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„…’…Š’�� NEW CHOD
„‹Ÿ �Š‘�…�ˆŒ…�’� NA62 (–…��)

‘.�. ”¥¤μÉμ¢ ∗, �. �. Š²¥°³¥´μ¢ , �. �. •μÉÖ´Í¥¢
ˆ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ���, Œμ¸±¢ 

New CHOD Å ¸Í¨´É¨²²ÖÍ¨μ´´Ò° £μ¤μ¸±μ¶ ¸¥£³¥´É¨·μ¢ ´´μ° ¸É·Ê±ÉÊ·Ò ¸ μ¡-
Ð¨³ ±μ²¨Î¥¸É¢μ³ ¶ ¤μ¢, · ¢´Ò³ 152. ‘¨£´ ² ¸ ± ¦¤μ£μ ¶ ¤  ¸Î¨ÉÒ¢ ¥É¸Ö ¸ ¶μ³μ-
ÐÓÕ ¸¶¥±É·μ¸³¥Ð ÕÐ¨Ì ¢μ²μ±μ´ ¨ ¤¢Ê³Ö ¨²¨ Î¥ÉÒ·Ó³Ö SensL SiPM ¸ ÎÊ¢¸É¢¨É¥²Ó-
´μ° μ¡² ¸ÉÓÕ 3 × 3 ³³. �ÉμÉ ËμÉμ¤¥É¥±Éμ· ¨³¥¥É 4774 ¶¨±¸¥²Ö, · §³¥·Ò ±μÉμ·ÒÌ
35 × 35 ³±³. ˆ§³¥·¥´Ò μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò (ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ËμÉμ´μ¢,
É¥³´μ¢μ° Éμ±, ¶¥·¥±·¥¸É´Ò¥ ¶μ³¥Ì¨ ¨ Ê¸¨²¥´¨¥) ¤²Ö 500 SiPM.

New CHOD is a scintillating hodoscope with a pad structure and a total number
of 152 counters. Each pad is read out with WLS ˇbers and two or four SensL SiPMs with
a sensitive area of 3× 3 mm. This photosensor has 4774 pixels, each of 35× 35 μm. The
main parameters (photon detection efˇciency, dark rate, cross-talk, and gain) of 500 SiPMs
were measured.

PACS: 29.40.Mc

�Š‘�…�ˆŒ…�’ NA62

�¸´μ¢´μ° Í¥²ÓÕ Ô±¸¶¥·¨³¥´É  NA62 [1] Ö¢²Ö¥É¸Ö ¨§ÊÎ¥´¨¥ ¸¢¥·Ì·¥¤±μ£μ
± μ´´μ£μ · ¸¶ ¤  (K+ → π+νν̃). �ÉμÉ · ¸¶ ¤ ¸¨²Ó´μ ¶μ¤ ¢²¥´ ¨ ÉμÎ´μ · ¸-
¸Î¨ÉÒ¢ ¥É¸Ö ¢ ‘É ´¤ ·É´μ° ³μ¤¥²¨, ¶μÔÉμ³Ê Ô±¸¶¥·¨³¥´É ²Ó´μ¥ ¨§³¥·¥´¨¥
¢¥·μÖÉ´μ¸É¨ · ¸¶ ¤  ³μ¦¥É ¶μ§¢μ²¨ÉÓ ± ± ¶·μ¢¥·¨ÉÓ ¸ ³Ê ‘É ´¤ ·É´ÊÕ ³μ-
¤¥²Ó, É ± ¨ ¶μ²ÊÎ¨ÉÓ ¤ ´´Ò¥ μ ´μ¢μ° Ë¨§¨±¥ §  ¥¥ · ³± ³¨. ‚ ´ ¸ÉμÖÐ¥¥
¢·¥³Ö ¢ Ô±¸¶¥·¨³¥´É¥ …949 § ·¥£¨¸É·¨·μ¢ ´μ ¸¥³Ó É ±¨Ì · ¸¶ ¤μ¢ [2, 3], ÎÉμ
´¥ ¶μ§¢μ²Ö¥É ¶·μ¨§¢¥¸É¨ ¶·μ¢¥·±Ê ¶·¥¤¸± § ´¨° ‘É ´¤ ·É´μ° ³μ¤¥²¨. ‚ Ô±¸-
¶¥·¨³¥´É¥ NA62 ¶² ´¨·Ê¥É¸Ö ¤μ¸É¨£´ÊÉÓ 10%-° ÉμÎ´μ¸É¨ ¨§³¥·¥´¨°. ‘Ì¥³ 
Ô±¸¶¥·¨³¥´É  ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1.

“¸É ´μ¢±  NA62 ¸μ¸Éμ¨É ¨§ ¡μ²ÓÏμ£μ ±μ²¨Î¥¸É¢  ¤¥É¥±Éμ·μ¢. �¤¨´ ¨§
´¨Ì Å £μ¤μ¸±μ¶ § ·Ö¦¥´´ÒÌ Î ¸É¨Í (CHOD), μ¡¥¸¶¥Î¨¢ ÕÐ¨° ´ ²μ¦¥´¨¥
¢¥Éμ ´  μ£·μ³´μ¥ ±μ²¨Î¥¸É¢μ ³Õμ´´ÒÌ · ¸¶ ¤μ¢. CHOD ¨³¥¥É ¸¥£³¥´É¨·μ-
¢ ´´ÊÕ ¸É·Ê±ÉÊ·Ê ¨ ¸μ¸Éμ¨É ¨§ ¶² ¸É¨±μ¢ÒÌ ¸Í¨´É¨²²ÖÉμ·μ¢ · §´μ£μ · §-

∗E-mail: fedotov@inr.ru
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�¨¸. 1. ‘Ì¥³  Ô±¸¶¥·¨³¥´É  NA62 [3]

³¥· , μÌ¢ ÉÒ¢ ÕÐ¨Ì ¶²μÐ ¤Ó ¢μ±·Ê£ ¶ÊÎ± . „¥É¥±Éμ· ¤μ²¦¥´ · ¡μÉ ÉÓ ¢ ·¥-
¦¨³¥ ¢Ò¸μ±μ° ¨´É¥´¸¨¢´μ¸É¨ ¸ · §Ê³´μ° ¸±μ·μ¸ÉÓÕ ¸Î¥É  ´  μ¤¨´ ± ´ ²,  
É ±¦¥ μ¡¥¸¶¥Î¨¢ ÉÓ ¢Ò¸μ±μ¥ ¢·¥³¥´´μ¥ · §·¥Ï¥´¨¥. �¸´μ¢´Ò¥ § ¤ Î¨ £μ¤μ-
¸±μ¶  CHOD Å μ¡¥¸¶¥Î¨¢ ÉÓ ¸¨£´ ² ¢ ´Ê²¥¢μ³ Ê·μ¢´¥ É·¨££¥·´μ° ¸¨¸É¥³Ò
¨ ÔËË¥±É¨¢´μ¥ ¢¥Éμ ´  ¢μ§³μ¦´Ò¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ §¥·± ²Ó´μ° μ¡² ¸É¨ ¤¥-
É¥±Éμ·  RICH.

„…’…Š’�� NEW CHOD

‚μ ¢·¥³Ö ¸¥ ´¸μ¢ ´  ± μ´´μ³ ¶ÊÎ±¥ ¡Ò² μ¡´ ·Ê¦¥´ ·Ö¤ ¶·μ¡²¥³, ¸¢Ö-
§ ´´ÒÌ ¸ ¤¥É¥±Éμ·μ³ CHOD. ˆ§-§  ¤¢ÊÌ¸²μ°´μ° ¸É·Ê±ÉÊ·Ò ¤¥É¥±Éμ·  ¢μ§´¨-
±²  ¶·μ¡²¥³ , ¸¢Ö§ ´´ Ö ¸ ±μ··¥±É´μ° · ¡μÉμ° ¶·μÏ¨¢±¨ ¤¥É¥±Éμ· . ’ ±¦¥
CHOD ¨³¥² ¸²μ¦´μ¸É¨, ¢Ò§¢ ´´Ò¥ ¢Ò¸μ±μ° § £·Ê§±μ° ¢ Í¥´É· ²Ó´μ° μ¡² -
¸É¨ ¤¥É¥±Éμ· . ‚ ·¥§Ê²ÓÉ É¥ μ¡¸Ê¦¤¥´¨Ö ¡Ò²μ ¶·¨´ÖÉμ ·¥Ï¥´¨¥ μ ¸μ§¤ ´¨¨
´μ¢μ£μ ¤¥É¥±Éμ·  Å New CHOD.

‘’�“Š’“�� „…’…Š’��� NEW CHOD

�¸´μ¢´Ò¥ § ¤ Î¨ ¤¥É¥±Éμ·  New CHOD μ¸É ²¨¸Ó É¥³¨ ¦¥. �É²¨Î¨¥³ μÉ
¸É ·μ£μ CHOD (·¨¸. 2,  ) Ö¢²Ö¥É¸Ö ¥£μ ±μ´¸É·Ê±Í¨Ö: ¢³¥¸Éμ ¤¢ÊÌ ¸²μ¥¢ ¸Í¨´-
É¨²²ÖÍ¨μ´´ÒÌ ¸É·¨¶μ¢ μ´ ¨³¥¥É μ¤´μ¸²μ°´ÊÕ ¶ ¤μ¢ÊÕ ¸É·Ê±ÉÊ·Ê (·¨¸. 2, ¡).
�Éμ ¶μ§¢μ²Ö¥É ·¥Ï¨ÉÓ ¶·μ¡²¥³Ò, ¸¢Ö§ ´´Ò¥ ¸ ¶·μÏ¨¢±μ° ¨ ¢Ò¸μ±μ° § £·Ê§-
±μ° ¢ Í¥´É· ²Ó´μ° μ¡² ¸É¨ ¤¥É¥±Éμ· .

„¥É¥±Éμ· New CHOD ¸¨³³¥É·¨Î¥´ μÉ´μ¸¨É¥²Ó´μ μ¸¨ ¶ÊÎ± . Šμ´¸É·Ê±-
Í¨Ö ¤¥É¥±Éμ·  ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸¥£³¥´É¨·μ¢ ´´Ò¥ ¸Í¨´É¨²²ÖÉμ·Ò (¶ ¤Ò),
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�¨¸. 2.  ) ‘Ì¥³  ¤¥É¥±Éμ·  CHOD, μ¡² ¤ ÕÐ¥£μ ¤¢ÊÌ¸²μ°´μ° ¸É·¨¶μ¢μ° ¸É·Ê±ÉÊ·μ°.
¡) � ¤μ¢ Ö ¸É·Ê±ÉÊ·  New CHOD, ´  ·¨¸Ê´±¥ ¶·¥¤¸É ¢²¥´  1/4-Ö Î ¸ÉÓ ¸¨³³¥É·¨Î´μ£μ
μÉ´μ¸¨É¥²Ó´μ μ¸¨ ¶ÊÎ±  £μ¤μ¸±μ¶ 

§ ±·¥¶²¥´´Ò¥ ´  μ¡Ð¥³ ± ·± ¸¥ ¢ μ¤¨´ ¸²μ°. Š ·± ¸ ¨§£μÉμ¢²¥´ ´  μ¸´μ¢¥
μ·£¸É¥±² , ¶² ¸É¨±  ¨ Éμ´±μ£μ  ²Õ³¨´¨Ö. ‘¨£´ ² ¸ ¶ ¤μ¢ ¸´¨³ ¥É¸Ö ¸ ¶μ³μ-
ÐÓÕ ¸¶¥±É·μ¸³¥Ð ÕÐ¨Ì (WLS) ¢μ²μ±μ´ (Kuraray Y11 [4]). � ¤Ò · ¸¶μ² £ -
ÕÉ¸Ö ·Ö¤ ³¨ ¶μμÎ¥·¥¤´μ ¸ · §´ÒÌ ¸Éμ·μ´ ± ·± ¸ , ÔÉμ Ê³¥´ÓÏ ¥É ¢¥·μÖÉ´μ¸ÉÓ
¶¥·¥Ìμ¤  ¸¨£´ ²μ¢ ¨§ μ¤´μ£μ ¶ ¤  ¢ ¤·Ê£μ° ¨ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¢Ò¢¥¸É¨ WLS-
¢μ²μ±´  ´  ¶¥·¨Ë¥·¨Õ ¤¥É¥±Éμ· , £¤¥ ¸ ´¨Ì ¸´¨³ ¥É¸Ö ¸¨£´ ² ¸ ¶μ³μÐÓÕ
±·¥³´¨¥¢ÒÌ ËμÉμÊ³´μ¦¨É¥²¥°.

�¨¸. 3. �¨¦´ÖÖ ¶μ²μ¢¨´  ¤¥É¥±Éμ·  New CHOD, £μÉμ¢ Ö ± Ê¸É ´μ¢±¥ ´  ± μ´´Ò°
¶ÊÎμ±
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„²Ö μ¡¥¸¶¥Î¥´¨Ö μ¤¨´ ±μ¢μ° § £·Ê§±¨ ´  μ¤¨´ ± ´ ² · §³¥·Ò ¶ ¤μ¢
· §²¨Î ÕÉ¸Ö. ‚ Í¥´É· ²Ó´μ° μ¡² ¸É¨, £¤¥ § £·Ê§±  ³ ±¸¨³ ²Ó´ , ¨¸¶μ²Ó§Ê-
ÕÉ¸Ö ¶ ¤Ò · §³¥· ³¨ 134×108×30 ³³. �  ¶¥·¨Ë¥·¨¨ ¤¥É¥±Éμ· , £¤¥ § £·Ê§± 
§´ Î¨É¥²Ó´μ ³¥´ÓÏ¥, ¨¸¶μ²Ó§ÊÕÉ¸Ö ¶ ¤Ò ¢ ¤¢  · §  ¡μ²ÓÏ¥£μ · §³¥· 
268 × 108 × 30 ³³.

�¸´μ¢´Ò³¨ É·¥¡μ¢ ´¨Ö³¨ ¶·¨ ¸μ§¤ ´¨¨ ´μ¢μ£μ ¤¥É¥±Éμ·  Ö¢²Ö²¨¸Ó Ìμ·μ-
Ï¥¥ ¢·¥³¥´´μ¥ · §·¥Ï¥´¨¥ (¶μ·Ö¤±  600 ´¸),   É ±¦¥ ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨-
¸É· Í¨¨ ´¥ ³¥´¥¥ Î¥³ 98 % ¤²Ö ¶² ´¨·Ê¥³μ° § £·Ê§±¨ ¢ 30 ŒƒÍ.

Š�…Œ�ˆ…‚›… ”�’�“Œ��†ˆ’…‹ˆ SensL

‚ ¤¥É¥±Éμ·¥ New CHOD ¨¸¶μ²Ó§ÊÕÉ¸Ö SiPM Ë¨·³Ò SensL ³ ·±¨
MicroFC-30035-SMT [5]. �¥·¥¤ ´ Î ²μ³ ¸¡μ·±¨ ¤¥É¥±Éμ·  New CHOD ¡Ò²μ
¶·μ¨§¢¥¤¥´μ É¥¸É¨·μ¢ ´¨¥ ¢¸¥Ì SiPM ¢ ±μ²¨Î¥¸É¢¥ 500 ÏÉ. „²Ö ± ¦¤μ£μ ¨§
´¨Ì ¡Ò²¨ ¨§³¥·¥´Ò É ±¨¥ μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò, ± ± ÏÊ³, Ê¸¨²¥´¨¥ ¨ μÉ´μ¸¨-
É¥²Ó´ Ö ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ËμÉμ´μ¢ (PDE).

’¥¸É¨·μ¢ ´¨¥ SiPM ¶·μ¢μ¤¨²μ¸Ó ¢ ¸¢¥Éμ¨§μ²¨·μ¢ ´´μ³ ¡μ±¸¥ ¸ ±μ´É·μ-
²¨·Ê¥³μ° É¥³¶¥· ÉÊ·μ° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ §¥²¥´μ£μ ¸¢¥Éμ¤¨μ¤  ¢ ± Î¥¸É¢¥ ¨¸-
ÉμÎ´¨±  ¸¢¥É  (·¨¸. 4).

� ¡μÎ¥¥ ´ ¶·Ö¦¥´¨¥ ¡Ò²μ Ê¸É ´μ¢²¥´μ 30 ‚. �² ´¨·Ê¥É¸Ö, ÎÉμ É ±μ¥ ¦¥
· ¡μÎ¥¥ ´ ¶·Ö¦¥´¨¥ ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¨ ¢μ ¢·¥³Ö Ô±¸¶¥·¨³¥´É . ’¥³´μ-
¢μ° Éμ±, μÉ´μ¸¨É¥²Ó´μ¥ Ê¸¨²¥´¨¥ ¨ Ê·μ¢¥´Ó ¶¥·¥±·¥¸É´ÒÌ ¶μ³¥Ì SiPM ¡Ò²¨
μ¶·¥¤¥²¥´Ò ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ É¥³´μ¢μ£μ ¸¶¥±É·  ËμÉμ¸¥´¸μ· . � ¸¶·¥¤¥²¥´¨¥
�Ê ¸¸μ´  ¶μ§¢μ²Ö¥É ¢ÒÎ¨¸²¨ÉÓ ÔÉ¨ ¶ · ³¥É·Ò.

‡¥²¥´Ò° ¸¢¥Éμ¤¨μ¤ £¥´¥·¨·Ê¥É ±μ·μÉ±¨¥ ¸¢¥Éμ¢Ò¥ ¨³¶Ê²Ó¸Ò, ±μÉμ·Ò¥ ´ -
¶· ¢²ÖÕÉ¸Ö ¢ ³μ´μÌ·μ³ Éμ·. ‚ ³μ´μÌ·μ³ Éμ·¥ ¨¸¶μ²Ó§Ê¥É¸Ö ¤²¨´  ¢μ²´Ò
¸¢¥Éμ¢ÒÌ ¨³¶Ê²Ó¸μ¢ 520 ´³, ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ¤²¨´¥ ¢μ²´Ò ¸¢¥É , · ¸¶·μ-
¸É· ´ÖÕÐ¥£μ¸Ö ¶μ WLS-¢μ²μ±´Ê. ‘¢¥É, ¢ÒÌμ¤Ö ¨§ ³μ´μÌ·μ³ Éμ· , ¤¥²¨É¸Ö
³¥¦¤Ê ¤¢Ê³Ö WLS-¢μ²μ±´ ³¨ ¸ ±μÔËË¨Í¨¥´Éμ³, ¶·¨³¥·´μ · ¢´Ò³ 1 : 1. �¤´μ
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�¨¸. 4. ‘Ì¥³  Ê¸É ´μ¢±¨ ¤²Ö É¥¸É¨·μ¢ ´¨Ö SiPM
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�¨¸. 5. ƒ¨¸Éμ£· ³³Ò:  ) μÉ´μ¸¨É¥²Ó´ Ö ÔËË¥±É¨¢´μ¸ÉÓ, PDE; ¡) Ê¸¨²¥´¨¥; ¢) ¨´É¥´-
¸¨¢´μ¸ÉÓ ÏÊ³μ¢ÒÌ ¨³¶Ê²Ó¸μ¢ SiPM MicroFC-30035-SMT

¢μ²μ±´μ ¶μ¤±²ÕÎ¥´μ ± É¥¸É¨·Ê¥³μ³Ê SiPM,   ¤·Ê£μ¥ Å ± ÔÉ ²μ´´μ³Ê ËμÉμ-
¤¥É¥±Éμ·Ê. Šμ´ÍÒ ± ¦¤μ£μ ¢μ²μ±´  Ê¸É ´μ¢²¥´Ò ¢ ´ ±μ´¥Î´¨± ¸ ¢ÒÌμ¤´Ò³
μÉ¢¥·¸É¨¥³ ¤¨ ³¥É·  0,5 ³³. �É ²μ´´Ò° ”�“ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° μÉ± ²¨-
¡·μ¢ ´´Ò° Hamamatsu PMT R580-17 ¸ ¶¨±μ³ ¸¶¥±É· ²Ó´μ° ÎÊ¢¸É¢¨É¥²Ó´μ-
¸É¨ ¢ §¥²¥´μ³ ¤¨ ¶ §μ´¥. ’μÎ´μ¸ÉÓ ¸¶¥±É· ²Ó´μ° ± ²¨¡·μ¢±¨ ”�“ ¸μ¸É ¢-
²Ö¥É μ±μ²μ 10%. ”�“ ¨§³¥·Ö¥É ¸·¥¤´¥¥ Î¨¸²μ ËμÉμ´μ¢ μÉ ¸¢¥Éμ¤¨μ¤´ÒÌ
¢¸¶ÒÏ¥±. ’ ±¨³ μ¡· §μ³, ³Ò ³μ¦¥³ ¶μ²ÊÎ¨ÉÓ  ¡¸μ²ÕÉ´μ¥ §´ Î¥´¨¥ PDE ¤²Ö
É¥¸É¨·Ê¥³ÒÌ SiPM. ‚ Ìμ¤¥ É¥¸Éμ¢ ¡Ò²¨ ¨§³¥·¥´Ò Éμ²Ó±μ μÉ´μ¸¨É¥²Ó´Ò¥ §´ -
Î¥´¨Ö PDE. � ¸¶·¥¤¥²¥´¨Ö μ¸´μ¢´ÒÌ ¨§³¥·¥´´ÒÌ ¶ · ³¥É·μ¢ ¶·¥¤¸É ¢²¥´Ò
´  £¨¸Éμ£· ³³ Ì ´  ·¨¸. 5.

’…Š“™ˆ‰ ‘’�’“‘ „…’…Š’��� NEW CHOD

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö μ¸ÊÐ¥¸É¢²¥´  ¸¡μ·±  ¢¥·Ì´¥° ¨ ´¨¦´¥° ¶μ²μ¢¨´ ¤¥-
É¥±Éμ·  New CHOD, ¶·μ¨§¢¥¤¥´  ¥£μ Ê¸É ´μ¢±  ´  ¶ÊÎ±¥ Ê¸±μ·¨É¥²Ö SPS.
„¥É¥±Éμ· New CHOD ¢±²ÕÎ¥´ ¢ É·¨££¥·´ÊÕ ¸¨¸É¥³Ê Ô±¸¶¥·¨³¥´É  NA62.
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�  ¢¸¥³ ¶·μÉÖ¦¥´¨¨ ¶·μÍ¥¸¸  ¸μ§¤ ´¨Ö ¤¥É¥±Éμ·  ¢Ò¶μ²´Ö²¨¸Ó É¥¸ÉÒ ¥£μ ¸μ-
¸É ¢´ÒÌ Ô²¥³¥´Éμ¢. ‚¸¥ μ´¨ · ¡μÉ ÕÉ ¸É ¡¨²Ó´μ, ¢ ´μ·³ ²Ó´μ³ ·¥¦¨³¥ ¸
μ¦¨¤ ¥³Ò³¨ ¶ · ³¥É· ³¨.
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