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Galaxy clusters

o Largest gravitationally bound
structures in the universe

o Crucial to probing the evolution of the
universe at the largest scales
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Pressure profile

10-1 SPT-CLJ0651-4037

o Along with other thermodynamic
properties, it is a valuable asset to
investigate the structure of galaxy

clusters:
=+ e.g., shock fronts

=+ e.g., constraints on cosmological
parameters estimation
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The Sunyaev-Zeldovich effect

o Spectral distortion of the CMB radiation

Energetic
electron \
o Arises from inverse Compton scattering A
. . . / . photon
of photons with high-energy electrons in Hot plasma

the ICM.

The thermal SZ effect (Mroczkowski et al. 2019)
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Huge increment of high-resolution SZ instruments (Pointecouteau 2019)
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PreProFit - Pressure Profile Fitter for galaxy clusters

\

I\

Abel
\ t"ar1sfo,-,-,l1/

Pressure

E

Compton y parameter

Radius

Buniay|y
41+weag

<:onversion to surface brightness

Surface brightness

Radi .
acis O https://eithub.com/fcastagna/preprofit
. Finanziato
IASF-MI Seminar - October 30th, 2024 O a=iers dall'Unione europea ¢

NextGenerationEU



https://github.com/fcastagna/preprofit

PreProFit - Forward modelling approach
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PreProFit - Pressure Profile

parameters

= P(r) Gor+ S~ B f(r, Ry)
-o— — o+ Bor + f(r, R
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PreProFit - Abel transform

parameters
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Compton y parameter

Inverse Abel transform

3D Object

(Cylindrically
symmetric)

Forward Abel transform
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PreProFit - 2D Convolution through Fast Fourier Transform
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PreProFit - Profile extraction and likelihood computation
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PreProFit - Forward modelling Bayesian estimation

parameters
O Prior knowledge
o] —O-
= O P (param)
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PreProFit - Forward modelling Bayesian estimation
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PreProFit - Forward modelling Bayesian estimation
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Bayes theorem
P (param | data) o< P (data | param) * P (param)
Posterior knowledge

P (param | data)
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Extension from single-cluster to population analysis
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Dramatically increases likelihood
computation time
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Surface brightness [10°]

IASF-MI Seminar - October 30th, 2024

SPT-CLJ0145-5301

k&\u\@\_i

.
200

__ L
400 600 800
Radius [arcsec]

Surface brightness [10°] Surface brightness [10°]

Surface brightness [10°]

SPT-CLJ0145-6033

SPT-CLJ0411-6340

SPT-CLJ0637-4829

Z 4 Z .
s 3 g
g
E s g
3 o =y
5 E 2
2 g 53
3
<, €.
’ ’ W\i\ﬁ ’ N
L1 . N Y o . ST S ST SR S
) $—F T T T T T
= 200 700 500 800 Tooo = 200 200 600 800 1000 - 200 400 600 200 1000
Radius [arcsec] Radius [arcsec] Radius [arcsec]
N SPT-CLJ0232-4421 B SPT-CLJ0500-5116 " SPT-CLJ0645-5413
10 = 2s =10
z S
¢ ‘2 20 7 s
6 5 s o
: :
. g 10 5 "
£ ;
2 @ os @ 2 —
N Nﬂ_x_i T4 .
o ™ , 0.0 1 j 3 T T T w
20 300 00 300 Tooo s 200 00 G 300 Tooo - o RS 500 000
Radius [arcsec] Radius [arcsec] Radius [arcsec]
SPT-CLJ0328-5541 . SPT-CLJ0505-6145 . SPT-CLJ2134-4238
s s
B
B z Z .
g s 5
@ a
3 é’ g 3
& 2 =
2 5 5
@ o
E E 5 ¥\§
N M 3 \L\} & ~a
\%4 3 o S S N .
et ¥ T o o M S S« T
T —f—t—t—tr—7
200 200 500 800 1000 - 200 200 600 800 1000 o 200 300 500 500 Tooo
Radius [arcsec] Radius [arcsec] Radius [arcsec]
. Finanziato

. INAF
*

NextGenerationEU

dall'Unione europea

17




Extension from single-cluster to population analysis

o Requires to implement a Bayesian

hierarchical model
= focus on the intrinsic scatter
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o™ ~ HN (o)
Bayesian hierarchical model e | FN (o)
Population level estimate pr ~ N (p,0)

(k-th knot) log (Pr) ~ N (i = pg, 0 = op'*™")

$ $

Single object level estimates 1 3
og (Pr,i) ~T,= = log(Px),0 =0
(k-th knot, i-th cluster) g (Pk.i) y=10 (1 g(Pr), i)

log(ped;) ~ N(u = 0,0 = 0ped)
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An application to SPT data
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Sample selection
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Data resolution at the cluster redshift

e  Oursample
SPT FWHM =1.25 arcmin . - Melin+23
e Pointecouteau+21
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le00 derivation

1074

o Compute the spherical
integrated Y, from SZ flux s |
o Intersect the integral curve

according to Y, - M, 8 .
scaling relationship 2107y
_Eé

o Derive Ie00

1077 |

10-8 , b
10! 102 103
r [kpc]
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Pressure profile - Restricted cubic splines modelization

o High flexibility
o elasticity of the cubic interpolation
o linear interpolation at the
extremities avoids undesired
twists at radii basically
unconstrained by data

o Knots placement
o [01,04,07,1,13] xry,
o 5 knots for >5 elements of
resolution
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Population estimates

o Preliminary results on
16 galaxy clusters
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Diagnostics plots:
correlation matrix 20|

o #param > #clus x #knots
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Diagnostics plots:
cornerplot

o Population-level pressure
estimates
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68.0% HDI

Diagnostics plots: o
forest plot
o Both levels of the

hierarchical model —
visualized together
o First knot shown as an
example
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Literature comparison: =}
population estimates
100 |
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Current and forthcoming developments

o Increase the capillarity of the model to improve the estimation accuracy
O e.g. model the P scaling of profiles in order to capture possible deviations from
self-similarity
o Consider selection effects
O e.g. evaluate the influence of cluster morphology on results

o Extend the population analysis to the entire sample of 57 objects
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Future developments

o Extend the population analysis to larger amounts of objects

o Extension from analyzing data gathered by a single SZ instrument to
considering observations coming from multiple facilities (e.g., ACT data)

o Multiwavelength analysis that allows the estimation of thermodynamic

properties
O joint X-ray and SZ analysis (see JoXSZ for single-object analysis)
0 add the weak lensing component

O https://github.com/fcastagna/JoXSZ
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https://github.com/fcastagna/joxsz

Towards the big data era in astrophysics
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Towards the big data era in astrophysics

New-generation surveys are
collecting unprecedented amounts of
heterogeneous data that require ad
hoc analyses to answer scientific
questions
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