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� ¸¸³μÉ·¥´  ¶·μ¡²¥³  ±² ¸É¥·¨§ Í¨¨ μÉ±²¨±μ¢ ´¥±μÉμ·ÒÌ ±μμ·¤¨´ É´ÒÌ ¤¥É¥±Éμ·μ¢, ¨¸¶μ²Ó-
§Ê¥³ÒÌ ¢ Ô±¸¶¥·¨³¥´É¥ ‘‚Œ. „²Ö μ¡· ¡μÉ±¨ ¤ ´´ÒÌ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤¢   ²£μ·¨É³  ±² ¸É¥·¨§ Í¨¨.
�¥·¢Ò° ¨§ ´¨Ì ¡Ò² · §· ¡μÉ ´ ´ ³¨ ¸¶¥Í¨ ²Ó´μ ¤²Ö μ¡Ñ¥¤¨´¥´¨Ö ¢ ±² ¸É¥·Ò ÖÎ¥¥± ¸ ÊÎ¥Éμ³ ¨Ì
§ ·Ö¤μ¢. ‚Éμ·μ°  ²£μ·¨É³ μ¸´μ¢ ´ ´  ³¥Éμ¤¥ ¡²¨¦ °Ï¥£μ ¸μ¸¥¤  ¨ ¸¶μ¸μ¡¥´ · ¡μÉ ÉÓ ¡¥§ ¨´Ëμ·-
³ Í¨¨ μ § ·Ö¤ Ì. ’¥¸É¨·μ¢ ´¨¥  ²£μ·¨É³μ¢ ´  ¤ ´´ÒÌ, ¸³μ¤¥²¨·μ¢ ´´ÒÌ ¢ ¸·¥¤¥ CBMROOT,
¶μ± § ²μ ¢Ò¸μ±ÊÕ ÔËË¥±É¨¢´μ¸ÉÓ ¶¥·¢ÒÌ ¶·¨ · ¡μÉ¥ ¸ μÉ±²¨± ³¨ ±μμ·¤¨´ É´ÒÌ ¤¥É¥±Éμ·μ¢.

In this paper, we discuss clustering problem for the coordinate detectors in the CBM experiment.
High interaction rate and large amount of data lead to high requirements to the clustering algorithms,
which have to perform fast and efˇcient and be able to deal with high track multiplicity. Currently
two different approaches are under discussion. In the ˇrst case, each ˇred pad has information about
its charge. In the second case, a pad can be either ˇred or not, thus separation of overlapping clusters
becomes a difˇcult task. To solve this task we developed two different clustering algorithms. These
algorithms have been integrated into CBMROOT and tested on various types of simulated events.
Algorithms show high efˇciency and accuracy.
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�¤´¨³ ¨§ ¢ ¦´ÒÌ ¶·μ¥±Éμ¢ ¢ Ë¨§¨±¥ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö Ö¢²Ö¥É¸Ö
Ô±¸¶¥·¨³¥´É ‘‚Œ (Compressed Baryonic Matter) [1]. „²Ö ¥£μ Ê¸¶¥Ï´μ° ·¥ ²¨§ Í¨¨ ´¥-
μ¡Ìμ¤¨³  μ¡· ¡μÉ±  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¢ É¥³¶¥ ¨Ì ¶μ¸ÉÊ¶²¥´¨Ö. �μ²ÊÎ¥´¨¥
¤ ´´ÒÌ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ ·Ö¤  ¤¥É¥±Éμ·μ¢, Î ¸ÉÓ ¨§ ±μÉμ·ÒÌ ¨³¥¥É ÖÎ¥¨¸ÉÊÕ
¸É·Ê±ÉÊ·Ê. — ¸É¨ÍÒ, ¶¥·¥¸¥± Ö ¶²μ¸±μ¸É¨ É ±¨Ì ¤¥É¥±Éμ·μ¢, ¶·¨¢μ¤ÖÉ ± ¸· ¡ ÉÒ¢ ´¨Õ
μ¤´μ° ¨²¨ ´¥¸±μ²Ó±¨Ì ¤¥É¥±É¨·ÊÕÐ¨Ì ÖÎ¥¥±. „ ²¥¥ ´  μ¸´μ¢¥ ÔÉ¨Ì ®μÉ¶¥Î É±μ¢¯ ¶·μ-
£· ³³´Ò³¨ ¸·¥¤¸É¢ ³¨ μ¶·¥¤¥²ÖÕÉ¸Ö ´ ¨¡μ²¥¥ ¢¥·μÖÉ´Ò¥ ±μμ·¤¨´ ÉÒ ¶·μ²¥É  Î ¸É¨Í Å
Ì¨ÉÒ, ±μÉμ·Ò¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ¢μ¸¸É ´μ¢²¥´¨Ö É·¥±μ¢ Å É· ¥±Éμ·¨° ¤¢¨¦¥´¨Ö Î ¸É¨Í
¢´ÊÉ·¨ ¤¥É¥±Éμ· .

—¨¸²μ Î ¸É¨Í, ·μ¦¤ ÕÐ¨Ì¸Ö ¶·¨ ± ¦¤μ³ ¸μÊ¤ ·¥´¨¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¶·¨ Ô´¥·£¨ÖÌ
CBM, ³μ¦¥É ¡ÒÉÓ ¢¥¸Ó³  ¢¥²¨±μ (¤μ ´¥¸±μ²Ó±¨Ì ÉÒ¸ÖÎ),   ¨Ì ®μÉ¶¥Î É±¨¯ ³μ£ÊÉ ¸μ¶·¨-
± ¸ ÉÓ¸Ö ¨ ¶¥·¥±·Ò¢ ÉÓ¸Ö, ÎÉμ ¸μ§¤ ¥É §´ Î¨É¥²Ó´Ò¥ É·Ê¤´μ¸É¨ ´  ÔÉ ¶¥ ¶μ¨¸±  Ì¨Éμ¢.
„²Ö ·¥Ï¥´¨Ö ÔÉμ° ¶·μ¡²¥³Ò ¨¸¶μ²Ó§Ê¥É¸Ö ¸¶¥Í¨ ²Ó´ Ö ¶·μÍ¥¤Ê·  Å ±² ¸É¥·¨§ Í¨Ö [2].
	 Ï¥° Í¥²ÓÕ Ö¢²Ö¥É¸Ö ¶μ¨¸± ¨ · §· ¡μÉ±   ²£μ·¨É³μ¢ ±² ¸É¥·¨§ Í¨¨, ¶·¨³¥´¨³ÒÌ ± μ¡-
· ¡μÉ±¥ μÉ±²¨±μ¢ ±μμ·¤¨´ É´ÒÌ ¤¥É¥±Éμ·μ¢ ¢ Ô±¸¶¥·¨³¥´É¥ CBM. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥
· ¸¸³μÉ·¥´  ¶·μ¡²¥³  ±² ¸É¥·¨§ Í¨¨ μÉ±²¨±μ¢ ¢ ¤¥É¥±Éμ· Ì MVD (Micro Vertex Detec-
tor) ¨ MuCh (Muon Chamber).
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1. �‹ƒ��ˆ’Œ› Š‹�‘’…�ˆ‡�–ˆˆ

„²Ö ±² ¸É¥·¨§ Í¨¨ μÉ±²¨±μ¢ ¤¥É¥±Éμ·μ¢ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤¢  · §²¨Î´ÒÌ  ²£μ·¨É³ .
�¥·¢Ò° ¨§ ´¨Ì ¡Ò² · §· ¡μÉ ´ ´ ³¨ ¸¶¥Í¨ ²Ó´μ ¤²Ö μ¡· ¡μÉ±¨ μÉ±²¨±μ¢ ¤¥É¥±Éμ·μ¢
¢ ¸²ÊÎ ¥, ¥¸²¨ ¤¥É¥±É¨·ÊÕÐ¨¥ ÖÎ¥°±¨ ¨³¥ÕÉ § ·Ö¤. �¸´μ¢´μ° ¶·¨´Í¨¶ · ¡μÉÒ  ²£μ-
·¨É³  ¸²¥¤ÊÕÐ¨°: ± ¦¤ Ö ÖÎ¥°±  ¸ ²μ± ²Ó´Ò³ ³ ±¸¨³Ê³μ³ § ·Ö¤μ¢ μ¡· §Ê¥É μÉ¤¥²Ó´Ò°
±² ¸É¥·, ± ¦¤Ò° ±² ¸É¥· ³μ¦¥É ¢±²ÕÎ ÉÓ ¢ ¸¥¡Ö Éμ²Ó±μ μ¤´Ê ÖÎ¥°±Ê ¸ ²μ± ²Ó´Ò³ ³ ±¸¨-
³Ê³μ³ § ·Ö¤μ¢. ŸÎ¥°±¨, ±μÉμ·Ò¥ ´¥ Ö¢²ÖÕÉ¸Ö ²μ± ²Ó´Ò³¨ ³ ±¸¨³Ê³ ³¨, ¶·¨¸μ¥¤¨´ÖÕÉ¸Ö
± ¸μ¸¥¤Ö³ ¸ ´ ¨¡μ²ÓÏ¨³ § ·Ö¤μ³. �Éμ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ · §¤¥²ÖÉÓ ³´μ£¨¥ ¶¥·¥±·Ò¢ Õ-
Ð¨¥¸Ö ±² ¸É¥·Ò ¡¥§ ¨¸¶μ²Ó§μ¢ ´¨Ö ¸²μ¦´ÒÌ ¢ÒÎ¨¸²¥´¨°.

‚Éμ·μ°  ²£μ·¨É³ · ¡μÉ ¥É ¡¥§ ÊÎ¥É  ¨´Ëμ·³ Í¨¨ μ § ·Ö¤ Ì ÖÎ¥¥±, ÎÉμ Ö¢²Ö¥É¸Ö ´¥μ¡-
Ìμ¤¨³Ò³ Ê¸²μ¢¨¥³ ¥£μ ¨¸¶μ²Ó§μ¢ ´¨Ö ¤²Ö ´¥±μÉμ·ÒÌ ¤¥É¥±Éμ·μ¢. �ÉμÉ  ²£μ·¨É³ μ¸´μ¢ ´
´  Ê¶·μÐ¥´´μ³ ³¥Éμ¤¥ ¡²¨¦ °Ï¥£μ ¸μ¸¥¤  [3]. ‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ ÔÉ¨³ ³¥Éμ¤μ³ μ¡Ñ¥±É
¶·¨¸μ¥¤¨´Ö¥É¸Ö ± ±² ¸É¥·Ê, ¥¸²¨ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¤ ´´Ò³ μ¡Ñ¥±Éμ³ ¨ ²Õ¡Ò³ ¨§ μ¡Ñ-
¥±Éμ¢, Ê¦¥ ¢±²ÕÎ¥´´ÒÌ ¢ ±² ¸É¥·, ¤μ¸É ÉμÎ´μ ³ ²μ. ‘ Í¥²ÓÕ ¤μ¸É¨¦¥´¨Ö ³ ±¸¨³ ²Ó´μ°
¸±μ·μ¸É¨ ±² ¸É¥·¨§ Í¨¨ ¢ Ê¸²μ¢¨ÖÌ μÉ¸ÊÉ¸É¢¨Ö ¨´Ëμ·³ Í¨¨ μ § ·Ö¤ Ì ÖÎ¥¥± ¢ ± Î¥¸É¢¥
³¥·Ò ¡²¨§μ¸É¨ μ¡Ñ¥±Éμ¢ Å ¤¥É¥±É¨·ÊÕÐ¨Ì ÖÎ¥¥± Å ¨¸¶μ²Ó§μ¢ ²μ¸Ó Ê¸²μ¢¨¥ ¸μ¸¥¤¸É¢ 
ÖÎ¥¥± ´  ¶²μ¸±μ¸É¨ ¤¥É¥±Éμ· .

2. Š‹�‘’…�ˆ‡�–ˆŸ �’Š‹ˆŠ�‚ ‚ „…’…Š’��… MuCh

„¥É¥±Éμ· MuCh [4] ¶·¥¤´ §´ Î¥´ ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ ³Õμ´μ¢. �´ ¸μ¸Éμ¨É ¨§ 18 ¤¥-
É¥±É¨·ÊÕÐ¨Ì ¶²μ¸±μ¸É¥°, μ¡Ñ¥¤¨´¥´´ÒÌ ¢ 6 ¸É ´Í¨°. Œ¥¦¤Ê ¸É ´Í¨Ö³¨ · ¸¶μ² £ ÕÉ¸Ö
 ¤·μ´´Ò¥ Ë¨²ÓÉ·Ò ¨§ ¦¥²¥§  ¨ Ê£²¥·μ¤ , ¶·¥¤´ §´ Î¥´´Ò¥ ¤²Ö ¶μ¤ ¢²¥´¨Ö Ëμ´  μÉ
 ¤·μ´μ¢.

‚ ¤ ´´μ° · ¡μÉ¥ ¶·¨ É¥¸É¨·μ¢ ´¨¨  ²£μ·¨É³μ¢ · ¸¸³ É·¨¢ ²¨¸Ó Í¥´É· ²Ó´Ò¥ ¸μÊ¤ -
·¥´¨Ö ¨μ´μ¢ Au + Au ¶·¨ Ô´¥·£¨¨ 25 ƒÔ‚/´Ê±²μ´. ‚ É ±¨Ì ¸μÊ¤ ·¥´¨ÖÌ ·μ¦¤ ¥É¸Ö ¤μ
1000 § ·Ö¦¥´´ÒÌ Î ¸É¨Í. 	  ³Õμ´´Ò° ¤¥É¥±Éμ· ¶·¨Ìμ¤¨É¸Ö μ±μ²μ 6500 ¸· ¡ ÉÒ¢ ´¨°
ÖÎ¥¥±, μ¡· §ÊÕÐ¨Ì ¶μ·Ö¤±  3500 ±² ¸É¥·μ¢. �·¨ ÔÉμ³ ¤μ 90% μÉ ¨Ì ±μ²¨Î¥¸É¢  ¸μ¸·¥-
¤μÉμÎ¥´Ò ´  ¶¥·¢ÒÌ ¤¢ÊÌ ¸É ´Í¨ÖÌ.

� §· ¡μÉ ´´Ò¥  ²£μ·¨É³Ò ±² ¸É¥·¨§ Í¨¨ ³Ò ¸· ¢´¨²¨ ¸ ³¥Éμ¤¨±μ°, ¨¸¶μ²Ó§Ê¥³μ°
¢ Ô±¸¶¥·¨³¥´É¥ CBM. �¥§Ê²ÓÉ ÉÒ ¸· ¢´¥´¨Ö μÉμ¡· ¦¥´Ò ´  ·¨¸. 1. � §· ¡μÉ ´´Ò°  ²-

�¨¸. 1. �ËË¥±É¨¢´μ¸ÉÓ ±² ¸É¥·¨§ Í¨¨ μÉ±²¨±μ¢ ¢ ¤¥É¥±Éμ·¥ MuCh
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£μ·¨É³ ±² ¸É¥·¨§ Í¨¨ ¸ ÊÎ¥Éμ³ § ·Ö¤μ¢ ÖÎ¥¥± ¶μ± § ² ´ ¨²ÊÎÏ¨¥ ·¥§Ê²ÓÉ ÉÒ ¸·¥¤¨ · ¸-
¸³ É·¨¢ ¥³ÒÌ, μ¸μ¡¥´´μ ´  ¶¥·¢ÒÌ ¸É ´Í¨ÖÌ ¤¥É¥±Éμ· . ƒ² ¢´μ° ¶·μ¡²¥³μ° ¤ ´´μ£μ  ²-
£μ·¨É³  Ö¢²Ö¥É¸Ö μ¡· §μ¢ ´¨¥ μÉ´μ¸¨É¥²Ó´μ ¡μ²ÓÏμ£μ ±μ²¨Î¥¸É¢  Ë¨±É¨¢´ÒÌ ±² ¸É¥·μ¢.
ˆÌ Î¨¸²μ ³μ¦¥É ¤μ¸É¨£ ÉÓ 10Ä15% μÉ μ¡Ð¥£μ ±μ²¨Î¥¸É¢  ´ °¤¥´´ÒÌ ±² ¸É¥·μ¢.

3. Š‹�‘’…�ˆ‡�–ˆŸ �’Š‹ˆŠ�‚ ‚ „…’…Š’��… MVD

„¥É¥±Éμ· MVD [5] ¶² ´¨·Ê¥É¸Ö μ¸´ ¸É¨ÉÓ Î¥ÉÒ·Ó³Ö ¶²μ¸±μ¸ÉÖ³¨. „²Ö  ±É¨¢´ÒÌ Ô²¥-
³¥´Éμ¢ (ÖÎ¥¥±) · ¸¸³ É·¨¢ ¥É¸Ö ¤¢  ¢ ·¨ ´É  ·¥ ²¨§ Í¨¨: ¸ ÊÎ¥Éμ³ ¨ ¡¥§ ÊÎ¥É  § ·Ö¤μ¢
Î ¸É¨Í. ŒÒ ¨¸¸²¥¤Ê¥³ μ¡  ¸²ÊÎ Ö, ¨¸¶μ²Ó§ÊÖ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥  ²£μ·¨É³Ò ±² ¸É¥·¨§ Í¨¨.
�·¨ μÉ¸ÊÉ¸É¢¨¨ § ·Ö¤μ¢ ³Ò É ±¦¥ ÊÎ¨ÉÒ¢ ¥³ ¢μ§³μ¦´μ¸ÉÓ ¶·¨³¥´¥´¨Ö ¶μ·μ£   ±É¨¢ Í¨¨
ÖÎ¥¥±.

�μ³¨³μ Î ¸É¨Í, ·μ¦¤ ÕÐ¨Ì¸Ö ¶·¨ Au + Au-¸μÊ¤ ·¥´¨ÖÌ, ¶·¨ ¶·μÌμ¦¤¥´¨¨ ¢Ò¸μ±μ-
¨´É¥´¸¨¢´μ£μ ¶ÊÎ±  Î¥·¥§ ³¨Ï¥´Ó μ¡· §Ê¥É¸Ö ¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ ¤¥²ÓÉ -Ô²¥±É·μ´μ¢. ˆÌ
Î¨¸²μ § ¢¨¸¨É μÉ Î ¸ÉμÉÒ ¢§ ¨³μ¤¥°¸É¢¨Ö ¨ ³μ¦¥É §´ Î¨É¥²Ó´μ ¶·¥¢ÒÏ ÉÓ ±μ²¨Î¥¸É¢μ
Î ¸É¨Í μÉ ¸μÊ¤ ·¥´¨° Au + Au. �μÔÉμ³Ê ³Ò ¨¸¸²¥¤μ¢ ²¨ ÔËË¥±É¨¢´μ¸ÉÓ  ²£μ·¨É³μ¢
±² ¸É¥·¨§ Í¨¨ ¶·¨ · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ Î ¸ÉμÉÒ ¢§ ¨³μ¤¥°¸É¢¨Ö (·¨¸. 2). 	 ¨²ÊÎÏ¨¥
·¥§Ê²ÓÉ ÉÒ ¶μ± § ²  ²£μ·¨É³, ¨¸¶μ²Ó§ÊÕÐ¨° § ·Ö¤Ò ÖÎ¥¥±. 	μ ¶·¨ ¶μ¢ÒÏ¥´¨¨ Î¨¸² 
 ±É¨¢´ÒÌ ÖÎ¥¥± (105 ¨ ¡μ²¥¥) ¸±μ·μ¸ÉÓ · ¡μÉÒ ¤ ´´μ£μ  ²£μ·¨É³  ¸¨²Ó´μ ¶ ¤ ¥É ¨ μ¡-
· ¡μÉ±  μ¤´μ£μ ¸μ¡ÒÉ¨Ö ³μ¦¥É § ´¨³ ÉÓ ¤μ ´¥¸±μ²Ó±¨Ì ¤¥¸ÖÉ±μ¢ ¸¥±Ê´¤. �²£μ·¨É³ ¡¥§-
§ ·Ö¤μ¢μ° ±² ¸É¥·¨§ Í¨¨, ¨¸¶μ²Ó§Ê¥³Ò° ¸μ¢³¥¸É´μ ¸ μ¶É¨³ ²Ó´Ò³ ¶μ·μ£μ³  ±É¨¢ Í¨¨
ÖÎ¥¥±, ¶·μ¤¥³μ´¸É·¨·μ¢ ² μÎ¥´Ó ¡²¨§±¨¥ ·¥§Ê²ÓÉ ÉÒ, ²¨ÏÓ ´¥§´ Î¨É¥²Ó´μ Ê¸ÉÊ¶ Ö  ²£μ-
·¨É³Ê ±² ¸É¥·¨§ Í¨¨ ¸ ÊÎ¥Éμ³ § ·Ö¤μ¢. ’ ±¨³ μ¡· §μ³, ¨´Ëμ·³ Í¨Ö μ § ·Ö¤ Ì ÖÎ¥¥± ´¥
Ö¢²Ö¥É¸Ö μ¡Ö§ É¥²Ó´μ° ¤²Ö Ê¸¶¥Ï´μ° ±² ¸É¥·¨§ Í¨¨ μÉ±²¨±μ¢ ¤¥É¥±Éμ·  MVD. 	μ ¶·¨
μÉ¸ÊÉ¸É¢¨¨ ¶μ·μ£   ±É¨¢ Í¨¨ ÖÎ¥¥± ÔËË¥±É¨¢´μ¸ÉÓ ¤ ´´μ£μ  ²£μ·¨É³  ¸¥·Ó¥§´μ ¶ ¤ ¥É.

�¨¸. 2. �ËË¥±É¨¢´μ¸ÉÓ ±² ¸É¥·¨§ Í¨¨ μÉ±²¨±μ¢ ¢ ¤¥É¥±Éμ·¥ MVD
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‚ ¤ ´´μ° · ¡μÉ¥ ¡Ò²  · ¸¸³μÉ·¥´  ¶·μ¡²¥³  ±² ¸É¥·¨§ Í¨¨ μÉ±²¨±μ¢ ±μμ·¤¨´ É´ÒÌ
¤¥É¥±Éμ·μ¢, ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ Ô±¸¶¥·¨³¥´É¥ ‘‚Œ. ’¥¸É¨·μ¢ ´¨¥ · §· ¡μÉ ´´ÒÌ ´ ³¨  ²-
£μ·¨É³μ¢ ´  ¤ ´´ÒÌ, ¶μ²ÊÎ ¥³ÒÌ ¸ ¤¥É¥±Éμ·μ¢ MuCh ¨ MVD, ¶μ± § ²μ ¨Ì ¶·¨³¥´¨³μ¸ÉÓ
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¤²Ö ·¥Ï¥´¨Ö ¶μ¸É ¢²¥´´μ° § ¤ Î¨, ´¥¸³μÉ·Ö ´  ¨³¥ÕÐ¨¥¸Ö ¶·¥¨³ÊÐ¥¸É¢  ¨ ´¥¤μ¸É É±¨
± ¦¤μ£μ ¨§  ²£μ·¨É³μ¢. „²Ö ¤¥É¥±Éμ·  MuCh ´ ¨²ÊÎÏ¨¥ ·¥§Ê²ÓÉ ÉÒ ¤μ¸É¨£ ÕÉ¸Ö ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ § ·Ö¤μ¢ ÖÎ¥¥±, Éμ£¤  ± ± ¤²Ö ¤¥É¥±Éμ·  MVD ¢μ§³μ¦´  ±² ¸É¥·¨§ Í¨Ö ¡¥§
ÊÎ¥É  § ·Ö¤μ¢.
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