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Access to the past and future of cluster formation
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Hydrodynamical simulations

time since collision

(TSC — “merger phase”)

mass (  & spatial distribution)

ICM features (temperature, transient effects)

M200

hydrodynamical simulation 
to match the post merger 

anatomy

input:

output:



Hydrodynamical simulations
Challenges
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▸ It is difficult to provide error bars on the final parameters (e.g., TSC).

setup #1

setup #2

setup #3

setup #4. . .



Weak lensing mass bias (WLMB)
Lee et al. 2023 
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▸ WL masses measured by assuming an analytical profile (e.g., NFW) can be biased by up to 
~60% in merging clusters.


▸ The WLMB is modulated by the halo concentration .c200

Lee et al. 20231 


pre-coliision post-coliision

John ZuHone (gcmc.hub.yt)



Can we trust the way we are 
conducting our simulations?

8



Abell 56
Post-merger anatomy
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weak lensing

X-ray (XMM-Newton SB)

radio (GMRT 650 MHz)

z = 0.302

Collision axis near plane of the sky 
( )


Large gas-BCG spatial offset


Potential laboratory for SIDM investigation

ΔvLOS = 153 ± 281 km s−1

Wittman et al. 20231 


A56S

A56N

438 ± 206 kpc
projected separation between mass peaks

118 ± 41 kpc
projected separation between the single 
X-ray peak and the southern mass peak

M200 = 4.5 ± 0.8 × 1014 M⊙

M200 = 2.8 ± 0.7 × 1014 M⊙

radio relic or AGN tail?



Abell 56
Simulation setup
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Albuquerque, Machado & Monteiro-Oliveira, 2024


MNRAS, 530, 2146


arXiv:2401.15044


Time is short today.

 Please check at the paper.

Richards Albuquerque Rubens Machado



Abell 56: merger history reconstruction
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late modelearly model

early model

late model

1) time evolution of the gas density

2) best moments

observation

3) temperature map weighted by density

TSC = 0.12 Gyr

TSC = 0.52 Gyr
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Abell 56: effects of WLMB
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M200 = 4.5 ± 0.8 × 1014 M⊙

M200 = 2.8 ± 0.7 × 1014 M⊙

then: original inputs

M200 = 3.5 × 1014 M⊙

M200 = 2.2 × 1014 M⊙

now: WLMB corrected−28 %
Lee et al. 2023



Abell 56: effects of WLMB
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Results

original WLMB 
corrected

original

WLMB corrected

original

WLMB corr.



Take home messages

▸WLMB correction does not substantially alter the description of the 
cluster’s merger history.


▸ However, it is still premature to consider this a generalizable result.


▸ Further investigations into various configurations, particularly exploring 
different mass ratios and merger phases, are still needed.
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