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An Unofficial
DESI Analysis

Neutrinos! Dark Energy! Inflation!
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Reanalyzing DESI

DESI| Data Release 1 (LRGs)

TARGETID
int64

Z
float64d

39627546836338876
39627546840531340
396275468405337@7
39627546840534067
39627546840534396
39627546844725593
39627546844726132
39627546844726593
39627546845921194
39627546848922139
39627546848922621
39627546848922874
39627546848923188
39627546848923381
39627546848923415
39627546845923493
39627546848923519
39627546853114634
39627546853115304
39627546853115470
39627546853115682

9.8668980715716706
0.9348172077800124
A.7646678553759423
0.88129590000311
A.6646155566176719
8.7619120932610688
@.8129116729098922
0.835471640017949
0.8143312339773753
A.7200341373651288
0.7606337242857438
@.7198972751282844
@.7218857282186207
0.569430729151765

000 ®

.8891288789150124
.95132853758858253
.7212784017696859
.8131126675553368
.5559672054059013
. 7147216867384578
.9274570688680336

Cosmological Parameters

39627540901396844 0.42060841162467566

2 D R R R R R R D R R R

RA
float6d

159.30684159361635
158.44667596279407
158.4799294702233
158.65071160360105
158.67878216902403
158.70027052890555
158.72751630870823
158.76343950179967
158.79898500886574
159.052157885943
159.10202657806508
159.1369146297404
159.1462785833043
159.16399100631358
159.17862210549974
159.18008439182032
159.1848389390485
159.1860701777553
159.25137421856687
159.28855963426028
159.2970230990033
159.30835543527493

DEC
f loat64

-9.962760066342906 ...
-9.880343166939232 ...
-9.900898173028425 ...
—9.91791368567385 ...
-9.885818986284596 ...
-16.011383569041937 ...
-9.912671320450734 ...
-9.952788127324665 ...
-9.9924286124523807 ...
-9.938566366253678 ...
-10.02377942401391 ...
-9.950181865635432 ...
-9.912947332242044 ...
-9.97892860399317 ...

-10.
-9.
-9.

-10.
-9.

-10.

-10.

0727525288660118 ...
910321824120278 ...
944737378735352 ...
058275905081851 ...
955979493106813 ...
012836906791499 ...
106935863496164 ...

I o S —— -
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Reanalyzing DESI

DESI Data Release 1 (LRGs)

TARGETID
int64

Z
float64

NTILE
int64

39627540901396844 0.42060841162467566

39627546836338876
396275468408531340
39627546840533707
39627546840534067
39627546840534396
39627546844725593
39627546844726132
39627546844726593
39627546848921194
39627546848922139
39627546848922621
39627546848922874
39627546848923188
39627546848923381
39627546848923415
39627546843923493
39627546848923519
39627546853114634
39627546853115304
39627546853115470
39627546853115682

0.8668980715716706
0.9343172077800124
A.7646678553759423

0.88129590000311
A.6646155566176719
@.7619120932610688
0.8129116729090922
0.835471640017949
0.8143312339773753
A.7200341373651288
0.7606337242857438
@.7198972751282844
8.7210857282186207
0.569430729151765
.8891288789150124
.9513285375883253
.7212784017696859
.8131126675553368
.5559672054059013
. 7147216867384578
.9274570688680336

L0000 ®

This Is hard

Initially, the data release only contained:

Cosmological Parameters

e (Galaxy positions, redshifts and systematic weights

e Random positions, redshifts and systematic weights

There are no simulations*, no power spectra and no covariances

[* = now added!]
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Reanalyzing DESI

DESI Data Release 1 (LRGs)

TARGETID
int64

Z
float64d

396275409013963844 0.42060841162467566

39627546836338876
396275468408531340
396275468405337@7
39627546840534067
39627546840534396
39627546844725593
39627546844726132
39627546844726593
39627546848921194
39627546848922139
39627546848922621
39627546848922874
39627546848923188
39627546848923381
39627546848923415
39627546848923493
39627546848923519
39627546853114634
39627546853115304
39627546853115470
39627546853115682

9.8668980715716706
8.9343172077800124
@.7646678553759423

0.88129590000311
A.6646155566176719
8.7619120932610688
0.812911672909@922
0.835471640017949
0.8143312339773753
A.7200341373651288
0.7606337242857438
@.7198972751282844
8.72108857282186207
0.569430729151765
.8891288789150124
.9513285375888253
.7212784017696859
.8131126675553368
.5559672054059013
. 7147216867384578
.9274570688680336

000 ®

NTILSE
int64

Cosmological Parameters

\

This is Important

We develop an independent pipeline, using different estimators,
covariance estimates, and theory codes

We can include more statistics with new methods!
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The Unofficial DESI Dataset

Fiducial

 Power Spectra: P (k)  0.01 <k/[h~'Mpc] < 0.2
e Bispectra: B (k, k,, k;) 001 < k/[h""Mpc] < 0.16
» Baryon Acoustic Oscillations (from DR2): oy, )

Just released

spec f

(CMB lensing) x (spectroscopic galaxies): CKg

phot

(CMB lensing) x (photometric galaxies): C,°

hot hot/
gh®gP

(Photometric galaxies) x (Photometric galaxies): C y

DESI 2025, DESI Data Release 1, Chudaykin, lvanov, Philcox, Sullivan, Maus, Chen



Modeling Choices & Challenges

* New estimator: PolyBin3D

* New statistics: power spectrum hexadecapole +
bispectrum

* New theory model: one-loop for all statistics
* Analytic covariances (including masks)

 Systematic corrections (wide-angle, masks, fiber-
collisions, and integral constraints)

* New conservative priors (with rescaling)

(a + bk?)
e.g., bl — b1089 PShOt(k) ~ fl

8
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Constraints on ACDM

Bound on og gradually tightens with more datasets

e +15 % from lensing cross-correlations
e +30 % from photometric data

» +7 % from one-loop bispectra (+15 % on Q)

Our constraints are broadly consistent with Planck
e P+ B + BAO dataset matches CMB to 26 (1.86 with PR4)

» No evidence for H, tension or Sg tension (5. = 0.811 +0.016)

Overall constraint:

e e e e R

[Q, = 0297 +0.005, Hy=69.1 +0.4, o, = 0.815 % 0.016]

e e e e e e ——

0.90
0.85
0.80 F

0.75 F

Power Spectrum + Bispectrum
+ Spectroscopic Lensing
+ Photometric Galaxies

Planck (+ ACT lensing)

\ A
& T
0.28 030 0.32 66 67 68 69 70 0.75 _0.80 0.85 090
Q*m HO 78

lvanov, Sullivan, Chen, Chudaykin, Maus, Philcox 2026



Constraints on Alternatives to ACDM

We can constrain curvature:

« Bound from BAO improves by 2x when adding P, + B,

« CMB + P, + B, agrees with CMB + BAO 0.1- VN

(2

0.0 Lo =
/ \\ A\
\\\ y

CMB \"\ \\‘
—0.1- BAO-only
55 60 65 70
H
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Constraints on Alternatives to ACDM

We can constrain curvature:

« Bound from BAO improves by 2x when adding P, + B,

« CMB + P, + B, agrees with CMB + BAO

We can constrain dynamical dark energy:

» Evidence for wyw , increases from 1.7¢ — 2.6 when adding
full-shape to DESI BAO + SNe.

Using CMB, we find a preference at 2.8¢

 The kitchen sink improves the figure-of-merit by 18 %
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Constraints on Neutrinos

DESI + CMB + SNe constrains the neutrino mass i !
10 ——— BAO + CMB + SNe + FS 2D + FS 3D [wowy]
' —-=: BAO 4+ CMB + SNe + FS 2D + FS 3D [ACDM]
. 2 m, < 0.057¢eV in ACDM (95% CL) —— BAO + CMB + lens + SNe [wqw,
0.8 1 ==+ BAO + CMB + lens + SNe [ACDM]
. ) m, <0.095eV in wew,CDM (95% CL) gg g
= 0.6 - :
ay :
a i
0.4 - |
Full-shape improves constraints by ~ 25 % i
| | | 0.2 -
We disfavor the inverted hierarchy at > 2o for
both ACDM and w,w,CDM! > T L -
10.00 0.05 0.10 0.15 0.20
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Constraints on Inflation

We can constrain primordial non-Gaussianity

B DESI, P-only
Bl 5.
- +Bl—loop

From DESI P, + B, (including z > 2 quasars):

. Single-Field: /1 =200 £ 230, fy" = —24 +86

. Multi-field: loc =—01x74

Single-field constraints are much weaker than the CMB,
but will improve soon!

—3 prorth
1077 /N1
DO

| 1 | |

—o 0 O 0 2

—3 pequil -3 orth

13
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Constraints on Inflation

We can constrain primordial non-Gaussianity

From DESI P, + B, (including z > 2 quasars):

- Single-Field feq — 2()0 + 23() oth = — 24 + 86

i Multi-field: 1°C —_0.1+74 ?

Almost as strong as the CMB!

Adding Planck, we obtain the tightest constraint on local

PNG yet!!
r=0.0%4.1

14

+ DESI Galaxies
+ Planck

—40 —20 U 20 40

loc
NL

The bispectrum improves by ~ 20 % !

Chudaykin, lvanov, Philcox 2025c, see also Chaussidon+24
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covariances

* We perform a full renalysis of the public DESI DR1 (full-
shape
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Can you ignore the covariance of FuII-Shape and BAO?

» Due to reconstruction, cross-correlations between . P+ B+ BAO
. Py + By + BAQO (wcross)
ay, o) and P,(k) are usually quite weak.
» They’re much weaker for us, since we use DR2 BAO |
and DR1 full-shape. 0F - :
S 69f :
T
68 | . , .
 Two tests (see paper 1 appendices): o7 = : - L
_ . 0.90F +
 Add an approximate cross-covariance = small 055 L | | 7
shifts <
0.80} !
e Perform a joint DR1 BAO — FS analysis = 0.T6F TN T
similar constraints! (but weaker H)) 028 030 032 67 68 69 70 08 0.9

Qm. H 0 gg
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