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CONVOLUTIONAL NEURAL NETWORK
FOR CENTRALITY DETERMINATION
IN FIXED-TARGET EXPERIMENTS

A. Yu. Seryakov ∗, D. R. Uzhva ∗∗

Saint Petersburg State University, St. Petersburg, Russia

Fixed-target experiments have a unique possibility to measure the centrality of col-
liding systems by hadronic calorimeters on the beam line. This is usually achieved by
detection of all forward nucleon spectators and accomplishes �uctuation and correlation
measures with lower biases than in collider experiments. However, hadronic calorimeters
have much lower resolution than multiplicity detectors that introduces additional volume
�uctuation to the measures.

We present the ˇrst attempt to increase the resolution capacity of the spectator detector
by implementing a convolutional neural network to the modular structure of the Projectile
Spectator Calorimeter of the NA61/SHINE experiment. The data were generated in the
framework of SHIELD Monte Carlo event generator with detector response simulated
with GEANT4 for the collisions of the lightest available system (7Be + 9Be) and for the
highest beam momentum (150A GeV/c). Two ways of centrality determination Å by the
number of forward spectators and by forward energy Å are considered. In comparison
with the classical centrality selection method, the neural net shows a signiˇcant increase
in centrality selection accuracy after implementation.

‚ Ô±¸¶¥·¨³¥´É Ì ¸ Ë¨±¸¨·μ¢ ´´μ° ³¨Ï¥´ÓÕ ¥¸ÉÓ Ê´¨± ²Ó´ Ö ¢μ§³μ¦´μ¸ÉÓ ¨§-
³¥·¨ÉÓ Í¥´É· ²Ó´μ¸ÉÓ ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¸¨¸É¥³  ¤·μ´´Ò³¨ ± ²μ·¨³¥É· ³¨ ´  ²¨´¨¨
¶ÊÎ± . �Éμ μ¡ÒÎ´μ ¤μ¸É¨£ ¥É¸Ö ¶ÊÉ¥³ ¤¥É¥±É¨·μ¢ ´¨Ö ¢¸¥Ì ¶¥·¥¤´¨Ì ´Ê±²μ´μ¢-¸¶¥±-
É Éμ·μ¢, ÎÉμ ¶μ§¢μ²Ö¥É ³¨´¨³¨§¨·μ¢ ÉÓ ¢²¨Ö´¨¥ ¶·μÍ¥¤Ê·Ò ´  ¨§³¥·Ö¥³Ò¥ Ë²Ê±ÉÊ -
Í¨¨ ¨ ±μ··¥²ÖÍ¨¨. �¤´ ±μ  ¤·μ´´Ò¥ ± ²μ·¨³¥É·Ò ¨³¥ÕÉ £μ· §¤μ ¡μ²¥¥ ´¨§±μ¥ · §-
·¥Ï¥´¨¥, Î¥³ ³´μ¦¥¸É¢¥´´Ò¥ ¤¥É¥±Éμ·Ò, ÎÉμ ¶·¨¢´μ¸¨É ¢ ¨§³¥·¥´¨Ö ¤μ¶μ²´¨É¥²Ó´Ò¥
μ¡Ñ¥³´Ò¥ Ë²Ê±ÉÊ Í¨¨.

ŒÒ ¶·¥¤¸É ¢²Ö¥³ ¶¥·¢ÊÕ ¶μ¶ÒÉ±Ê Ê¢¥²¨Î¨ÉÓ · §·¥Ï ÕÐÊÕ ¸¶μ¸μ¡´μ¸ÉÓ ¤¥É¥±-
Éμ·  ¸¶¥±É Éμ·μ¢ §  ¸Î¥É ¢´¥¤·¥´¨Ö ¸¢¥·ÉμÎ´μ° ´¥°·μ´´μ° ¸¥É¨ ¢ ³μ¤Ê²Ó´ÊÕ ¸É·Ê±ÉÊ·Ê
± ²μ·¨³¥É·  Ô±¸¶¥·¨³¥´É  NA61/SHINE. „ ´´Ò¥ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¢ · ³± Ì £¥´¥· Éμ· 
¸μ¡ÒÉ¨° SHIELD Monte Carlo ¸ μÉ±²¨±μ³ ¤¥É¥±Éμ· , ¸³μ¤¥²¨·μ¢ ´´Ò³ ¸ ¶μ³μÐÓÕ
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GEANT4, ¤²Ö ¸Éμ²±´μ¢¥´¨° ¸ ³μ° ²¥£±μ° ¨§ ¤μ¸ÉÊ¶´ÒÌ ¸¨¸É¥³ (7Be + 9Be) ¨ ¤²Ö
´ ¨¡μ²ÓÏ¥£μ ¨³¶Ê²Ó¸  ²ÊÎ  (150A ƒÔ‚/¸). � ¸¸³μÉ·¥´Ò ¤¢  ¸¶μ¸μ¡  μ¶·¥¤¥²¥´¨Ö
Í¥´É· ²Ó´μ¸É¨ Å ¶μ ±μ²¨Î¥¸É¢Ê ¶¥·¥¤´¨Ì ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ ¨ ¶μ ¶¥·¥¤´¥° Ô´¥·-
£¨¨. �μ ¸· ¢´¥´¨Õ ¸ ±² ¸¸¨Î¥¸±¨³ ³¥Éμ¤μ³ ¢Ò¡μ·  Í¥´É· ²Ó´μ¸É¨ ´¥°·μ´´ Ö ¸¥ÉÓ
¤¥³μ´¸É·¨·Ê¥É §´ Î¨É¥²Ó´μ¥ Ê¢¥²¨Î¥´¨¥ ÉμÎ´μ¸É¨ ¢Ò¡μ·  Í¥´É· ²Ó´μ¸É¨ ¶μ¸²¥ ¢´¥-
¤·¥´¨Ö.
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