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Outline

➢ Why is it interesting to measure thermodynamic profiles? 

➢ How do we derive them from SZ and X-ray measurements?

➢ PreProFit - Pressure Profile Fitting code from SZ data

➢ JoXSZ - Joint X-ray and SZ fitting code for galaxy clusters

➢ Future developments
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Thermodynamic 
profiles

➢ Give insights into the 
ICM dynamical state

→ merger activity, 
shock fronts, etc.

Mitsuishi et al. 2018
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Cosmological 
applications

➢ Mass derivation

→ improve constraints on 
cosmological parameters 
estimation (e.g. Ωm, ⍵, σ

8
)  

Ruppin et al. 2019
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Thermodynamic profiles: which is our target?
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Thermodynamic profiles: which is our target?
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Thermodynamic profiles derivation from 
multiwavelength observations

spherical 
symmetry

hydrostatic 
equilibrium
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Transfer function

The recorded image is a filtered view 
of the true image because part of the 
signal is lost in SZ data processing. 

How much? At which angular scales?
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Credit: Kéruzoré 2019



Transfer function

Each camera requires its own 
transfer function
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Credit: Romero 2019



PreProFit

Pressure Profile Fitting code for 
galaxy clusters from SZ data
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PreProFit
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➢ SZ-only analysis

https://github.com/fcastagna/preprofit

https://github.com/fcastagna/preprofit


Program flow
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➢ Forward-modelling

➢ Bayesian estimation



Program flow
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➢ Forthcoming version

→ 1D Hankel 
transforms



JoXSZ

Joint X-ray data cube and SZ 
fitting code for galaxy clusters
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JoXSZ
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https://github.com/fcastagna/joxsz

➢ Joint analysis

https://github.com/fcastagna/joxsz


➢ Joint and consistent use of information 
encoded in the data

➢ Flexible parametrization

➢ Correct Poisson-Gauss expression for the 
joint likelihood

➢ Bayesian forward-modelling approach



⇐ Prior knowledge:
P (param)

Bayes theorem:
P (param | data) ∝ P (data | param) * P (param)

⇐ Likelihood evaluation: 
P (data | param)

⇐ Posterior knowledge:
P (param | data)



➢ Currently

→ parametric profile: gNFW 
(generalised Navarro, Frenk & White)

➢ Forthcoming version

→ allows alternative modelization including 
non parametric profiles 
(e.g. cubic spline, power-law 
interpolation model)

→ optionally adds prior constraint on the 
outer slope



➢ Vikhlinin model

Highly flexible parametrization with many 
parameters involved



➢ T
SZ

 → gas-mass weighted temperature

➢ T
X

 → spectroscopically derived temperature

Both intrinsic differences (e.g. gas clumping) and 
instrument-specific calibration systematics

→ optional multiplicative parameter log(T
X

 / T
SZ

) 
distinguishes between the two temperatures





➢ Relies on MBProj2 code by Jeremy Sanders



➢ Additional parameters accounting for 
systematics

→ SZ calibration parameter: accounts for 
uncertainty in the SZ measurement

→ X-ray background scaling parameter: 
accounts for differences in background 
level between the cluster and control 
fields

➢ Forthcoming version

→ includes pedestal parameter for 
non-zero level in SZ maps







Markov Chain Monte Carlo algorithm

For space reasons, only 4 

parameters are shown





JoXSZ - Additional functionalities
➢ Adopt approximated values for PSF and transfer function

→  feasibility study

➢ Prior constraint on the integrated Compton parameter
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JoXSZ - Limitations and possible 
countermeasures

XSZ
XSZSZJoXSZ

➢ Spherical symmetry assumption
→ possible switch to elliptical symmetry

➢ Fixed centre of the cluster
→ include the coordinates of the center in the fit
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➢ Highly time-consuming operations (integrations, convolutions)

→ exploit parallel computing techniques to speed up the computation



Future developments
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SZ + X-ray + optical analysis

Optical pipeline

➢ Avalanche of data from both already 
operative and forthcoming facilities 
(e.g. SPT, ACT, Euclid, eROSITA, Vera 
Rubin, wFIRST)
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Multiwavelength analysis on multiple clusters



➢ Fit on a population of clusters at the same time
→ parameter estimation at both individual level 

and population level
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➢ Statistics POV
→ Bayesian hierarchical model 

➢ Computer Science POV
→ distributed/parallel frameworks for 

(horiz/vert) scalability (Spark/MPI/GPUs)
→ Cloud Computing tools

➢ Astrophysics POV
→ address more complex questions (e.g. testing 

General Relativity)

Multiwavelength analysis on 
multiple clusters 
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Any questions?

Castagna Fabio - fabio.castagna@inaf.it
Andreon Stefano - stefano.andreon@inaf.it
Trombetta Alberto - alberto.trombetta@uninsubria.it
Landoni Marco - marco.landoni@inaf.it

Observing the millimeter Universe with the NIKA2 camera – Sapienza University, Rome - 2021/06/28


