MODEL INDEPENDENT TEST OF¢
THE FLRW METRIC AND THE
CURVATURE IN LIGHT OF DESI
DR2

arXiv:2601.20293

Cléa Millard, Benjamin L’Huillier and Marian Douspis

..‘ Department of Physics and Astronomy, Sejong University
N‘ — a9 Grenoble - SF2A 23.06.2026 .
CAMPUS C

SN

\J" 7 3
FRANCE v

< o

¢ x + I?


https://arxiv.org/abs/2601.20293

THE STANDARD ACDM MODEL
L)

FLRW METRIC

Encodes the Cosmological Principle : Universe homogeneous and
1sotropic

6/22/2026 2



THE STANDARD ACDM MODEL
L) LI

FLRW METRIC COSMOLOGICAL CONSTANT &

Encodes the Cosmological Principle : Universe homogeneous and FI.ATN ESS
1sotropic

6/22/2026 3



THE STANDARD ACDM MODEL
L) LI

FLRW METRIC COSMOLOGICAL CONSTANT &

Encodes the Cosmological Principle : Universe homogeneous and FI.ATN ESS
1sotropic

h(z) = \/ Qno(1 + 2)3 + Qgo(1 + 2) + Qpp exp (5 /
0

1+ w(z)
1+Hz

Dark Equation of State of

; ; Matter
Dimensionless Curvature Energy density Dark Energy

Hubble parameter density

Dimensionless comoving distance :

1 'z da
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(2) v =0 A’O. o h(x)
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TEST OF FLRW METRIC AND FLATNESS

The Ok diagnostic :
O2%(z) —1
Chris Clarkson, Bruce Bassett Ok (2) - 2
) ) D (/)
and Teresa Hui-Ching Lu 2008
"A general test of the
Copernician Principle" /
arXiv:0712.3457v2 O (g) — h(g)D (Z)

22/06/2026 6



TEST OF FLRW METRIC AND FLATNESS

The Ok diagnostic :
O2%(z) —1
Chris Clarkson, Bruce Bassett Ok (2) - 2
) ) D (/)
and Teresa Hui-Ching Lu 2008
"A general test of the
Copernician Principle" /
arXiv:0712.3457v2 O (g) — h(g)D (Z)

22/06/2026 7



TEST OF FLRW METRIC AND FLATNESS

The Ok diagnostic :
O2%(z) —1
Chris Clarkson, Bruce Bassett Ok (2) - 2
) ) D (/)
and Teresa Hui-Ching Lu 2008
"A general test of the
Copernician Principle" /
arXiv:0712.3457v2 O (g) — h(g)D (Z)

0(z) = 1 if flat, FLRW universe

22/06/2026 8



TEST OF FLRW METRIC AND FLATNESS

The Ok diagnostic :
On(z) = O2%(z) -1
X . /—{.r" — P . . .
Chris Clarkson, Bruce Bassett, K DZ ( Z) ThlS test 1S 1ndependent Of
and Teresa Hui-Ching Lu 2008
"A general test of the any DE mo del
Copernician Principle" /
arXiv:0712.3457v2 O (g) — h(g)D (z)

0(z) = 1 if flat, FLRW universe

22/06/2026 9



TEST OF FLRW METRIC AND FLATNESS

The Ok diagnostic :

O () O2%(z) —1

-\ _— P . . .

Chris Clarkson, Bruce Bassett, k DZ ( Z) This test 1S 1ndependent of
and Teresa Hui-Ching Lu 2008

"A general test of the any DE mo del

Copernician Principle" ,

arXiv:0712.3457v2 O (g) — h(g)D (Z)

0(z) = 1 if flat, FLRW universe

Goal : to combine type Ia supernovae (SNIa) and and Baryonic Acoustic Oscillations (BAO) data to obtain
a model independent test of FLRW and the curvature, using the Ok diagnostic.
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DATA COMBINATION

B. L'Huillier, A. Mitra et al. 2025

"Litmus tests of the flat ACDM model and model- drr(z)/r D" z
independent measurement of HOrd with LSST and (—) ( z) —= M ( )/ d ( )
DEST dn(z)/ra D(2)
arXiv:2407.07847v2
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DATA COMBINATION

B. L'Huillier, A. Mitra et al. 2025

"Litmus tests of the flat ACDM model and model- Adri (2)/r)D (=
independent measurement of HOrd with LSST and (—) ( z) — M ( )/ a ( )
DESI" dy(2)/rq D(z)
arXiv:2407.07847v2

BAO

From DESI DR2, transverse and radial mode
of the BAO give :

dy(z) e D(Z)

rqg  Horg
dy (Z) _ C
rd H(z)rg
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DATA COMBINATION

B. L'Huillier, A. Mitra et al. 2025
"Litmus tests of the flat ACDM model and model-

independent measurement of HOrd with LSST and
DESI"

arXiv:2407.07847v2

O(z) =

B dﬂ.j(Z)/Td D’(Z)

du(z)/ra\D(z)

BAO

From DESI DR2. transverse and radial mode

of the BAO give :
dy(2) ¢ ]
rd Hn’f‘d/D(é)
dy (z) _ c
rd H(z)rg

SNia

Pantheon+ and P S Dovekie
zZi, Wi(zi

Using an Iterative Smoothing Algorithm, we reconstruct

D(2) = — L
N _Hg 1+ 2z
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1o ( z)
fio(z)

,fmt z)

(INITIAL GUESSES

ITERATIVE SMOOTHING ON SNIA DATA

DATA
{pi}

» Smooth data over redshift without assumption on

Dark Energy model

Y

—1

RESIDUALS COLLECTION
{rs!lnlﬂ} {/}”}
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05

0.0

Line style Cosmology
—— Final reconstruction —— ACDM (Qpp=0.1)
=== |nitial guess ACDM (o =0.2)
—— data ACDM (Qpg =0.3)
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FEEEESEE ::::::::_\": — ACDM (Qmo =0.9)

. \ —— ACDM (Qpp=1.0)

— wCDM (Planck 2018) A. Shafieloo, U. Alam, V. Sahni and A.A. Starobinsky, 2007
Smoothing Supernova Data to Reconstruct the Expansion History of
the Universe and its Age
arXiv:astro-ph/0505329v4
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ITERATIVE SMOOTHING ON SNIA DATA

DATA
[ {1} ] * Smooth data over redshift without assumption on
) Dark Energy model
INITIAL GUESSES
fio(z) ’ . e e . .
fio (2) [ SESIDUALS [ COLLECTION ] « Starting from any initial guess, each iteration
{r5 In ,} in o e . .
- J e minimizes the chi square
L fio(z) )

Line style Cosmology
1o — Final reconstruction —— ACDM (Qpp=0.1)
=== |nitial guess ACDM (00 =0.2)
—— data ACDM (Qmo =0.3)
05 ACDM (Qyp = 0.4)
ACDM (0o = 0.5)
"""""""""""""""" ACDM Qo =0 6)
} ACDM Q0 =0.7)

00 B Y S — ' =
1 —— ACDM (Q0=0.8)
FEEEESEE ::::::::_\": — ACDM (Qmo =0.9)
B """"E" —— ACDM (Qpg=1.0)

05 —— WCDM (Planck 2018) A. Shafieloo, U. Alam, V. Sahni and A.A. Starobinsky, 2007
Smoothing Supernova Data to Reconstruct the Expansion History of
the Universe and its Age

-0 arXiv:astro-ph/0505329v4
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ITERATIVE SMOOTHING ON SNIA DATA

DATA ) )
[ {1} ] * Smooth data over redshift without assumption on
) Dark Energy model
INITIAL GUESSES
fio(2) v . . e . .
fio(2) [ RESIDUALS [ COLLECTION ] * Startmg from any initial guess, each iteration
{r5 In ,} in o e . .
- J e minimizes the chi square
L fo(z) ) . .
» The smoothing converge toward the solution
preferred by the data, independently of the initial
Line style Cosmology

e — Final reconstruction —— ACDM (Qpp=0.1) guess-
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ITERATIVE SMOOTHING ON SNIA DATA

DATA ) )
[ {1} ] * Smooth data over redshift without assumption on
) Dark Energy model
INITIAL GUESSES
fio(2) v . . e . .
fio (2) [ ESIDUALS [ COLLECTION ] « Starting from any initial guess, each iteration
{r5 In ,} in o e . .
- J e minimizes the chi square
L fo(z) ) . .
» The smoothing converge toward the solution
preferred by the data, independently of the initial
Line style Cosmology
10 —— Final reconstruction —— ACDM (Qpp=0.1) guess'
=== |nitial guess ACDM (00 =0.2)
—— data - . .
- R  Usually, we only keep the reconstructions with
” ACDM (Qg = 0.5)
"""""""""""""""" ACDM Qg = 0.6)
ACDM (Qpo=0.7) 2 _ .2 2
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.:::::i::: ::::::::_\": — ACDM (0 =0.9)
T {E\ —— ACDM (Qpp=1.0)
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Smoothing Supernova Data to Reconstruct the Expansion History of
the Universe and its Age
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D/Dicpom

SMOOTHING RESULTS

DES Dovekie

® 5 P .
; DES Dovekie
-2 Results of the iterative smoothing on
Pantheon+ and DES Dovekie data.
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SMOOTHING RESULTS

DES Dovekie

4 : » : T DES Dovekie
- TR
Results of the iterative smoothing on
Pantheon+ and DES Dovekie data.
. . All reconstructions are a better fit to the
Q = .
) ¢ data than the best-fitting flat ACDM
Q =z
S 2 cosmology.
: <
0.96
1.2 -
= - 10
S L 0.8 |
S 10- *ﬂi—
Q ' —
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D'/D'tacpm

D/Dicpom

0.8

¢ DESIDR2 ()

0.0

0.5

1.0

4

- —0.8

F-1.0

SMOOTHING RESULTS

DES Dovekie

¥

DES Dovekie

2
AXSNia + du

- —10

Results of the iterative smoothing on
Pantheon+ and DES Dovekie data.

All reconstructions are a better fit to the
data than the best-fitting flat ACDM
cosmology.

BAO transverse and radial mode have
been overplotted but were not mvolved

1n smoothing.
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0.8 1.0 1.2 1.4

Ax? criterion Data combination ( 2};18(1

AX&NTatdy <0 P & DESI DR2 (low-z)  0.09570:%6% +0.063

DES Dov. & DESI DR2  —0.10277002 +0.043

P | & DESI DR2 0.045750%7 =+ 0.038
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AX&NTatdy <0 P & DESI DR2 (low-z)  0.09570:%6% +0.063

DES Dov. & DESI DR2  —0.10277002 +0.043

For all data combination, 100% of reconstructions are
compatible with FLRW,
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0.8 ~ Pantheon+ & DESI DR2
0.6 - i L 02 AY? criterion Data combination ngﬁd
i Z _
047 E P04 4 P | & DESI DR2 0.045750%7 =+ 0.038
0.2 - ilis - zZ . o
I‘ i i | e | I AX&NTatdy <0 P & DESI DR2 (low-z)  0.09570:%6% +0.063
0.0 ~foe e Te— el S
o ' [0 DES Dov. & DESI DR2  —0.102715002 +0.043
) ---- Planck18 AU
05 Pantheon+ & DESI DR2 [
(low z)
0.2 - -2 5
0.1 4 "_?_
0.0 4o t - .z  For all data combination, 100% of reconstructions are
0.1 1 | o & compatible with FLRW.
—-0.2
-0.3 —— -8 Preferences for positive curvature in Pantheon+ & DESI DR2,
0.3 ovese L, and for negative curvature in DESY5 & DESI DR2 appear,
027 | _, = Dboth are consistent with flatness within 3o.
0.1 F L 6 E
[ e T — - s ... - Z
L _g o~
—0.1 - * ( L 1o éf
027 12
—0.3 7 T T T T T )
0.4 0.6 0.8 1.0 1.2 14 L
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Ay .%Nfa <0

2
AYsnia+dy <0

Pantheon+ & DESI DR2
Pantheon+ & DESI DR2 (low-z)
DES Dovekie & DESI DR2

DES Y5 & DESI DR2

Pantheon+ & DESI DR2 :

Tension between SNIa and BAO

High redshift data drives the Ok diagnostic away
from FLRW

When considering Ax2snia + dm, the deviation from
FLRW strongly decreases, and the results are
consistent with flatness, with a preference for
negative curvature.

DES Dovekie & DESI DR2 :
Better agreement between SNIa and BAO

All reconstructions are consistent with the FLRW
metric, and flatness within 3o, with a preference for
positive curvature.

DES Dovekie & DESY5 :The tension between Pantheon+ and DES on the value of Oko has been alleviated by the update of the DESY5 dataset to DES Dovekie
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Selection criterions :

AxEnia < 0

2
AXSNIaerM < 0
AX‘%ot <0

SELECTION

Pantheon +
—_— A 2
400 - XSNIa
5.0
. 300 -~
= 5] ‘_ ///
N'g . =
? 200 0.0 ‘é&_ —
-2.5 4/
100 A 50 4 | |
0 50 100
0 __@ ___________

| ] |
0 2000 4000 6000
Iteration

DES Dovekie
— A¥nta+dy

— Axio

100 -

80

60

40 -

0 200 400 600 800 1000
Iteration

 The selection on Pantheon+ reconstructions is heavily impacted by the change in selection criterion.

 The calculation of Ax?,, assumes flatness
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RESULTS

For each previous reconstructions we
calculate Ok at the redshift of the BAO (see
bottom row) :

And display their normalized likelihood in
the top row.

G —a.ala -
—o.oln -

—.ma

Fantheon+ & DESI DR2

6 —a.mla
—o.oln -

—.mEa

Pantheon+ & DESI DR2
[low z)

6 —a.ala -
—o.oln -

—a.ma

BES Bovelie & DES] DR2
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EFFECT OF SELECTION ON SMOOTHING

Pantheon+ DES Dovekie Pantheon+ DES Dovekie

| |
o o
o —_

1 1

2
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> - vy ® % sk - .
13 . : 4 DES Dovekie 0.1 - 18 3 e DES Dovekie
§. i Poagre s 3 B U
i 10y AN 2 2 0.0 _ £ & 4‘
L _ L 2
2 5? s L8
- _2 - I 7
¥ =1 L3S
Pantheon+ - L 4 i : :’ & ® ‘L -4
7 ¢ DESIDR2 (1) J
L _4 S
> s ' ! -
NN &E _
o Q
< S ; ! l
. F—-0.6 - L _
- 8
0.96
1.2 H -
§ 1.1 i L _10
Q - —-0.8
L _g & 104 .
Q []
== 0.9 1 F—-12
Q
0.8 DESI DR2 (1) | i
F—1.0
T T T T T T T T T T T - T T T T T T
0.0 0.5 1.0 1.5 2.0 0.0 0.2 0.4 0.6 0.8 1.0 1.2 0.0 0.5 1.0 1.5 2.0 0.0 0.2 0.4 0.6 0.8 1.0 1.2
Z Z Z Z

A tension between Pantheon and DESI DR2 appears, while the DES collection remains
virtually unaffected by the change in selection criterion.
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0.25 A
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0.75 A

T

Pantheon+ & DESI DR2

iﬂ

---- Planckl8

\

0.3

0.2 4

-0.2 +

-0.3 1

Pantheon+ & DESI DR2
(low z)

0.1
0.0 4= =
~0.1

0.3

0.2 4

-0.2

-0.3 A

DES Dovekie & DESI DR2

0.1
0.0 He=== k
_01 -

0.4

0.6

0.8 1.0 1.2

AX%NIa

AXéNla

Ay gNIa

Ax? criterion Data combination ( zglgd

P | & DESI DR2 0.06410055 +0.038
Axin <0 P+ & DESI DR2 (low-2)  0.102705% 4 0.064
DES Dov. & DESI DR2  —0.10210-50% 4 0.043

Pantheon+ & DESI DR2: only 1% of reconstructions are
consistent with FRLW.

This inconsistency is driven by high-z data: for Pantheon+ &
DESI DR2 (low-z), 100% of reconstructions are consistent with
FRLW

DESY5 & DESI DR2: 100 % of reconstructions are consistent
with FLRW

Overall, the reconstructions consistent with FLRW are also
consistent with flatness within 3o.
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