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Dark Matter. Dark Photon
● 1933 – Fritz Zwicky: Measured the 

velocities of galaxies in the Coma 
Cluster and concluded there was far 
more mass than visible matter ("missing 
mass"). 

● 1970s – Vera Rubin: Galaxy rotation 
curves remain flat at large radii instead 
of decreasing as expected from visible 
matter alone. 

● One Proposed Dark Matter Mediator: 
The Massive Dark Photon (A’)

– Hypothetical massive gauge 
boson of a new U(1)D symmetry. 

– Couples weakly to Standard 
Model particles through kinetic 
mixing (ϵ). 
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PADME
● Positron Annihilation into Dark Matter Experiment 

(PADME) 

● Fixed-target experiment at the INFN National Laboratories 
of Frascati (Italy)

● 550 MeV positron beam incident on a thin diamond target.

● Searches for evidence of a massive dark photon produced 
in positron-electron annihilation 

● Based on the Missing Mass Technique 
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Electromagnetic Calorimeter
● 616 BGO crystals measure the energy deposited by incident 

photons. 

● Photons produce electromagnetic showers, spreading their energy 
over multiple crystals. 

● The resulting energy cluster contains information about the photon's 
energy and position. 

● Accurate cluster reconstruction is essential for the missing mass 
measurement.
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Machine Learning
● Convolutional Neural Network (CNN) with 

modified autoencoder architecture

● The simulations for generating training and 
testing datasets are based on the GEANT4 toolkit 

● Trained on 100 000 events
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● Mathematical operation of convolution can be 
presented as:  

● Activation function used is ReLU (Rectified 
Linear Unit) 
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Machine Learning
● Developed CNN applies upscale with factor of 4

● Loss function used is MSE

● New weights are formed with: 

● Models prediction is processed at the end with 
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Results
● Model shows best results with up to 10 clusters 

per event
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Results
● Efficiency of spatial reconstruction in window 3x3 

pixels is 72% 
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● Efficiency of spatial reconstruction in window 3x3 
pixels with 10% energy accuracy is 42% 



  

Results
● Model shows tendency not to reconstruct 

correctly cluster with lower energy
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● Lower efficiency in reconstruction of spatially 
close clusters
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