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Planck cosmology inconsistent 
with cluster counts 

cluster masses scaled up by 1.45 

Figure	  credits:	  A.	  Vikhlinin 



Constraining cosmology with 
the 400d X-ray Survey 

Vikhlinin et al. 2009 a,b 



The 400d X-ray cluster survey 

•  Serendipitous cluster detections in all 

suited Rosat/PSPC pointings (~400 

deg2): Burenin+07 

•  Chandra analysis, mass determination 

for cosmo-subsample of 36 X-ray 

luminous clusters z>0.35: Vikhlinin+09a 

•  Constraints of cosmological parameters 

comparing cosmo-subsample mass 

function to local clusters: Vikhlinin+09b 

Chandra image of  
CL J0230+1836,  
z=0.80 (Vikhlinin+09a) 
	  



The 400d weak lensing survey 

•  Independent measurement of cosmo-

subsample cluster mass function 

•  Aiming at consistency check of 

Vikhlinin+09b cosmology constraints 

•  Providing mass-observable scaling 

relations for intermediate-z, few 1014 

Msun cluster population Euclid and 

eROSITA are going to see. 
MMT/Megacam g’r’i’  
image of CL J0230+1836,  
z=0.80 (HI+12) 
	  

CL 0230+1836, z=0.80
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The 400d Weak Lensing Survey 

Weak lensing masses for first 8 clusters: HI+10,12 



WL masses from profile fitting 

•  Shear	  catalogue:	  KSB+	  using	  STEP	  calibration	  

from	  deep	  MMT	  r’	  stacks	  

•  Selection	  of	  background	  sources	  using	  MMT	  g’r’i’	  

colours	  where	  available	  

•  Distance	  calibration	  <Dds/Ds>	  using	  CFHTLS	  Deep	  

fields	  as	  proxy	  

•  NFW	  fit	  to	  tangential	  ellipticities	  in	  0.2<r<5	  Mpc	  

range	  from	  Rosat	  centre.	  

•  Marginalising	  over	  Bhattacharya+13	  c-‐M	  relation	  

Mass model for CL 
J1416+4446, HI+12 



Hydrostatic Masses 

•  Direct calculation of integrated mass profile 

•  Inputs: Vikhlinin+09a Chandra T_X and density profile, 

using Vikhlinin+06 parametrisation 

•  Chandra calibration based on Vikhlinin+05 

•  Reiprich+13 temperature profile 

•  Integration to r500 taken from WL, or physical radius 



HI+14 WL-hydro scaling relation 

HI+14 



Hydrostatic Mass Bias 

HI+14 



Hydrostatic	  bias	  weak,	  but	  could	  
be	  mass-‐dependent	  

•  Monte Carlo/jackknife method 

•  Most of our clusters consistent with Mhyd=Mwl 

•  No evidence for hydrostatic bias >~25%, if Mwl unbiased 

•  Surprisingly low level of scatter in mass-mass SR 

•  Low- and high-mass bins offset by ~2σ 
HI+14 



Same observations at fixed 
physical radius 

HI+14 



Mass-dependent no artifact of account 
for cluster members 

HI+14 



400d Clusters are rather low-mass 
H. Israel et al.: The 400d Galaxy Cluster Survey weak lensing programme. III.

Fig. 3. Comparisons with literature data. Left panel: black symbols show z > 0.35 clusters from Mahdavi et al. (2013), whose best-fit using Eq. (5)
is shown by the dot-dashed line. The cluster CL 1524+0957 is indicated by a diamond symbol. Coloured symbols and the dashed line show the
“default” Mwl

500–Mhyd
500 relation for cB13 as in the lower panel of Fig. 1. Middle panel: the same, but comparing to Foëx et al. (2012) (black symbols

and dot-dashed line for best fit). X-ray masses are measured within rhyd
500. CL 1003+3253 and CL 1120+4318 are emphasised by special symbols.

Right panel: scaling of lensing masses Mwl
500 with the YX proxy. Black symbols show the z > 0.35 clusters from M13, to which the thick, dash-dotted

line is the best fit. Shaded regions indicate the uncertainties to this fit. The thin, dash-dotted line gives the best fit M13 quote for their complete
sample, while the thin solid and long-dashed lines mark the M500–YX relations by V09a and Arnaud et al. (2010), respectively, for z = 0.40.

masses of all 36 clusters, we also find �2
red > 2 (Table A.2),

as well as significant non-zero logarithmic biases. While tracing
the cause of this observation is beyond the scope of this article, it
deserves further study. Because two of the clusters with highest���MY,T

500 � MG
500

��� are covered by our MMT subsample, we observe
a more mass-dependent MG/MY,T ratio than for all 36. Overall,
however, the MMT subsample is not a very biased selection.

4.5. Physical causes

An alternative and likely explanation for the mass-dependent
bias we observe could be a high rate of unrelaxed clusters, es-
pecially for our least massive objects. If the departure from
hydrostatic equilibrium were stronger among the low-mass
clusters than for the massive ones, this would manifest in
mass ratios similar to our results. Simulations show the o↵-
set from hydrostatic equilibrium to be mass-dependent (Rasia
et al. 2012), despite currently being focused on the high-mass
regime. Variability in the non-thermal pressure support with
mass (Laganá et al. 2013) may be exacerbated by small num-
ber statistics. At high z, the expected fraction of merging clus-
ters, especially of major mergers, increases. Unrelaxed cluster
states are known to a↵ect X-ray observables and, via the NFW
fitting, also lensing mass estimates. Indeed, the two most deviant
systems in Fig. 2 are CL 1416+4446 and the flat-profile “shear
plateau” cluster CL 1641+4001. Although the first shows an in-
conspicuous shear profile, we suspect it to be part of a possibly
interacting supercluster, based on the presence of two nearby
structures at the same redshift, detected in X-ray as well as in
our lensing maps (Paper II). Both these clusters are classified as
non-mergers in the recent Nurgaliev et al. (2013) study, introduc-
ing a new substructure estimator based on X-ray morphology.
However, WL and X-ray methods are sensitive to substructure

on di↵erent radial and mass scales, such that this explanation
cannot be ruled out. We summarise that the greater dynamical
range in WL than in X-ray masses might be linked to di↵erent
sensitivities of the respective methods to substructure and merg-
ers in the low-mass, high-z cluster population we are probing,
but which is currently still underexplored.

5. Comparison with previous works

5.1. The M

wl

500

–M

hyd

500

relation

Comparison with Mahdavi et al. (2013) results: recently, M13
published scaling relations observed between the weak lensing
and X-ray masses for a sample of 50 massive clusters, partly
based on the brightest clusters from the Einstein Observatory
Extended Medium Sensitivity Survey (Gioia et al. 1990). Weak
lensing masses for the M13 sample have been obtained from
CFHT/Megacam imaging (Hoekstra et al. 2012), while the X-ray
analysis combines XMM-Newton and Chandra data. While the
median redshift is z = 0.23, the distribution extends to z = 0.55,
including 12 clusters at z > 0.35. Owing to their selection,
these 12 clusters lie above the 400d flux and luminosity cuts,
making them directly comparable to our sample.

The left panel in Fig. 3 superimposes the Mwl
500 and Mhyd

500 of
the M13 high-z clusters on our results. The two samples overlap
at the massive (&5 ⇥ 1014 M�) end, but the 400d objects probe
down to 1⇥ 1014 M� for the first time at this z and for these scal-
ing relations. The slopes of the scaling relations are consistent:
using Eq. (5), we measure BM�M = 1.13 ± 0.20 for the 12 M13
objects. A joint fit with the 400d clusters (BM�M = 1.46 ± 0.57)
yields BM�M = 1.15 ± 0.14 and a low �2

red = 0.54, driven by
our data. We note that the logarithmic bias of b = 0.10 ± 0.05
for the M13 high-z clusters corresponds to a (20 ± 10) % mass
bias, consistent with both the upper range of the 400d results and
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HI+14 



Conclusions of HI+14 
•  Probing an unexplored region of parameter space: 0.4~z~0.5 

clusters, down to 1014 Msun 

•  WL and hydrostatic masses consistent; no evidence for hydrostatic 

bias of >~25% 

•  Mass-dependent hydrostatic mass bias robust against WL analysis 

settings 

•  MMT clusters well representative of 400d cosmo-sample (8 of 36) 

•  Mass-dependent bias due to small number statistics, very subtle 

analysis artefacts, or physically different low-mass cluster population 



XMM-like temperatures for 
400d clusters 

Schellenberger+14 conversion 



Recovering lower XMM hydro masses 



XMM-like WL-hyd scaling relation 



A stronger hydro mass bias 



A stronger hydro mass bias 



Summary & Conclusions 
•  ~20% lower hydrostatic masses converting temperatures to 

XMM-Newton PN 

•  Overall hydrostatic bias ~20% for all clusters, ~-5% for low 

mass clusters, ~35% for high-mass clusters 

•  Mass-dependent bias persists (cluster physics?) 

•  Preliminary results, ignoring different calibration timestamps 
and energy ranges 

•  Pointing towards consistency with von der Linden+14 

•  ~40% bias for massive “Planck”-clusters not ruled out 



Thanks!	  


