Galaxy clusters vs.
Planck+BAO:
an X-ray view
A.Vikhlinin (Harvard-Smithsonian CfA)

What goes into the X-ray N(M)
•

Clusters are detected well above the ROSAT sensitivity limit, hand-checked, etc., strictly fx-limited
sample of 50 objects created.

•
•

Chandra data obtained for all clusters, deep Chandra data for a subset.

•

Derived proxy-vs.-Lx relation used to compute the selection function and estimate individual M’s.

Deep Chandra data used for hydrostatic masses, which normalize scaling relations with a lowscatter proxy (YX). Scaling relation cross-checked with weak lensing data.
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re 11. Calibration of the Mtot –YX relation. Points with errorbars show
ndra results from Vikhlinin et al. (2006) with seven additional clusters
tion 4). The dashed line shows a power law fit (excluding the lowest mass
er) with the free slope. The dotted line shows the fit with the slope fixed
e self-similar value, 3/5 (parameters for both cases are given in Table 3).
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Or, ×1.45 correction of cluster masses

luminosity of a cluster but to produce correlated variations in its
measured SZ flux, richness and lensing mass. Finally, misidentification of the centre and misestimation of the virial radius of a given
cluster will induce variations in all its observables. Generically, such
effects imply that deviations from the various mass–observable relations are not independent. Rather, there is a non-zero covariance
which reflects common sensitivities to halo structure, orientation,
environment and foreground/background superposition – surrogates
which are similarly sensitive to these factors are expected to exhibit
a high degree of correlation (see also Stanek et al. 2010).
We quantify this effect in Fig. 6 which shows scatter plots of the
deviations from the mean at given M 200 in the logarithms of the

The strongest correlation is that between the deviations in lensing mass and Y SZ , presumably because they are similarly sensitive
to cluster orientation, projection, miscentring and misestimation of
R200 . The second strongest is between LX and Y SZ , the two quantities sensitive to our estimates of gas density and temperature. The
weakest is between richness and LX , perhaps because the X-ray
luminosity is dominated by the dominant central concentration of
clusters while N opt is influenced substantially by orientation and
projection effects. The other three correlations are all of similar
strength.
While Fig. 6 illustrates the correlated scatter in observables among clusters of given ‘true’ mass, the more relevant
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Scatter ± factor of 1.36
in Lx for fixed M

No bimodality or negative tails
in the p(Lx) or p(Y)

Figure 6. Correlations among deviations of observables in galaxy clusters with mass in the range 4 × 1014 M" < M 200 < 1 × 1015 M" . Data correspond to
logarithmic deviations, i.e. ! log (s) ≡ log (s) − %log (s)&, where the mean is computed for clusters in narrow mass bins (! log M 200 = 0.2). The intensity
of the background 2D histogram is proportional to the number of haloes in the corresponding region of the plot, with a darker grey-scale indicating a larger
number density of objects. The red circles correspond to the average y value in bins along the x axis. The linear correlation coefficient r for each pair of
observables is given in the legend of each panel.

From Angulo et al. 2012
results for M200>4×1014
median mass in the X-ray sample is
M500=4×1014 h–1 → M200=9×1014
'
C 2012 The Authors, MNRAS 426, 2046–2062
C 2012 RAS
Monthly Notices of the Royal Astronomical Society '

×3 error in selection function?
Mean relation for XMM / REXCESS

Possible indication of a
problem in the Lx-Yx
relation for X-ray selected
and SPT selected clusters?

XMM measurements
for Planck clusters

g. 12. Scaling properties of Planck clusters, colour-coded as a function of redshift. In all figures, R500 and M500 are estimated from the M500 –YX
ation of Arnaud et al. (2010). Top left panel: the scaled density profiles of the new clusters confirmed with XMM-Newton observations. The
ii are scaled to R500 . The density is scaled to the mean density within R500 . The thick lines denote the mean scaled profile for each submple. The black line is the mean profile of the REXCESS sample (Arnaud et al. 2010). Other panels: scaling relations. Squares show the
w clusters confirmed with XMM-Newton observations. Points show clusters in the Planck-ESZ sample with XMM-Newton archival data as
sented in Planck Collaboration (2011c). Relations are plotted between the intrinsic Compton parameter, D2A Y500 , and the mass M500 (top right
nel), between the X-ray luminosity and Y500 (bottom left panel) and between mass and luminosity (bottom right panel). Each quantity is scaled
h redshift, as expected from standard self-similar evolution. The lines in the left and middle panel denotes the predicted Y500 scaling relations
m the REXCESS X-ray observations (Arnaud et al. 2010). The line in the right panel is the Malmquist bias corrected M–L relation from the
EXCESS sample (Pratt et al. 2009; Arnaud et al. 2010). The new clusters are on average less luminous at a given Y500 , or more massive at a
en luminosity, than X-ray selected clusters. There is no evidence of non-standard evolution.
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×3 error in selection function?
But, perfect agreement with Lx-Yx derived for the Chandra sample
1050
VIKHLININ ET AL.

VIKHLININ ET AL.

Vol. 692

Vol. 692

Chandra relation
± scatter

ith Mtot estimated from YX . Left: the correlation for low-redshift clusters (black points) with the best-fit power
usters with the luminosities corrected for the evolution [E(z)γ ]. All luminosities are corrected for the expected
in the normalization of the LX –M relation. Individual measurements have been corrected for Malmquist bias
tted lines show the best fit in the form E(z)γ and (1 + z)γ , respectively. In both panels, the clusters with large
s. The lack of a systematic offset between clusters with the estimated strong and weak Malmquist bias proves
> 1 clusters in this panel are from the RDCS survey (Tozzi et al. 2003); they were not used in the fit and are
r best-fit E(z)γ evolution to higher redshifts still produces reasonable results.

Figure 12. Results for the mass–luminosity relation with Mtot estimated from YX . Left: the correlation for low-redshift clusters (black points) with the best-fit power

Mtot measurements
law relation. The red points show the data for high-z clusters with the luminosities corrected for the evolution [E(z)γ ]. All luminosities are corrected for the expected
appears to lead to
500
500
have been corrected for Malmquist bias
n of the LX –MtotMalmqiust bias (see Appendix A.2). Right: evolution in the normalization of the LX –M relation. γIndividual measurements
γ

g. 12. Scaling properties of Planck clusters, colour-coded as a function of redshift. In all figures, R and M are estimated from the M500 –YX
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Weak lensing masses from Hoekstra ’07, no offset
relative to hydrostatic masses (±10% unc.)
However, Hoekstra ’12 WL masses lower,
H12/H07 = 0.87±0.08 for 19 objects in common
... but very little change for these 10 clusters:
H12/Chandra = 0.98±0.08
... but another large sample (von der Linden,
Applegate et al.) goes higher than H12,
A12/H12 = 1.2±??
... but A12 is consistent with H07

gure 11. Calibration of the Mtot –YX relation. Points with errorbars show... and –(5-10)% biases in Mwl expected at
handra results from Vikhlinin et al. (2006) with seven additional clusterssome reconstructions methods (Becker &
ection 4). The dashed line shows a power law fit (excluding the lowest mass
uster) with the free slope. The dotted line shows the fit with the slope fixed
the self-similar value, 3/5 (parameters for both cases are given in Table 3).
pen points show weak lensing measurements from Hoekstra (2007; these data
e not used in the fit); the strongest outlier is A1689 (open star), a known case
TODO:structures
Get more
data;
apply
identical
large-scale
superposed
along
the line
of sight. Yx-Mwl approach to all H12 and A12 clusters; test

least for
Kravtsov)

irreducible biases due to LSS for actual WL reconstruction methods; understand the difference
between
At present,
~20%
to M’s are not excluded.
assume
thatH12
the and
sameA12.
relation
is also valid
for corrections
unrelaxed
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Conclusions
• Profound, factor of ~ 2.5, mismatch between observed Ncl and
prediction of the Planck+BAO model

• Sample selection function revisions of this magnitude implausible
• No concrete evidence for any significant hydrostatic bias from

comparison of Chandra and WL masses. But ~20% revisions of M’s in
the near future not excluded (half-way to fix the problem).

• No direct evidence for mismatch in σ

at the same z. Possibly,
tension with clusters is of same nature as with direct-H0, SN,
WMAP (want lower ΩM, higher h)
8

• If we fit ΛCDM with, e.g. Ω

and σ8≣0.79, will we see big (×2)
problems in any cosmological dataset?
M≣0.28

“Centennial” low-z X-ray sample: plans
+20 more from
400deg2

•
•

Completely uniform Chandra analysis (internal X-ray measurement biases < 2%)

•
•

We’ll provide a method to easily account for changes in Mwl/MX-ray or YSZ/YX etc.

We’ll publish a CosmoMC module (btw, the module for CCCP is now available at
http://hea-www.harvard.edu/400d/cosm/combined/en)
Expected statistical accuracy:
- ±0.01 in σ8,
- ±0.06 eV in ∑mν assuming perfect CMB amplitude and perfect cluster masses

