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Motivation

NASA / WMAP Science Team

• What are galaxy clusters?


• Why measure their masses?


• 


• eROSITA


• Wide-field X-ray instrument


• Surveys the whole sky every six 
months


•  clusters expected

n(M, z) → Ωm, σ8
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Predehl et al., 2021



• eFEDS observation


• Mini survey with 


• 542 detected clusters


• Mock observations


• Dark matter simulations with flat 
 cosmology


• Mass: 


• Redshift: 

∼ 140 deg2

ΛCDM

1013 ≲ M / M⊙ ≲ 1015

z ≲ 1.5

Liu et al., 2022

eROSITA 
Observations
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Energy-band Images

• EBI: Spatial information in ten 
energy channels


• Squared region of 300 pixels 
centred at the cluster


• Resized to 50x50x10 to reduce 
memory requirements


• Gaussian smoothed to account 
for low-count clusters


• Cluster sample of  clusters∼ 8000

Input Data
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Max 
Pool.

Random Flip 
& Rotation 

(only during training)

Conv2D 
Kernel: (2,2) 
Filters: 10  
Activation: ReLU

Avg. Pool. 
Kernel: (2,2)

Dense 
100, ReLU

EBI Image 
(50,50,10)

Redshift 
(1)

z

Conv2D 
Kernel: (2,2) 
Filters: 10  
Activation: ReLU

Output: 
(μ, σ)

Dense 
100, ReLU

CNN Architecture
• Deep ensemble with 30 CNNs


• Preprocessing: Accounts for overfitting


• Redshift is concatenated to the first dense layer


• Gaussian negative log-likelihood loss: ℒ( y |x) =
log σ2

θ (x)
2

+ (y − μθ(x))2

2 σ2
θ(x)
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• Mass scatter with traditional 
method: 


• Our mass scatter:  

• Mean predicted uncertainty 
~18.8%


• Clusters with smaller uncertainty 
have smaller scatter

σ = 19.7 %

σ = 18.8 %

eFEDS Simulation
Results
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eFEDS Observation

• Comparison with masses from 
traditional method


• Both mass estimates are 
comparable

Results
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• CNN can handle real observation images with 
all kinds of contamination


• Uncertainty associated with ML mass 
estimates can be provided


• ML approach reduces the mass scatter by 
4.8% in comparison to traditional methods

Conclusions
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Thank you!

Funded by the Deutsche Forschungsgemeinschaft (DFG, German 
Research Foundation) – project number 460248186 (PUNCH4NFDI)
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Backup
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Simulated Observation (eFEDS)

• Based on dark matter simulations with flat 
 cosmology


• 18 realisations of the eFEDS field


• Mass range: 


• Redshift range: 


• Cuts: Detection likelihood > 5 and extent 
likelihood > 6 


• Likelihoods come from fitting a Gaussian 
kernel or -model


• Cluster sample of  clusters

ΛCDM

1013.0 ≲ M / M⊙ ≲ 1015.2

0.01 ≲ z ≲ 1.51

β

∼ 8000

eROSITA
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eFEDS Simulation
• Training with uniform weighted sample


• Scatter increases but follows ideal slope


• Prediction is stable to different mass 
distributions in training set


• Training with high detection and extent likelihood 
subset (  , )


• Scatter decreases significantly (~15.2%)


• Improved bias in low and high mass regime

ℒDET ℒEXT > 60

Results
Uniform weighted sample
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eFEDS Observation

• Comparison with masses from 
traditional method (based on 
count-rate )


• Both mass estimates are 
comparable

η

Results
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