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ŠÊÎ¨´¸±¨° �.�. ¨ ¤·. P13-2013-100
ˆ¸¶μ²Ó§μ¢ ´¨¥ ± Éμ¤´μ° ¶μ¢¥·Ì´μ¸É¨ ¤·¥°Ëμ¢μ° É·Ê¡±¨
¤²Ö ¸μ§¤ ´¨Ö É·¥±μ¢μ£μ ¤¥É¥±Éμ·  ¸ ¢Ò¸μ±μ° § £·Ê§μÎ´μ° ¸¶μ¸μ¡´μ¸ÉÓÕ

�·μ¡²¥³  § £·Ê§μÎ´μ° ¸¶μ¸μ¡´μ¸É¨ ¤¥É¥±Éμ·μ¢ Ö¢²Ö¥É¸Ö  ±ÉÊ ²Ó´μ° ¤²Ö Ë¨-
§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¢ ¸¢Ö§¨ ¸ ¶μ¸ÉμÖ´´Ò³ ·μ¸Éμ³ ¸¢¥É¨³μ¸É¨ ¸μ¢·¥³¥´´ÒÌ
Ê¸±μ·¨É¥²Ó´ÒÌ ±μ³¶²¥±¸μ¢. �¤¨´ ¨§ Ï¨·μ±μ ¨¸¶μ²Ó§Ê¥³ÒÌ É·¥±μ¢ÒÌ ¤¥É¥±Éμ-
·μ¢ Å ¸É·μÊ-¤¥É¥±Éμ· ´  μ¸´μ¢¥ ¤·¥°Ëμ¢ÒÌ É·Ê¡μ±. ‡ £·Ê§μÎ´ Ö ¸¶μ¸μ¡´μ¸ÉÓ
ÔÉ¨Ì ¤¥É¥±Éμ·μ¢ μ£· ´¨Î¥´  ¶ · ³¥É· ³¨ ± ´ ²  ·¥£¨¸É· Í¨¨ Ô²¥±É·μ´¨±¨ ¸Î¨-
ÉÒ¢ ´¨Ö. ’· ¤¨Í¨μ´´Ò³ ¸¶μ¸μ¡μ³ ¶μ¢ÒÏ¥´¨Ö § £·Ê§μÎ´μ° ¸¶μ¸μ¡´μ¸É¨ É ±¨Ì
¤¥É¥±Éμ·μ¢ Ö¢²Ö¥É¸Ö Ê¢¥²¨Î¥´¨¥ ¨Ì £· ´Ê²Ö·´μ¸É¨ (±μ²¨Î¥¸É¢  ± ´ ²μ¢ ·¥£¨¸É· -
Í¨¨) §  ¸Î¥É Ê³¥´ÓÏ¥´¨Ö ¤¨ ³¥É·  É·Ê¡μ± ¨/¨²¨ ¤¥²¥´¨Ö  ´μ¤´μ° ¶·μ¢μ²μÎ±¨ ´ 
¤¢¥ Î ¸É¨ ¸ Í¥²ÓÕ Ê³¥´ÓÏ¥´¨Ö § £·Ê§±¨ ´  ± ´ ². �·¥¤²μ¦¥´ ¨ ¨¸¶ÒÉ ´ ´μ¢Ò°
¸¶μ¸μ¡ ¸μ§¤ ´¨Ö ¸É·μÊ-¤¥É¥±Éμ·μ¢ ¸ ¢Ò¸μ±μ° § £·Ê§μÎ´μ° ¸¶μ¸μ¡´μ¸ÉÓÕ, μ¸´μ-
¢ ´´Ò° ´  ¤¥²¥´¨¨ ± Éμ¤  ± ¦¤μ° É·Ê¡±¨ ´  Î ¸É¨ ¨ ´¥§ ¢¨¸¨³μ³ ¸Î¨ÉÒ¢ ´¨¨
¨´Ëμ·³ Í¨¨ ¸ ± ¦¤μ° ¨§ ´¨Ì.
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The Use of Segmented Cathode of a Drift Tube
for Designing a Track Detector with a High Rate Capability

Detector rate capability is one of the main parameters for designing a new
detector for high energy physics due to permanent rise of beam luminosity of modern
accelerators. One of the useful detectors for particle track reconstruction is a straw-
detector based on drift tubes. Rate capability of such detectors is limited by the
parameters of readout electronics. The traditional method of increasing detector
rate capability is increasing their granularity (a number of ®elementary¯ detectors =
readout channels) by reducing of the straw diameter and/or by dividing the straw
anode wire into two parts (for decreasing the rate per readout channel). A new
method of designing straw-detectors with a high rate capability is presented and
tested. The method is based on dividing the straw cathode into parts and independent
readout of each part.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.
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�·¥¤²μ¦¥´ ¨ ¨¸¶ÒÉ ´ ´μ¢Ò° ¸¶μ¸μ¡ ¸μ§¤ ´¨Ö ¸É·μÊ-¤¥É¥±Éμ·μ¢ ¸ ¢Ò¸μ-
±μ° § £·Ê§μÎ´μ° ¸¶μ¸μ¡´μ¸ÉÓÕ, μ¸´μ¢ ´´Ò° ´  ¨¸¶μ²Ó§μ¢ ´¨¨ Ï¨·μ±μ · ¸-
¶·μ¸É· ´¥´´μ° ³¥Éμ¤¨±¨ ± Éμ¤´μ£μ ¸Î¨ÉÒ¢ ´¨Ö ¢ £ §μ· §·Ö¤´ÒÌ ¤¥É¥±Éμ· Ì
¢ ¶·¨³¥´¥´¨¨ ± ¸É·μÊ-É·Ê¡± ³. Š Éμ¤ ¸É·μÊ-É·Ê¡±¨ ¤¥²¨É¸Ö ´  Ô²¥±É·¨Î¥¸±¨
¨§μ²¨·μ¢ ´´Ò¥ Î ¸É¨ ¸ ´¥§ ¢¨¸¨³Ò³ ¸Î¨ÉÒ¢ ´¨¥³ ¨´Ëμ·³ Í¨¨ ¸ ± ¦¤μ° ¨§
´¨Ì. �·¨³¥´¥´¨¥ ¤ ´´μ£μ ¸¶μ¸μ¡  ¶μ§¢μ²Ö¥É μ·£ ´¨§μ¢ ÉÓ ¢ · ¡μÎ¥³ μ¡Ñ¥³¥
μ¤´μ° É·Ê¡±¨ ´¥§ ¢¨¸¨³Ò¥ ¶μ ¸Ó¥³Ê ¨´Ëμ·³ Í¨¨ ®Ô²¥³¥´É ·´Ò¥ ¤¥É¥±Éμ·Ò¯
ÎÉμ, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¶μ§¢μ²Ö¥É μ¡¥¸¶¥Î¨ÉÓ ¢Ò¸μ±ÊÕ § £·Ê§μÎ´ÊÕ ¸¶μ¸μ¡´μ¸ÉÓ
¸É·μÊ-É·Ê¡±¨ ¢ Í¥²μ³. �¥É ´¥μ¡Ìμ¤¨³μ¸É¨ Ê³¥´ÓÏ ÉÓ ¤¨ ³¥É· É·Ê¡μ± ¤μ ³¨-
´¨³ ²Ó´μ ¢μ§³μ¦´ÒÌ §´ Î¥´¨° ¶·¨ ¸μ§¤ ´¨¨ ¸É·μÊ-¤¥É¥±Éμ·  ¤²Ö ¡μ²ÓÏ¨Ì
§ £·Ê§μ± ¨²¨ ¤¥²¨ÉÓ  ´μ¤´ÊÕ ¶·μ¢μ²μÎ±Ê ´  Î ¸É¨, ÎÉμ ¢Ò§Ò¢ ¥É É¥Ì´μ²μ£¨-
Î¥¸±¨¥ ¨ ±μ´¸É·Ê±É¨¢´Ò¥ É·Ê¤´μ¸É¨. �·¨ ÔÉμ³ ¢ · ¡μÎ¨° μ¡Ñ¥³ É·Ê¡±¨ ´¥
¢´μ¸¨É¸Ö ¤μ¶μ²´¨É¥²Ó´μ¥ ¢¥Ð¥¸É¢μ, ÊÌÊ¤Ï ÕÐ¥¥ ®¶·μ§· Î´μ¸ÉÓ¯ ¤¥É¥±Éμ·  ¨
ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨. „ ´´Ò° ¸¶μ¸μ¡ μ¡² ¤ ¥É ¢Ò¸μ±¨³ Ê·μ¢´¥³ É¥Ì-
´μ²μ£¨Î´μ¸É¨.

„¥É¥±Éμ·Ò ´  μ¸´μ¢¥ Éμ´±μ¸É¥´´ÒÌ ¤·¥°Ëμ¢ÒÌ É·Ê¡μ± (¸É·μÊ) ¤¨ ³¥-
É·μ³ μÉ 4 ¤μ 10 ³³ Ï¨·μ±μ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ± ± ±μμ·-
¤¨´ É´Ò¥ ¤¥É¥±Éμ·Ò, ´ ¶·¨³¥·, ¢ É ±¨Ì Ô±¸¶¥·¨³¥´É Ì ± ± SDC, ATLAS,
COMPASS [1Ä3]. 
É¨ ¤¥É¥±Éμ·Ò μ¡² ¤ ÕÉ ·Ö¤μ³ ¶·¥¨³ÊÐ¥¸É¢: ¢Ò¸μ±¨³ ±μ-
μ·¤¨´ É´Ò³ · §·¥Ï¥´¨¥³ (¶μ ¢·¥³¥´¨ ¤·¥°Ë ), ¶μ·Ö¤±  100 ³±³, ÔËË¥±É¨¢-
´μ¸ÉÓÕ ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢, ¡²¨§±μ° ± 100%, § £·Ê§μÎ´μ° ¸¶μ¸μ¡´μ¸ÉÓÕ
¶μ·Ö¤±  500 ±ƒÍ ´  ± ´ ² ·¥£¨¸É· Í¨¨, ¶·μ¸ÉμÉμ° ±μ´¸É·Ê±Í¨¨ ¨, ¸μμÉ¢¥É-
¸É¢¥´´μ, ¡μ²¥¥ ´¨§±μ° ¸Éμ¨³μ¸ÉÓÕ. Š·μ³¥ Éμ£μ, Í¨²¨´¤·¨Î¥¸± Ö £¥μ³¥É·¨Ö
É·Ê¡±¨ μ¡¥¸¶¥Î¨¢ ¥É Ìμ·μÏ¨¥ ¥¥ ³¥Ì ´¨Î¥¸±¨¥ ¸¢μ°¸É¢  ¶·¨ ³ ²μ° ³ ¸¸¥.
Š ¦¤ Ö É·Ê¡±  Ö¢²Ö¥É¸Ö ¸ ³μ¤μ¸É ÉμÎ´μ°, ¨ ¶·¨ μÉ± §¥ μ¤´μ° ¨§ ´¨Ì · ¡μÉ 
μ¸É ¢Ï¨Ì¸Ö ´¥ ´ ·ÊÏ ¥É¸Ö.

�² £μ¤ ·Ö ÔÉ¨³ ± Î¥¸É¢ ³ ±μ²¨Î¥¸É¢μ ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì
É·Ê¡μ± ´¥¶·¥·Ò¢´μ Ê¢¥²¨Î¨¢ ¥É¸Ö ¨ ¤μ¸É¨£ ¥É, ´ ¶·¨³¥· ¢ ATLAS TRT,
∼ 300 000 ÏÉ. [4]. �·¨ ÔÉμ³ ¤²¨´  ¨Ì ³μ¦¥É ¤μ¸É¨£ ÉÓ ¶μÎÉ¨ 4 ³ [5].

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢ ¸¢Ö§¨ ¸ ·μ¸Éμ³ ¨´É¥´¸¨¢´μ¸É¨ ¸μ¢·¥³¥´´ÒÌ Ê¸±μ-
·¨É¥²¥° μ¸É·μ ¸É ¢¨É¸Ö ¢μ¶·μ¸ ¶μ¢ÒÏ¥´¨Ö § £·Ê§μÎ´μ° ¸¶μ¸μ¡´μ¸É¨ μÉ¤¥²Ó-
´ÒÌ ¤¥É¥±Éμ·μ¢, ÎÉμ ¤μ¸É¨£ ¥É¸Ö ²¨¡μ Ê¢¥²¨Î¥´¨¥³ ¨Ì ¡Ò¸É·μ¤¥°¸É¢¨Ö, ²¨¡μ
Ê³¥´ÓÏ¥´¨¥³ ¨Ì · §³¥·μ¢. 
Éμ μÉ´μ¸¨É¸Ö ¨ ± ¸É·μÊ-É·Ê¡± ³, £¤¥ ¢μ¶·μ¸
Ê³¥´ÓÏ¥´¨Ö § £·Ê§±¨ ´  ± ´ ² ·¥£¨¸É· Í¨¨ ·¥Ï ¥É¸Ö μ¡ÒÎ´μ Ê³¥´ÓÏ¥´¨¥³
¤¨ ³¥É·  É·Ê¡±¨. „·Ê£μ° ¶μ¤Ìμ¤, ¶·¥¤²μ¦¥´´Ò° ¢ · ¡μÉ¥ [6], § ±²ÕÎ ¥É¸Ö
¢ Ô²¥±É·¨Î¥¸±μ³ · §¤¥²¥´¨¨  ´μ¤´μ° ¶·μ¢μ²μÎ±¨ ´  Î ¸É¨ ¨ ¨´¤¨¢¨¤Ê ²Ó´μ³
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¸Î¨ÉÒ¢ ´¨¨ ± ¦¤μ° ¨§ ´¨Ì. ’ ±μ¥ ·¥Ï¥´¨¥ ¡Ò²μ ¶·¥¤²μ¦¥´μ ¨ ·¥ ²¨§μ¢ ´μ
¢ ¤¥É¥±Éμ·¥ TRT [4] Ô±¸¶¥·¨³¥´É  ATLAS ´  LHC, £¤¥  ´μ¤´ Ö ¶·μ¢μ²μÎ± 
¸É·μÊ-É·Ê¡±¨ ¤¥²¨² ¸Ó ´  ¤¢  Ô²¥±É·¨Î¥¸±¨ ´¥§ ¢¨¸¨³ÒÌ μÉ·¥§±  ¸ ¶μ³μÐÓÕ
¸É¥±²Ö´´μ£μ ¨§μ²ÖÉμ·  ¤²¨´μ° μ±μ²μ 7 ³³ ¨ ¤¨ ³¥É·μ³ 0,25³³. 
Éμ ¶μ§¢μ-
²¨²μ ¢ μ¡Ñ¥³¥ μ¤´μ° ¸É·μÊ-É·Ê¡±¨ ¨³¥ÉÓ ¤¢  ´¥§ ¢¨¸¨³ÒÌ ¤¥É¥±Éμ· , ±μÉμ·Ò¥
¸Î¨ÉÒ¢ ÕÉ¸Ö ¸ ¥¥ Éμ·Íμ¢, ¨ ¸´¨§¨ÉÓ § £·Ê§±Ê ± ´ ²  ·¥£¨¸É· Í¨¨ ¢ ¤¢  · § .

‚ · ¡μÉ Ì [7, 8] ÔÉ  ¨¤¥Ö ¡Ò²  · §¢¨É . � §· ¡μÉ ´Ò ¸É·μÊ-É·Ê¡±¨ ¸ · §-
¤¥²¥´¨¥³  ´μ¤´μ° ¶·μ¢μ²μÎ±¨ ´  Ô²¥±É·¨Î¥¸±¨ ¨§μ²¨·μ¢ ´´Ò¥ μÉ·¥§±¨ ¸
´¥§ ¢¨¸¨³Ò³ ¸Î¨ÉÒ¢ ´¨¥³ ¸¨£´ ²  ¨ ¶μ¤ Î¥° ¢Ò¸μ±μ£μ ´ ¶·Ö¦¥´¨Ö Î¥·¥§
¸É¥´±Ê É·Ê¡±¨ ¸ ¶μ³μÐÓÕ ¸¶¥Í¨ ²Ó´μ ¸±μ´¸É·Ê¨·μ¢ ´´ÒÌ ¸¶¥°¸¥·μ¢. �·¨
ÔÉμ³ ¤²¨´  É ±μ£μ  ´μ¤´μ£μ μÉ·¥§±  ³μ¦¥É ¡ÒÉÓ ¤μ¢¥¤¥´  ¤μ ´¥¸±μ²Ó±¨Ì
¸ ´É¨³¥É·μ¢ [9]. �¥μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ, ÎÉμ ¶·¨ É ±μ³ ¸¶μ¸μ¡¥ Ê¢¥²¨Î¥-
´¨Ö § £·Ê§μÎ´μ° ¸¶μ¸μ¡´μ¸É¨ ¸É·μÊ-¤¥É¥±Éμ·  É¥·Ö¥É¸Ö μ¤´μ ¨§ μ¸´μ¢´ÒÌ ¥£μ
¶·¥¨³ÊÐ¥¸É¢ Å ®¶·μ§· Î´μ¸ÉÓ¯ Å ¨§-§  ¡μ²ÓÏμ£μ ±μ²¨Î¥¸É¢  ¢´μ¸¨³μ£μ ¢¥-
Ð¥¸É¢ . Š·μ³¥ Éμ£μ, ¸´¨¦ ¥É¸Ö ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¸É·μÊ-É·Ê¡±¨ ¢
μ¡² ¸É¨ ¸¶¥°¸¥·μ¢.

� ³¨ ¶·¥¤² £ ¥É¸Ö ·¥Ï¨ÉÓ § ¤ ÎÊ Ê¢¥²¨Î¥´¨Ö § £·Ê§μÎ´μ° ¸¶μ¸μ¡´μ¸É¨
¸É·μÊ-É·Ê¡±¨ ¶ÊÉ¥³ · §¤¥²¥´¨Ö ¥¥ ± Éμ¤´μ° ¶μ¢¥·Ì´μ¸É¨ ´  Ô²¥±É·¨Î¥¸±¨
¨§μ²¨·μ¢ ´´Ò¥ ¸¥£³¥´ÉÒ. �·¨ ÔÉμ³ ¸¨£´ ² μÉ ² ¢¨´Ò ´   ´μ¤´μ° ¶·μ¢μ-
²μÎ±¥ ´ ¢μ¤¨É¸Ö ´  μ¤¨´ ¨²¨ ´¥¸±μ²Ó±μ ± Éμ¤´ÒÌ ¸¥£³¥´Éμ¢ ¢ § ¢¨¸¨³μ¸É¨
μÉ ¤¨ ³¥É·  É·Ê¡±¨, ¤²¨´Ò ¸¥£³¥´É  ¨ ³¥¸É  ² ¢¨´Ò μÉ´μ¸¨É¥²Ó´μ ²¨´¨¨
Ô²¥±É·¨Î¥¸±μ£μ · §¤¥²¥´¨Ö ¶μ¸²¥¤´¨Ì. ’ ±¨³ μ¡· §μ³, ¢ μ¡Ñ¥³¥ μ¤´μ° ¸É·μÊ-
É·Ê¡±¨ ·¥ ²¨§Ê¥É¸Ö ´¥¸±μ²Ó±μ Ê¸²μ¢´μ ´¥§ ¢¨¸¨³ÒÌ ¤¥É¥±Éμ·μ¢. ˆ´Ëμ·³ Í¨Ö
¸ ± Éμ¤´ÒÌ ¸¥£³¥´Éμ¢ ¨¸¶μ²Ó§Ê¥É¸Ö ± ± ¤²Ö μ¶·¥¤¥²¥´¨Ö · ¤¨ ²Ó´μ° ±μμ·¤¨-
´ ÉÒ É·¥±  Î ¸É¨ÍÒ ¶μ ¢·¥³¥´¨ ¤·¥°Ë  ¶¥·¢¨Î´μ° ¨μ´¨§ Í¨¨, É ± ¨ ¤²Ö ²μ-
± ²¨§ Í¨¨ ¶·μ¸É· ´¸É¢¥´´μ£μ ¶μ²μ¦¥´¨Ö É·¥±  ¢¤μ²Ó ¸É·μÊ-É·Ê¡±¨ ¶μ ´μ³¥·Ê
¸· ¡μÉ ¢Ï¥£μ ± Éμ¤´μ£μ ¸¥£³¥´É .

‚ ´ Ï¨Ì ¨§³¥·¥´¨ÖÌ ¨¸¶μ²Ó§μ¢ ²¨¸Ó É·Ê¡±¨ ¤¨ ³¥É·μ³ 10 ³³ ¨ ¤²¨-
´μ° 300 ³³, ¸¤¥² ´´Ò¥ ¨§ μ¤´μ¸Éμ·μ´´¥ ³¥É ²²¨§¨·μ¢ ´´μ£μ ² ¢¸ ´  (³ °-
² · ) Éμ²Ð¨´μ° 36 ³±³. Œ¥É ²²¨§ Í¨Ö ¤¢Ê¸²μ°´ Ö: ³¥¤Ó ¨ §μ²μÉμ Éμ²Ð¨-
´μ° 0,05 ¨ 0,02 ³±³ ¸μμÉ¢¥É¸É¢¥´´μ. ‘μ¶·μÉ¨¢²¥´¨¥ ¶·μ¢μ¤ÖÐ¥£μ ¶μ±·ÒÉ¨Ö
40 O³/±¢ ¤· É. �μ¶¥·¥Î´Ò° · §·¥§ ¢ ³¥É ²²¨§ Í¨¨ ´  ²¥´É¥, ¨§ ±μÉμ·μ° ¨§-
£μÉ ¢²¨¢ ²¨¸Ó É·Ê¡±¨, ¤¥² ²¸Ö ¶·¥¤¢ ·¨É¥²Ó´μ. ’¥Ì´μ²μ£¨Ö ¨§£μÉμ¢²¥´¨Ö É·Ê-
¡μ± ¸¶μ¸μ¡μ³ Ê²ÓÉ· §¢Ê±μ¢μ° ¸¢ ·±¨ ²¥´ÉÒ ¶μ¤·μ¡´μ μ¶¨¸ ´  ¢ · ¡μÉ¥ [10].

’·Ê¡±¨, ¨§£μÉμ¢²¥´´Ò¥ ¸ ¶μ³μÐÓÕ Ê²ÓÉ· §¢Ê±μ¢μ° ¸¢ ·±¨, ¨³¥ÕÉ ¡μ²¥¥
Éμ´±¨¥ ¸É¥´±¨, Î¥³ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ É· ¤¨Í¨μ´´μ° É¥Ì´μ²μ£¨¨ ´ ¢¨¢ ´¨Ö
²¥´ÉÒ ´  ¸É¥·¦¥´Ó. ’ ±¨¥ É·Ê¡±¨ ¢Ò¤¥·¦¨¢ ÕÉ ¨§¡ÒÉμÎ´μ¥ ¤ ¢²¥´¨¥ ¤μ
8  É³, ¢ Éμ³ Î¨¸²¥ ¸¶μ¸μ¡´Ò · ¡μÉ ÉÓ ¢ ¢ ±ÊÊ³¥.

�  p¨¸. 1 ¶μ± § ´  Ëμ·³  ± Éμ¤´ÒÌ ¸¥£³¥´Éμ¢ ´  ²¥´É¥, ¨¸¶μ²Ó§μ¢ ¢-
Ï¥°¸Ö ¶·¨ ¨§£μÉμ¢²¥´¨¨ μ¶¨¸Ò¢ ¥³ÒÌ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ É·Ê¡μ± ¤¨ ³¥-
É·μ³ 10 ³³. „²¨´  ¨¸¶ÒÉÒ¢ ¥³ÒÌ É·Ê¡μ± (300 ³³) μ¶·¥¤¥²Ö² ¸Ó ¨³¥ÕÐ¨³¨¸Ö
³¥Ì ´¨Î¥¸±¨³¨ Ê¸É·μ°¸É¢ ³¨ ¤²Ö ¥¥ ¶¥·¥³¥Ð¥´¨Ö ´  ¨¸¶ÒÉ É¥²Ó´μ³ ¸É¥´¤¥.
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„¨ ³¥É·  ´μ¤´μ° ¶·μ¢μ²μÎ±¨ Å 30 ³±³. ˆ¸¶μ²Ó§μ¢ ² ¸Ó · ¡μÎ Ö £ §μ¢ Ö
¸³¥¸Ó Ar : CO2 (70:30) ¶·¨ ¨§¡ÒÉμÎ´μ³ ¤ ¢²¥´¨¨ 10 ³³ ·É. ¸É. ¨ · ¡μÎ¥¥
´ ¶·Ö¦¥´¨¥ 3200‚.

�¨¸. 1. � §¢¥·É±  ¶μ¢¥·Ì´μ¸É¨ ¸É·μÊ-É·Ê¡±¨ ¸ ¤¢Ê³Ö (�) ¨ Ï¥¸ÉÓÕ (‚) ± Éμ¤´Ò³¨
¸¥£³¥´É ³¨

�¨¸. 2. �²μ±-¸Ì¥³  Ê¸É ´μ¢±¨ ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¶ · ³¥É·μ¢ ¸É·μÊ-É·Ê¡±¨: 1 Å 90Sr;
2 Å Ð¥²¥¢μ° ±μ²²¨³ Éμ· (1 ³³); 3 Å  ´μ¤ (30 ³±³); 4 Å ± Éμ¤´Ò¥ Ê¸¨²¨É¥²¨; 5 Å
 ´μ¤´Ò° Ê¸¨²¨É¥²Ó; 6 Å Ê¸¨²¨É¥²Ó SiPM; 7 Å ¤¨¸±·¨³¨´ Éμ·; 8 Å μÍ¨Ë·μ¢Ò¢ É¥²Ó
¸¨£´ ²μ¢ ¢ ·¥¦¨³¥ ·¥ ²Ó´μ£μ ¢·¥³¥´¨; 9 Å ¸Í¨´É¨²²ÖÉμ· 2 × 2 × 5 ³³; 10 Å SiPM;
11 Å Ð¥²¥¢μ° ±μ²²¨³ Éμ· (1 × 5 ³³)

‘Ì¥³  ¨§³¥·¥´¨° ¶μ± § ´  ´  p¨¸. 2. ˆ¸ÉμÎ´¨± Ô²¥±É·μ´μ¢ 90Sr μ¡²Ê-
Î ² ¸É·μÊ-É·Ê¡±Ê, ±μÉμ· Ö ¸ ¶μ³μÐÓÕ ¶·¥Í¨§¨μ´´μ° ³¥Ì ´¨Î¥¸±μ° ¸¨¸É¥³Ò
¶¥·¥³¥Ð ² ¸Ó μÉ´μ¸¨É¥²Ó´μ · ¤¨μ ±É¨¢´μ£μ ¨¸ÉμÎ´¨±  ¨ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ
¸Î¥ÉÎ¨± .

‘Í¨´É¨²²ÖÍ¨μ´´Ò° ¸Î¥ÉÎ¨±, ¨¸¶μ²Ó§μ¢ ¢Ï¨°¸Ö ¤²Ö É·¨££¥· , ¡Ò² ¨§£μ-
Éμ¢²¥´ ¨§ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ Ë °¡¥·  ¸¥Î¥´¨¥³ 2 × 2 ³³ Ë¨·³Ò BICRON
¨ ¨³¥² ¤²¨´Ê 5 ³³. �¥£¨¸É· Í¨Ö ¸¢¥É  ¶·μ¨§¢μ¤¨² ¸Ó ¸ ¶μ³μÐÓÕ SiPM É¨¶ 
SSPM-0701BG ¶·μ¨§¢μ¤¸É¢  Photonique SA [11] ¸ ¶²μÐ ¤ÓÕ  ±É¨¢´μ° §μ´Ò
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4,41 ³³2 ¨ Î¨¸²μ³ ¶¨±¸¥²¥° 1764. �¥·¥¤ ¸Î¥ÉÎ¨±μ³ Ê¸É ´μ¢²¥´ ¸¢¨´Íμ¢Ò°
±μ²²¨³ Éμ· ¢ Ëμ·³¥ Ð¥²¨ · §³¥·μ³ 1× 5 ³³, μ·¨¥´É¨·μ¢ ´´μ° ¶¥·¶¥´¤¨±Ê-
²Ö·´μ ± μ¸¨ É·Ê¡±¨.

Š Éμ¤´Ò¥ ¨  ´μ¤´Ò¥ ¸¨£´ ²Ò Ê¸¨²¨¢ ²¨¸Ó ¸μμÉ¢¥É¸É¢¥´´μ Ê¸¨²¨É¥²Ö³¨
´  ³¨±·μ¸Ì¥³ Ì Š�’�„-1 [12] ¨ Ampl. 8.3 [13] ¨ μÍ¨Ë·μ¢Ò¢ ²¨¸Ó ¢ ·¥¦¨³¥
·¥ ²Ó´μ£μ ¢·¥³¥´¨ ¤¨¤¦¨É °§¥·μ³ V1720 (CAEN, 250M, 12Bit) [14]. „ ²¥¥
¨´Ëμ·³ Í¨Ö ¶¥·¥¤ ¢ ² ¸Ó ¤²Ö μ¡· ¡μÉ±¨ ¢ ±μ³¶ÓÕÉ¥·.

� ³¨ ¡Ò²¨ ¸μ§¤ ´Ò ¨ ¨¸¶ÒÉ ´Ò ¸É·μÊ-É·Ê¡±¨ ¸ ¤¢Ê³Ö ¨ Ï¥¸ÉÓÕ ± Éμ¤-
´Ò³¨ ¸¥£³¥´É ³¨ (¸³. p¨¸. 1) ¨ ¢Ò¢μ¤μ³ ¸¨£´ ²μ¢ ¸ ¸¥£³¥´Éμ¢ ´  Éμ·ÍÒ É·Ê-
¡μ± ¸ ¶μ³μÐÓÕ ¶μ²μ¸±μ¢ÒÌ ²¨´¨° (´  ¨Ì ¢´ÊÉ·¥´´¥° ³¥É ²²¨§¨·μ¢ ´´μ°
¶μ¢¥·Ì´μ¸É¨).

�¨¸. 3. �·¨³¥·Ò Ëμ·³Ò ¸¨£´ ²μ¢ ¸ ± Éμ¤´ÒÌ ¸¥£³¥´Éμ¢ 1A ¨ 2A. ‚¢¥·ÌÊ Å ¸μ¡ÒÉ¨¥
¢ §μ´¥ Ô²¥±É·¨Î¥¸±μ£μ · §¤¥²¥´¨Ö ¸¥£³¥´Éμ¢, ¢´¨§Ê Å ¸μ¡ÒÉ¨¥ ¢ Í¥´É·¥ μ¤´μ£μ ¨§
¸¥£³¥´Éμ¢

„²Ö É·Ê¡±¨ ¸ ¤¢Ê³Ö ± Éμ¤´Ò³¨ ¸¥£³¥´É ³¨ ´  p¨¸. 3 ¶μ± § ´Ò É¨¶¨Î´Ò¥
Ëμ·³Ò ¸¨£´ ²μ¢ ¸ ¤¢ÊÌ ¸¥£³¥´Éμ¢ ¤²Ö ¸μ¡ÒÉ¨Ö ¢ · °μ´¥ Ô²¥±É·¨Î¥¸±μ£μ · §-
¤¥²¥´¨Ö ¸¥£³¥´Éμ¢ (¢¢¥·ÌÊ) ¨ ¸μ¡ÒÉ¨Ö ´  μ¤´μ³ ¨§ ¸¥£³¥´Éμ¢ (¢´¨§Ê). Š·¨¢ Ö
ÔËË¥±É¨¢´μ¸É¨ ¤²Ö ÔÉμ° É·Ê¡±¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶·μ¤μ²Ó´μ° ±μμ·¤¨´ ÉÒ (z)
¤ ´  ´  p¨¸. 4. Š Éμ¤´Ò° ¸¥£³¥´É ¸Î¨É ²¸Ö ¸· ¡μÉ ¢Ï¨³, ¥¸²¨  ³¶²¨ÉÊ¤  ¸¨£-
´ ²  ¸ ´¥£μ ¶·¥¢ÒÏ ²  ¢¥²¨Î¨´Ê 25 ³‚.
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�¨¸. 4. 
ËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ± Éμ¤´ÒÌ ¸¥£³¥´Éμ¢ 1A ¨ 2A ¤²Ö ¸É·μÊ-É·Ê¡±¨ ¸
¤¢Ê³Ö ¸¥£³¥´É ³¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶μ²μ¦¥´¨Ö 90Sr ¢¤μ²Ó  ´μ¤ . �μ·μ£ ¤¨¸±·¨³¨´ Í¨¨
¸¨£´ ²μ¢ Å 25³‚. HV = 3200 ‚

�¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ ¨ ¸·¥¤´¥°  ³¶²¨ÉÊ¤Ò ¸¨£´ ²μ¢ μÉ
¶·μ¤μ²Ó´μ° ±μμ·¤¨´ ÉÒ ¤²Ö É·Ê¡±¨ ¸ Ï¥¸ÉÓÕ ± Éμ¤´Ò³¨ ¸¥£³¥´É ³¨ ¶·¨-
¢¥¤¥´Ò ´  p¨¸. 5. �·μ¸± ´¨·μ¢ ´  μ¡² ¸ÉÓ ¸É·μÊ-É·Ê¡±¨ ¤²¨´μ° 100³³
(Z = 75−175 ³³) ¸ ± Éμ¤´Ò³¨ ¸¥£³¥´É ³¨ 1‚Ä4‚ (¸³. p¨¸. 1, B). “·μ¢¥´Ó
¤¨¸±·¨³¨´ Í¨¨ ¤²Ö ¸¨£´ ²μ¢ ¸ ¸¥£³¥´Éμ¢ ¸μ¸É ¢²Ö² ¢¥²¨Î¨´Ê 50 ³‚. „ ´´Ò°
¶μ·μ£ ¡Ò² ¢Ò¡· ´ ¨§ ¨§³¥·¥´¨Ö § ¢¨¸¨³μ¸É¨ ÔËË¥±É¨¢´μ¸É¨ ¸· ¡ ÉÒ¢ ´¨Ö
± Éμ¤´μ£μ ¸¥£³¥´É  μÉ ¶μ·μ£  ¤¨¸±·¨³¨´ Í¨¨ (p¨¸. 6) ¨ Ëμ·³Ò  ³¶²¨ÉÊ¤´μ£μ
¸¶¥±É·  ¸ ¸¥£³¥´É  (p¨¸. 7).

�μ²ÓÏμ° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É ¨¸¸²¥¤μ¢ ´¨¥ ¢μ§³μ¦´μ¸É¨ ¨¸¶μ²Ó§μ¢ ´¨Ö
¸¨£´ ²  ¸ ± Éμ¤´ÒÌ ¸¥£³¥´Éμ¢ ¤²Ö μ¶·¥¤¥²¥´¨Ö · ¤¨ ²Ó´μ° ±μμ·¤¨´ ÉÒ É·¥± 
Î ¸É¨ÍÒ ¶μ ¢·¥³¥´¨ ¤·¥°Ë . „²Ö ÔÉμ£μ ¡Ò²μ ¶·μ¢¥¤¥´μ ¨§³¥·¥´¨¥ ¢·¥³¥´-
´μ£μ ¸¶¥±É·  ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨  ´μ¤´ÒÌ ¨²¨ ± Éμ¤´ÒÌ ¸¨£´ ²μ¢ μÉ´μ¸¨-
É¥²Ó´μ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ É·¨££¥· . �¥§Ê²ÓÉ ÉÒ ¶·¨¢¥¤¥´Ò ´  p¨¸. 8. ‚¨¤´μ,
ÎÉμ Ëμ·³Ò ¢·¥³¥´´ÒÌ ¸¶¥±É·μ¢ ¤²Ö ¸¨£´ ²μ¢ ¸ ± Éμ¤´μ£μ ¸¥£³¥´É  ¨  ´μ¤ 
¶μÌμ¦¨, ÎÉμ ¶μ¤É¢¥·¦¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ÉμÎ´μ£μ ¨§³¥·¥´¨Ö ±μμ·¤¨´ ÉÒ É·¥± 
Î ¸É¨ÍÒ ¶μ ¢·¥³¥´¨ ¤·¥°Ë  ¸ ¶μ³μÐÓÕ ± Éμ¤´ÒÌ ¸¨£´ ²μ¢.

’ ±¨³ μ¡· §μ³, ¶μ± § ´  ¢μ§³μ¦´μ¸ÉÓ ¸μ§¤ ´¨Ö ¸É·μÊ-É·Ê¡±¨ ¸ ¤·μ¡²¥-
´¨¥³ ¥¥ ¶μ ¤²¨´¥ ´  μÉ¤¥²Ó´Ò¥ ± Éμ¤´Ò¥ ¸¥£³¥´ÉÒ, ¸ ± ¦¤μ£μ ¨§ ±μÉμ·ÒÌ
¸¨£´ ²Ò ¸´¨³ ÕÉ¸Ö ´¥§ ¢¨¸¨³μ. �·¨ ÔÉμ³ ¢ ¸²ÊÎ ¥ ´¥· ¢´μ³¥·´μ° § £·Ê§±¨
¸É·μÊ-É·Ê¡±¨ ¶μ ¥¥ ¤²¨´¥ ¢μ§³μ¦´μ ¢Ò· ¢´¨¢ ´¨¥ § £·Ê§±¨ ³¥¦¤Ê ± Éμ¤´Ò³¨
¸¥£³¥´É ³¨ ¶ÊÉ¥³ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ · §¡¨¥´¨Ö É·Ê¡±¨ ¶μ ¤²¨´¥.

Š ± ¡Ò²μ ¸± § ´μ ¢ÒÏ¥, ¢ É¥¸É¨·Ê¥³ÒÌ ´ ³¨ É·Ê¡± Ì ¸¨£´ ²Ò ¸ ¢´Ê-
É·¥´´¨Ì ± Éμ¤´ÒÌ ¸¥£³¥´Éμ¢ ¢Ò¢μ¤¨²¨¸Ó ´  Éμ·ÍÒ É·Ê¡±¨ ¸ ¶μ³μÐÓÕ ¶μ-
²μ¸±μ¢ÒÌ ²¨´¨° Ï¨·¨´μ° 1,0 ³³, ¸μ§¤ ´´ÒÌ ´  ¢´ÊÉ·¥´´¥° ³¥É ²²¨§¨·μ¢ ´-
´μ° ¶μ¢¥·Ì´μ¸É¨. �Î¥¢¨¤´μ, ÎÉμ Î¨¸²μ É ±¨Ì ²¨´¨° ´¥ ³μ¦¥É ¡ÒÉÓ ¡μ²ÓÏ¨³.
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�¨¸. 5. 
ËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ± Éμ¤´ÒÌ ¸¥£³¥´Éμ¢ 2‚Ä5‚ ¤²Ö ¸É·μÊ-É·Ê¡±¨ ¸
Ï¥¸ÉÓÕ ¸¥£³¥´É ³¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶μ²μ¦¥´¨Ö 90Sr ¢¤μ²Ó  ´μ¤ . �μ·μ£ ¤¨¸±·¨³¨-
´ Í¨¨ ¸¨£´ ²μ¢ Å 50 ³‚. HV = 3200 ‚

�¨¸. 6. 
ËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¸ μ¤´μ£μ ¨§ ± Éμ¤´ÒÌ ¸¥£³¥´Éμ¢ É·Ê¡±¨ ‚ ¢ § ¢¨-
¸¨³μ¸É¨ μÉ ¶μ·μ£  ¤¨¸±·¨³¨´ Í¨¨. HV = 3200 ‚
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�¨¸. 7. �³¶²¨ÉÊ¤´Ò° ¸¶¥±É· ¸¨£´ ²μ¢ ¤²Ö μ¤´μ£μ ¨§ ± Éμ¤´ÒÌ ¸¥£³¥´Éμ¢ É·Ê¡±¨ ‚.
HV = 3200 ‚

�¨¸. 8. ‚·¥³¥´´μ° ¸¶¥±É· ¸¨£´ ²μ¢ ¸  ´μ¤  (¢¢¥·ÌÊ) ¨ ¸ ± Éμ¤´μ£μ ¸¥£³¥´É  ¸É·μÊ-
É·Ê¡±¨ B (¢´¨§Ê)

�·μ¡²¥³  ¢Ò¢μ¤  ± Éμ¤´ÒÌ ¸¨£´ ²μ¢ ¶·¨ Î¨¸²¥ ¸¥£³¥´Éμ¢ ¡μ²ÓÏ¥ Ï¥¸É¨
³μ¦¥É ¡ÒÉÓ ·¥Ï¥´  ¸ ¶μ³μÐÓÕ μÉ¢¥·¸É¨° ¢ ¸É¥´±¥ É·Ê¡±¨. ‘ ¶μ³μÐÓÕ ¶·μ-
¢μ¤ÖÐ¥£μ ±²¥Ö, ´ ¶·¨³¥·, μ¡¥¸¶¥Î¨¢ ¥É¸Ö Ô²¥±É·¨Î¥¸±¨° ±μ´É ±É ³¥¦¤Ê ¢´Ê-
É·¥´´¨³ ± Éμ¤´Ò³ ¸¥£³¥´Éμ³ ¨ ±μ´É ±É´μ° ¶²μÐ ¤±μ° ´  ¢´¥Ï´¥° ¸Éμ·μ´¥
É·Ê¡±¨. 
²¥±É·¨Î¥¸±¨¥ ±μ´É ±ÉÒ ¨ ± Éμ¤´Ò¥ ¸¥£³¥´ÉÒ ¤¥² ÕÉ¸Ö ´  ²¥´É¥ ´ 
¶μ¤£μÉμ¢¨É¥²Ó´μ³ ÔÉ ¶¥, ¤μ ¶·μ¨§¢μ¤¸É¢  ¸É·μÊ-É·Ê¡μ±. � ²¨Î¨¥ ±μ´É ±É´ÒÌ
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¶²μÐ ¤μ± ´  ¢´¥Ï´¥° ¸Éμ·μ´¥ É·Ê¡±¨ μÉ±·Ò¢ ¥É Ï¨·μ±¨¥ ¢μ§³μ¦´μ¸É¨ ¤²Ö
· §²¨Î´ÒÌ ¢ ·¨ ´Éμ¢ ¸Î¨ÉÒ¢ ´¨Ö ¨´Ëμ·³ Í¨¨ ¸ ± Éμ¤´ÒÌ ¸¥£³¥´Éμ¢.

�·¥¨³ÊÐ¥¸É¢ ³¨ ¶·¥¤²μ¦¥´´μ£μ ´ ³¨ ¸¶μ¸μ¡  ¶μ¢ÒÏ¥´¨Ö § £·Ê§μÎ´μ°
¸¶μ¸μ¡´μ¸É¨ ¸É·μÊ-É·Ê¡μ± ¸ ¶μ³μÐÓÕ ¨¸¶μ²Ó§μ¢ ´¨Ö ± Éμ¤´ÒÌ ¸¥£³¥´Éμ¢
Ö¢²ÖÕÉ¸Ö ¸μÌ· ´¥´¨¥ ¨Ì ¢Ò¸μ±μ° ®¶·μ§· Î´μ¸É¨¯ ¤²Ö Î ¸É¨Í, ¢μ§³μ¦´μ¸ÉÓ
¶μ²ÊÎ¥´¨Ö ¸· §Ê ¤¢ÊÌ ±μμ·¤¨´ É É·¥±  Î ¸É¨ÍÒ ¨ ¢Ò¸μ± Ö É¥Ì´μ²μ£¨Î´μ¸ÉÓ
¨§£μÉμ¢²¥´¨Ö ¸É·μÊ-É·Ê¡μ± É ±μ£μ É¨¶ . �·¨ ÔÉμ³ ´¥±μÉμ·Ò° ´¥¤μ¸É Éμ±, ¶·¨-
¸ÊÐ¨° É·Ê¡± ³, ¨§£μÉμ¢²¥´´Ò³ ³¥Éμ¤μ³ ¶·μ¤μ²Ó´μ° Ê²ÓÉ· §¢Ê±μ¢μ° ¸¢ ·±¨
¶²¥´±¨, É ±μ° ± ± ´ ²¨Î¨¥ ¶μ²μ¸±¨ ¡¥§ ³¥É ²²¨§ Í¨¨ ¢¤μ²Ó ¸¢ ·μÎ´μ£μ Ï¢ ,
´¥ ¸± §Ò¢ ¥É¸Ö ´  · ¡μÉ¥ É·Ê¡±¨ ¨ ÉμÎ´μ¸É¨ ¨§³¥·¥´¨Ö ±μμ·¤¨´ ÉÒ É·¥± 
Î ¸É¨ÍÒ.

‡�Š‹�—…�ˆ…

�·¥¤²μ¦¥´ ¨ ¨¸¶ÒÉ ´ ¸¶μ¸μ¡ Ê¢¥²¨Î¥´¨Ö § £·Ê§μÎ´μ° ¸¶μ¸μ¡´μ¸É¨ ¸É·μÊ-
¤¥É¥±Éμ·  §  ¸Î¥É · §¡¨¥´¨Ö ´  Ô²¥±É·¨Î¥¸±¨ ¨§μ²¨·μ¢ ´´Ò¥ Î ¸É¨ ± Éμ¤´μ°
¶μ¢¥·Ì´μ¸É¨ ¸É·μÊ-É·Ê¡μ± ¸ ´¥§ ¢¨¸¨³Ò³ ¸Î¨ÉÒ¢ ´¨¥³ ± ¦¤μ° ¨§ ´¨Ì. ’ ±μ°
¶μ¤Ìμ¤ μÉ²¨Î ¥É¸Ö ¢Ò¸μ±μ° É¥Ì´μ²μ£¨Î´μ¸ÉÓÕ ¨ ¸μÌ· ´Ö¥É ¢¸¥ ¶·¥¨³ÊÐ¥¸É¢ ,
¶·¨¸ÊÐ¨¥ ¸É·μÊ-¤¥É¥±Éμ·Ê. ‘É·μÊ-É·Ê¡±¨ Ê± § ´´μ£μ É¨¶  ³μ£ÊÉ ¨§£μÉ ¢²¨-
¢ ÉÓ¸Ö, ´ ¶·¨³¥·, ¨§ ²¥´ÉÒ ¸ ¶·¥¤¢ ·¨É¥²Ó´μ ®´ ·¨¸μ¢ ´´Ò³¨¯ ± Éμ¤´Ò³¨
¸¥±Éμ· ³¨ ¨ ¶μ²μ¸±μ¢Ò³¨ ²¨´¨Ö³¨ ¤²Ö ¢Ò¢μ¤  ¸¨£´ ²μ¢ ³¥Éμ¤μ³ ¶·μ¤μ²Ó´μ°
Ê²ÓÉ· §¢Ê±μ¢μ° ¸¢ ·±¨.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ £· ´É  �””ˆ 13-02-00745 ¨ £· ´É 
�¥²μ·Ê¸¸±¨° ””ˆÄ �ˆŸˆ 2013 £.
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