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�·Ê¤ ´¨´ ‚. �. ¨ ¤·. P13-2010-136
Œ ¸¸¨¢´Ò¥ HPGe-¤¥É¥±Éμ·Ò ¤²Ö ·¥£¨¸É· Í¨¨ ·¥¤±¨Ì ¸μ¡ÒÉ¨°
¸ ´¨§±¨³ Ô´¥·£μ¢Ò¤¥²¥´¨¥³

‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´  ³¥Éμ¤¨±  ¨§£μÉμ¢²¥´¨Ö ¨ μ¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨
HPGe-¤¥É¥±Éμ·μ¢ ¡μ²ÓÏμ£μ μ¡Ñ¥³  ¸ ¥³±μ¸ÉÓÕ ¶μ·Ö¤±  0,5 ¶”. � §· ¡μÉ ´´ Ö
³¥Éμ¤¨±  ¶μ§¢μ²¨²  ¨§£μÉμ¢¨ÉÓ ¤¥É¥±Éμ·, ±μÉμ·Ò° ¶μ ³ ¸¸¥ ¸μ¶μ¸É ¢¨³ ¸ ±μ-
 ±¸¨ ²Ó´Ò³ HPGe-¤¥É¥±Éμ·μ³,   ¥£μ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¨ ¶μ·μ£ ·¥£¨-
¸É· Í¨¨ ¡²¨§±¨ ± §´ Î¥´¨Ö³, Ì · ±É¥·´Ò³ ¤²Ö ³ ²¥´Ó±¨Ì HPGe-·¥´É£¥´μ¢¸±¨Ì
¤¥É¥±Éμ·μ¢.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³. ‚.
. „¦¥²¥¶μ¢ 
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Brudanin V. B. et al. P13-2010-136
Large-Volume HPGe Detectors for Registration of Rare Events
with Low Energy

Techniques of fabrication and main characteristics of large-volume HPGe de-
tectors with capacitance about 0.5 pF are presented. The elaborated methods have
allowed making a detector with a mass similar to coaxial HPGe detectors. Its en-
ergy resolution and threshold are close to typical parameters of small X-ray HPGe
detectors.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.
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ˆ¸¸²¥¤μ¢ ´¨Ö ¸¢μ°¸É¢ ¨ ¢§ ¨³μ¤¥°¸É¢¨° ´¥°É·¨´μ Ö¢²ÖÕÉ¸Ö ËÊ´¤ ³¥´-
É ²Ó´Ò³¨ § ¤ Î ³¨ Ë¨§¨±¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í. ‡ ³¥É´Ò° ¶·μ£·¥¸¸ ¢ ÔÉμ°
μ¡² ¸É¨ ¢ ¶μ¸²¥¤´¥¥ ¢·¥³Ö (Ô±¸¶¥·¨³¥´ÉÒ ¸ ¸μ²´¥Î´Ò³¨  É³μ¸Ë¥·´Ò³¨ ´¥°-
É·¨´μ ¨ ·¥ ±Éμ·´Ò³¨ ´¥°É·¨´μ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ ¸ÊÐ¥¸É¢μ¢ ´¨¨ ÔËË¥±É 
´¥°É·¨´´ÒÌ μ¸Í¨²²ÖÍ¨°) ¸É¨³Ê²¨·Ê¥É ¤ ²Ó´¥°Ï¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸-
¸²¥¤μ¢ ´¨Ö ¨ · §· ¡μÉ±Ê ´μ¢ÒÌ ¤¥É¥±Éμ·μ¢ ¨ ´μ¢ÒÌ ³¥Éμ¤¨± ¤²Ö ¶μ¨¸±  ¨ ´ -
¡²Õ¤¥´¨Ö ³ £´¨É´μ£μ ³μ³¥´É  ´¥°É·¨´μ, ±μ£¥·¥´É´μ£μ · ¸¸¥Ö´¨Ö ´¥°É·¨´μ
¨ Î ¸É¨Í ®É¥³´μ° ³ É¥·¨¨¯. ’ ±¨¥ ¤¥É¥±Éμ·Ò ¤μ²¦´Ò ¨³¥ÉÓ ³¨´¨³ ²Ó´μ
¢μ§³μ¦´Ò° Ô´¥·£¥É¨Î¥¸±¨° ¶μ·μ£ ·¥£¨¸É· Í¨¨ (´¨¦¥ 500 Ô‚), Ìμ·μÏ¥¥ Ô´¥·-
£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ (200Ä400 Ô‚ ¤²Ö Ô´¥·£¨¨ ∼ 6 ±Ô‚) ¨ ¡μ²ÓÏÊÕ ¸μ¡-
¸É¢¥´´ÊÕ ³ ¸¸Ê (μÉ ∼ 1 ¤μ ∼ 100 ±£).

� ¨¡μ²¥¥  ¤¥±¢ É´Ò³¨ ¶·¨¡μ· ³¨ ¤²Ö ·¥Ï¥´¨Ö ¶μ¤μ¡´ÒÌ § ¤ Î ¢ ´ ¸Éμ-
ÖÐ¥¥ ¢·¥³Ö Ö¢²ÖÕÉ¸Ö ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò¥ ¤¥É¥±Éμ·Ò ¨§ μ¸μ¡μ Î¨¸Éμ£μ £¥·³ -
´¨Ö (HPGe-¤¥É¥±Éμ·Ò). �¤´ ±μ ¸μ¢·¥³¥´´Ò¥ ¡μ²ÓÏ¨¥ ±μ ±¸¨ ²Ó´Ò¥ HPGe-
¤¥É¥±Éμ·Ò (¡μ²¥¥ 200 £) ¨³¥ÕÉ §  ¸Î¥É ¸μ¡¸É¢¥´´μ° ¡μ²ÓÏμ° Ô²¥±É·¨Î¥¸±μ°
¥³±μ¸É¨ (20Ä50 ¶”) Ô´¥·£¥É¨Î¥¸±¨° ¶μ·μ£ ·¥£¨¸É· Í¨¨ ¢ÒÏ¥ 3 ±Ô‚, ÎÉμ ´¥
¶μ§¢μ²Ö¥É ¶·μ¤¢¨´ÊÉÓ¸Ö ¢ ·¥Ï¥´¨¨ ¢ÒÏ¥´ §¢ ´´ÒÌ ¶·μ¡²¥³.

‚ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ �ˆŸˆ ¢ £. „Ê¡´¥ ´ ±μ¶²¥´ ¡μ²ÓÏμ°
³´μ£μ²¥É´¨° μ¶ÒÉ ¶μ · §· ¡μÉ±¥ ¨ ¸μ§¤ ´¨Õ · §²¨Î´ÒÌ É¨¶μ¢ HPGe-¤¥É¥±Éμ-
·μ¢ [1, 2],   É ±¦¥ ³´μ£μ±·¨¸É ²Ó´ÒÌ ¸¶¥±É·μ³¥É·μ¢ ´  ¨Ì μ¸´μ¢¥ ¸ ÎÊ¢¸É¢¨-
É¥²Ó´μ° ³ ¸¸μ° ¡μ²¥¥ 10 ±£ [3, 4].

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´  ³¥Éμ¤¨±  ¨§£μÉμ¢²¥´¨Ö ¨ Ì · ±É¥·¨-
¸É¨±¨ É ± ´ §Ò¢ ¥³μ£μ ®¶μ²Ê¶² ´ ·´μ£μ¯ ¤¥É¥±Éμ·  ¨§ £¥·³ ´¨Ö p-É¨¶  ¶·μ-
¢μ¤¨³μ¸É¨ ¸ ³ ¸¸μ° 250 £ ¨ Ô²¥±É·¨Î¥¸±μ° ¥³±μ¸ÉÓÕ � 0,5 ¶”, ¶μ§¢μ²ÖÕÐ¥°
¸´¨§¨ÉÓ Ô´¥·£¥É¨Î¥¸±¨° ¶μ·μ£ ·¥£¨¸É· Í¨¨ ¤μ Ê·μ¢´Ö ´¨¦¥ 500 Ô‚.
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„²Ö ¨§£μÉμ¢²¥´¨Ö ¤¥É¥±Éμ·  ¡Ò² ¢Ò¡· ´ ³μ´μ±·¨¸É ²² £¥·³ ´¨Ö ¤¨ ³¥-
É·μ³ 52 ³³ ¨ Éμ²Ð¨´μ° 23 ³³ p-É¨¶  ¶·μ¢μ¤¨³μ¸É¨ ¸ · §´μ¸É´μ° ±μ´Í¥´É· -
Í¨¥° ²¥£¨·ÊÕÐ¨Ì ¶·¨³¥¸¥° |Na − Nd| ∼= 0,56 · 1010 ¸³−3. 
·¨ ÔÉμ³ · §¡·μ¸
ÔÉμ£μ ¶ · ³¥É·  ¢ μ¡Ñ¥³¥ ±·¨¸É ²²  ´¥ ¶·¥¢ÒÏ ² 2 %. ‘É·Ê±ÉÊ·  HPGe-
¶μ²Ê¶·μ¢μ¤´¨±μ¢μ£μ ¤¥É¥±Éμ·  (¶. ¶. ¤.) ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1. ‡ ±·Ê£²¥´¨Ö
´  ±· ÖÌ ¤¥É¥±Éμ·  ¨ ¢Ò¸μ± Ö μ¤´μ·μ¤´μ¸ÉÓ · §´μ¸É´μ° ±μ´Í¥´É· Í¨¨ ´¥μ¡-
Ìμ¤¨³Ò ¤²Ö ÔËË¥±É¨¢´μ£μ ¸μ¡¨· ´¨Ö ´μ¸¨É¥²¥° § ·Ö¤ , ±μÉμ·Ò¥ μ¡· §ÊÕÉ¸Ö
¶·¨ ·¥£¨¸É· Í¨¨ Î ¸É¨Í ¨ Ö¤¥· μÉ¤ Î¨.
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�¨¸. 1. ‘É·Ê±ÉÊ·  HPGe-¶. ¶. ¤. (· §³¥·Ò ¶·¥¤¸É ¢²¥´Ò ¢ ³¨²²¨³¥É· Ì)

�  ¶¥·¢μ³ ÔÉ ¶¥ ¶·¨ É¥·³μ¤¨ËËÊ§¨¨ ²¨É¨Ö (Li) ¨§£μÉ ¢²¨¢ ²¸Ö n+-±μ´É ±É
Éμ²Ð¨´μ° ∼ 0,5 ³³, ±μÉμ·Ò° ¶μ±·Ò¢ ² ¶· ±É¨Î¥¸±¨ ¢¸Õ ¶μ¢¥·Ì´μ¸ÉÓ μ¡· §Í 
(·¨¸. 1), §  ¨¸±²ÕÎ¥´¨¥³ Í¥´É· ²Ó´μ° Î ¸É¨ Éμ·Í  ¤¨ ³¥É·μ³ 10 ³³. ‚ ÔÉμ³
³¥¸É¥ ¢Ò·¥§ ² ¸Ó ± ´ ¢±  (μÌ· ´´μ¥ ±μ²ÓÍμ) £²Ê¡¨´μ° ¨ Ï¨·¨´μ° 2,5 ³³,
±μÉμ· Ö ´¥¸±μ²Ó±μ · § É· ¢¨² ¸Ó ¢ ¸³¥¸¨ ±¨¸²μÉ HF:HNO3 ¨ μÉ³Ò¢ ² ¸Ó
¢ ¤¥¨μ´¨§μ¢ ´´μ° ¢μ¤¥. �  ¢Éμ·μ³ ÔÉ ¶¥ ¸μ§¤ ¢ ²¸Ö p+-±μ´É ±É (¤¨ ³¥É·μ³
5 ³³) ¸ ¶μ³μÐÓÕ ¨μ´´μ° ¨³¶² ´É Í¨¨ ¡μ·  (B), ±μÉμ· Ö ¶·μ¢μ¤¨² ¸Ó ¶μ¸-
²¥¤μ¢ É¥²Ó´μ ¶·¨ Ô´¥·£¨ÖÌ 25 ¨ 17 ±Ô‚; ¢´¥¤·¥´´Ò¥ ¤μ§Ò ¸μ¸É ¢¨²¨ 1013 ¨
5 · 1014 ¸³−2 ¸μμÉ¢¥É¸É¢¥´´μ. �É¦¨£ ¤¥Ë¥±Éμ¢ ¶μ¸²¥ ¢´¥¤·¥´¨Ö ¡μ·  ´¥ ¶·μ-
¢μ¤¨²¸Ö. ‡ ¢¥·Ï ÕÐ¨° ÔÉ ¶ ¨§£μÉμ¢²¥´¨Ö ¤¥É¥±Éμ·  ¢±²ÕÎ ² ¢ ¸¥¡Ö ±· É-
±μ¢·¥³¥´´μ¥ É· ¢²¥´¨¥ μÌ· ´´μ£μ ±μ²ÓÍ  ¨ ¶·μ³Ò¢±Ê ¢ ³¥É¨²μ¢μ³ ¸¶¨·É¥.

¥·¥¤ ÔÉ¨³¨ μ¶¥· Í¨Ö³¨ ¨³¶² ´É¨·μ¢ ´´ Ö ¡μ·μ³ ¶μ¢¥·Ì´μ¸ÉÓ § Ð¨Ð ² ¸Ó
±¨¸²μÉμ¸Éμ°±μ° ¶²¥´±μ°. ’μ²Ð¨´  § Ð¨É´μ° μ±¸¨¤´μ° ¶²¥´±¨, ¶μ²ÊÎ¥´´μ°
¶ ¸¸¨¢ Í¨¥°, ¸μ¸É ¢²Ö²  0,1 ³±³ [5].

•���Š’…�ˆ‘’ˆŠˆ „…’…Š’���

�¸´μ¢´Ò³¨ Ô±¸¶²Ê É Í¨μ´´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨ ¨§£μÉμ¢²¥´´μ£μ ¤¥É¥±-
Éμ·  Ö¢²ÖÕÉ¸Ö: §´ Î¥´¨Ö ¥³±μ¸É¨, ¢¥²¨Î¨´  ®É¥³´μ¢μ£μ¯ Éμ±  ¶·¨ ´ ¶·Ö¦¥-
´¨¨ ¶μ²´μ£μ μ¡¥¤´¥´¨Ö, ¤¨ ¶ §μ´ · ¡μÎ¨Ì ´ ¶·Ö¦¥´¨°, ¢¥²¨Î¨´  ÔËË¥±É¨¢-
´μ¸É¨ ·¥£¨¸É· Í¨¨, Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥.

�  ·¨¸. 2 ¶μ± § ´Ò ¢μ²ÓÉ- ³¶¥·´ Ö Ì · ±É¥·¨¸É¨±  (·¨¸. 2,  ) ¨ § ¢¨-
¸¨³μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ° ÔËË¥±É¨¢´μ¸É¨ (�	, %) ·¥£¨¸É· Í¨¨ (·¨¸. 2, ¡) γ-
±¢ ´Éμ¢ 60Co (Ô´¥·£¨Ö Eγ = 1,33 ŒÔ‚). ‚¨¤´μ, ÎÉμ ¶μ²´μ¥ μ¡¥¤´¥´¨¥ ¤²Ö
¤¥É¥±Éμ·  ´ ¸ÉÊ¶ ¥É ¶·¨ ´ ¶·Ö¦¥´¨¨ U„ = 800 ‚,   ¤²Ö ¢¸¥£μ ¤¨ ¶ §μ´ 
· ¡μÎ¨Ì ´ ¶·Ö¦¥´¨° (800Ä2000 ‚) ¢¥²¨Î¨´  �	 ¸μ¸É ¢²Ö¥É 9 %. 	Éμ §´ Î¥-
´¨¥ ¸μ£² ¸Ê¥É¸Ö ¸ · ¸Î¥É´Ò³ ¤²Ö £¥·³ ´¨¥¢μ£μ ¤¥É¥±Éμ·  ¸ ÎÊ¢¸É¢¨É¥²Ó´Ò³
μ¡Ñ¥³μ³ ∼ 50 ¸³3.

ˆ§³¥·¥´¨Ö ¶μ± § ²¨, ÎÉμ ¢ μÉ²¨Î¨¥ μÉ · ´¥¥ ¢Ò¶μ²´¥´´ÒÌ · §· ¡μ-
Éμ± [6, 7] ¢Ò¡· ´´ Ö ´ ³¨ £¥μ³¥É·¨Ö Ô²¥±É·μ¤μ¢ ¤¥É¥±Éμ·  ¶μ§¢μ²¨²  ¶μ²Ê-
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�¨¸. 2. ‚μ²ÓÉ- ³¶¥·´ Ö Ì · ±É¥·¨¸É¨±  ( ) ¨ § ¢¨¸¨³μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ° ÔËË¥±É¨¢-
´μ¸É¨ (�	, %) ·¥£¨¸É· Í¨¨ (¡) γ-±¢ ´Éμ¢ 60Co (Ô´¥·£¨Ö Eγ = 1,33 ŒÔ‚)

�¨¸. 3. 	´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¨¸ÉμÎ´¨±  γ-±¢ ´Éμ¢ 55Fe, ¨§³¥·¥´´Ò° ¸ ¶μ³μÐÓÕ
HPGe-¶. ¶. ¤. μ¡Ñ¥³μ³ ∼ 50 ¸³3
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Î¨ÉÓ ¥³±μ¸ÉÓ (C„) ¶·¨ ¶μ²´μ³ μ¡¥¤´¥´¨¨ ´¥ ¡μ²¥¥ 1 ¶”. „μ¸É¨£´ÊÉμ¥ §´ -
Î¥´¨¥ ¥³±μ¸É¨ ¶μ§¢μ²¨²μ ¶μ²ÊÎ¨ÉÓ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ FWHM =
350 Ô‚ ¶·¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° 5,9 ±Ô‚ (·¨¸. 3), ÎÉμ §´ Î¨-
É¥²Ó´μ ²ÊÎÏ¥, Î¥³ Ê ¸É ´¤ ·É´μ£μ ±μ ±¸¨ ²Ó´μ£μ ¤¥É¥±Éμ·  É ±μ° ¦¥ ³ ¸¸Ò.

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ μ¸´μ¢´μ° ¢±² ¤ ¢ ¶μ²ÊÎ¥´´Ò¥ Ô´¥·£¥É¨Î¥¸±¨¥ ¶μ-
·μ£ ¨ · §·¥Ï¥´¨¥ ¢´μ¸ÖÉ ÏÊ³Ò, ¨´¨Í¨ ²¨§¨·Ê¥³Ò¥ ¢Ìμ¤´μ° ¥³±μ¸ÉÓÕ ¶·¥¤Ê-
¸¨²¨É¥²Ö (
“) ¸ ¶μ²¥¢Ò³ É· ´§¨¸Éμ·μ³ 2N4416 (Ë¨·³Ò ®Texas Instruments¯).
…³±μ¸ÉÓ 2N4416 · ¢´  C’ = 4,2 ¶”, ÎÉμ §´ Î¨É¥²Ó´μ ¡μ²ÓÏ¥ C„. ‘´¨¦¥´¨¥
¶μ·μ£  ¨ Ê²ÊÎÏ¥´¨¥ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ¢μ§³μ¦´μ, ¥¸²¨ ¨¸¶μ²Ó§μ-
¢ ÉÓ ¶μ²¥¢μ° É· ´§¨¸Éμ· ¸ ¡μ²¥¥ ´¨§±μ° ¢Ìμ¤´μ° ¥³±μ¸ÉÓÕ, ´ ¶·¨³¥· EuriFET
ER105 Ë¨·³Ò ®Canberra¯ c ¥³±μ¸ÉÓÕ 0,9 ¶”. ˆ¸¶μ²Ó§ÊÖ 
“ ¸ ¢Ìμ¤´μ° ¥³-
±μ¸ÉÓÕ ³¥´ÓÏ¥ 1 ¶”, ³μ¦´μ ¤²Ö ¡μ²ÓÏ¨Ì HPGe-¤¥É¥±Éμ·μ¢ (³ ¸¸μ° ∼ 250Ä
500 £) ¶μ²ÊÎ¨ÉÓ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ FWHM ∼ 150 Ô‚, ±μÉμ·μ¥ ¡Ê¤¥É
¸μμÉ¢¥É¸É¢μ¢ ÉÓ Ê·μ¢´Õ ÏÊ³  ¨ Ô´¥·£¥É¨Î¥¸±μ³Ê ¶μ·μ£Ê ¤²Ö ·¥´É£¥´μ¢¸±¨Ì
HPGe-¤¥É¥±Éμ·μ¢ ³ ¸¸μ° ∼ 5 £.

’ ±¨³ μ¡· §μ³, ¶μ± § ´  ¢μ§³μ¦´μ¸ÉÓ ¸μ§¤ ´¨Ö HPGe-¤¥É¥±Éμ·μ¢ ¡μ²Ó-
Ïμ£μ μ¡Ñ¥³  ¸ ¥³±μ¸ÉÓÕ ¶μ·Ö¤±  0,5 ¶”. � §· ¡μÉ ´´ Ö ³¥Éμ¤¨±  ¶μ§¢μ²¨² 
¨§£μÉμ¢¨ÉÓ ¤¥É¥±Éμ·, ±μÉμ·Ò° ¶μ ³ ¸¸¥ ¸μ¶μ¸É ¢¨³ ¸ ±μ ±¸¨ ²Ó´Ò³ HPGe-
¤¥É¥±Éμ·μ³,   ¥£μ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¨ ¶μ·μ£ ·¥£¨¸É· Í¨¨ ¡²¨§±¨
± §´ Î¥´¨Ö³, Ì · ±É¥·´Ò³ ¤²Ö ³ ²¥´Ó±¨Ì HPGe-·¥´É£¥´μ¢¸±¨Ì ¤¥É¥±Éμ·μ¢.
�Î¥¢¨¤´μ, ÎÉμ ¤²Ö Ê²ÊÎÏ¥´¨Ö ¶ · ³¥É·μ¢ ¶·¥¤¸É ¢²¥´´ÒÌ ¤¥É¥±Éμ·μ¢ ´¥μ¡-
Ìμ¤¨³μ ¢ 
“, ¶·¥¤´ §´ Î¥´´ÒÌ ¤²Ö ¸Ñ¥³  ¸¨£´ ²  ¸ ¶. ¶. ¤., ¨¸¶μ²Ó§μ¢ ÉÓ
¶μ²¥¢Ò¥ É· ´§¨¸Éμ·Ò ¸ ¥³±μ¸ÉÓÕ ´¥ ¡μ²¥¥ 1 ¶”.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ £· ´É  �””ˆ º 09-02-12363-μË¨ ³.
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