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ABSTRACT

Comparison between cosmological studies is usually performed in a statistical manner at the level of the posteriors of cosmological
parameters. In this Letter, we show how this approach poorly reflects the differences between cosmological analyses, when applied to
cosmological studies using galaxy cluster abundances. We illustrate this by deriving the implications of the best-fit cosmologies from
the recent SPT and eROSITA cluster number counts analyses on the Planck thermal Sunyaev-Zeldovich (t-SZ) probes. We first fix
the mass calibration, and find that the Planck cluster sample would theoretically contain 498 clusters with the SPT cosmology, and
1098 clusters with the eROSITA cosmology, instead of the 439 clusters observed. We then fit the Planck number counts with cosmo-
logical parameters fixed to the SPT and eROSITA best-fit values, varying only the hydrostatic mass bias, and find required biases of
0.790 + 0.070 and 0.630 + 0.034 for SPT and eROSITA respectively, instead of the 0.844*205 derived in Aymerich et al. (arXiv eprints
[arXiv:2509.02068]). Lastly, we compute the expected t-SZ power spectrum obtained from the SPT and eROSITA cosmologies, and
compare these to the Planck measurement. While the predicted SPT angular power spectrum is in good agreement with the Planck mea-
surements, the normalisation of the predicted eROSITA angular power spectrum is two times higher at all scales. These two tests highlight

the power of comparing predicted cluster abundances and t-SZ power spectra to measured data in a physically interpretable way.
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1. Introduction

The comparison between cosmological studies is often under-
taken at the final cosmological parameter level. While this
approach has the advantage of allowing comparisons between
very different types of analyses, it can render the comparisons
not very physically interpretable. This is particularly true for
the abundance of large-scale structures in the late-time Uni-
verse, which is a source of disagreement between different stud-
ies. This problem is known as the Sg tension, where Sg is
defined as Sg = o3 VQ,/0.3. Historically, most analyses of the
late-time Universe (in particular cosmic shear studies such as
Heymans et al. 2021; Amon et al. 2022; Li et al. 2023) found a
lower S'g value than that predicted by Cosmic Microwave Back-
ground (CMB) studies (e.g. Balkenhol et al. 2023; Tristram et al.
2024; Louis et al. 2025). In recent years, the situation has
evolved and has now become less clear, with certain late-time
studies finding rather high Sg values, compatible with or even
higher than the CMB derived values (see e.g. Ghirardini et al.
2024; Wright et al. 2025). In this Letter, we focus on one piece
of the Sg tension puzzle, and propose a new approach to galaxy
cluster study comparison. Instead of focusing on the best-fit
derived Sg, we directly estimate the implications of one study’s
best-fit cosmology on another study’s probes, thus providing a
more direct illustration of the differences between analyses.

We focus on the implications of the best-fit cosmologies from
analyses of the South Pole Telescope (SPT, Bocquet et al. 2024)
and eROSITA (Ghirardini et al. 2024) cluster samples on the ther-
mal Sunyaev-Zeldovich (t-SZ) probes in the Planck sky. We chose
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to compare these studies in particular since the cluster mass cali-
brations were performed using weak-lensing (WL) shear profiles
from Dark Energy Survey (DES) data. This same calibration pro-
cess was also applied to the Planck cluster sample (Aymerich et al.
2025), which found that the masses derived for clusters present in
both the eROSITA and Planck catalogues by the respective best-fit
mass calibrations were fully consistent. This means that the differ-
ences in final cosmological constraints are not due to the mass cal-
ibration (which can shift the final constraints along the S'g direc-
tion; see e.g. Pratt et al. 2019) but are caused by differences in the
catalogues or in their modelling. We studied two observables of
the t-SZ sky: the cluster number counts and t-SZ angular power
spectrum. For the number counts, we computed how many clus-
ters should have been found in the second cosmological Planck
catalogue of t-SZ sources (PSZ2, Planck Collaboration XX VII
2016) according to the best-fit cosmology of Bocquet et al. (2024)
and Ghirardini et al. (2024) and compared it with the observed
PSZ2 catalogue. We also derived the mass bias needed to rec-
oncile the observed Planck number counts and the prediction
from the best-fit cosmologies of the two studies. For the t-SZ
power spectrum, we compared the Planck t-SZ spectra derived
by Tanimura et al. (2021) with the expectations from SPT and
eROSITA cosmologies using the model of Douspis et al. (2022).

2. Cluster number counts

For this study, we used the cluster population model (i.e. the
part of the likelihood that takes a set of cosmological parameters
and outputs a theoretical prediction of cluster number counts)
from Planck Collaboration XXIV (2016), with the mass calibra-
tion from the Planck+DES analysis (Aymerich et al. 2025) as it
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was found to be consistent with the mass calibration from the
eROSITA analysis. Given that the SPT analysis used the same
procedure and DES data, we also expect its mass calibration to
be fully consistent with the one we used for our investigation.

While the three surveys probe slightly different mass and
redshift ranges, they still observe the same Universe, and com-
paring their results is relevant as long as the shape of the halo
mass function accurately represents the matter distribution.

We refer to Planck Collaboration XXIV (2016) and
Aymerich et al. (2024, 2025) for a full description of the Planck
population modelling and mass calibration. We note here that
the mass calibration used for the latter study relies on a scaling
relation obtained from Chandra-derived masses corrected by
the introduction of a hydrostatic mass bias, calibrated with the
DES data. This point is of particular importance, as the value of
the mass bias depends on the X-ray telescope used to derive the
hydrostatic masses. Masses derived from XMM-Newton data
(as used in Planck Collaboration XXIV 2016) are on average
lower than those derived from Chandra data. This is due to a
difference in measured temperatures, which can be explained
by uncertainties in effective area calibration, and leads to a
~15% lower (1 — b) value when using XMM-Newton masses'
(Schellenberger et al. 2015; Aymerich et al. 2024).

2.1. Fixed mass calibration

The first part of our investigation was to fix the mass calibration
to that of the Planck+DES analysis and to predict the expected
PSZ2 number counts with the Planck population model for the
SPT and eROSITA cosmologies. This allowed us to highlight the
impact of the different S values in terms of the number of clus-
ters that should have been detected in the Planck data to obtain
the same final cosmology as other studies. To do so, we ran-
domly selected 200 samples from the posterior of each study and
predicted the theoretical cluster number counts for every set of
cosmological parameters. The mass calibration parameters were
randomly sampled from the posterior of the Planck+DES analy-
sis. We report the results as median and 1o uncertainties.

Figure 1 shows the observed number counts in the PSZ2
sample and compares them with the expectations for the
Planck+DES, SPT, and eROSITA cosmologies. We find that the
SPT cosmology predicts a slightly higher number of clusters
(~13%) than actually observed by Planck, but is fully consis-
tent at the 1o level with the Planck+DES cosmology. On the
other hand, the PSZ2 sample would need to contain 1098 clus-
ters, instead of 439 in the actual sample, in order to obtain the
eROSITA best-fit cosmology with the population model from
Planck Collaboration XXIV (2016).

2.2. Varying the mass bias

In Sect. 2.1, we focus on the impact of the cosmologies on
the number of clusters in the PSZ2 sample, while keeping the
mass calibration fixed. This was justified by the fact that the
mass calibration is probably not the cause of the differences
between the analyses since masses derived by the Planck+DES
and eROSITA studies are consistent. Here, we changed our
approach and fit the observed number counts, fixing the cos-
mology to the SPT and eROSITA posteriors, letting the hydro-
static mass bias vary. To marginalise over the cosmology, we
used the likelihood of Planck Collaboration XXIV (2016) and
ran an MCMC fit of the bias for 200 randomly selected samples
from the posterior of each study.

! The mass bias is parametrised by the (1 — b) value, defined as My =

(1 —b)M, where My is the hydrostatic mass and M the true halo mass.
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Fig. 1. Comparison of the predicted number counts for the Planck sam-
ple for the cosmologies of eROSITA, SPT, and Planck.

Table 1. Mass bias values obtained by fitting the Planck number counts
with the SPT and eROSITA cosmologies.

Planck+DES SPT eROSITA
Q, 031270918 0286+0.032  0.29700)
o 0777 £0.024 0817 +0.026  0.88 +0.02
Ss 07917093 0.795+0.029  0.86 + 0.01
1-b) 0.84470955 0790 +0.070  0.630  0.034
(1= Dxaie 07217097 06740059 0.538 + 0.029

Notes. The (1 — b)xymm-1ike Value is obtained by rescaling the Chandra
bias by the (1—-b)xymm/ (1 —b)chanara ratio from Aymerich et al. (2024). It
only illustrates the bias one would expect to obtain with XMM-Newton
data, as it might be more familiar in the context of Planck clusters.

Table 1 presents the hydrostatic mass bias values derived for
the SPT and eROSITA cosmologies, and compares them with
the hydrostatic mass bias obtained in the Planck+DES analysis.
Figure 2 compares the eROSITA mass (taken from the eRASS1
catalogue, Bulbul et al. 2024) and the Planck mass for all clus-
ters found in both catalogues. The Planck mass is derived either
with the mass calibration from the Planck+DES analysis (in
grey) or with the mass bias obtained for the eROSITA cosmol-
ogy in this study. We did not include masses obtained for the
SPT cosmology bias for clarity as they are very similar to the
Planck+DES masses. Obtaining the eROSITA cosmology with
the PSZ2 sample would require a very low (1 — b) value, espe-
cially for a Chandra mass bias; the corresponding XMM-Newton
bias would be ~0.54. The masses derived from the Planck data
with this mass bias are not consistent with the masses of the
eRASSI1 catalogue, unlike the Planck masses computed with the
DES mass calibration.
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Fig. 2. Comparison of eROSITA and Planck masses. In grey, Planck
masses are computed with the best-fit mass bias from the Planck+DES
analysis. In blue, Planck masses are computed with the mass bias
required to obtain the eROSITA cosmology with the PSZ2 catalogue
and population model.

3. t-SZ power spectrum

We extended our analysis by investigating the effect of the differ-
ent cosmologies and bias values on the t-SZ angular power spec-
trum (APS). Using the last Planck released maps, Tanimura et al.
(2021) estimated the t-SZ amplitude between £ ~ 60 and
¢ ~ 1000, marginalising over residual foregrounds (CIB and
point sources). The t-SZ APS can be computed for any ACDM
cosmological parameter set using the halo model and assump-
tions on the pressure profile and the hydrostatic mass bias
(Komatsu & Seljak 2002). We used the same modelling as in
Salvati et al. (2018) and Douspis et al. (2022), and predicted the
t-SZ APS for the three cosmological parameter sets derived from
the galaxy cluster count analyses discussed above (Planck+DES,
SPT, eROSITA). We assumed a gNFW pressure profile from
Arnaud et al. (2010) and the M — Yg; scaling relation from
Planck Collaboration XI (2011). As these two ingredients are
derived using XMM-Newton data, in our modelling of the three
angular power spectra, we assume the XMM-like bias found for
the Planck sample combined with the DES data ((1-b) = 0.721).

Figure 3 shows the three APS with the Planck y-map APS
from Tanimura et al. (2021, cleaned in black, raw from the y-
map in grey). The uncertainties associated with the cosmological
parameters are plotted in grey, pink, and blue bands respectively
for Planck, SPT, and eROSITA. While the APS obtained using
the best model from the Planck number counts is slightly lower
than the data points of Tanimura et al. (2021), the SPT APS is
in perfect agreement. In contrast, the eROSITA APS is ~2 times
higher in amplitude at all scales, and even exceeds the raw APS.
This difference is consistent with the ~2.5 times larger number
of clusters predicted for the eROSITA cosmology. The fact that
the difference is slightly smaller in terms of t-SZ APS compared
to number counts is explained by the fact that the t-SZ APS
also probes smaller mass scales, where the difference between
Planck and eROSITA cosmologies, mainly driven by a different
o value, is smaller.

Following Sect. 2.2, we moved to fit the Planck t-SZ APS
allowing for a free mass bias but fixing the cosmology to
eROSITA analyses. The bias needed to reconcile the high value
of og from eROSITA and the observations is (1 — b) ~ 0.59. We
did not perform the analysis for SPT as the APS are already in
agreement.

10!
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Fig. 3. Comparison of t-SZ angular power spectra assuming the Planck,
SPT, and eROSITA number counts cosmologies. The shaded area takes
into account the uncertainties on the cosmological parameters for each
analysis (and the trispectrum term of uncertainty for the Planck power
spectrum). The data obtained from Planck y-map are plotted in black.

4. Discussion and conclusions

In this Letter we presented the discrepancies between the
Planck+DES (Aymerich et al. 2025), SPT (Bocquet et al. 2024),
and eROSITA (Ghirardini et al. 2024) analyses from a new per-
spective, in terms of t-SZ observables rather than S'g constraints.
We first focused on the cluster number counts predicted by the
Planck population model for the three different cosmologies.
We found that the SPT cosmology yields a slightly higher num-
ber of clusters, by about 13%, but is overall in good agreement
with the observed abundance of clusters in the Planck sky. In
contrast, the number counts predicted with the eROSITA cos-
mology and the Planck population model are about 2.5 times
larger than the observed cluster population. Such a difference
is not easily explained, especially since the mass calibrations
of the Planck+DES and eROSITA analyses are consistent. We
also note that both studies use the halo mass function derived in
Tinker et al. (2008). While uncertainties in the cluster selection
functions are expected for all surveys, the Planck uncertainties can
hardly explain such a large difference (see e.g. Gallo et al. 2024).

When reversing the problem and trying to fit the observed
number counts to the SPT and eROSITA cosmologies by vary-
ing the hydrostatic mass bias, we again found that the SPT
best-fit cosmology is very compatible with the Planck+DES
analysis. The required bias of 0.790 +0.070 is compatible within
1o with the value from Aymerich et al. (2025). On the other
hand, reconciling the Planck number counts and eROSITA cos-
mology requires a bias value of 0.630+0.034 (or 0.538+0.029 in
the case of the XMM-Newton-like bias), in ~3.1¢0 tension with
the value derived in Aymerich et al. (2025).

Figure 4 compares the hydrostatic mass bias values obtained
in this study (see Sect. 2.2) with values from the literature
(from Battaglia et al. 2013; Biffi et al. 2016; McCarthy et al.
2017; Le Brunetal. 2017; Guptaetal. 2017; Henson et al.
2017; Pearce et al. 2020; Ansarifard et al. 2020; Barnes et al.
2021; Gianfagnaetal. 2021; Wickeretal. 2023; Kay et al.
2024; Aymerich et al. 2024; Sereno et al. 2025). The simula-
tion results were taken from the compilation of bias studies by
Gianfagna et al. (2021), to which the recent FLAMINGO results
were added (Kay et al. 2024). The observational results are a
compilation of a few recent bias values derived from cluster
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Fig. 4. Comparison of the biases obtained in Sect. 2.2 with values from
the literature. Two values for a single study indicate that it is subject
to the X-ray temperature calibration differences. A dark blue diamond
corresponds to a Chandra bias and a red diamond to an XMM-Newton
bias. The crosses indicate Chandra-like or XMM-like biases, i.e. biases
rescaled to the expected value with data from the other instrument. The
light blue points correspond to analyses insensitive to the X-ray temper-
ature calibration problem, with a diamond indicating an observational
value and a dot indicating a value derived from simulations.

samples. This list of results combines different analyses that dif-
fer in their mass definitions and is not meant for direct compari-
son, but rather to illustrate the range of expected bias values.

The comparison of the bias values in Fig. 4 shows that the
bias obtained with the SPT cosmology and the bias derived in
Aymerich et al. (2025) are within the expected range of hydro-
static bias values. However, the (1 — b) = 0.630 value required
by the eROSITA cosmology is very low, and inconsistent with
the values derived by most studies, as shown in Fig. 4.

When computing the t-SZ power spectrum for the different
cosmologies, we found that the APS predicted for both SPT and
Planck cosmologies are in good agreement with the foreground-
cleaned APS obtained by Tanimura et al. (2021). The APS pre-
dicted for the eROSITA cosmology was found to be higher than
the foreground-cleaned APS by a factor of ~2 on all scales. At
large scales (¢ < 500), the predicted APS even exceeds the raw
APS obtained directly from the Planck y-map. We found that the
bias needed to reconcile the predicted APS with the foreground-
cleaned measured APS, while keeping the eROSITA cosmology,
is (1 — b) ~ 0.59. This value is in reasonable agreement with the
(1-b) =0.538 +0.029 XMM-like bias derived from the number
counts fitting in Sect. 2.2, and lower than what is expected from
previous studies of the hydrostatic mass bias (see Fig. 4).

In conclusion, we highlight the tension between recent clus-
ter analyses in terms of observables, namely t-SZ power spec-
trum and cluster abundance. Instead of comparing Sg values,
we showed the discrepancies between the studies in a more
physically interpretable way and found that reconciling Planck,
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SPT, and eROSITA cluster cosmologies requires rather extreme
assumptions in terms of selection function and/or mass calibra-
tion. Given that the two analyses share the same halo mass func-
tion (Tinker et al. 2008) and have consistent mass calibration,
the tension between Planck and eROSITA likely comes from the
population modelling. In the case of Planck, one possible source
of uncertainty is the spatial template used for cluster detection,
which has been shown to possibly impact the sample complete-
ness (Gallo et al. 2024). In the case of eROSITA, there are some
possible hints of contamination in the sample, particularly at
high redshift (Artis et al. 2025). However, in their current state
of understanding, none of these sources of uncertainties is large
enough to fully explain the observed tension.
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