CMB [P1ik] s DESI+CMB
I3 G .l — DESHOMB i --- cMB
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|Am2, |~2.56x1073eV?
Am2,=7.37x1075eV?
0.059¢V < CMB (ACDM £y m,,) + DESI < 0.064 ¢V (95%)

m,, <m,, Km i m,) =~ 0.059eV
@ Neutrino mass hierarchy { & vs 7 (2 m) ©
My, < my, <m,, - min(},m,) ~0.1eV
o KATRIN: my, < 0.8€V (90%)
@ Prior dependence: ), m, > 0.059¢eV — ' m, < 0.112€V (95%)

® wow,CDM (DESI+CMB+DESY5): ¥ m, < 0.1296V (95%)
DESI 2025, PDG (2018), KATRIN 2022
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Constraints from free streaming
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DESI DR1 (FS+BAO) + BBN + n; : Z m, < 0.3eV (95%)

Elbers et al. (2025)
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@ We are currently running a mock challenge for the DR2 full-shape
analysis

@ Within DESI we produced much better mock datasets for DR2 to
tests our models and derive covariance matrices

@ Unblinding is this month and papers are to be published in Sep.

LRG2 z = 0.8, Abacus 2nd Gen mocks 95 LRG2 2 = 0.8. Abacus 2nd Gen mocks
30% n
400000 20 =
§ Wedm
- 300000 15, 220% —— log(1014,)
Lg 200000 1 OLE N
) © 10%
(o)
100000 ._4'/’\' 05 4
0%
0 33 33 N 3 0.0 % ? 2 e
9 - 9 9 - 3 el 2o
<« Ay Q¥ ¥ < 0% < o
<o < o Qe‘) ° <f o\?e

Bansal et al. (2026), see also Eggemeier et al. (2025)
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Main/DARK : 66714%0929 completed tiles up to 20240409 (=67%, weighted=68%)

Dec. [deg]

FracCov Area Fraction Expfae
13262 0.89
12038

Stats for the 20240409 night:
Moon illumination: 0.03 _75°
28 DARK tiles completed

R.A. [deg]

DESI 2025
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Main/DARK : 10160/17(§°160 completed tiles up to 20260414 (=100%, weighted=100%)

Dec. [deg]

FracCov Area Fraction Expfag
> 0.00 15311 1.00
15311 1.00

1.00
Stats for the 20260414 night: 1.00
Moon illumination: 0.07 750
1 DARK tiles completed R.A. [deg]
DESI 2025
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© DESI and CMB are in slight tension within ACDM (Q,-Horg
plane).
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© DESI and CMB are in slight tension within ACDM (Q,-Horg
plane).

@ Within ACDM, DESI+CMB give the tightest upper bounds for the
sum of neutrino masses to date, in increasing tension with the
lower bounds from neutrino oscillation experiments.
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© DESI and CMB are in slight tension within ACDM (Q,-Horg
plane).

@ Within ACDM, DESI+CMB give the tightest upper bounds for the
sum of neutrino masses to date, in increasing tension with the
lower bounds from neutrino oscillation experiments.

@ The points above hint at a growing incompatibility between
different datasets when interpreted within ACDM.
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© DESI and CMB are in slight tension within ACDM (Q,-Horg
plane).

@ Within ACDM, DESI+CMB give the tightest upper bounds for the
sum of neutrino masses to date, in increasing tension with the
lower bounds from neutrino oscillation experiments.

@ The points above hint at a growing incompatibility between
different datasets when interpreted within ACDM.

© Evidence for evolving dark energy has increased with the DR2
BAOQO data (3.1¢ from DESI+CMB alone), 2.80 to 3.20 when also
including SNe. This also reconciles the discrepancies between
datasets mentioned above. Some red flags...
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© DESI and CMB are in slight tension within ACDM (Q,-Horg
plane).

@ Within ACDM, DESI+CMB give the tightest upper bounds for the
sum of neutrino masses to date, in increasing tension with the
lower bounds from neutrino oscillation experiments.

@ The points above hint at a growing incompatibility between
different datasets when interpreted within ACDM.

© Evidence for evolving dark energy has increased with the DR2
BAOQO data (3.1¢ from DESI+CMB alone), 2.80 to 3.20 when also
including SNe. This also reconciles the discrepancies between
datasets mentioned above. Some red flags...

© More to come! Y5 observing are all done now! A 2.5-year
extension has already started (extending the footprint and
increasing completeness), which will keep DESI busy till 2028.
DESI-II proposal for a further 5 years
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