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Perseus Cluster

Galaxy clusters provide valuable information on
cosmology, from the nature of dark energy to the physics
driving galaxy and structure formation. Clusters are filled
with hot ionized gas that can be studied both in X-ray and
through the thermal Sunyaev-Zel’dovich (SZ) effect.
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Sunyaev-Zel’dovich effect
• spectral distortion of the cosmic microwave background (CMB)

generated via inverse Compton scattering of CMB photons by the
free electrons;

• Its magnitude is proportional to the y-Compton parameter, a
measure of the gas pressure integrated along the line-of-sight :

𝑦𝑦 = 𝜎𝜎𝑇𝑇
𝑚𝑚𝑒𝑒𝑐𝑐2

∫ 𝑃𝑃𝑃𝑃𝑃𝑃 ; 𝑃𝑃 = 𝑛𝑛𝑒𝑒𝑇𝑇

Representation of Sunyaev-Zel’dovich Effect
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Dark Energy Camera (DECam) on Blanco
Telescope (Reidar Hahn, Fermilab)

Planck's large telescope, 
Planck collaboration

• DECam DES clusters 
catalog

• Planck telescope SZ maps
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Analysis of one
and two halo term

with mock data

Understand one
and two halo term

in the cross 
correletion

function

Andreas Papadopoulos

Analyze the 
observational

data 
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The key quanity of interest is the average y-Compton parameter at a projected co-moving
distance r from a halo of mass M.

ξ𝑦𝑦,𝑔𝑔 𝑟𝑟 𝑀𝑀 =
𝜎𝜎𝑇𝑇
𝑚𝑚𝑒𝑒𝑐𝑐2

�
−∞

+∞
𝑃𝑃χ

1 + 𝑧𝑧
ξℎ,𝑝𝑝( χ2 + 𝑟𝑟2|𝑀𝑀)

The halo-pressure correlation function describes the average excess pressure around
halos as a function of the distance from the halo center.

ξℎ,𝑃𝑃 𝑟𝑟 𝑀𝑀 = ξℎ,𝑃𝑃
𝑜𝑜𝑜𝑜𝑒𝑒−ℎ𝑎𝑎𝑎𝑎𝑜𝑜 𝑟𝑟 𝑀𝑀 + ξℎ,𝑃𝑃

𝑡𝑡𝑡𝑡𝑜𝑜−ℎ𝑎𝑎𝑎𝑎𝑜𝑜 𝑟𝑟 𝑀𝑀

In ordert to compute the halo-presure correlation function, we have to determine the 
gas/electron thermal presure as a function of distance from halo center, namely the 
pressure profile, for halos of various mass.

�𝑃𝑃𝑓𝑓𝑓𝑓𝑡𝑡 = 𝑃𝑃0 ⁄(𝑥𝑥 𝑥𝑥𝑐𝑐)𝛾𝛾 1 + ⁄(𝑥𝑥 𝑥𝑥𝑐𝑐)𝛼𝛼 −𝛽𝛽 ; 𝑝𝑝𝑝𝑝𝑟𝑟 = 𝑝𝑝𝑝𝑝𝑟𝑟0 ⁄𝑀𝑀200 1014𝑀𝑀⊙
𝛼𝛼𝑚𝑚 1 + 𝑧𝑧 𝛼𝛼𝑧𝑧
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METHODOLOGY. The expected y(r) signal in λ bin.

�𝑦𝑦𝑟𝑟0,𝑧𝑧, λ1,λ2 = �𝑃𝑃 𝑀𝑀 𝑧𝑧, λ1, λ2 𝑦𝑦𝑟𝑟0(𝑀𝑀, 𝑧𝑧)𝑃𝑃𝑀𝑀 = �
1
2
𝑒𝑒𝑟𝑟𝑒𝑒𝑐𝑐 χ1 𝑀𝑀 − 𝑒𝑒𝑟𝑟𝑒𝑒𝑐𝑐 χ2 𝑀𝑀 𝑃𝑃 𝑀𝑀 𝑧𝑧 𝑦𝑦𝑟𝑟0 𝑀𝑀, 𝑧𝑧 𝑃𝑃𝑀𝑀

χ𝑓𝑓 𝑀𝑀 =
𝑃𝑃𝑙𝑙𝑙𝑙𝑀𝑀𝑓𝑓 − 𝑃𝑃𝑙𝑙𝑙𝑙𝑀𝑀

2𝜎𝜎log(λ𝑖𝑖|𝑀𝑀)
2 /𝐵𝐵λ2

Where we assume that λ follows a log-Normal distribution with mean value and standard 
deviation as follow. Moreover, the relation between richness and mass is indicated
below.

𝑃𝑃𝑙𝑙𝑙𝑙λ = 𝒩𝒩 𝐴𝐴λ + 𝐵𝐵λ𝑃𝑃𝑙𝑙𝑙𝑙𝑀𝑀 ; 𝜎𝜎log 𝜆𝜆 𝑀𝑀
2 ; 𝑀𝑀 λ, 𝑧𝑧 ≡ 𝑀𝑀 λ, 𝑧𝑧 = 𝑀𝑀0

λ
λ0

𝐹𝐹λ 1 + 𝑧𝑧
1 + 𝑧𝑧0

𝐺𝐺𝑧𝑧

𝜎𝜎log 𝜆𝜆 𝑀𝑀
2 =

1

𝑒𝑒 𝐴𝐴λ+ 𝐵𝐵λ𝑎𝑎𝑜𝑜𝑔𝑔𝑀𝑀+
1
2𝜎𝜎0

2
+ 𝜎𝜎02
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ξℎ,𝑃𝑃 𝑟𝑟 𝑀𝑀 = ξℎ,𝑃𝑃
𝑜𝑜𝑜𝑜𝑒𝑒−ℎ𝑎𝑎𝑎𝑎𝑜𝑜 𝑟𝑟 𝑀𝑀 + ξℎ,𝑃𝑃

𝑡𝑡𝑡𝑡𝑜𝑜−ℎ𝑎𝑎𝑎𝑎𝑜𝑜 𝑟𝑟 𝑀𝑀

Richness bins

Redshift bins

0 1 2

0 [0.2; 0.35] [20;30] [0.2; 0.35] [30;45] [0.2; 0.35] [45;60]

1 [0.35; 0.5] [20;30] [0.35; 0.5] [30;45] [0.35; 0.5] [45;60]

2 [0.5; 0.65] [20;30] [0.5; 0.65] [30;45] [0.5; 0.65] [45;60]
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ONE-HALO TERM. Study of parameters.

• 𝑃𝑃 = 𝐴𝐴𝑃𝑃
𝑀𝑀200

1014𝑀𝑀⊙

𝐵𝐵𝑃𝑃
(1 + 𝑧𝑧)𝐶𝐶𝑃𝑃 𝐴𝐴𝑃𝑃

• 𝜎𝜎log 𝜆𝜆 𝑀𝑀
2 = 1

𝑒𝑒 𝐴𝐴λ+𝐵𝐵λ𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙+ 1
2𝜎𝜎0

2 + 𝜎𝜎02 𝜎𝜎0

Behaviour of 𝐴𝐴𝑃𝑃 = [5; 10; 15; 20; 25; 30] Behaviour of 𝜎𝜎0 = [0.10; 0.15; 0.20; 0.25; 0.30; 0.35]
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ONE-HALO TERM. Analysis with MOCK data.

• Instead using the experimental data for MCMC analysis, I used the output of the
model with certain value of parameters in order to test the fitting code. I produced
MOCK data sets with different configurations, which are listed in the table below.

Data sets

1 halo Ap = 18.1 Ap = 18.1 ; σ0 = 0.225

1 and 2 halos Ap = 18.1 Ap = 18.1 ; σ0 = 0.225
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1 halo term

1 and 2 halo terms

Difference between the two
MOCK data

z [0.2 ; 0.35]

λ [20 ; 30]

z [0.2 ; 0.35]

λ [20 ; 30]

z [0.2 ; 0.35]

λ [20 ; 30]
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ANALYSIS OF PARAMETERS. Comparison between one halo model and one plus 
two halo model.

• Constraint on 𝐴𝐴𝑃𝑃.

1 halo term 1 and 2 halo terms



Giovanni Volta - Università degli Studi di Ferrara

ANALYSIS OF PARAMETERS. One halo model fitting results of one plus two halo 
MOCK data, using different sets of parameters.

• Constraint on 𝐴𝐴𝑃𝑃 and 𝜎𝜎0.

1 halo term 1 and 2 halo terms
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ANALYSIS OF PARAMETERS. One halo model fitting of result of one plus two halo
MOCK data, using different sets of parameters.

Free 
parameters

𝐴𝐴𝑃𝑃 Bias

𝐴𝐴𝑃𝑃 22.25 %

𝐴𝐴𝑃𝑃 and 𝜎𝜎0 8.76 %

Constraint on 𝐴𝐴𝑃𝑃 Constraint on 𝐴𝐴𝑃𝑃 and 𝜎𝜎0.
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ANALYSIS OF PARAMETERS. Constraints from observational data, fitted with the 
one halo model.

𝐴𝐴𝑃𝑃 analysis 𝐴𝐴𝑃𝑃 and 𝜎𝜎0 analysis
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ANALYSIS OF PARAMETERS. Constraints from observational data, fitted with the 
one halo model.

𝐴𝐴𝑃𝑃 analysis 𝐴𝐴𝑃𝑃 and 𝜎𝜎0 analysis
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DECam, DES Collaboration

SUMMARY:
• Can we do parameter estimation?

With MOCK data we recover the input value of
parameters;

Using the observational data in MCMC analysis we get
a smaller value of 𝐴𝐴𝑃𝑃 with respect to simulation study;

𝐴𝐴𝑃𝑃 and 𝜎𝜎0 appear degenerate in both analyses;



Future Prospect
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DECam, DES Collaboration

Additional parameters
Mass and redshift

evolution.

Addittional data sets
South Pole Telescope 

data
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