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1 ˆ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° �μ¸¸¨°¸±μ°  ± ¤¥³¨¨ ´ Ê±, Œμ¸±¢ 

2 � Í¨μ´ ²Ó´Ò° ¨¸¸²¥¤μ¢ É¥²Ó¸±¨° Ö¤¥·´Ò° Ê´¨¢¥·¸¨É¥É ®Œˆ”ˆ¯, Œμ¸±¢ 

3 Œμ¸±μ¢¸±¨° Ë¨§¨±μ-É¥Ì´¨Î¥¸±¨° ¨´¸É¨ÉÊÉ (£μ¸Ê¤ ·¸É¢¥´´Ò° Ê´¨¢¥·¸¨É¥É), Œμ¸±¢ 

‘Í¨´É¨²²ÖÍ¨μ´´Ò¥ ¤¥É¥±Éμ·Ò ´  μ¸´μ¢¥ Ô±¸É·Ê¤¨·μ¢ ´´ÒÌ ¶² ¸É¨±μ¢ É¥¸É¨·μ-
¢ ²¨¸Ó ¢ –…�� ´  ¶ÊÎ±¥ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸ ¨³¶Ê²Ó¸μ³ 10 ƒÔ‚/c. ‘Î¨ÉÒ¢ ´¨¥
¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸¨£´ ²μ¢ ·¥ ²¨§μ¢ ´μ ¸ ¶μ³μÐÓÕ μ¶É¨Î¥¸±¨Ì ¸¶¥±É·μ¸³¥Ð ÕÐ¨Ì
¢μ²μ±μ´ Kuraray Y11 ¨ ³¨±·μ¶¨±¸¥²Ó´ÒÌ ² ¢¨´´ÒÌ ËμÉμ¤¨μ¤μ¢ Hamamatsu Œ��‘.
‘¢¥Éμ¢ÒÌμ¤ ¸± ´¨·μ¢ ²¸Ö ¢¤μ²Ó ¨ ¶μ¶¥·¥± ¤¥É¥±Éμ·μ¢. ‚·¥³¥´´	μ¥ · §·¥Ï¥´¨¥ μ¶·¥-
¤¥²Ö²μ¸Ó Ë¨É¨·μ¢ ´¨¥³ Ë·μ´É  ´ · ¸É ´¨Ö μÍ¨Ë·μ¢ ´´ÒÌ ¨³¶Ê²Ó¸μ¢ μÉ MPPC ¨ ¤·Ê-
£¨³¨ ³¥Éμ¤ ³¨.

Long extruded scintillator detectors were tested on a 10 GeV/c beam at CERN. End
readout was provided with 1-mm double-clad WLS Y11 Kuraray ˇbers and Hamamatsu
MPPC photosensors. The light yield was scanned along and across the bars. Time
resolution was obtained by different methods in analyzing the rise time of digitized MPPC
pulses.

PACS: 29.40.Mc; 95.55.Vj
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„²Ö ¶μ¨¸±  É·¥Ì ´μ¢ÒÌ ËÊ´¤ ³¥´É ²Ó´ÒÌ Ë¥·³¨μ´μ¢, É ± ´ §Ò¢ ¥³ÒÌ
³ ¸¸¨¢´ÒÌ ³ °μ· ´μ¢¸±¨Ì ´¥°É·¨´μ, ¶·¥¤²μ¦¥´ Ô±¸¶¥·¨³¥´É SHiP [1]
¢ –…��. ’ ±¨¥ ´¥°É·¨´μ Ö¢²ÖÕÉ¸Ö ± ´¤¨¤ É ³¨ ¤²Ö É¥³´μ° ³ É¥·¨¨ ¨ ¶μ§¢μ-
²ÖÕÉ ¶·¨¤ ÉÓ ³ ¸¸Ê μ¡ÒÎ´Ò³ ´¥°É·¨´μ, ´¥ ´ ·ÊÏ Ö ¶μ²μ¦¥´¨° ‘É ´¤ ·É´μ°
³μ¤¥²¨. ’ ±¦¥ ³ °μ· ´μ¢¸±¨¥ ´¥°É·¨´μ ¶μ§¢μ²ÖÕÉ ¶μ´ÖÉÓ ³¥Ì ´¨§³ ´ ·ÊÏ¥-
´¨Ö ¸¨³³¥É·¨¨ ³¥¦¤Ê ³ É¥·¨¥° ¨  ´É¨³ É¥·¨¥°. Œ ¸¸Ò ÔÉ¨Ì Î ¸É¨Í μ¦¨¤ -
ÕÉ¸Ö ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ μÉ 0,5 ¤μ 100 ƒÔ‚ [2].
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�±¸¶¥·¨³¥´É SHiP ¶·¥¤¶μ² £ ¥É¸Ö ¶·μ¢¥¸É¨ ´  Ê¸±μ·¨É¥²¥ SPS (–…��)
¸ ¶ÊÎ±μ³ ¶·μÉμ´μ¢ ¸ Ô´¥·£¨¥° 400 ƒÔ‚ ¨ ¨´É¥´¸¨¢´μ¸ÉÓÕ 4 · 1013. “¸É ´μ¢± 
¡Ê¤¥É ¨³¥ÉÓ Ëμ·³Ê Í¨²¨´¤·  ¤²¨´μ° ¶·¨³¥·´μ 50 ³ ¨ ¤¨ ³¥É·μ³ 5 ³. �ÊÎμ±
¶·μÉμ´μ¢, ¶ ¤ Ö ´  ¢μ²ÓË· ³μ¢ÊÕ ³¨Ï¥´Ó, ·μ¦¤ ¥É D-³¥§μ´Ò, ¢ · ¸¶ ¤ Ì
±μÉμ·ÒÌ ´  ²¥ÉÊ ¢¶μ¸²¥¤¸É¢¨¨ μ¡· §ÊÕÉ¸Ö ³ °μ· ´μ¢¸±¨¥ ´¥°É·¨´μ, · ¸¶ ¤ -
ÕÐ¨¥¸Ö ¢ ¸¢μÕ μÎ¥·¥¤Ó ´  ¤·Ê£¨¥ Î ¸É¨ÍÒ. ‡ ¤ Î  Ô±¸¶¥·¨³¥´É  ¸μ¸Éμ¨É ¢
¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í, ´  ±μÉμ·Ò¥ · ¸¶ ²μ¸Ó ÉÖ¦¥²μ¥ ´¥°É·¨´μ, ¨ μ¶·¥¤¥-
²¥´¨¨ ¨Ì ¶ · ³¥É·μ¢ ¸ Í¥²ÓÕ ¢μ¸¸É ´μ¢²¥´¨Ö ³ ¸¸Ò ¨¸Ìμ¤´μ° Î ¸É¨ÍÒ.

„²Ö ¨¤¥´É¨Ë¨± Í¨¨ ³Õμ´μ¢ ¨¸¶μ²Ó§Ê¥É¸Ö ³Õμ´´Ò° ¤¥É¥±Éμ·, ¸μ¸ÉμÖÐ¨°
¨§ Î¥ÉÒ·¥Ì ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¸É ´Í¨°, ±μÉμ·Ò¥ ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° Î¥·¥¤Ê-
ÕÐ¨¥¸Ö  ±É¨¢´Ò¥ Ô²¥³¥´ÉÒ ¨ ¶ ¸¸¨¢´μ¥ ¦¥²¥§μ ¸ μ¡Ð¨³ ¶μ¶¥·¥Î´Ò³ · §-
³¥·μ³ 6 × 12 ³. ‚ ± Î¥¸É¢¥  ±É¨¢´ÒÌ Ô²¥³¥´Éμ¢ ¶·¥¤²μ¦¥´μ ¨¸¶μ²Ó§μ¢ ÉÓ
¶² ¸É³ ¸¸μ¢Ò¥ ¸Í¨´É¨²²ÖÍ¨μ´´Ò¥ ¶² ¸É¨´Ò ¤²¨´μ° ¤μ 3 ³ ¸ ¸¨¸É¥³μ° ¸Î¨-
ÉÒ¢ ´¨Ö ¸¨£´ ²  ´  μ¸´μ¢¥ ¸¶¥±É·μ¸³¥Ð ÕÐ¨Ì ¢μ²μ±μ´ ¨ ³Ê²ÓÉ¨¶¨±¸¥²Ó´ÒÌ
ËμÉμ¤¨μ¤μ¢. ˜¨·¨´  μÉ¤¥²Ó´ÒÌ ¶² ¸É¨´ ¤μ²¦´  ¡ÒÉÓ μ¶É¨³¨§¨·μ¢ ´  ¢ ¶·¥-
¤¥² Ì μÉ 3 ¤μ 10 ¸³. „¥É¥±Éμ·Ò ¤μ²¦´Ò μ¡² ¤ ÉÓ ¢Ò¸μ±μ° ÔËË¥±É¨¢´μ¸ÉÓÕ
·¥£¨¸É· Í¨¨ ³Õμ´μ¢ ¨ ¢·¥³¥´´	Ò³ · §·¥Ï¥´¨¥³ ²ÊÎÏ¥ 1 ´¸.

‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ É¥¸É¨·μ¢ -
´¨¨ ´  ¶ÊÎ±¥ ¶·μÉμÉ¨¶μ¢ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸Î¥ÉÎ¨±μ¢ ¤²Ö ³Õμ´´μ£μ ¤¥É¥±-
Éμ·  SHiP.

�…‡“‹œ’�’› ’…‘’�‚

�² ¸É¨´Ò ¤²¨´μ° 3 ³, Éμ²Ð¨´μ° 7 ³³ ¨ Ï¨·¨´μ° 3, 5 ¨ 10 ¸³ (·¨¸. 1)
¡Ò²¨ ¨§£μÉμ¢²¥´Ò ³¥Éμ¤μ³ Ô±¸É·Ê§¨¨ μ¶É¨Î¥¸±μ£μ ¶μ²¨¸É¨·μ²  ¸ ¤μ¡ ¢²¥-
´¨¥³ ¸Í¨´É¨²²¨·ÊÕÐ¨Ì ¤μ¶ ´Éμ¢ Ë¨·³μ° ®“´¨¶² ¸É¯ ¢μ ‚² ¤¨³¨·¥ [3, 4].
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�¨¸. 1. � §³¥·Ò É¥¸É¨·Ê¥³ÒÌ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¶² ¸É¨´
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�  ¶μ¢¥·Ì´μ¸ÉÓ ¶² ¸É¨´ ´ ´¥¸¥´ ¤¨ËËÊ§´Ò° μÉ· ¦ É¥²Ó ³¥Éμ¤μ³ É· ¢²¥´¨Ö
¶μ¢¥·Ì´μ¸É¨ ¢ Ì¨³¨Î¥¸±μ³ ·¥ £¥´É¥. ‚ ¶·μ¤μ²Ó´Ò¥ ± ´ ¢±¨ ¢±²¥¥´Ò ¸¶¥±-
É·μ¸³¥Ð ÕÐ¨¥ ¢μ²μ±´  (WLS) Y11-MC Ë¨·³Ò Kuraray (Ÿ¶μ´¨Ö) ¤¨ ³¥-
É·μ³ 1 ³³, μ¤´μ ¢μ²μ±´μ ´  3- ¨²¨ 5-¸³ ¶² ¸É¨´Ê ¨ ¶μ ¤¢  ¢μ²μ±´  ´  10-¸³
¶² ¸É¨´Ê. Šμ´ÍÒ ¢μ²μ±´  ¢±²¥¥´Ò ¢ μ¶É¨Î¥¸±¨¥ · §Ñ¥³Ò, § ±·¥¶²¥´´Ò¥ ´ 
±μ´Í Ì ¶² ¸É¨´. ‚ ± Î¥¸É¢¥ ËμÉμ¶·¨¥³´¨±μ¢ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ³¨±·μ¶¨±¸¥²Ó-
´Ò¥ ËμÉμ¤¨μ¤Ò Hamamatsu MPPC S13081-050CS ¸ ÎÊ¢¸É¢¨É¥²Ó´μ° μ¡² ¸ÉÓÕ
1,3 × 1,3 ³³. �² ¸É¨´Ò Ï¨·¨´μ° 10 ¸³ ¨§£μÉμ¢²¥´Ò ¢ ¤¢ÊÌ ¢ ·¨ ´É Ì, ¸μ
¸Î¨ÉÒ¢ ´¨¥³ ¸¨£´ ²  ¸ ± ¦¤μ£μ ±μ´Í  μÉ ¤¢ÊÌ ¢μ²μ±μ´ ¨ Éμ²Ó±μ ¸ μ¤´μ£μ
¨§ ±μ´Íμ¢ É ±, ÎÉμ¡Ò ¸Î¨ÉÒ¢ ´¨¥ ¶·μ¨¸Ìμ¤¨²μ ¸ ¶·μÉ¨¢μ¶μ²μ¦´ÒÌ ±μ´Íμ¢
¶² ¸É¨´Ò.

’¥¸É¨·μ¢ ´¨¥ ¶² ¸É¨´ ¶·μ¨§¢μ¤¨²μ¸Ó ¢ –…�� ´  ¶ÊÎ±¥ ¶·¥¨³ÊÐ¥¸É¢¥´´μ
¶¨μ´μ¢ ¸ ¨³¶Ê²Ó¸μ³ 10 ƒÔ‚/c. ’·¨ μ¤¨´ ±μ¢Ò¥ ¶² ¸É¨´Ò μ¡²ÊÎ ²¨¸Ó μ¤´μ-
¢·¥³¥´´μ. �·¨¢¥¤¥´´Ò¥ ´¨¦¥ ·¥§Ê²ÓÉ ÉÒ Ê¸·¥¤´Ö²¨¸Ó ¤²Ö ¢¸¥Ì É·¥Ì ¶² ¸É¨´.

‡ ¢¨¸¨³μ¸É¨ ¸¢¥Éμ¢ÒÌμ¤  μÉ ±μμ·¤¨´ ÉÒ ¶μ¶ ¤ ´¨Ö ¶ÊÎ±  ¢¤μ²Ó ¶² -
¸É¨´Ò ¶·¨¢¥¤¥´Ò ´  ·¨¸. 2 ¨ 3 ¤²Ö μ¡· §Íμ¢ Ï¨·¨´μ° 3 ¨ 5 ¸³ ¸μμÉ¢¥É-
¸É¢¥´´μ. �·¥¤¸É ¢²¥´Ò ¢¥²¨Î¨´Ò ¸¢¥Éμ¢ÒÌμ¤  ¢ ËμÉμÔ²¥±É·μ´ Ì ´  ³¨´¨-
³ ²Ó´μ ¨μ´¨§¨·ÊÕÐÊÕ Î ¸É¨ÍÊ (Ë. Ô./MIP) ¸ ± ¦¤μ£μ ¨§ ±μ´Íμ¢ ¤¥É¥±Éμ·  ¨
¨Ì ¸Ê³³ .

�μ²ÊÎ¥´´Ò¥ § ¢¨¸¨³μ¸É¨ ¶μ± §Ò¢ ÕÉ, ÎÉμ ¸¢¥Éμ¢ÒÌμ¤ Ê ¶² ¸É¨´ Ï¨·¨-
´μ° 3 ¸³ § ³¥É´μ ¢ÒÏ¥, Î¥³ ¸¢¥Éμ¢ÒÌμ¤ Ê ¶² ¸É¨´ Ï¨·¨´μ° 5 ¸³, ¡² £μ¤ ·Ö
²ÊÎÏ¥³Ê ¸μ¡¨· ´¨Õ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸¢¥É  ´  ¢μ²μ±´μ. ‘Ê³³ ·´Ò° ¸¢¥-
Éμ¢ÒÌμ¤ ¸ μ¡μ¨Ì ±μ´Íμ¢ ³ ²μ ³¥´Ö¥É¸Ö ¢¤μ²Ó ¤²¨´Ò ¤¥É¥±Éμ· .
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�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ ¸¢¥Éμ¢ÒÌμ¤  μÉ ±μμ·¤¨´ ÉÒ ¶μ¶ ¤ ´¨Ö ¶ÊÎ±  ¢¤μ²Ó ¶² ¸É¨´Ò
Ï¨·¨´μ° 3 ¸³
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�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ ¸¢¥Éμ¢ÒÌμ¤  μÉ ±μμ·¤¨´ ÉÒ ¶μ¶ ¤ ´¨Ö ¶ÊÎ±  ¢¤μ²Ó ¶² ¸É¨´Ò
Ï¨·¨´μ° 5 ¸³

�¥§Ê²ÓÉ ÉÒ É¥¸É¨·μ¢ ´¨Ö

� · ³¥É·
’¨¶μ· §³¥·

3 ¸³ 5 ¸³ 10 ¸³, 10 ¸³,
2 MPPC 4 MPPC

‘¢¥Éμ¢ÒÌμ¤ (¸Ê³³  ¸ ±μ´Íμ¢), Ë. Ô./MIP 60 50 27 45

‚·¥³¥´´	μ¥ · §·¥Ï¥´¨¥, ´¸ 0,72 0,82 1,35 0,97

’ ±¦¥ ¶ÊÉ¥³  ´ ²¨§  Ë·μ´É  ´ · ¸É ´¨Ö μÍ¨Ë·μ¢ ´´μ£μ ¸¨£´ ²  μ¶·¥¤¥-
²¥´μ ¢·¥³¥´´	μ¥ · §·¥Ï¥´¨¥ ¤¥É¥±Éμ·μ¢ ³¥Éμ¤μ³ ¸²¥¤ÖÐ¥£μ ¶μ·μ£ . �´μ μ¶·¥-
¤¥²Ö²μ¸Ó ± ± σ ¶μ²Ê¸Ê³³Ò ¢·¥³¥´ μÉ μ¡μ¨Ì ±μ´Íμ¢. ‘Ê³³ ·´Ò¥ ·¥§Ê²ÓÉ ÉÒ
¤²Ö ¢¸¥Ì É¥¸É¨·Ê¥³ÒÌ ¶² ¸É¨´, ¢±²ÕÎ Ö ¶² ¸É¨´Ò Ï¨·¨´μ° 10 ¸³, ¶·¥¤¸É ¢-
²¥´Ò ¢ É ¡²¨Í¥.

‡�Š‹�—…�ˆ…

‚ ·¥§Ê²ÓÉ É¥ É¥¸É¨·μ¢ ´¨Ö ¶·μÉμÉ¨¶μ¢ ³Õμ´´μ£μ ¤¥É¥±Éμ·  ´  ¶ÊÎ±¥
¢ –…�� μ¶·¥¤¥²¥´Ò ¢·¥³¥´´	μ¥ · §·¥Ï¥´¨¥ ¨ ¸¢¥Éμ¢ÒÌμ¤ ¤²Ö ¸Í¨´É¨²²ÖÍ¨-
μ´´ÒÌ ¶² ¸É¨´ · §²¨Î´μ° Ï¨·¨´Ò. ‘· ¢´¥´¨¥ ÔÉ¨Ì ¶ · ³¥É·μ¢ ¶μ§¢μ²Ö¥É
¸¤¥² ÉÓ ¢Ò¢μ¤ μ ´ ¨¡μ²¥¥ μ¶É¨³ ²Ó´μ³ · §³¥·¥ ¶² ¸É¨´ ¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö
¨Ì ¢ ³Õμ´´μ³ ¤¥É¥±Éμ·¥ ¸ ÊÎ¥Éμ³ É·¥¡Ê¥³μ£μ ±μ²¨Î¥¸É¢  ± ´ ²μ¢ Ô²¥±É·μ-
´¨±¨. �² ¸É¨´Ò ³¥´ÓÏ¥° Ï¨·¨´Ò ¤ ÕÉ ¡μ²¥¥ ¢Ò¸μ±¨° ¸¢¥Éμ¢ÒÌμ¤ ¨ ²ÊÎÏ¥¥
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¢·¥³¥´´	μ¥ · §·¥Ï¥´¨¥. Š·μ³¥ Éμ£μ, · §´¨Í  ³¥¦¤Ê ¶² ¸É¨´ ³¨ Ï¨·¨´μ° 3
¨ 5 ¸³ ´¥ ¨³¥¥É ¸ÊÐ¥¸É¢¥´´μ£μ §´ Î¥´¨Ö ¨ ³μ¦¥É ¡ÒÉÓ ¸¢¥¤¥´  ± ³¨´¨³Ê³Ê
¶ÊÉ¥³ ¨§³¥´¥´¨Ö ± Î¥¸É¢  ¸Í¨´É¨²²ÖÉμ·  ¨²¨ Ê²ÊÎÏ¥´¨Ö Ì · ±É¥·¨¸É¨± Ëμ-
Éμ¸¥´¸μ·μ¢. ˆ¸¶μ²Ó§μ¢ ´¨¥ ¶² ¸É¨´ Ï¨·¨´μ° 10 ¸³ ¢ ³Õμ´´μ³ ¤¥É¥±Éμ·¥
SHiP ¶μ§¢μ²¨É §´ Î¨É¥²Ó´μ Ê³¥´ÓÏ¨ÉÓ Î¨¸²μ ± ´ ²μ¢ ¨ ¸Éμ¨³μ¸ÉÓ Ê¸É ´μ¢±¨
§  ¸Î¥É ´¥±μÉμ·μ£μ ÊÌÊ¤Ï¥´¨Ö ¶ · ³¥É·μ¢ ¤¥É¥±É¨·μ¢ ´¨Ö.
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