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Inverse Compton scattering of CMB photons on cluster ionized gas

à Energy transfer from electrons to photons

 à Distortion of CMB spectrum to high frequencies

à Effect amplitude caracterised by the Compton parameter

Intra-cluster electron pressure: 𝑃!(𝑟)
Compton parameter:   𝑦 = "!

#"$#
	∫ 𝑃!(𝑟)𝑑𝑙 

217 GHz

Negative signal
Less intensity than expected from CMB

Positive Signal
More intensity than expected from CMB

SZ output :  Radial pressure profile  𝑃! 𝑟

SZ Observable :    Y"## ∝ ∫ 𝑦	𝑑𝑆 integrated up to R500

R500   : radius of a sphere of density 500 times ρc
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y : compton parameter
<latexit sha1_base64="iJn2EG4dZ3jzXSrf4r7j880GgVA="></latexit>

YSZ /
Z R�

0
ydSSZ Integrated quantity

Tools 

cluster catalog with SZ observations

Planck	et	al	XXIV	A&
A	2015

survey data
(Planck, SPT, …)

Planck	Collaboration	XXII	2015

Y map

è Constraint on cosmology

<latexit sha1_base64="1A8XzEm3RcgNmC8+fsdRw3w+Pos="></latexit>

y =
�T

mec2

Z
Pe(r)dl

Universal pressure profile

SZ power spectrum

Observable

Cluster number count

SZ-Mass scaling relation
<latexit sha1_base64="J6m9j4DRS/AUef9n4xuScO3UDjY="></latexit>
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• Dedicated to cluster cosmology

• 38 observed clusters (ACT and Planck follow-up)

• observed both in SZ (NIKA2) and X-ray (XMM Newton)

 • Pressure profile 

 • Density profile
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NIKA2 high-resolution camera (KIDs)
• Installed at the IRAM 30-m telescope in Granada
• Operating since 2017

𝜈 
observation 150 GHz 260 GHz

Resolution 17.6’’
 ± 0.1’’

11.1’’ 
± 0.2’’ 

Field of view 6.5’ 6.5’

What we 
observe

negative SZ 
signal 

point 
sources

L. Perotto et al., A&A 2020

Resolved substructures of clusters 

Full maps of the clusters

<latexit sha1_base64="sQYfKc19nULIt9PaNKjVMpbmurM="></latexit>

M(r) / 1

ne(r)
⇥ dPe(r)

dr
hydrostatic mass

Precise estimation of
 integrated quantity Y500 and M500 

to calibrate scaling relation

SZ Large Program (observations finished in 2023)
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dedicated to cluster cosmology

• Intermediate to high redshift range: z ∈ [0.5,0.9]

• Direct measurement of Y500 with SZ observations

• Consistent angular resolution across X-ray and SZ observations

• Hydrostatic mass estimated with SZ and X-ray data

• Box selection 

 à insensitive to the underlying mass distribution

                 à Suffisant range in Y500  and M500

à First version of the maps
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Data du LPSZ et classification morpho

Clusters observed with NIKA2 at 150 GHz

preliminary
Various morphologies can be observed

Integrated quantities for all clusters: Y500, M500

Relaxed Disturbed
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• sphericity 

• Intra Cluster Medium = ideal gas

• hydrostatic equilibrium

Assumptions:  

𝛼 the intercept 
𝛽 the slope
𝜎int the intrinsic  scatter

three parameters

In fact

Power law linking Y500 and M500:

We need a precise and accurate estimation of 𝛼, 𝛽 and 𝜎

 to obtain precise and accurate cosmological constraints

Not always followed

<latexit sha1_base64="+tnOeE52pmiXWItKtoglTU6MZk0="></latexit>
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P (log(Y500)| log(M500)) = N
�
↵+ � log(M500),�int
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�

Use LPSZ data to calibrate the SZ-Mass scaling relation à To be applied to large scale SZ survey 
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Use LPSZ data to calibrate the SZ-Mass scaling relation à To be applied to large scale SZ survey 



Scaling relation estimation

Robust estimation

Error bars well defined

LPSZ selection function taken into account

 Solution : LIRA+SBI
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LIRA
LInear Regression in Astronomy 

Main characteristics:
 Gibbs sampling

 bayesian hierarchical methods 

Inputs:
Y500 and M500
Covariance between Y500 and M500
 Error on Y500 and M500

Output:
 Pdf of 𝛼, 𝛽 and 𝜎

SBI
Simulation Based inference

Can take into account redshift dependance 

Input:
𝛼, 𝛽 and 𝜎 LIRA estimation

Output:
Pdf of underlying 𝛼, 𝛽 and 𝜎

Training with simulations

Gives p(𝜃|X) following X=LIRA outputs 𝜃=Scaling relation

Main characteristics:
 Based on Normalizing flow 

 Likelihood free inference

𝛼

𝛽

𝜎

𝛼

𝛽

𝜎

Box selection taken into account

M.	Sereno	MNRAS	(2016) A	.	Tejero-Cantero	et.	al.	JOSS		(2020)
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data

codes

LPSZ LIRA

Trained 
SBI

M500
Y500

[𝛼, 𝛽, 𝜎]
medians

[𝛼, 𝛽, 𝜎]
pdf LPSZ

M.	Sereno	MNRAS	(2016)

A	.	Tejero-Cantero	et.	al.	JOSS		(2020)
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LPSZ LIRA

Sample 
simulations

SBI

M500
Y500

[𝛼i,𝛽i,𝜎i]

[𝛼, 𝛽, 𝜎]
medians

Trained 
SBI

M500
Y500

Following LPSZ 
data 

characteristics data

codes

Pipeline developed to have unbiased result (selection function)

[𝛼i,𝛽i,𝜎i]

i=1 to 1000
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Goal : simulate [Y500_i ,M500_i] sample similar to LPSZ data

Ready to be used by SBI

10.000
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• necessary and sufficient condition for posterior accuracy

 à To identify the best SBI hyperparameters training

  batch size = Number of data seen before updating the neural network

  Learning rate = pace to change the model each time

  …

Overall 
positive bias

Well calibrated 
posterior

Multidimensional diagnostic : TARP (Tests of Accuracy with Random Points)

Hyperparameters 1 Hyperparameters 2

For a range of scaling relations



𝛼, 𝛽 and 𝜎 unbiased and with coherent error bars

Method validated for several scaling relations
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One dimension diagnostic:
<latexit sha1_base64="RgEUBKpGrc5OGJZRwjs1HJnwinQ="></latexit>

biasstd =
↵SBI � ↵True

stdSBI

For a range of scaling relations

means input values within 2 𝜎 error bars of SBI outputsIf 
<latexit sha1_base64="dW40FPMrUiV0loyYvJ79ZX10p3w="></latexit>

biasstd 2 [�2, 2]

𝛼 𝛽 𝜎



19/12/2024 CMB France Alice Moyer-Anin 17

Cosmological inference well underway

 à First tests done with Planck scaling relation 

 à Planck scaling relation error bars: taken into account

 à Tests done with different scaling relations

 

Sample used: Planck 2015 sample      

Analysed with Class-sz
 collaboration with B.Bolliet

With error bars

Without error bars

Red contours more accurate than blue contours

Error on scaling relation parameters must be propagated to cosmology

𝛼 = -0.19 ± 0.02   β = 1.79 ± 0.08   𝜎 = 0.075 ± 0.01

Planck scaling relation and error bars 

B fixed

B.	Bolliet	et.	al.	EPJ	Web	Conf.	(2024)	

Planck	XXIV	A&A	(2015)
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• Fully validated method to obtain the SZ-Mass scaling relation from the LPSZ sample

• Soon to be applied on LPSZ data

 è Accurate pdf of 𝛼, 𝛽 and 𝜎

• Cosmological inference ready

 è Error bars on scaling relation must be propagated to cosmological parameters 
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C.	Hanser	et	al.	In	prep
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C.	Hanser	slide
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C.	Hanser	slide
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Needed for clusters detections Impact sur la cosmo 
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Planck 2013 Chandra-Planck 
(2024) NIKA2-LPSZ

Data XMM-Newton 
Planck

Chandra
Planck

XMM-Newton
NIKA2 + Planck

redshift [0,0.45] [0,0.35] [0.5,0.9]

sample size 71 146 38

resolution X : 6.6’’
SZ : ~6 ’

X : 0.2’’
SZ : ~6’

X : 6.6’’
SZ : 17.6’’

mass 
estimation X-only Mass X-only Mass SZ-X Mass

different SZ-Mass scaling relations:

Aim: obtain a scaling relation 
                     a mean pressure profile
 • At larger redshift
 • With controlled systematics
  including cluster morphology

NIKA2-LPSZ 

G. Aymerich et al. A&A 2024Planck 2013 results XX A&A


