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Evidence for non-cold dark matter from DESI DR2 measurements
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We investigate potential deviations from cold dark matter (CDM) using the latest Baryon Acoustic
Oscillations (BAO) measurements from the Dark Energy Spectroscopic Instrument (DESI). Analyz-
ing DESI data alone constrains the dark matter equation of state parameter wqm = —0.04275-537,
revealing a mild preference for non-cold dark matter. This preference strengthens significantly in
combined analyses, but reveals a striking tension in the inferred wan, values from observations of
different nature. The DESI+DESY5 combination yields wam = —0.084 £ 0.035, excluding CDM
(wam = 0) at 2.40 significance. In contrast, Planck+DESI gives wam = 0.00077 £ 0.00038, differ-
ing from concordance model at 20 significance. The non-vanishing wam preference is particularly
driven by low-redshift BAO measurements (z < 1.1), while higher redshift data remain consistent
with ACDM. The evidence for non-cold dark matter is more pronounced in DESI compared to the
previous BAO surveys. All dataset combinations show significant improvement over the ACDM
paradigm, providing compelling evidence for non-cold dark matter scenario.

Introduction— The standard model of cosmology ex-
plains the numerous phenomena of the observed Universe
while providing an excellent fit to the various astrophys-
ical and cosmological observations. The measurements
from the cosmic microwave background (CMB) [1-9],
baryon acoustic oscillations (BAO) [10-17], Type Ia su-
pernovae [18-24] and weak lensing [25-32], have signifi-
cantly improved our understanding of the Universe. The
standard model of cosmology suggests that most of the
universe comprises two unknown components, called dark
matter (DM) and dark energy (DE), which are respon-
sible for structure formation and the current accelerated
expansion of the Universe, respectively. Several cosmo-
logical observations such as Supernovae type Ia measure-
ments and the more recent BAO measurements from the
second data release (DR2) of the Dark Energy Spectro-
scopic Instrument (DESI) have shown strong evidence
towards the existence of the Universe’s accelerated ex-
pansion. On the other hand, in the absence of any di-
rect observations of dark matter, we are only left to pre-
sume about its property based on its weak interactions
with standard model particles and gravitational effects.
In the standard cosmological scenario, due to its weak
interaction with other known particles, the dark matter
component is parameterised as a pressure-less fluid with
vanishing equation of state (EoS), referred to as cold dark
matter(CDM).

CDM explains the formation of structures consistently
at scales much higher than 1 Mpc. Nevertheless, it en-
counters issues while looking at observations on smaller
scales [33-35] like the core-cusp [36], missing satellite
[37, 38] and the too-big-to-fail problems [39]. Such dis-
crepancies have prompted the consideration of alterna-

* utkarshkumar.physics@gmail.com

T abhijith.ajith.421997@gmail.com
¥ amreshverma702@gmail.com

tive dark matter models. Warm dark matter(WDM)
composed of particles with non-negligible thermal veloc-
ities offers a viable resolution to these problems. Un-
like CDM, WDM suppresses structure formation below
its free streaming scale. Hence, WDM models erase the
substructure at smaller scales, delay the structure forma-
tion, and resolve the small-scale problems that plague the
standard cosmology. Sterile neutrinos are said to be one
of the viable candidates of warm dark matter [40, 41].

The strong preference for evolving dark energy from
DESI [17, 42], has prompted the surge in the exploration
of a plethora of models of DE [43-63], and DE-DM in-
teractions [64-71]. In this letter, we use the DESI mea-
surements to probe the nature of dark matter. In the
absence of any underlying theory of dark matter, we in-
vestigate a phenomenological model with a dark matter
component of an arbitrary EoS in the light of recent data
release of DESI measurements. We demonstrate that the
DESI data give a robust preference for the non-vanishing
pressure of dark matter candidate.

Cosmology with non-cold dark matter— We con-
sider the Universe to be filled with a dark matter com-
ponent of energy density pqm and EoS parameter wqp
[72-75]. The evolution of the energy density of such a
dark matter component, determined by solving the con-
tinuity equation, scales as

pam = Pam,oa ) (1)

with pam,0 being the current energy density and a being
the scale factor. In the presence of pgp, the Friedmann
equations take the following form:

8rGa?
H? = 3 (pr + P + pdm + pa) (2)
. 4
H — H2 = —47rGa2 <3 Pr + Pb + (1 + wdm) pdm) (3)

Here p, 1, are the energy densities of radiation and bary-
onic components of the universe which scale as p;oa™*


mailto:utkarshkumar.physics@gmail.com
mailto:abhijith.ajith.421997@gmail.com
mailto:amreshverma702@gmail.com
https://arxiv.org/abs/2504.14419v1

and pp o a~3 respectively. Note that the derivatives con-
sidered here are with respect to conformal time and H
is the corresponding Hubble parameter. Due to the non-
vanishing pressure of dark matter, the perturbation equa-
tions also get modified, and are expressed as follows in the
synchronous gauge without the inclusion of shear pertur-
bations [76, 77]:

am = — (1 waw) (Bam +h/2) = 3% (2 = ¢2)

Oan (4)
]
k22

s 5
1+wdm 6dm ( )

9dm =-H (1 — 3C§) Oam +

Here 04 and 04, represent the density contrast and ve-
locity divergence of dark matter, respectively. We model
dark matter to be a perfect fluid with a constant equa-
tion of state, in which the definition of adiabatic speed
of sound becomes cg = Wgm. Further, we assume the
effective speed of sound ¢? to be 0.

Methodology and data— We implement the theo-
retical model in a modified version of the Boltzmann
solver code CAMB [78, 79]. We perform Markov-Chain-
Monte Carlo (MCMC) simulations using the publicly
available tool COBAYA [80, 81]. Our model has 7 free
cosmological parameters. We constrain the cosmologi-
cal parameters with uniform priors: the baryonic mat-
ter density Q,h? € [0.005,0.1], the dark matter density
Qamh? € [0.001,0.99], the logarithmic amplitude of pri-
mordial curvature spectrum In(101°A;) € [1.6,3.9] eval-
uated at a suitable pivot scale, k = 0.05 Mpc™! along
with its tilt ns € [0.8,1.2], the reionization optical depth
Treio € [0.01,0.8], the present value of the Hubble pa-
rameter Hy € [20,100] and EoS for dark matter wam €
[-0.5,0.5]. We use the standard three-neutrino descrip-
tion with a massive neutrino of mass m, = 0.06 eV, while
the other two being massless. The chains converge by en-
suring the Gelman-Rubin criterion |R — 1| < 0.01 or the
effective sample size becoming greater than 10°. We uti-
lize GetDist [82] and BOBYQA [83, 84] to analyze chains
and find the maximum likelihood posterior x3;,p, respec-
tively. We calculate the differences in x3;,p and deviance
information criterion (DIC) to get the preference of our
model over ACDM. The DIC is calculated as

DIC = 232 (8) — x*(0) (6)
with x2 (0) and x2(0) being the average of the effective
x? over the posterior distribution and the best-fit 2
respectively. In addition, we also estimate the concor-
dance/discordance between two datasets, D; and D in
a given model using the DIC-based statistic Z (D1, Do)
[85]. To be precise, a positive value of log,,Z indicates
the consistency between the two datasets and conversely
for a negative value. We further qualify the level of con-
cordance or discordance using Jeffrey’s scale, such that
the value of log,yZ in excess of £1/2 is considered to be
‘substantial’, excess of £1 is ‘strong’, and a value in ex-

cess of +2 shall be ‘decisive’ [86].
datasets in our analysis:

We use the following

e DESI:- The 13 DESI-BAO DR2 ([87, 88]) measure-
ments across the redshifts range 0.1 < z < 4.2 ob-
tained from observations of about 14 million galax-
ies and quasars which include bright galaxy sam-
ple (BGS), luminous red galaxies (LRG), emission
line galaxies (ELG), quasars (QSO), and Lyman-
« tracers. These measurements are given in terms
of the volume averaged distance Dy (z)/rq, angular
diameter distance Dyi(z)/rq and comoving Hubble
distance Dy (z)/rq, where rq is the sound horizon
at the drag era.

¢ CMB:- CMB temperature—temperature, temper-
ature -polarization, and polarization-polarization
spectra [1], along with the CMB lensing likelihood
derived from the 4-point correlation function of the
CMB [3]. We refer to these as P18 and PL18, re-
spectively.

e SNIa:- We use the PantheonPlus(PP) dataset [19],
which contains 1701 light curves for 1550 spectro-
scopically confirmed Type Ia supernovae (SNela)
covering the redshift range 0.001 < z < 2.26. Ad-
ditionally, we incorporate the Union3 compilation
comprising 2087 SNe [20] and the DES-Y5(DESY?5)
sample containing 1635 DES SNe spanning 0.10 <
z < 1.13 [23].

e DESY3 3x2pt:- We use galaxy-galaxy, galaxy-
shear, and shear-shear two-point correlation func-
tion measurements obtained from DES Year 3 anal-
ysis. These observations were measured from over
10 million lens galaxies in the MagLim sample, that
covers approximately 4000 deg? of sky [31, 32]. We
use the COSMOLIKE [89] pipeline in our analysis of
DESY3.

The 68% constraints on the cosmological parameters
for various datasets considered in this letter are shown
in Table I. We also perform statistical comparison of the
AwDM scenario with the concordance model, where the
terminology wDM corresponding to non-cold dark mat-
ter. Table II presents the best-fit Ax3ap = XiwDM —
Xicpy along with their significance No, and ADIC.
From the DESI alone, we obtain the 68% CL constraints
Wam = —0.0421“8:831 and Q, = 0.334f8:84213 by marginal-
izing over other cosmological parameters. The former
excludes the canonical value of wgqy, = 0 at a statisti-
cal significance of ~ 1.1o0. The DESI data alone prefer
the concordance model over the wDM scenario as we find
ADIC > 0 despite a better fit yielding Ax3ap = —0.577.
Next, we jointly analyze DESI and SNIa data. SNIa data
alone cannot determine the EoS for dark matter. Inter-
estingly, the joint analysis of DESI+ SNla tightly con-
strains the wqy, as suggested in Table I. However the con-
straints on wq, depend on the choice of SNIa dataset. In
particular, the joint analysis of DESI and DESY5 yields
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FIG. 1. Two-dimensional confidence contours (68% and 95% CL) for the cosmological parameter pairs hrq—wam (left panel)
and Qm—wdm (middle panel), derived from DESI and supernovae (SN) datasets. The vertical black dashed line indicates the
cold dark matter equation of state (wam = 0). Marginalized constraints on wam are shown for CMB (P18), DESI BAO, SNIa
(DES-Y5), and LSS (DES-Y3). Color coding for each dataset corresponds to the legend.

| Dataset [ Hy [ Wam (#0) [ Qi [ hrg [ Ss ‘
DESI 80F%0 —0.04273577(1.09) 0.33470-0%% 100.5712 -
DESI+DESY5 75150 —0.084 4 0.035 (2.38) 0.375 003 | 99.2740.81 -
DESI+PP 78110 —0.055T0032 (1.71) 034670921 | 100.09 + 0.84 -
DESI+Union3 (LAY —0.07410 035 (1.79) 0.36570 034 99.61 055 -
PL18 63.1+3.9 | —0.0022 £ 0.0020 (1.09) | 0.383750°2 91.846.9 0.867 £0.035
PL18+DESI 69.03 4 0.42 | 0.00077 + 0.00038 (2.01) | 0.2947 4 0.0047 | 101.63 + 0.60 | 0.8202 + 0.0099
PL18+DESI+DESY5 | 68.63 & 0.40 | 0.00054 + 0.00037 (1.45) | 0.2993 £ 0.0046 | 101.06 + 0.58 | 0.8213 + 0.0099
PL18+DESI+PP 68.81 4 0.40 | 0.00064 + 0.00037 (1.76) | 0.2972 4 0.0046 | 101.32 + 0.58 | 0.8209 + 0.0098
PL18+DESI+Union3 | 68.85 + 0.42 | 0.00067 & 0.00037 (1.80) | 0.2967 + 0.0047 | 101.38 4 0.59 | 0.8210 4 0.0099
DESY3 (3x2pt) 827 —0.00877 30567 (1.46) 0.3777 900 100.7759 [ 0.766 £ 0.027
DESI+DESY3 (3x2pt) > 80 —0.000570 6035 (0.16) | 0.300715099* | 101.32+0.76 | 0.801 +0.017
DESI+DESY3 +DESY5 | > 81.4 —0.0025+5:9939 (0.73) | 0.3148 £ 0.0094 | 100.35 4+ 0.68 |  0.79475-917

TABLE I. The mean +10 constraints on the cosmological parameters inferred from the various datasets and their combinations
considered in this letter for the AwDM scenario. In the bracket next to the wg, we report the sigma deviation of w4, from
its expected value, zero. To calculate this, we compute the standard deviation o, from the covariance matrix and tension is

defined as the deviation of the mean (fi.,, ) from zero in units of the standard deviation:

"
la"’&‘. We note ~ 2.4 0 preference
Wdm

for wam < 0 in DESI+DESY5 and discrepancy between DESI and Planck measurements.

a preference for non-vanishing wg, = —0.084 + 0.035
exceeding the 95% CL. Additionally, we find a higher
value of Q, = 0.37570935 compared to ACDM and

Hy = 75%3°. The large error bars on Hy are due to the
degeneracy between the Hubble parameter Hy and the
sound horizon at the drag epoch z4. The addition of CC
data to DESI measurements breaks the Hy rq degeneracy
and does not affect the inference of a non-zero value of
Wam [90]. The 2-dimensional posterior distributions of
hrq—wgm and Q,, — wqm for DESI and DESI+ SNIla are
shown in Fig. 1 in the left and middle panels, respectively.
It is clear from Fig. 1 that DESI and its combination with
SNIa permit a wide range of posterior distribution of €,,.
The AwDM scenario is statistically preferred over ACDM,
with Ax3ap € [—3.4, —7.9] corresponding to significance
levels ranging from 1.850 to 2.80c. We obtain a simi-
lar preference by evaluating the ADIC as shown in Ta-
ble II. The combination of DESI4+DESY5 shows a strong
preference while DESI 4+ PP and DESI 4+ Union3 indicate
moderate preferences over the concordance model.

Next, we investigate how CMB measurements affect
the inference of dark matter EoS wgn,. The PL18 mea-
surements alone find the wqy, = —0.0022 + 0.0020, Hy =
63.1+£3.9 and Q,,, = 0.38370-025. We observe that the ge-
ometrical degeneracy compensates for extreme values of
Hy and 2, through the negative contribution of dark
matter EoS. Both PL18 and DESI exclude wgy, from
0, but most of the posterior values of CMB inferred
Wqm are not as widespread as those of DESI. The joint
PL18+4-DESI analysis breaks the Hg-€,,-wqn, geometri-
cal degeneracy, yielding wq, = 0.00077 £ 0.00038 (~ 20
from zero) and a higher Hy than ACDM, though still in
tension with SHoES [91, 92]. This combination shows
moderate preference over ACDM, with Ax3,p = —5.60
and ADIC= —3.32. We also consider PL18 jointly with
DESI and SNIa datasets, which even result in precise
constraints on wqy,. For instance, the most accurate con-
straint on wgm, = 0.00067 £ 0.00037 is derived from the
PL18+DESI+Union3 combination. The Ax3;,p values
are respectively —3.82, —4.31, and 4.03, indicating the



preference of the AwDM scenario over ACDM at =~ 20,
for combining DESI with DESY5, PP and Union3, re-
spectively. The similar preference can be corroborated
from the last column of Table IT using DIC except for the
PP dataset. Hence, all combinations, including different
SNIa measurements, consistently rule out wgm, = 0 at
least by 1.50.

Finally, we conclude our analysis by considering the
DESY3 (3 x 2pt) in conjunction with DESI and SNIa
data. First of all, unlike the SNIa measurements, wqm
can be inferred from DESY3 (3 x 2pt) alone, as shown
in Table I. The right panel of Fig. 1 shows the compari-
son of one dimensional posterior distribution of wgqy,, ob-
tained from DESI alone and in combination with DESY5
and DESY3 likelihood. We observe that weak lensing
measurements, even when combined with DESI and su-
pernova data, yield a dark matter EoS consistent with
ACDM, although with significantly weaker constraints
compared to other datasets. Consistent with previous
analyses, we find substantial evidence favoring our model
over ACDM, as demonstrated in Table II. Assessing the
compatibility between different dataset combinations is
essential, as joint analyses yield significantly different
constraints. To quantify the concordance between two
datasets (D1 and D3), we compute the DIC-based statis-
tic Z. Table III presents the resulting log,,Z values for
our dataset combinations. We find that combinations
that favor wgm, < 0 exhibit stronger concordance, while
those predicting wqy, > 0 show substantially lower com-
patibility.

The results obtained by combining DESI distance mea-
surements with SNIa, CMB and DES-Y3 data clearly
hint towards the preference of non-cold dark matter at
varying level of significance. It is important to mention
that such a preference is also present in DESI DR1. We
have explicitly checked and found that our results are
consistent with previous data release of DESI BAO. Fur-
thermore, we also consider the SDSS BAO measurements
from the final SDSS collaboration compilation compris-
ing the eight effective redshift bins [10, 93]. Both DESI
and SDSS datasets focus on the same distance measure-
ments and have similar constraining power. Therefore,
it is necessary to assess our results obtained from the
DESI measurements. We perform MCMC analysis for
SDSS by adopting the same methodology as used in the
case of DESI. We find no evidence for non-vanishing EoS
for dark matter component from the SDSS alone or from
the joint analysis of SDSS with any SNIa compilations
used in this work. In particular, we obtain a weak bound
on wam < —0.0275 using SDSS+DESY5. The analysis
of other data such as Planck 2018 and DES-Y3 in con-
junction with SDSS will not give much intuition in the
inference of wyy, # 0 as Planck and DES-Y3 alone can
constrain wqy, precisely.

We further investigate how the constituent tracers of
the DR2 samples at different redshifts affect our findings
of wgm < 0. To do so, we split the DESI samples into
two subsets based on the effective redshift, separating at

l Dataset [ AXx3iap [ No [ ADIC ]
DESI —0.5769 |0.75| 0.78
DESI4+DESY5 —7.89 |2.80| —5.87
DESI+PP —-3.43 [1.85| —1.58
DESI+Union3 —4.08 [2.02| —2.06
PL18 —0.10 [0.32| —0.39
PL18+DESI —5.60 [2.36| —3.32
PL18+DESI+DESY5 —-3.82 [1.95]| —2.32
PL18+DESI+PP —4.31 [2.07| —0.60
PL18+DESI+Union3 —4.03 | 20| —2.36
DESI4+DESY3 (3x2pt) —3.06 [1.75| —4.65
DESI4+DESY3(3x2pt)+DESY5| —2.69 |[1.64| —1.31

TABLE II. Comparison of AwDM versus ACDM using differ-
ent statistical tests: the maximum a posteriori x? difference
(Ax3iap), significance level (No), and Deviance Information
Criterion (ADIC). Negative Axiap and ADIC values favor
the AwDM, with DESI4+DESY5 showing the strongest prefer-
ence (Axiiap = —7.89, 2.80 significance) while combinations
with Planck (PL18) yield weaker evidence.

| Dataset (D1&Dy) [ log,, Z(D1,Dy) |

DESI & DESY5 0.94
DESI & PP 1.41
DESI & Union3 0.91
DESI & DESY3(3x2pt) 1.91
PL18 & DESI 0.84

TABLE III. DIC-based statistic logZ(D1, D2) quantifying
tension between cosmological datasets. Positive values in-
dicate agreement between datasets, with higher values cor-
responding to stronger consistency. Combinations favoring
Wdam < 0 show better concordance, while those predicting
Wam > 0 yield significantly lower compatibility.

z = 1.1. Interestingly, we see that the DESI DR 2 samples
with z > 1.1 still provide wq, < 0 but consistent with
wam = 0 at varying CL for DESI and SNIa measurements,
as shown in Table IV. The samples containing distances
up to z < 1.1 are not able to constrain dark matter’s EoS.
Although, upon a close inspection it turns out that 90%
of the posterior values of wqy, disfavor the possibility of
cold dark matter.

’ Dataset ‘ Wdm Qm hrq ‘
DESI(z > 1.1) | —0.04970059 | 0.358%00%5 | 99.2%32
DESI+DESY5 | —0.06470 035 | 0.3767003 |97.8+1.4
DESI+PP ~0.04370:035 | 0.347F0055 | 99.2 £ 1.5
DESI+Union3 | —0.06870 032 | 0.38070 0% |97.8+1.8
DESI(z < 1.1) | < —0.151 [0.454 +0.090 | 99.1 + 1.5
DESI+DESY5 | < —0.220 | 0.487100%2 |98.84+0.8
DESI+PP —0.18470955 | 0.42510:0%2 1 99.7 £0.8
DESI4+Union3 | < —0.217 | 0.486759%% |98.6+1.1

TABLE IV. 68% constraints on wam, m, and hrq from DESI
BAO binned at z > 1.1 (consistent with ACDM) and z < 1.1
(favors wam < 0), combined with DES-Y5, PP, and Union3
supernovae.



BAO Data Comparison: AwDM vs ACDM
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FIG. 2. Upper Panel: Comparison of rescaled distance-

redshifts relations for ACDM (solid) and AwDM (dashed)
model using the best-fit values inferred from DESI+Planck
2018 joint analysis. We also include the observational con-
straints with +10 uncertainty. Different type of distance mea-
surements are indicated by different colors given in the legend.
Lower Panel: The deviation of theoretical rescaled distances
from the corresponding data-points in terms of o. The pre-
dictions for ACDM and AwDM are shown by filled and cross
shaped markers, respectively. The shaded region highlights
the +10 range for reference.

To get a better understanding of the role played by
DESI data, we also compare the theoretical distance pre-
dictions for AwDM and ACDM model with the observed
distances probed by BAO measurements as shown in
Fig. 2. The lower panel of Fig. 2 demonstrates that
the theoretical distance deviations obtained using the
AwDM model exhibit significant discrepancies with the
concordance model for redshifts z < 1.1. In contrast,
for z > 1.1, the results show strong agreement with the
concordance model. Similar conclusions are also drawn
from the analysis of the Binned DESI data discussed pre-
viously. Moreover, we observe that the primary contrib-
utor to the discrepancy between the models at z < 1.1 is
the distance measure Dy(2)/(rav/z).

Finally, we discuss the implications of the preference
for wgm < 0 beyond the context explored in this work.
As argued by the DESI collaboration, allowing for time-
varying dark energy parametrized by the Chevallier-
Polarski-Linder (CPL) form [94, 95] yields a strong statis-
tical preference for such a scenario. A non-zero equation
of state (EoS) for dark matter could naturally arise from
interactions between the dark matter (DM) and dark en-
ergy (DE) sectors [96-98]. Indeed, multiple studies have
reported evidence for a non-zero DM-DE coupling pa-
rameter [997 —105]. Alternatively, One can also envisage

a scenario where DM and DE are described by a single
fluid component [106-108]. Such Unified DM-DE (UDM)
models have been shown to provide promising avenues for
resolving both the Hubble tension and large-scale struc-
ture anomalies [109, 110].

In this letter, we have derived constraints on the dark
matter equation of state parameter wqy, using the lat-
est DESI BAO measurements, both independently and
in combination with Planck, DES, and supernovae data.
Our analysis reveals a robust preference for non-cold
dark matter across multiple dataset combinations in-
volving DESI. Notably, we observe a tension between
background-based measurements (including SNIa com-
pilations, cosmic chronometers, and BAO) and observa-
tions involving perturbations (such as Planck and DES
Y3). The combination DESI+DESY5 yields wgm =
—0.084 + 0.035, excluding the cold dark matter scenario
(wam = 0) at 2.40 significance, while PL18+DESI gives
Wwam = 0.00077 £ 0.00038, differing from the canonical
value at 20. Although these estimates differ numerically,
they both consistently suggest the existence of non-cold
dark matter. We highlight that the preference for neg-
ative wqy in DESI is primarily driven by low-redshift
BAO measurements (z < 1.1), whereas higher redshift
BAO data (z > 1.1) remain consistent with ACDM. In-
triguingly, this evidence for wgy, < 0 is more pronounced
in DESI, as previous surveys like SDSS were only able to
place weak constraints such a preference. For all dataset
combinations considered, we observe significant improve-
ments over the standard ACDM paradigm.

Our results demonstrate that the DESI dataset opens
new avenues for investigating viable dark matter mod-
els via late-time physics. While this study focuses on the
implications of DESI measurements for dark matter prop-
erties inferred from geometric distances, it is important
to confirm these findings through full-shape modeling of
the power spectrum, incorporating the effects of redshift-
space distortions.

Note Added:- During the finalization of this work,
[99, 102] appeared on arXiv, investigating dark matter
properties with DESI data while incorporating interac-
tions in the dark matter-dark energy (DM-DE) sector.
In contrast, our analysis focuses on minimal extensions of
the standard cosmological model and combines complete
CMB power spectra measurements with DES-Y3 3 x 2 pt
data. Unlike their findings, we observe a preference for
the extended cosmological scenario over the ACDM.
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10
COMPARISON OF DESI AND SDSS COSNTRAINTS

In this extended analysis, we build upon the study presented in the main text by substituting the DESI dataset with
the Baryon Acoustic Oscillation (BAO) measurements obtained from the final compilation of the SDSS collaboration.
This dataset encompasses a comprehensive set of observations across eight distinct redshift intervals, providing an
alternative yet consistent framework for examining the same cosmological parameters. The specific redshift ranges
and corresponding measurements are detailed in [13]. As in the previous analysis, we incorporate the BAO dataset
in combination with additional cosmological probes, including the DESY5 galaxy clustering data, PantheonPlus (PP)
measurements, and the Union 3 compilation of Type Ia supernova observations, to ensure a comprehensive and robust
constraint on the model parameters.

We summarize the observational constraints derived from our analysis in Table V. Notably, we do not obtain any
robust constraints on the dark matter equation-of-state parameter, wg,,, regardless of the combination of datasets
considered. However, our results consistently indicate a higher value of the matter density parameter, €2,,, and a lower
value of the product hrg, compared to our analysis with the DESI.

Dataset Hy Wdm ‘ Qo hrgq
SDSS 75720 | < —0.0256 | 04137508 | 97.5+2.2
SDSS+DESY5 | 76730 | < —0.0321 | 0.38470030 98.54:99
SDSS+PP 77720 | < -0.0290 | 0.36375:92 | 99.2+1.0
SDSS+Union3 74120 < —0.0201 0.39010 532 98.14:49

TABLE V. 68% constraints on wdam, Q2m, and hrg from SDSS BAO alone and combined with DES-Y5, PP, and Union3

supernovae.
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