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¡ �¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 

–¥²ÓÕ · ¡μÉÒ Ö¢²Ö¥É¸Ö μÍ¥´±  Ëμ´  ´¥°É·μ´μ¢ ¨§ ¤μ¶μ²´¨É¥²Ó´μ£μ ¨¸ÉμÎ´¨±  ´¥°É·μ´μ¢ Å
·¥ ±Í¨¨ (α, n) ´  13‘ ¢ ¶μ²¨ÔÉ¨²¥´μ¢μ° ´¥°É·μ´´μ° § Ð¨É¥ Ô±¸¶¥·¨³¥´É  EDELWEISS-II ¶μ
¶·Ö³μ³Ê ¶μ¨¸±Ê ¸² ¡μ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì Î ¸É¨Í É¥³´μ° ³ É¥·¨¨. ‚ Ìμ¤¥ · ¡μÉÒ ¶μ²ÊÎ¥´  Ì -
· ±É¥·´ Ö ¤²¨´  ¶·μ´¨±´μ¢¥´¨Ö · ¤μ´  ¢´ÊÉ·Ó ¶μ²¨ÔÉ¨²¥´μ¢μ° § Ð¨ÉÒ Ô±¸¶¥·¨³¥´É , ¶μ¸É·μ¥´
Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ´¥°É·μ´μ¢, ¶μ²ÊÎ¥´  μÍ¥´±  ¶μÉμ±  ´¥°É·μ´μ¢ ¨§ ·¥ ±Í¨¨ (α, n).

The aim of this work is estimation of neutron 	ux arising due to (α, n) reaction on 13C inside of
neutron polyethylene shield of EDELWEISS-II Dark Matter search experiment. Characteristic length
of radon diffusion into polyethylene, (α, n) neutron's energy spectrum and its intensity have been
determined.

PACS: 07.05.Fb; 07.89.+b; 29.25.Dz; 95.35.+d
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�¸É·μË¨§¨Î¥¸±¨¥ ¤ ´´Ò¥ ¤ ÕÉ ´¥μ¶·μ¢¥·¦¨³Ò¥ ¤μ± § É¥²Ó¸É¢  ¸ÊÐ¥¸É¢μ¢ ´¨Ö ´¥¡ -
·¨μ´´μ° É¥³´μ° ³ É¥·¨¨ ¢μ ‚¸¥²¥´´μ°. ‚ Éμ ¦¥ ¢·¥³Ö ¤μ¢μ²Ó´μ ¨´É·¨£ÊÕÐ¨³ Ö¢²Ö-
¥É¸Ö ¶·¥¤¸± § ´¨¥ ¸Ê¶¥·¸¨³³¥É·¨¨ (SUSY) μ Éμ³, ÎÉμ ‚¸¥²¥´´ Ö § ¶μ²´¥´  ¸² ¡μ¢§ ¨-
³μ¤¥°¸É¢ÊÕÐ¨³¨ ³ ¸¸¨¢´Ò³¨ Î ¸É¨Í ³¨ (WIMP). �·¨ ÔÉμ³ ¤²Ö ¡μ²ÓÏμ£μ ¶·μ¸É· ´¸É¢ 
¶ · ³¥É·μ¢ SUSY ¶·¥¤¸± §Ò¢ ¥³ Ö ¶²μÉ´μ¸ÉÓ WIMP ¸μ£² ¸Ê¥É¸Ö ¸ É·¥¡μ¢ ´¨Ö³¨  ¸É·μ-
Ë¨§¨±¨. �μÔÉμ³Ê ¶¥·¸¶¥±É¨¢  ¶μ¤É¢¥·¦¤¥´¨Ö SUSY ´  LHC Ö¢²Ö¥É¸Ö ¤μ¢μ²Ó´μ § Ì¢ -
ÉÒ¢ ÕÐ¥°. �¤´ ±μ ±²ÕÎ¥¢Ò³ ¤μ± § É¥²Ó¸É¢μ³ Éμ£μ, ÎÉμ WIMP ¤¥°¸É¢¨É¥²Ó´μ μ¡· §ÊÕÉ
£ ² ±É¨Î¥¸±μ¥ £ ²μ É¥³´μ° ³ É¥·¨¨, ¸É ´¥É ´ ¡²Õ¤¥´¨¥ · ¸¸¥Ö´¨Ö É ±¨Ì Î ¸É¨Í ´  μ¡ÒÎ-
´μ° ³ É¥·¨¨. �μÔÉμ³Ê ¶·Ö³μ¥ ´ ¡²Õ¤¥´¨¥ WIMP ¢ ² ¡μ· Éμ·¨¨ ¨³¥¥É ¶¥·¢μ¸É¥¶¥´´ÊÕ
¢ ¦´μ¸ÉÓ ¨ ¤²Ö  ¸É·μË¨§¨±¨, ¨ ¤²Ö Ë¨§¨±¨ Î ¸É¨Í ¨ É·¥¡Ê¥É ¶·μ¢¥¤¥´¨Ö ´¨§±μËμ´μ¢ÒÌ
Ô±¸¶¥·¨³¥´Éμ¢, μ¤´¨³ ¨§ ±μÉμ·ÒÌ Ö¢²Ö¥É¸Ö Ô±¸¶¥·¨³¥´É EDELWEISS-II.
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1. Š��’Š� �� �Š‘�…�ˆŒ…�’… EDELWEISS-II

�±¸¶¥·¨³¥´É EDELWEISS-II ´ Í¥²¥´ ´  ¶·Ö³μ¥ ¤¥É¥±É¨·μ¢ ´¨¥ WIMP ¶μ ¨Ì Ê¶·Ê-
£μ³Ê · ¸¸¥Ö´¨Õ ´  Ö¤· Ì Ge ¨ ¶·μ¢μ¤¨É¸Ö ¢ ¶μ¤§¥³´μ° ² ¡μ· Éμ·¨¨ LSM ´  £· ´¨Í¥
”· ´Í¨¨ ¨ ˆÉ ²¨¨. ‚ Ô±¸¶¥·¨³¥´É¥ ¶·¨³¥´¥´Ò ±·¨μ£¥´´Ò¥ £¥·³ ´¨¥¢Ò¥ ¡μ²μ³¥É·Ò, ±μ-
Éμ·Ò¥ ¸¶μ¸μ¡´Ò μ¤´μ¢·¥³¥´´μ ¸´¨³ ÉÓ ¨μ´¨§ Í¨μ´´Ò° ¨ Ëμ´μ´´Ò° ¸¨£´ ²Ò ¢ μ¡² ¸É¨
¶μ¨¸±  WIMP. ‘· ¢´¥´¨¥ ¤¢ÊÌ ¸¨£´ ²μ¢ μ¡¥¸¶¥Î¨¢ ¥É ¢μ§³μ¦´μ¸ÉÓ ÔËË¥±É¨¢´μ£μ μÉ-
¡μ·  ·¥¤±¨Ì ¨¸±μ³ÒÌ ¸μ¡ÒÉ¨° ¨ ¤¨¸±·¨³¨´ Í¨Õ Ëμ´  [1]. � ¸¶μ²μ¦¥´¨¥ Ô±¸¶¥·¨³¥´É 
¢ £²Ê¡μ±μ° ¶μ¤§¥³´μ° ² ¡μ· Éμ·¨¨ ¸¶μ¸μ¡¸É¢Ê¥É §´ Î¨É¥²Ó´μ³Ê ¶μ¤ ¢²¥´¨Õ ±μ¸³μ£¥´´μ°
¸μ¸É ¢²ÖÕÐ¥° Ëμ´  (¶μÉμ± ³Õμ´μ¢ ´  6 ¶μ·Ö¤±μ¢, ¶μÉμ± ´¥°É·μ´μ¢ ´  4 ¶μ·Ö¤± ). „²Ö
§ Ð¨ÉÒ μÉ ¥¸É¥¸É¢¥´´μ° · ¤¨μ ±É¨¢´μ¸É¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¸²¥¤ÊÕÐ Ö ¸¨¸É¥³ : ¤¥É¥±Éμ·Ò
μ±·Ê¦¥´Ò ¸μ ¢¸¥Ì ¸Éμ·μ´ 20-¸³ ¸²μ¥³ ¸¢¨´Í , 50-¸³ Å ¶μ²¨ÔÉ¨²¥´  (PE) ¨ ¸¨¸É¥³μ°
μ-¢¥Éμ.

2. ˆ‘’�—�ˆŠˆ �…‰’����‚

�¶ ¸´Ò³ Ëμ´μ³ ¢ Ô±¸¶¥·¨³¥´É¥ EDELWEISS-II Ö¢²ÖÕÉ¸Ö ´¥°É·μ´Ò, É ± ± ± μ´¨ ³μ-
£ÊÉ ¨³¨É¨·μ¢ ÉÓ ¸¨£´ ², ±μÉμ·Ò° μ¦¨¤ ¥É¸Ö ¶·¨ · ¸¸¥Ö´¨¨ WIMP ´  Ö¤· Ì £¥·³ ´¨Ö.
�¸´μ¢´Ò¥ ¨¸ÉμÎ´¨±¨ ´¥°É·μ´μ¢ Å ¸¶μ´É ´´μ¥ ¤¥²¥´¨¥ Ê· ´ , ·¥ ±Í¨Ö (α, n) ¨ ´¥°-
É·μ´Ò, ·μ¦¤ ÕÐ¨¥¸Ö μÉ ±μ¸³¨Î¥¸±μ£μ ¨§²ÊÎ¥´¨Ö. ‚ ¤ ´´μ° · ¡μÉ¥ μ¸´μ¢´μ¥ ¢´¨³ ´¨¥
Ê¤¥²¥´μ ´¥°É·μ´ ³ ¨§ ·¥ ±Í¨¨ (α, n) ´  13‘ ¢ PE ´¥°É·μ´´μ° § Ð¨É¥. ˆ¸ÉμÎ´¨± ³¨ ¨§²Ê-
Î¥´¨Ö Ö¢²ÖÕÉ¸Ö ¤μ²£μ¦¨¢ÊÐ¨¥ ¨§μÉμ¶Ò Ê· ´  ¨ Éμ·¨Ö ¨ ¨Ì ¤μÎ¥·´¨¥ ¶·μ¤Ê±ÉÒ, ±μÉμ·Ò¥
³μ£ÊÉ ´ Ìμ¤¨ÉÓ¸Ö ¢´ÊÉ·¨ PE. Š·μ³¥ Éμ£μ, ¤μ¶μ²´¨É¥²Ó´Ò¥ ¨¸ÉμÎ´¨±¨ α-¨§²ÊÎ¥´¨Ö Å
· ¤μ´ ¨ · ¸¶ ¤ ¥£μ ¤μÎ¥·´¨Ì ¶·μ¤Ê±Éμ¢. ‚ Ô±¸¶¥·¨³¥´É¥ EDELWEISS-II ³¥¦¤Ê § Ð¨Éμ°
¨§ ¸¢¨´Í , ¢´ÊÉ·¨ ±μÉμ·μ° ´ Ìμ¤¨É¸Ö ±·¨μ¸É É, ¨ ´¥°É·μ´´μ° § Ð¨Éμ° ¨³¥¥É¸Ö ¸¢μ¡μ¤-
´μ¥ ¢μ§¤ÊÏ´μ¥ ¶·μ¸É· ´¸É¢μ, Ê·μ¢¥´Ó 222Rn ¢ ±μÉμ·μ³ ¸μ¸É ¢²Ö¥É 10Ä15 
±/³3. � ¤μ´
μÉ´μ¸¨É¸Ö ± ¡² £μ·μ¤´Ò³ · ¤¨μ ±É¨¢´Ò³ £ § ³. ‡  ¸Î¥É ¸¢μ¥° ³μ¡¨²Ó´μ¸É¨ μ´ μ¡² -
¤ ¥É ¡μ²ÓÏμ° ¶·μ´¨± ÕÐ¥° ¸¶μ¸μ¡´μ¸ÉÓÕ ¨ ³μ¦¥É ¤¨ËËÊ´¤¨·μ¢ ÉÓ ¢´ÊÉ·Ó PE ¨ ¸É ÉÓ
¤μ¶μ²´¨É¥²Ó´Ò³ ¨¸ÉμÎ´¨±μ³ ´¥°É·μ´μ¢ Î¥·¥§ ·¥ ±Í¨Õ (α, n) ´  13‘. ‘²¥¤ÊÖ ³¥Éμ¤Ê,
¨§²μ¦¥´´μ³Ê ¢ · ¡μÉ¥ [2], ³μ¦´μ § ¶¨¸ ÉÓ Ê· ¢´¥´¨¥ ¤¨ËËÊ§¨¨ ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:
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£¤¥ D = 4,3 · 10−12 ³2 · ¸−1 Å ±μÔËË¨Í¨¥´É ¤¨ËËÊ§¨¨ · ¤μ´  ¢ PE; λ = 1/3,83 ¸ÊÉ Å
±μ´¸É ´É  · ¸¶ ¤  · ¤μ´ . �¥Ï¥´¨¥ ÔÉμ£μ Ê· ¢´¥´¨Ö ³μ¦´μ § ¶¨¸ ÉÓ É ±:
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£¤¥ βn = λ + Dn2π2/L2. �¥Ï¨¢ ÔÉμ Ê· ¢´¥´¨¥ ¤¨ËËÊ§¨¨, ³Ò ¶μ²ÊÎ¨²¨, ÎÉμ Ì · ±É¥·´ Ö
£²Ê¡¨´  ¶·μ´¨±´μ¢¥´¨Ö · ¤μ´  ¢´ÊÉ·Ó P… ¢ ¸·¥¤´¥³ ¸μ¸É ¢²Ö¥É 1,5 ³³ (·¨¸. 1).

„²Ö μ¶·¥¤¥²¥´¨Ö ¢¥·μÖÉ´μ¸É¥° μ¡· §μ¢ ´¨Ö ´¥°É·μ´μ¢ ¢ PE ¶μ¸²¥ α-· ¸¶ ¤  ´ ³¨
¨¸¶μ²Ó§μ¢ ´Ò ¶·μ£· ³³´Ò° ¶ ±¥É SRIM, ¶·¥¤´ §´ Î¥´´Ò° ¤²Ö · ¸Î¥É  μ¸´μ¢´ÒÌ Ì · ±-
É¥·¨¸É¨± ¶·μÍ¥¸¸μ¢ ¶·μÌμ¦¤¥´¨Ö α-Î ¸É¨Í ¢ PE, ¨ §´ Î¥´¨Ö ¸¥Î¥´¨° ·¥ ±Í¨¨ 13‘ (α,
n)16� ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨ α-Î ¸É¨Í ¨§ · ¡μÉÒ [3]. �μ²ÊÎ¥´´Ò¥ ¨´É¥£· ²Ó´Ò¥ ¢¥-
·μÖÉ´μ¸É¨ μ¡· §μ¢ ´¨Ö ´¥°É·μ´μ¢ ¤²Ö ¢¸¥Ì α-Î ¸É¨Í ¢ Ê· ´μ¢μ° ¨ Éμ·¨¥¢μ° Í¥¶μÎ± Ì
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�¨¸. 1. � ¸¶·¥¤¥²¥´¨¥ ±μ´Í¥´É· Í¨¨ · ¤μ´  ¢´ÊÉ·¨ P…

¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥,   ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¢¥·μÖÉ´μ¸É¨ ¨§²ÊÎ¥´¨Ö ´¥°É·μ´μ¢ ¢ § ¢¨¸¨-
³μ¸É¨ μÉ ¨Ì Ô´¥·£¨¨ ¤²Ö 222Rn ¨ ¥£μ · ¤¨μ ±É¨¢´ÒÌ ¤μÎ¥± Å ´  ·¨¸. 2.

‘Ê³³ ·´ Ö ¢¥·μÖÉ´μ¸ÉÓ ¢Ò²¥É  ´¥°É·μ´  ´  1 · ¸¶ ¤ ¢¸¥° Í¥¶μÎ±¨ 238U (¸Î¨É Ö ¥¥ ¢
· ¢´μ¢¥¸¨¨) ¶μ²ÊÎ¨² ¸Ó 8,7 · 10−7, ¶·¨ ÔÉμ³ 222Rn ¨ ¥£μ ¤μÎ¥·´¨¥ ¶·μ¤Ê±ÉÒ ¤ ÕÉ μ¸´μ¢-
´μ° ¢±² ¤ ¢ ÔÉÊ ¢¥²¨Î¨´Ê 7·10−7. ‚¥·μÖÉ´μ¸ÉÓ ¢Ò²¥É  ´¥°É·μ´  ´  1 · ¸¶ ¤ ¢¸¥° Í¥¶μÎ±¨
232Th ¶μ²ÊÎ¨² ¸Ó · ¢´μ° 1,2 · 10−6. �Ï¨¡±¨ ¶·¨¢¥¤¥´´ÒÌ ¢¥·μÖÉ´μ¸É¥° ´ ³¨ μÍ¥´¨¢ -
ÕÉ¸Ö ´  Ê·μ¢´¥ 30% ¨ ¢μ§´¨± ÕÉ £² ¢´Ò³ μ¡· §μ³ ¨§-§  ´¥μ¶·¥¤¥²¥´´μ¸É¥° ¢ ¸¥Î¥´¨¨

ˆ´É¥£· ²Ó´Ò¥ ¢¥·μÖÉ´μ¸É¨ ¨§²ÊÎ¥´¨Ö ´¥°É·μ´μ¢ ¢ Í¥¶μÎ±¥ · ¸¶ ¤  238U ¨ 232Th ¢ ·¥§Ê²ÓÉ É¥
·¥ ±Í¨¨ (α, n) ´  13‘ ¢ PE

ˆ§μÉμ¶/Í¥¶μÎ± 
· ¸¶ ¤ 

�´¥·£¨Ö
α-Î ¸É¨ÍÒ, ±Ô‚

„μ²Ö α-Î ¸É¨Í ¸
¤ ´´μ° Ô´¥·£¨¥°,

%

‚¥·μÖÉ´μ¸ÉÓ ¨§²ÊÎ¥´¨Ö
´¥°É·μ´  ´ 

α-Î ¸É¨ÍÊ, 10−8

238U/238U 4198; 4151 79; 21 2,4; 2,4
234U/238U 4775; 4722; 4603 71,4; 28,4; 0,2 3,0; 2,9; 2,7
230Th/238U 4688; 4621 76,3; 23,4 2,9; 2,8
226Ra/238U 4784; 4602 94,4; 5,5 3,0; 2,8
222Rn/238U 5489 99,9 7,6
218Po/238U 6002 100 12,9
214Po/238U 7687 100 49,9
210Po/238U 5304 100 5,69
232Th/232Th 4013; 3954 77,9; 22,1 2,3; 2,3
228Th/232Th 5423; 5340; 5211; 5173 71,1; 28,2; 0,4; 0,2 6,8; 6,0; 4,9; 4,7
224Ra/232Th 5685; 5449 94,9; 5,1 8,7; 7,1
220Rn/232Th 6288 99,9 17,7
216Po/232Th 6778 100 25,4
212Bi/232Th 6090; 6051; 5768; 5626; 5607 27,1; 69,9; 1,8; 0,2; 1,2 14,4; 13,5; 9,6; 8,4; 8,3
212Po/232Th 8784 100 87,8
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�¨¸. 2. �¡¸μ²ÕÉ´Ò¥ ¢¥·μÖÉ´μ¸É¨ ¨§²ÊÎ¥´¨Ö ´¥°É·μ´μ¢ · §²¨Î´ÒÌ Ô´¥·£¨° §  ¸Î¥É (α, n)-·¥ ±Í¨¨
¢ P… ¤²Ö · ¤μ´  ¨ ¥£μ · ¤¨μ ±É¨¢´ÒÌ ¤μÎ¥±

·¥ ±Í¨¨ (α, n). „²Ö 238U ´¥μ¡Ìμ¤¨³μ É ±¦¥ ¶·¨´¨³ ÉÓ ¢μ ¢´¨³ ´¨¥ ¢μ§³μ¦´μ¸ÉÓ ¥£μ
¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö, ÎÉμ ¤μ¶μ²´¨É¥²Ó´μ ¤ ¥É ¢¥·μÖÉ´μ¸ÉÓ ¢Ò²¥É  ´¥°É·μ´  ´  1 · ¸¶ ¤
238U, · ¢´ÊÕ 1,2 · 10−6.

‡�Š‹	—…�ˆ…

ŒÒ μ¶·¥¤¥²¨²¨ É·¨ μ¸´μ¢´ÒÌ ¨¸ÉμÎ´¨± , ¤ ÕÐ¨Ì ¸²¥¤ÊÕÐ¨¥ ¶μÉμ±¨ ´¥°É·μ´μ¢ ¢´Ê-
É·¨ § Ð¨ÉÒ:

1) ´  1 ppb1 § £·Ö§´¥´¨Ö PE 238U μ¦¨¤ ¥É¸Ö 2,6 · 10−6 ³−2 · c−1;
2) ´  1 ppb § £·Ö§´¥´¨Ö PE 232Th μ¦¨¤ ¥É¸Ö 5,0 · 10−7 ³−2 · c−1;
3) ´ ²¨Î¨¥ ¢ ¢μ§¤ÊÌ¥ 222Rn ¸ ±μ´Í¥´É· Í¨¥° ´  Ê·μ¢´¥ 10 
±/³3 ¶·¨¢μ¤¨É ± ¶μÉμ±Ê

´¥°É·μ´μ¢ ´  Ê·μ¢´¥ 1,1 · 10−8 ³−2 · c−1 §  ¸Î¥É ¤¨ËËÊ§¨¨ · ¤μ´  ¢´ÊÉ·Ó PE.
Š·¨É¨Î¥¸±¨³ §´ Î¥´¨¥³ ¶μÉμ±  ´¥°É·μ´μ¢ ¢´ÊÉ·¨ § Ð¨ÉÒ Ô±¸¶¥·¨³¥´É  ´  ¤ ´´μ°

¸É ¤¨¨ Ö¢²Ö¥É¸Ö 10−5 ³−2 · c−1. ’ ±¨³ μ¡· §μ³, ³Ò ³μ¦¥³ ÊÉ¢¥·¦¤ ÉÓ, ÎÉμ §´ Î¥´¨¥
¶μÉμ±  Ëμ´μ¢ÒÌ ´¥°É·μ´μ¢ ¨§ ·¥ ±Í¨¨ (α, n) ¢ PE ´¥°É·μ´´μ° § Ð¨É¥ Ô±¸¶¥·¨³¥´É  ¢
´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ´¥ ¶·¥¤¸É ¢²Ö¥É μ¶ ¸´μ¸É¨ (Ô±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´Ò¥ ±μ²¨Î¥¸É¢ 
Ê· ´  ¨ Éμ·¨Ö ¢´ÊÉ·¨ PE, ¨§ ±μÉμ·μ£μ ¸¤¥² ´  § Ð¨É , ¸μ¸É ¢²ÖÕÉ ³¥´¥¥ 1 ppb).
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11 part per billion (ppb) Å 1 Î ¸ÉÓ ´  ³¨²²¨ ·¤.


