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The thermal Sunyaev-Zel’dovich (tSZ) Effect  
(Sunyaev & Zel’dovich 1972)

• Cosmic microwave 
background (CMB) photons 
are inverse Compton 
scattered by energetic 
electrons in ICM 

• Characterized by the 
Compton-y parameter
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The ΛCDM fits!
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Dolag, Komatsu, Sunyaev (2016)

provided the same 
cosmological params with 
the CMB+CMB lensing



Constraint on the cosmological params

tSZ, B=1.25

tSZ, B=1.67

(Planck 2015)

CMB+LENS+BAO

•tSZ amplitude is a sensitive probe of σ8Ωm 

•However strongly degenerate with the mass bias B



The mass bias 
• The mass bias B = Mtrue / Mobs 

• Cosmological parameters strongly 
degenerate with B 

• Mobs should be ~35% lower than Mtrue to 
reconcile with the CMB 

• Numerical simulations yield 5-20% of mass 
bias



Planck cluster mass vs lensing massPlanck cluster masses 3

adds a similar statistical scatter, yielding a total expected scatter
of ⇠ 30% (Becker & Kravtsov 2011). Therefore, relatively large
samples of clusters - selected in a way that does not depend on
their lensing properties - are required to determine the mass cali-
bration to high precision. The key question then becomes whether
the average weak-lensing mass is unbiased. Fortunately, simula-
tions indicate that for the most massive clusters, the average mass
from an NFW fit is unbiased to within a few percent if the radial fit
range is restricted to be within the virial radius (Becker & Kravtsov
2011; Bahé et al. 2012; Oguri & Hamana 2011; Giocoli et al. 2014).
Given that the clusters considered here are among the most mas-
sive known, we fit our shear profiles over the range of 0.75–3 Mpc.
The inner cut-o↵ ensures that the quoted mass is largely insensitive
to the choice of the concentration of the NFW profile: we assume
c = 4, appropriate for the most massive clusters, and have verified
that even substantial shifts in the assumed concentration cause only
slight shifts in the resulting masses.

In Applegate et al. (2014), we quantify the systematic uncer-
tainty associated with each of these components and show that the
WTG data for 51 clusters determine the ensemble mean mass to a
systematic precision of 7 per cent (8 per cent when statistical un-
certainties are included).

Note that the X-ray-selection of the WtG clusters ensures that
the comparison sample is fair (at least to the extent required here):
selection by X-ray luminosity is largely insensitive to triaxiality
and orientation along the line of sight (e.g. Allen et al. 2011). In-
stead, for X-ray selection, the dominant source of scatter is the ex-
istence/absence of a cool core. The WtG sample is thus unbiased in
the sense that for a given ’true’ cluster mass, it is equally likely to
have selected a cluster that scatters ’up’ or ’down’ in weak-lensing
mass.

3 RESULTS

3.1 Average mass calibration

In Fig. 1, we show the ratio MPlanck/MWtG as a function of MPlanck.
The Planck mass estimates are considerably lower than the weak-
lensing based WtG masses, especially at large Planck masses. Us-
ing bootstrap realizations of the unweighted mean1, we find the
average mass ratio for the 22 clusters used in the Planck cluster
cosmology analysis to be:

�cos =

*
MPlanck

MWtG

+
= 0.688+0.056

�0.050 (stat) ± 0.049 (syst) .

The systematic uncertainty quoted here expresses the systematic
uncertainty on the weak-lensing masses, i.e. it includes all entries
in Table 4 of Applegate et al. (2014) with the exception of the scat-
ter due to triaxiality, which is accounted for here in the statistical
uncertainty. Extending the sample to all 38 clusters yields a consis-
tent result:

�all = 0.698+0.039
�0.037 (stat) ± 0.049 (syst) .

The weak-lensing masses are expected to yield the true cluster
mass on average, and thereby enable a robust calibration of other

1 We verified that this procedure returns unbiased estimators of the mean
and standard deviation of a log-normal distribution, even in the presence
of intrinsic scatter and if the measurement uncertainties correlate with the
measured values (as can be seen in Fig. 1, less massive clusters have larger
error bars and higher MPlanck/MWtG).

Figure 1. The ratio of cluster masses measured by Planck and by WtG, for
the clusters common to both projects. Solid symbols denote clusters which
were included in the Planck cluster cosmology analysis (22 clusters) and
open symbols additional clusters in the Planck cluster catalog (16 clusters).
The red, solid line indicates a ratio of unity (no bias). The dashed red line
indicates (1 � b) = 0.8, the default value assumed throughout most of P16.
The blue line and shaded regions show our best-fit mass ratio along with
the 1- and 2-� confidence intervals. Since the weak-lensing masses are
expected to be unbiased on average, the ratio of Planck masses to weak-
lensing masses is a measure of the bias (1 � b) = MPlanck/Mtrue of the
Planck cluster masses as used in P20.

Figure 2. The direct comparison between M500 cluster masses measured by
Planck and by WtG. The symbols are the same as in Fig. 1. The green line
and shaded regions show the best-fit linear relation between the logarithmic
masses and its 1- and 2-� confidence intervals (the fit was performed with
log(MWtG) as function of log(MPlanck)).

c� 2014 RAS, MNRAS 000, 1–6

(von der Linden+ 2014)
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•Does the mass bias really originated from 
the gas physics (e.g., non-thermal 
pressure)? or due to some systematics in 
the observations? 

• Is there any mass or redshift dependence 
of the mass bias?

Questions



Questions
• Is the mass bias really originated from the 
gas physics (e.g., non-thermal pressure)? 
or due to some systematics in the 
observations? 

• Is there any mass or redshift dependence 
of the mass bias?

=> Cross correlation!



This work: tSZ-2MRS cross correlation
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• Go to local universe! 
• median z~0.03 (~0.3 for CMB lensing, ~0.1 for SDSS)



2MASS redshift survey (2MRS) 
(Huchra et al. 2012)

• ~43,500 galaxies with spectroscopic redshifts 
over the full sky 

• redshift distribution peaks at z ~ 0.03 

• Mass range of groups or clusters:  
10^11 < Mvir/Msun < 10^16
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2MASS redshift survey (2MRS) 
(Huchra et al. 2012)

• What can we learn? 

• Gas physics in the local universe 
̶ How do local galaxies trace gas? 

• would provide a great constraint on “the local 
universe simulation” (e.g. Dolag, Komatsu & 
Sunyaev 2016; Nuza, Dolag & Saro 2010)
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The 2MRS auto-power spectrum 
(Ando et al. 2018)

• Surprisingly, significantly 
detected even at large 
multipoles  

• despite ~1 galaxy/deg2 

• It is almost completely 
explained by the 
contributions from known 
groups and clusters 

• good for tracing SZ!
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S/N = 14.4  (l < 500)
First detection!
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- Correlation with 
contaminated sources?



Halo model
- 1-halo 

- 2-halo 

Mass function: Magneticum Pathfinder sim. (Bocquet+ 2016)
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Model: galaxies
ũg
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hN
cen

|Mi = 1

2


1 + erf

✓
logM � logM

0

�
logM

◆�

hNsat|Mi =
✓
M �M0

M1

◆↵

⇥(M �M0)

- Halo occupation distribution (HOD)

-         : Fourier transform of the NFW profileũsat



Model: tSZ
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Model: tSZ
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Covariance matrix
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parameter dependence
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MCMC fitting
•Free parameters are: 

•6 Cosmological parameters 

•Planck prior assumed (CMB+CMB lensing) 

•Galaxies: 
•3 HOD parameters and 2 parameters for radial 
distribution of satellite galaxies 

•tSZ: 
•B, αp, β and the amplitude of the contaminated 
sources (CIB, IR and radio point sources)
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Constraint on mass bias

•αp and β fixed 

• B = 1.52 +/- 0.10 
• consistent with weak 
lensing survey 

• The 2MRS-tSZ cross slightly  
improves the constraints

tSZ auto 
All



αp

•The 2MRS x tSZ solves the degeneracy between αp and B 

•consistent with the self-similar model, or no mass 
dependence of B

tSZ auto + 2MRS x tSZ: 
B = 1.5 +/- 0.1 
αp = 0.025 +/- 0.11

−0.50−0.25 0.00 0.25

αp

1.6 2.4 3.2 4.0

B

−0.50

−0.25

0.00

0.25

α
p

Cyy
l

Cgg
l + Cyy

l + Cgy
l

tSZ auto 
All



β
tSZ auto + 2MRS x tSZ: 

B = 1.42 +/- 0.15 
β = 0.97 +/- 0.87

•The 2MRS x tSZ does not help to constrain β 

•need to constrain the amplitude of foregrounds

tSZ auto 
All



Summary
• First detection of the 2MRS x tSZ  

• Observed cluster mass should be 35% lower than 
the true mass 

• consistent results for the tSZ auto and tSZ-2MRS 
cross 

• tSZ x 2MRS significantly improves a constraint on 
the mass - pressure relation 

• No mass or redshift evolution of B is needed
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