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Estimate the mass profile of galaxy cluster to understand the nature of dark matter and energy in the 
dynamical history formation of galaxy clusters.

Hydrodinamical simulation Caustic method

The Three Hundred
𝐶𝑢𝑖	𝑒𝑡	𝑎𝑙	2018

Main Objective

Survey CATARSIS 
0.15 < z < 0.27

Nº of galaxies
Noisy data



Caustic method

Method to estimate the galaxy cluster mass distribution beyond virial radius

Building redshift diagram (RD) (𝑣!"# - 𝑅$%"&)
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Identify the 
centre of cluster
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Effects and Constraints Impacting the Caustic Method

X-rays maps
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FIRST WORK

Under review by the collaboration steering committee…

Implementation on caustic                  Itherative method 
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FOLLOWING WORK

Paper in prep…

• Substructures: The presence of mergers and smaller 
groups can affect the velocity dispersion and distort 
the caustic profile.

• Anisotropy: Differences in profiles, assumptions, 
and dynamical behaviors between galaxies and dark 
matter halos.

• Triaxiality: The asphericity of clusters arises from 
their dynamical state and the influence of 
surrounding filaments.
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Effects and Constraints Impacting the Caustic Method
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The substructures do not 
significantly affect the 

caustic method

Substructures

Relevant impact
Cluster’s outskirts 

Merger 
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Effects and Constraints Impacting the Caustic Method

Anisotropy
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Rotation/galaxies in fall
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Anisotropy
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Global definition:
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Mamon & Lokas et al 2005

𝛽 = 0.2    Gifford et al 2013
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Triaxiality

100 Lines of sight
𝑇 =

𝑎! − 𝑏!

𝑎! − 𝑐!

Disturbed

Relaxed

Projection effects are the main source error in the caustic method!

Asphericity of galaxy clusters

Clusters are prolate in average
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ML aplications Estimate the 3D shape of galaxy clusters

2D information
𝑣$%" 	− 	𝑅&'%(

input

a, b, c & Euler angles

CNN
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CONCLUSIONS

- Introduce another density profile in the method – considering a triaxial potential.
- ML aplications with more information – 3D shape from 2D data.

ü Substructures do not significantly affect the mass estimation with caustic method.

ü We investigated the role of the anisotropy profile and found that its influence is less significant than 
projection effects.

ü The ML aplications perform well in estimating the shape of galaxy clusters using only 2D information.

Future work:
o We aim to further explore how the triaxial shape of galaxy clusters affects mass estimation, with the 

goal of developing more accurate correction methods.


