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Abstract. Starting from the clusters included in the NIKA sample and in the
NIKA2 Sunyaev-Zel’dovich Large Program (LPSZ) we have selected a sam-
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ple of six common objects with the Cluster Lensing And Supernova survey
with Hubble (CLASH) lensing data. For the LPSZ clusters we have at our dis-
posal both high-angular resolution observations of the thermal SZ with NIKA
and NIKA2 and X-ray observations with XMM-Newton from which hydrostatic
mass estimates can be derived. In addition, the CLASH dataset includes lensing
convergence maps that can be converted into lensing estimates of the total mass
of the cluster. One-dimensional mass profiles are used to derive integrated mass
estimates accounting for systematic effects (data processing, modeling, etc.).
Two-dimensional analysis of the maps can reveal substructures in the cluster
and, therefore, inform us about the dynamical state of each system. Moreover,
we are able to study the hydrostatic mass to lensing mass bias, across different
morphology and a range of redshift clusters to give more insight on the hydro-
static mass bias. The analysis presented in this proceeding follows the study
discussed in [20].

1 Introduction

Clusters of galaxies have been shown to be excellent cosmological probes [1–3]. Never-
theless, cluster-based cosmological results show a trend towards lower σ8 than CMB-based
results [4]. This may be due to a lack of knowledge on cluster physics and its impact on the
reliable evaluation of cluster masses. Different mass estimates are affected by different sys-
tematic uncertainties [4], so combining observables may help building a consistent and more
accurate mass estimate. In this work we will combine hydrostatic equilibrium and lensing
mass estimates using the common sample between NIKA, the LPSZ and CLASH.

The NIKA2 Sunyaev-Zel’dovich Large Program (LPSZ) [5] studies 45 high redshift (z in
0.5-0.9) galaxy clusters selected in SZ. One of its objectives is to reconstruct the hydrostatic
equilibrium (HSE) mass of the clusters by combining the electron pressure reconstruction
using the thermal SZ (tSZ) effect with the NIKA2 camera [6–9] and the electron density and
temperature from X-rays with XMM-Newton satellite. The CLASH collaboration [10] ob-
served 25 massive galaxy clusters of redshift 0.2 to 0.9. From the combined strong and weak
lensing analysis, they reconstructed convergence maps (κ-maps) that are publicly available
[11] and are the starting point for the lensing study in this work.

2 The LPSZ-CLASH sample

We present in Figure 1 five of the six clusters in our sample. The study of the LPSZ-
CLASH cluster PSZ2-G045.32-38.46 is ongoing and it will not be presented in this work.
PSZ2-G160.83+81.66 (z=0.89), PSZ2-G144.83+25.11 (z=0.58) and PSZ2-G228.16+75.20
(z=0.55) are part of the LPSZ sample and we will study their HSE and lensing mass profiles.
For PSZ2-G144.83+25.11 we will use the results from the thermal SZ and X-ray analy-
sis done in [15]. Furthermore, MACS J1423.8+2404 (z=0.55) and MACS J0717.5+3745
(z=0.55) were part of the NIKA sample [16]. For the HSE mass analysis of MACS
J1423.8+2404 we will use the results from [17] and the tSZ-map for the study of MACS
J0717.5+3745 will be taken from [18].

3 Mass profiles reconstruction

3.1 Hydrostatic mass profiles

The HSE mass reconstruction was done, on the one side, by combining the electron pres-
sure profile obtained from SZ data and the electron density from X-rays as explained in
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Figure 1. The LPSZ-CLASH sample, from left to right: PSZ2-G160.83+81.66, PSZ2-G144.83+25.11,
PSZ2-G228.16+75.20, MACS J1423.8+2404, MACS J0717.5+3745. CLASH κ-maps on top. NIKA2
and NIKA SZ-maps at the bottom.

[15, 17, 19]. On the other side, we combine XMM-Newton X-ray spectroscopic temperature
and electron density profiles [14]. For PSZ2-G160.83+81.66 and PSZ2-G228.16+75.20, the
contamination of point sources was estimated as in [19] and taken into account for the elec-
tron pressure fit on the SZ map. For PSZ2-G144.83+25.11 the southwestern over-pressure
region was masked to fit the pressure profile as well as the electron density [15]. The tSZ sig-
nal in MACS J1423.8+2404 is very contaminated by point sources and they were subtracted
before the pressure profile fit (M2 method in [17]).

3.2 Lensing mass profiles

For the lensing mass estimation we followed the procedure described in [20]. Convergence
maps (κ-maps) are surface mass density maps (Σ) in critical density units (Σcrit), where Σcrit =

c2

4πG
Ds

DlDls
and Ds,Dl and Dls correspond to the angular diameter distance between the observer

and the source, the observer and the lens (the cluster) and the lens and source, respectively.
CLASH convergence maps have been scaled to Ds/Dls = 1 [11], therefore, the κ-map for
each cluster can be easily converted into a Σ-map.

In order to reconstruct the three dimensional density profiles of the clusters, we assume
spherical symmetry and fit the analytical projected Navarro-Frenk-White (NFW, [21, 22])
density profile to the radially averaged profiles of the Σ-maps. We perform a Markov Chain
Monte Carlo (MCMC) fit to get the best-fit values of the free parameters rs and c200, the
characteristic cluster radius and the concentration, respectively. Finally, we can reconstruct
the lensing mass profiles by spherically integrating the best-fit NFW density profile for each
cluster. For some clusters in our sample, two different models of κ-maps were reconstructed,
Light-Traces-Mass and Pseudo-Isothermal Elliptical Mass Distribution with elliptical NFW,
hereafter LTM and PIEMD+eNFW. Details can be found in [11–13, 21]. For a coherent
comparison with the HSE mass profiles, surface mass density profiles are centered in the
same positions as the pressure and electron density profiles in Section 3.1. As a consequence,
the centers of some projected density profiles may not coincide with the density peaks in the
maps.

4 Hydrostatic and lensing mass comparison

The reconstructed HSE and lensing mass profiles for PSZ2-G160.83+81.66, PSZ2-
G228.16+75.20, PSZ2-G144.83+25.11 and MACS J1423.8+2404 are presented in Figure 2,
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with 1σ and 2σ confidence envelopes. The envelopes of the lensing mass profiles are very
thin compared to the HSE ones. This is due to the small amount of parameters (2 in the NFW,
instead of more in [30, 31]) that we fit compared to the case of the HSE mass, as well as the
fact that we consider the convergence maps as true, meaning that the radially averaged pro-
files of the Σ-maps that we use for the fit only contain statistical uncertainties. Nevertheless,
the uncertainties in our results are consistent with the ones in [32] and we will proceed with
them. Due to the complex morphology of MACS J0717.5+3745 and the simplicity of our
model, we choose to analyse this cluster with a different approach in Section 5.

We concentrate here in comparing the different mass estimates obtained for the cluster
sample at the characteristic R500 radius. In Figure 3 we show the probability distribution in the
plane MHSE

500 and Mlens
500 for the four clusters. The MHSE

500 are obtained from SZ and X-ray. The
lensing masses are derived from the combination of the two lensing mass estimates (except
for PSZ2-G228.16+75.20 for which we only have one lensing mass), to account for modeling
effects. For PSZ2-G160.83+81.66 both Mlens

500 are in agreement and consistent with the MHSE
500 .

The complex morphology of PSZ2-G228.16+75.20 [29] makes the spherical modeling results
difficult to interpret. Even if our MHSE

500 estimate is consistent with [25], a more thorough study
of this cluster may be needed. For PSZ2-G144.83+25.11 the SZ data (see [15]) is of very
good quality and the spherical electronic pressure profile, having masked the overpressure
region, fits very nicely the data. This gives a very well defined HSE mass estimate. The two
Mlens

500 estimates for PSZ2-G144.83+25.11 are in agreement within 1σ uncertainties, but the
differences between the κ-map models enlarges the error bar in the final Mlens

500 distribution.
An extreme case of this effect is seen for MACS J1423.8+2404: the Mlens

500 estimation for
each of the lensing models is so different that the combined distribution reveals two distinct
peaks. These results highlight the impact that systematics can have in our mass estimate. We
see that the data quality, the cluster morphology and dynamical state, as well as the chosen
observables and the modeling influence the mass estimate.

4.1 Hydrostatic-to-lensing mass bias

The hydrostatic-to-lensing mass bias, bHSE/lens = 1 − MHSE
500 /M

lens
500 , is computed from the

distributions in the left panel in Figure 3 and presented in the center as the ratio between the
HSE and the lensing mass. The results vary largely from cluster to cluster and systematic
effects in mass estimates propagate to the bias. The mean hydrostatic-to-lensing mass ratio
of this small sample is MHSE

500 /M
lens
500 = 0.87 ± 0.47. This is in agreement with hydrodynamic

simulations [23], but we notice that the dispersion in our result is very large. This is also
consistent with the value needed to reconcile the cosmological constraints obtained from
Planck CMB power spectra to the cluster counts, MHSE

500 /M
tot
500 = 0.58± 0.04 [2, 24]. For such

comparisons we have to consider the lensing mass as an accurate estimate of the total mass
of clusters.

We have also compared the hydrostatic-to-lensing mass bias in a common inner region
(R1000) to avoid any extrapolation of the lensing mass profile. We show in the right panel
in Fig. 3 the ratios at the R1000 fixed by the SZ+X-ray HSE mass profile. In this case from
the combination of the four clusters, we obtain a mean value of MHSE/Mlens(RHSE

1000) = 0.97 ±
0.29. Notice that this ratio can not be directly compared to the R500 one as we expect some
variations with radius.

5 Identification of structures by comparing SZ and lensing maps

When comparing HSE and lensing mass results with spherical profiles we mix up different
effects that can hardly be disentangled and may bias the final results. This motivates a map to
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(F. Ruppin et al., 2018)
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(R. Adam et al., 2016)

Figure 2. Reconstructed HSE mass profiles: in blue for SZ+X-ray combination and in white dots
for X-ray only. Reconstructed lensing mass profiles for the two κ-map models in green and yellow.
Vertical colored dashed lines represent the R500 for each mass profile and black dashed lines NIKA(2)
instrumental beam and field of view.
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PSZ2G160. Integrated masses at R1000 = 792 kpc
PSZ2G228. Integrated masses at R1000 = 814 kpc
PSZ2G144. Integrated masses at R1000 = 807 kpc
MACSJ1424. Integrated masses at R1000 = 791 kpc
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Figure 3. Left: marginalized distributions of the density
probability for the lensing and HSE mass at R500. Cen-
ter: hydrostatic-to-lensing mass ratio for each cluster at R500.
Right: hydrostatic-to-lensing mass ratio for each cluster at a
fixed RHSE
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Figure 4. tSZ/κ map for MACS
J0717.5+3745. Map pixels for
which κ < 0.5 are set to zero. Con-
tours correspond to [0.5, 1, 1.5, 2,
2.5] levels in κ-map. The map has
been smoothed with a 18” Gaussian
kernel.

map comparison for complex clusters. We take as a test case the MACS J0717.5+3745 galaxy
cluster. Previous studies [18, 26–28] have revealed its complex morphology and dynamical
state: at least 4 sub-clusters interacting in a complex merger scenario, as well as sub-clusters
moving along the line-of-sight direction. We combine here the tSZ map from [18] and the
κ-map from CLASH [11]. In Figure 4 we present the tSZ/κ ratio map (in an arbitrary color
scale), with contours showing the levels in the κ-map. The tSZ map has been normalized to
Y500 and the κ-map to M500. The darkest green regions indicate the areas where the relative
contribution of the thermal pressure from the hot gas to the total mass budget is greater than
average. The presence of such hot region is consistent with outcomes from X-rays and from
the combination of X-rays and tSZ data [27].
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6 Conclusions

In this work we have constructed a NIKA and NIKA2 LPSZ-CLASH common sample of five
high redshift (0.55 - 0.89) galaxy clusters. We have compared for the first time their HSE and
lensing mass estimates, showing the impact that observables have in the mass calculation.
Moreover, we have highlighted the important contribution of lensing models to the mass
uncertainties and we have accounted for them. From the HSE and lensing mass profiles
reconstruction, we have obtained the hydrostatic-to-lensing mass bias for each cluster in the
sample. We observe a large dispersion across the sample and hints of contribution from
systematics. It will be, therefore, essential to treat these effects carefully when dealing with
larger samples. From this sample, we can not draw conclusions about the redshift evolution
of the bias. In addition, the analysis performed on MACS J0717.5+3745 has illustrated the
potential of map to map tSZ and lensing comparison for revealing cluster physics.
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