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1 � Í¨μ´ ²Ó´Ò° ¨¸¸²¥¤μ¢ É¥²Ó¸±¨° Í¥´É· ®ŠÊ·Î Éμ¢¸±¨° ¨´¸É¨ÉÊÉ¯, Œμ¸±¢ 

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

„μ²£μ¶·Ê¤´Ò°, �μ¸¸¨Ö

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶·μ· ¡ ÉÒ¢ ÕÉ¸Ö ¶·μ¥±ÉÒ ¶μ ¨¸¶μ²Ó§μ¢ ´¨Õ ´ ±μ¶¨É¥²Ó´ÒÌ
±μ²¥Í, Ê¤¥·¦¨¢ ÕÐ¨Ì ¨μ´Ò ¸ β+-´¥¸É ¡¨²Ó´Ò³¨ Ö¤· ³¨, ¢ ± Î¥¸É¢¥ ¨¸ÉμÎ´¨±μ¢ Ô²¥±-
É·μ´´ÒÌ ´¥°É·¨´μ. �μ²ÊÎ¥´´Ò¥ ¶ÊÎ±¨ ³μ£ÊÉ ¸μ¤¥·¦ ÉÓ §´ Î¨É¥²Ó´ÊÕ ³μ´μÌ·μ³ É¨Î¥-
¸±ÊÕ ¸μ¸É ¢²ÖÕÐÊÕ, ¥¸²¨ Ö¤·  ¸ ¸ÊÐ¥¸É¢¥´´μ° ¢¥·μÖÉ´μ¸ÉÓÕ · ¸¶ ¤ ÕÉ¸Ö ¶μ ± ´ ²Ê
Ô²¥±É·μ´´μ£μ § Ì¢ É . �·¨ μ¶·¥¤¥²¥´´ÒÌ Ê¸²μ¢¨ÖÌ, ¢ Î ¸É´μ¸É¨ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¢μ-
¤μ·μ¤μ¶μ¤μ¡´ÒÌ ¨μ´μ¢, ÔÉ  ³μ´μÌ·μ³ É¨Î¥¸± Ö ¸μ¸É ¢²ÖÕÐ Ö ´¥°É·¨´´μ£μ ¶ÊÎ±  ³μ-
¦¥É ¡ÒÉÓ ¸¤¥² ´  ³μ¤Ê²¨·Ê¥³μ°. ‚ · ¡μÉ¥ ¶·¥¤²μ¦¥´ ¸¶μ¸μ¡ μÉ¡μ·  β+-· ¸¶ ¤Î¨±μ¢,
´ ¨¡μ²¥¥ ¶¥·¸¶¥±É¨¢´ÒÌ ¸ ÉμÎ±¨ §·¥´¨Ö ¶μ²ÊÎ¥´¨Ö ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢ Î ¸É¨Î´μ ³μ-
´μÌ·μ³ É¨Î¥¸±¨Ì ¨ ³μ¤Ê²¨·Ê¥³ÒÌ Ô²¥±É·μ´´ÒÌ ´¥°É·¨´μ, ¨ ¶μ± § ´μ, ÎÉμ ÔÉ¨ ¶ÊÎ±¨
·¥ ²¨¸É¨Î´Ò ¨ ¶¥·¸¶¥±É¨¢´Ò.

Recently, it was proposed to use storage rings with β+ radioactive nuclei as sources
of electron neutrino beams. If the nuclei have large electron capture branching, such
beams could have a signiˇcant monochromatic component. Under certain conditions,
in particular, for hydrogen-like ions, one can modulate the monochromatic component.
Selection criteria for β+ decaying nuclei, which could be used to produce intense beams
of partially monochromatic and modulated electron neutrinos, are proposed. It is shown
that such beams are obtainable in practice and might be interesting for future experiments.

PACS: 14.60.Lm; 23.40.Bw
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„²Ö ·¥Ï¥´¨Ö ·Ö¤  § ¤ Î Ë¨§¨±¨ ¸² ¡ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ¦¥² É¥²Ó´μ ¨³¥ÉÓ
´¥°É·¨´´Ò¥ ¶ÊÎ±¨ ¸ Ìμ·μÏμ ¨§¢¥¸É´Ò³¨ ¨´É¥´¸¨¢´μ¸ÉÓÕ ¨ ¸¶¥±É·μ³,   É ±¦¥
¸μ¤¥·¦ Ð¨¥ ´¥°É·¨´μ Éμ²Ó±μ μ¤´μ£μ ¸μ·É . ‘ÊÐ¥¸É¢¥´´μ° Ö¢²Ö¥É¸Ö É ±¦¥
¢μ§³μ¦´μ¸ÉÓ Ê¶· ¢²¥´¨Ö ¶ · ³¥É· ³¨ ¶ÊÎ± .
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‚ · ¡μÉ¥ [1] ¢Ò¤¢¨´ÊÉ  ¨¤¥Ö β-¶ÊÎ±μ¢: Ö¤· , ¨¸¶ÒÉÒ¢ ÕÐ¨¥ β-· ¸¶ ¤,
Ê¸±μ·ÖÕÉ¸Ö ¢ ´ ±μ¶¨É¥²Ó´μ³ ±μ²ÓÍ¥. �·¨ ¤μ¸É ÉμÎ´μ ¡μ²ÓÏ¨Ì §´ Î¥´¨ÖÌ ¶ -
· ³¥É·  γ ´¥°É·¨´μ, μ¡· §ÊÕÐ¨¥¸Ö ¶·¨ · ¸¶ ¤¥ ¨ ¢Ò²¥É ÕÐ¨¥ ¢ ¸¨¸É¥³¥ Ö¤· 
¢ ®¶¥·¥¤´ÕÕ ¶μ²Ê¸Ë¥·Ê¯, ¢ ² ¡μ· Éμ·´μ° ¸¨¸É¥³¥ μÉ¸Î¥É  ¶μ¶ ¤ ÕÉ ¢ ±μ´Ê¸
¸ Ê£²μ³ · ¸É¢μ·  1/γ. ‚ ·¥§Ê²ÓÉ É¥ Ëμ·³¨·Ê¥É¸Ö ±μ²²¨³¨·μ¢ ´´Ò° ´¥°É·¨´-
´Ò° ¶ÊÎμ±. ‘¶¥±É· ´¥°É·¨´μ ¢ ¸¨¸É¥³¥ ¶μ±μÖ · ¸¶ ¤ ÕÐ¥£μ¸Ö Ö¤·  ³μ¦¥É
¡ÒÉÓ ¶¥·¥¸Î¨É ´ ¢ ¸¶¥±É· ¢ ² ¡μ· Éμ·´μ° ¸¨¸É¥³¥. ’ ±¨³ μ¡· §μ³, β-¶ÊÎ±¨
μ¡² ¤ ÕÉ ·Ö¤μ³ ¶·¥¨³ÊÐ¥¸É¢ ¶μ ¸· ¢´¥´¨Õ ¸ ¶ÊÎ± ³¨ ´¥°É·¨´μ, ¶μ²ÊÎ ¥³ÒÌ
´  Ê¸±μ·¨É¥²ÖÌ,   ¨³¥´´μ μ´¨ ¸μ¤¥·¦ É Éμ²Ó±μ Ô²¥±É·μ´´Ò¥ ´¥°É·¨´μ ( ´-
É¨´¥°É·¨´μ), ¸¶¥±É· ÔÉ¨Ì ´¥°É·¨´μ ¨§¢¥¸É¥´ ¨ ¥£μ ³μ¦´μ ³¥´ÖÉÓ, ¢ ·Ó¨·ÊÖ
§´ Î¥´¨Ö ¶ · ³¥É·  γ.

�μ§¦¥ ¢μ§´¨±²  ¨¤¥Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¢ ± Î¥¸É¢¥ ¨¸ÉμÎ´¨±  ´¥°É·¨´μ ¨μ´Ò,
Ö¤·  ±μÉμ·ÒÌ § Ì¢ ÉÒ¢ ÕÉ Ô²¥±É·μ´Ò [2, 3]. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¶ÊÎ±¨ ¶μ²Ê-
Î¨²¨ ´ §¢ ´¨¥ EC-¶ÊÎ±μ¢ (EC Å Electron Capture). �·¨ Ô²¥±É·μ´´μ³ § -
Ì¢ É¥ ¢ ¸¨¸É¥³¥ ¶μ±μÖ Ö¤·  ¢¸Ö ¢Ò¤¥²ÖÕÐ Ö¸Ö Ô´¥·£¨Ö Q ¶¥·¥¤ ¥É¸Ö ´¥°-
É·¨´μ (Ô´¥·£¨Ö μÉ¤ Î¨ ¨μ´  ¶·¥´¥¡·¥¦¨³μ ³ ² ), E0

ν = Q. ‚ ² ¡μ· Éμ·´μ°
¸¨¸É¥³¥ μÉ¸Î¥É  ´¥°É·¨´μ, ¢Ò²¥É ÕÐ¨¥ ¶μ¤ Ê£²μ³ θ ± ´ ¶· ¢²¥´¨Õ ¤¢¨¦¥-
´¨Ö Ö¤¥·, Ö¢²ÖÕÉ¸Ö ³μ´μÌ·μ³ É¨Î¥¸±¨³¨ (´ ¶μ³´¨³, ÎÉμ ¸ÊÐ¥¸É¢¥´´Ò ²¨ÏÓ
³ ²Ò¥ Ê£²Ò θ < 1/γ). ‚ Î ¸É´μ¸É¨, ´¥°É·¨´μ, ¢Ò²¥É ÕÐ¨¥ ¢¶¥·¥¤, μ¡² ¤ ÕÉ
Ô´¥·£¨¥° Eν = 2γE0

ν , ¶·μ¶μ·Í¨μ´ ²Ó´μ° ¶ · ³¥É·Ê γ.
‚ · ¡μÉ Ì [4, 5] ¶·¥¤²μ¦¥´ ¸¶μ¸μ¡ ¢·¥³¥´´μ° ³μ¤Ê²ÖÍ¨¨ EC-¶ÊÎ±μ¢,

μ¸´μ¢ ´´Ò° ´  Ê¤¥·¦ ´¨¨ ¢ ´ ±μ¶¨É¥²Ó´μ³ ±μ²ÓÍ¥ ¢μ¤μ·μ¤μ¶μ¤μ¡´ÒÌ ¨μ-
´μ¢ ¸ Ö¤· ³¨ ¸ ´¥´Ê²¥¢Ò³ ¸¶¨´μ³ I . �¸´μ¢´μ¥ 1s-¸μ¸ÉμÖ´¨¥ É ±μ£μ ¨μ´ ,
¸ ±μÉμ·μ£μ ¶·μ¨¸Ìμ¤¨É § Ì¢ É Ô²¥±É·μ´ , · ¸Ð¥¶²¥´μ §  ¸Î¥É ¸¢¥·ÌÉμ´±μ£μ
¢§ ¨³μ¤¥°¸É¢¨Ö ´  ¤¢  ¶μ¤Ê·μ¢´Ö ¸μ §´ Î¥´¨Ö³¨ ¶μ²´μ£μ Ê£²μ¢μ£μ ³μ³¥´É 
F = I ± 1/2. ‚¥·μÖÉ´μ¸ÉÓ Ô²¥±É·μ´´μ£μ § Ì¢ É , ¢μμ¡Ð¥ £μ¢μ·Ö, § ¢¨¸¨É
μÉ ¢¥²¨Î¨´Ò F . �¸μ¡¥´´μ ¸¨²Ó´μ ÔÉ  § ¢¨¸¨³μ¸ÉÓ ¶·μÖ¢²Ö¥É¸Ö ¢ £ ³μ¢-
É¥²²¥·μ¢¸±¨Ì ¶¥·¥Ìμ¤ Ì I → I ′ = I ± 1. �μ²´Ò° Ê£²μ¢μ° ³μ³¥´É ¢ ±μ´¥Î´μ³
¸μ¸ÉμÖ´¨¨ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¸¶¨´ ¤μÎ¥·´¥£μ Ö¤·  I ′ ¨ ¸¶¨´ ´¥°É·¨´μ 1/2. �μ-
¸±μ²Ó±Ê ¶μ²´Ò° Ê£²μ¢μ° ³μ³¥´É ¸μÌ· ´Ö¥É¸Ö, Éμ ¤μ²¦´μ ¢Ò¶μ²´ÖÉÓ¸Ö Ê¸²μ¢¨¥

F = I ′ ± 1/2. (1)

‚ ·¥§Ê²ÓÉ É¥ Ô²¥±É·μ´´Ò° § Ì¢ É ³μ¦¥É ¶·μ¨¸Ìμ¤¨ÉÓ Éμ²Ó±μ ¨§ μ¤´μ£μ ¸¢¥·Ì-
Éμ´±μ£μ ¸μ¸ÉμÖ´¨Ö: ¥¸²¨ I ′ = I − 1, Éμ ¨§ ¸μ¸ÉμÖ´¨Ö F = I − 1/2,   ¥¸²¨
I ′ = I + 1, Éμ ¨§ ¸μ¸ÉμÖ´¨Ö F = I + 1/2. ‘²¥¤μ¢ É¥²Ó´μ, ¨´¤ÊÍ¨·ÊÖ ¸
¶μ³μÐÓÕ Ô²¥±É·μ³ £´¨É´μ° ¢μ²´Ò ¶¥·¥Ìμ¤Ò ³¥¦¤Ê ¸¢¥·ÌÉμ´±¨³¨ Ê·μ¢´Ö³¨,
³μ¦´μ Ê¸±μ·ÖÉÓ ¨²¨ § ³¥¤²ÖÉÓ Ô²¥±É·μ´´Ò° § Ì¢ É ¨ É¥³ ¸ ³Ò³ μ¸ÊÐ¥¸É¢²ÖÉÓ
¢·¥³¥´´ÊÕ ³μ¤Ê²ÖÍ¨Õ μ¡· §ÊÕÐ¥£μ¸Ö ´¥°É·¨´´μ£μ ¶ÊÎ± .

‡ ³¥É¨³, ÎÉμ EC-¶ÊÎ±¨ μ¡² ¤ ÕÉ ± ± μ¶·¥¤¥²¥´´Ò³¨ ¶·¥¨³ÊÐ¥¸É¢ ³¨
¶μ ¸· ¢´¥´¨Õ ¸ β-¶ÊÎ± ³¨ (É ±¨³¨ ± ± ³μ´μÌ·μ³ É¨Î´μ¸ÉÓ ¨ ¢μ§³μ¦´ Ö ³μ-
¤Ê²¨·Ê¥³μ¸ÉÓ), É ± ¨ ·Ö¤μ³ ´¥¤μ¸É É±μ¢, ± ±μÉμ·Ò³, ¢ Î ¸É´μ¸É¨, ¸²¥¤Ê¥É μÉ-
´¥¸É¨ ¨Ì ³¥´ÓÏÊÕ ¨´É¥´¸¨¢´μ¸ÉÓ, ¸¢Ö§ ´´ÊÕ ¸ μÉ´μ¸¨É¥²Ó´μ° ³¥¤²¥´´μ¸ÉÓÕ
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Ô²¥±É·μ´´μ£μ § Ì¢ É . ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢ · ¡μÉ¥ [6] · ¸¸³μÉ·¥´ ¢ ·¨ ´É ¸μ¢-
³¥Ð¥´¨Ö EC- ¨ β-¶ÊÎ±μ¢ §  ¸Î¥É ¨¸¶μ²Ó§μ¢ ´¨Ö β+-´¥¸É ¡¨²Ó´ÒÌ Ö¤¥·, · ¸-
¶ ¤ ÕÐ¨Ì¸Ö ¸ ¸ÊÐ¥¸É¢¥´´μ° ¢¥·μÖÉ´μ¸ÉÓÕ ¶μ ± ´ ²Ê Ô²¥±É·μ´´μ£μ § Ì¢ É 
(É. ¥. ¸ ¸ÊÐ¥¸É¢¥´´μ° ³μ´μÌ·μ³ É¨Î¥¸±μ° ¸μ¸É ¢²ÖÕÐ¥° ¢ ¸¶¥±É·¥ ¨¸¶Ê¸± ¥-
³ÒÌ ´¥°É·¨´μ). Š ¸μ¦ ²¥´¨Õ, ±μ·μÉ±μ¦¨¢ÊÐ¨¥ Ö¤·  150Er (T1/2 = 18,5 ¸),
152Yb (T1/2 = 3,04 ¸), 156Yb (T1/2 = 26,1 ¸), · ¸¸³μÉ·¥´´Ò¥ ¢ Ê± § ´´μ°
¸É ÉÓ¥, μ¡² ¤ ÕÉ ´Ê²¥¢Ò³¨ ¸¶¨´ ³¨ ¨ ¶μÔÉμ³Ê ´¥ ³μ£ÊÉ ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò
¢ ± Î¥¸É¢¥ ¨¸ÉμÎ´¨±μ¢ ³μ¤Ê²¨·Ê¥³ÒÌ ¶ÊÎ±μ¢ ´¥°É·¨´μ.

–¥²Ó ¤ ´´μ° · ¡μÉÒ Å ¶μ± § ÉÓ ¢μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö ¢μ¤μ·μ¤μ¶μ-
¤μ¡´ÒÌ ¨μ´μ¢ ¸ ±μ·μÉ±μ¦¨¢ÊÐ¨³¨ β+-´¥¸É ¡¨²Ó´Ò³¨ Ö¤· ³¨ ¸ ´¥´Ê²¥¢Ò³¨
¸¶¨´ ³¨ ¤²Ö ¶μ²ÊÎ¥´¨Ö ´¥°É·¨´´ÒÌ ¶ÊÎ±μ¢ ¸μ §´ Î¨É¥²Ó´μ° ³μ´μÌ·μ³ É¨-
Î¥¸±μ° ¸μ¸É ¢²ÖÕÐ¥°,   É ±¦¥ Ê± § ÉÓ ¸¶μ¸μ¡ μÉ¡μ·  ´ ¨¡μ²¥¥ ¶μ¤Ìμ¤ÖÐ¨Ì
· ¸¶ ¤ ÕÐ¨Ì¸Ö Ö¤¥·.
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�Ê¸ÉÓ ¢ ´ ±μ¶¨É¥²Ó´μ³ ±μ²ÓÍ¥ Ê¤¥·¦¨¢ ÕÉ¸Ö Ni ¢μ¤μ·μ¤μ¶μ¤μ¡´ÒÌ ¨μ-
´μ¢, Ê¸±μ·¥´´ÒÌ ¤μ §´ Î¥´¨Ö γ. —¨¸²μ · ¸¶ ¤μ¢ ¢ ¥¤¨´¨ÍÊ ¢·¥³¥´¨ μ¶·¥¤¥-
²Ö¥É¸Ö Ëμ·³Ê²μ°

Nd =
Ni

γτ
, (2)

£¤¥ τ Å ¸·¥¤´¥¥ ¢·¥³Ö ¦¨§´¨ ¶μ±μÖÐ¥£μ¸Ö ¨μ´ . „²Ö μÍ¥´±¨ ¶μÉμ±  ´¥°É·¨´μ
¶·¨³¥³, ÎÉμ ¢ ¸¨¸É¥³¥ · ¸¶ ¤ ÕÐ¥£μ¸Ö Ö¤·  ¶μ²μ¢¨´  ´¥°É·¨´μ ¨¸¶Ê¸± ¥É¸Ö
¢ ®¶¥·¥¤´ÕÕ ¶μ²Ê¸Ë¥·Ê¯, É. ¥. ¢ ² ¡μ· Éμ·´μ° ¸¨¸É¥³¥ μÉ¸Î¥É  ¶μ²μ¢¨´  ´¥°-
É·¨´μ ¤¢¨¦¥É¸Ö ¢ ±μ´Ê¸¥ ¸ ³ ²Ò³ Ê£²μ³ · ¸É¢μ·  1/γ. ’μ£¤  ¶μÉμ± Φ ³μ´μ-
Ì·μ³ É¨Î¥¸±¨Ì ´¥°É·¨´μ ´  · ¸¸ÉμÖ´¨¨ L μÉ ¨¸ÉμÎ´¨±  ³μ¦´μ μÍ¥´¨ÉÓ ± ±

Φ =
1
2
η

Nd

π(L/γ)2
=

ηγNi

2πτL2
, (3)

£¤¥ η Å ¤μ²Ö ³μ´μÌ·μ³ É¨Î¥¸±¨Ì ´¥°É·¨´μ ¢ ¸¶¥±É·¥ ¨¸¶Ê¸± ´¨Ö ¨μ´ .
’¥¶¥·Ó · ¸¸³μÉ·¨³ ¤¥É¥±Éμ·, ´  ±μÉμ·Ò° ¶ ¤ ¥É ¶ÊÎμ± ´¥°É·¨´μ. —¨¸²μ

¸μ¡ÒÉ¨° ¢ ¤¥É¥±Éμ·¥ ¢ ¥¤¨´¨ÍÊ ¢·¥³¥´¨, ¨´¨Í¨¨·Ê¥³ÒÌ ³μ´μÌ·μ³ É¨Î¥¸±¨³¨
´¥°É·¨´μ, ³μ¦´μ μÍ¥´¨ÉÓ ± ±

Ne = ΦσNn =
ηγσNiNn

2πτL2
, (4)

£¤¥ σ Å ¸¥Î¥´¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·¨´μ ¸ ´Ê±²μ´μ³,   Nn Å Î¨¸²μ ´Ê±²μ-
´μ¢ ¢ ¤¥É¥±Éμ·¥.

„¥É¥±Éμ·, ³ ±¸¨³ ²Ó´Ò° ¶μ · §³¥·Ê, ¶μ²´μ¸ÉÓÕ ¶¥·¥±·Ò¢ ¥É ´¥°É·¨´-
´Ò° ¶ÊÎμ±; ¶·¨³¥³, ÎÉμ μ´ ¨³¥¥É Ëμ·³Ê Í¨²¨´¤·  ¤²¨´μ° l ¨ · ¤¨Ê¸μ³
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μ¸´μ¢ ´¨° R = L/γ (· ´¥¥ É ± Ö £¥μ³¥É·¨Ö Ô±¸¶¥·¨³¥´É  μ¡¸Ê¦¤ ² ¸Ó ¢ · -
¡μÉ¥ [7]). —¨¸²μ ´Ê±²μ´μ¢ ¢ ¤¥É¥±Éμ·¥ ¥¸ÉÓ

Nn =
ρπR2l

m0
=

ρπL2l

γ2m0
, (5)

£¤¥ ρ Å ¶²μÉ´μ¸ÉÓ ¢¥Ð¥¸É¢  ¤¥É¥±Éμ· ,   m0 Å  Éμ³´ Ö ¥¤¨´¨Í  ³ ¸¸Ò.
‘Î¨É Ö ¶ · ³¥É· γ ¤μ¸É ÉμÎ´μ ¡μ²ÓÏ¨³, É ± ÎÉμ Eν � 2E0

νγ � 1 ƒÔ‚, ¨
¸²¥¤ÊÖ [8], ¶·¨´¨³ ¥³

σ � 0,7Eν(ƒÔ‚) · 10−38 ¸³2 � 1,4E0
ν(ƒÔ‚)γ · 10−38 ¸³2. (6)

‹¥£±μ ¶·μ¢¥·¨ÉÓ, ÎÉμ ¶·¨ ÔÉ¨Ì ¶·¥¤¶μ²μ¦¥´¨ÖÌ Î¨¸²μ ¸μ¡ÒÉ¨° Ne ¢ ®³ ±¸¨-
³ ²Ó´μ³ ¤¥É¥±Éμ·¥¯ ´¥ § ¢¨¸¨É ´¨ μÉ · ¸¸ÉμÖ´¨Ö L, ´¨ μÉ ¶ · ³¥É·  γ.

‚μ§Ó³¥³, ´ ±μ´¥Í, ·¥ ²¨¸É¨Î´Ò¥ §´ Î¥´¨Ö ¤²Ö ¶²μÉ´μ¸É¨ ¢¥Ð¥¸É¢  ¤¥-
É¥±Éμ·  ρ = 3 £/¸³3, ¤²Ö ¤²¨´Ò ¤¥É¥±Éμ·  l = 10 ³ ¨ ¤²Ö Î¨¸²  ¨μ´μ¢ ¢
´ ±μ¶¨É¥²Ó´μ³ ±μ²ÓÍ¥ Ni = 1011. ’μ£¤  ¤²Ö Î¨¸²  ¸μ¡ÒÉ¨° ¢ ¤¥É¥±Éμ·¥,
¨´¨Í¨¨·Ê¥³ÒÌ ³μ´μÌ·μ³ É¨Î¥¸±¨³¨ ´¥°É·¨´μ ¢ É¥Î¥´¨¥ £μ¤ , ¶μ²ÊÎ¨³

Ny
e � 4 · 107 η E0

ν (ƒÔ‚)
τ(¸)

. (7)

�ËË¥±É É¥³ ¢ÒÏ¥, Î¥³ ¡μ²ÓÏ¥ ¤μ²Ö η ³μ´μÌ·μ³ É¨Î¥¸±¨Ì ´¥°É·¨´μ, ¨Ì Ô´¥·-
£¨Ö E0

ν ¢ ¸¨¸É¥³¥ ¶μ±μÖ Ö¤· , § Ì¢ ÉÒ¢ ÕÐ¥£μ Ô²¥±É·μ´, ¨ Î¥³ ³¥´ÓÏ¥ ¢·¥³Ö
¦¨§´¨ τ Ö¤· .

‚�‡Œ�†�›… β+-��‘��„—ˆŠˆ

‚ ± Î¥¸É¢¥ β+- ±É¨¢´ÒÌ Ö¤¥· ¢μ¤μ·μ¤μ¶μ¤μ¡´ÒÌ ¨μ´μ¢ ¸ ´¥´Ê²¥¢Ò³¨
¸¶¨´ ³¨ ³μ£ÊÉ ¡ÒÉÓ ¢§ÖÉÒ, ´ ¶·¨³¥·, ¶·μÉμ´´μ-¨§¡ÒÉμÎ´Ò¥ ¨§μÉμ¶Ò 140Eu
(T1/2 = 1,51 ¸), 142Eu (T1/2 = 2,34 ¸), 140Eu (T1/2 = 10,2 ¸) ¸μ ¸Ìμ¤-
´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨. ‚¸¥ μ´¨ μ¡² ¤ ÕÉ ¸¶¨´μ³ ¨ Î¥É´μ¸ÉÓÕ Iπ = 1+,
¶μ²μ¦¨É¥²Ó´Ò³¨ §´ Î¥´¨Ö³¨ ³ £´¨É´ÒÌ ³μ³¥´Éμ¢ μ (¢ ÔÉμ³ ¸²ÊÎ ¥ ´¨¦-
´¨° ¨ ¢¥·Ì´¨° ¶μ¤Ê·μ¢´¨ ¸¢¥·ÌÉμ´±μ° ¸É·Ê±ÉÊ·Ò μ¡² ¤ ÕÉ Ê£²μ¢Ò³¨ ³μ³¥´-
É ³¨ F = 1/2 ¨ 3/2 ¸μμÉ¢¥É¸É¢¥´´μ) ¨ · ¸¶ ¤ ÕÉ¸Ö ¶μ¸·¥¤¸É¢μ³ β+-· ¸¶ ¤ 
(¸ ¡μ²ÓÏ¥° ¢¥·μÖÉ´μ¸ÉÓÕ) ¨ Ô²¥±É·μ´´μ£μ § Ì¢ É  (¸ ³¥´ÓÏ¥° ¢¥·μÖÉ´μ¸ÉÓÕ)
¶·¥¨³ÊÐ¥¸É¢¥´´μ ´  μ¸´μ¢´Ò¥ 0+-¸μ¸ÉμÖ´¨Ö ¨ ¶¥·¢Ò¥ ¢μ§¡Ê¦¤¥´´Ò¥ 2+-¸μ-
¸ÉμÖ´¨Ö ¤μÎ¥·´¨Ì Ö¤¥· 140Sm, 142Sm, 144Sm. �¡  ¶¥·¥Ìμ¤  (´  0+- ¨ 2+-¸μ-
¸ÉμÖ´¨Ö) Ö¢²ÖÕÉ¸Ö £ ³μ¢-É¥²²¥·μ¢¸±¨³¨, ´μ ¶¥·¢Ò° ¨¤¥É Éμ²Ó±μ ¸ ´¨¦´¥£μ
¶μ¤Ê·μ¢´Ö ¸¢¥·ÌÉμ´±μ° ¸É·Ê±ÉÊ·Ò,   ¢Éμ·μ° Å Éμ²Ó±μ ¸ ¢¥·Ì´¥£μ ¶μ¤Ê·μ¢´Ö
(A- ¨ F -¶¥·¥Ìμ¤Ò ¸μ£² ¸´μ μ¶·¥¤¥²¥´¨Ö³, ¢¢¥¤¥´´Ò³ ¢ [5]). ‚ · ¡μÉ¥ [9]
¶·¨¢¥¤¥´Ò Ì · ±É¥·¨¸É¨±¨ Ê± § ´´ÒÌ ¨§μÉμ¶μ¢ ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Ö¤¥·´ÒÌ
¶¥·¥Ìμ¤μ¢, μÉ´μ¸ÖÐ¨¥¸Ö ± ´¥°É· ²Ó´Ò³  Éμ³ ³. �¨¦¥ ³Ò ¶μ²Ó§Ê¥³¸Ö ÔÉ¨³¨
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¤ ´´Ò³¨ ¤²Ö μÍ¥´±¨ ¢¥²¨Î¨´, μÉ´μ¸ÖÐ¨Ì¸Ö ± ¢μ¤μ·μ¤μ¶μ¤μ¡´Ò³ ¨μ´ ³; ¸μ-
μÉ¢¥É¸É¢¥´´μ, ÔÉ¨ μÍ¥´±¨ ¢¥·´Ò ¸ ¶μ£·¥Ï´μ¸ÉÓÕ ³ ¸ÏÉ ¡  10 % (¸³. ¶μ¤·μ¡-
´μ¸É¨ ¢ [5]).

� · ³¥É· η E0
ν (ƒÔ‚)/τ (¸), ¢Ìμ¤ÖÐ¨° ¢ (7), ³ ±¸¨³ ²¥´ ¤²Ö A-¶¥·¥Ìμ¤ 

1+ → 0+ Ö¤·  140Eu ¨ · ¢¥´ 1,7 · 10−4 (η = 3,1%, E0
ν = Q = 8,47 ŒÔ‚,

τ = 1,51 ¸). ’ ±¨³ μ¡· §μ³, ´¥¸³μÉ·Ö ´  μÉ´μ¸¨É¥²Ó´μ ³ ²ÊÕ ¤μ²Õ η ³μ´μ-
Ì·μ³ É¨Î¥¸±¨Ì ´¥°É·¨´μ, ¤²Ö Î¨¸²  ¸μ¡ÒÉ¨° (¢ É¥Î¥´¨¥ £μ¤ ), ¨´¨Í¨¨·Ê¥-
³ÒÌ ÔÉ¨³¨ ´¥°É·¨´μ, ³μ¦´μ μ¦¨¤ ÉÓ ¢¥²¨Î¨´Ò ¶μ·Ö¤±  Ny

e ∼ 104, ÎÉμ
¸· ¢´¨³μ, ¢ Î ¸É´μ¸É¨, ¸μ ¸±μ·μ¸ÉÓÕ ¸Î¥É  ´¥°É·¨´´ÒÌ ¸μ¡ÒÉ¨° ¢ Ô±¸¶¥·¨-
³¥´É¥ MiniBooNE (¸³., ´ ¶·¨³¥·, [10]). ‚¥²¨Î¨´  ¸¢¥·ÌÉμ´±μ£μ · ¸Ð¥¶²¥´¨Ö
¤²Ö μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö ¢μ¤μ·μ¤μ¶μ¤μ¡´μ£μ ¨μ´  ¸ Ö¤·μ³ 140Eu ¸μ¸É ¢²Ö¥É
|ΔHFS| = 0,5 Ô‚,   ¢·¥³Ö ¦¨§´¨ ¢¥·Ì´¥£μ ¶μ¤Ê·μ¢´Ö ÔÉμ° ¸É·Ê±ÉÊ·Ò μÉ´μ-
¸¨É¥²Ó´μ ¸¶μ´É ´´μ£μ γ-¶¥·¥Ìμ¤  ´  ´¨¦´¨° ¶μ¤Ê·μ¢¥´Ó ¥¸ÉÓ τHF = 0,4 ¸.
‚ · ¡μÉ¥ [5], £¤¥ · ¸¸³ É·¨¢ ²¨¸Ó ¨μ´Ò ¸μ ¸Ìμ¤´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨, ¶μ-
± § ´μ, ÎÉμ ³μ¤Ê²ÖÍ¨Ö ´¥°É·¨´´μ£μ ¶ÊÎ±  ¢ É ±μ° ¸¨ÉÊ Í¨¨ ¢¶μ²´¥ μ¸ÊÐ¥-
¸É¢¨³ .

‡�Š‹�—…�ˆ…

‚ · ¡μÉ¥ μ¡¸Ê¦¤ ÕÉ¸Ö ¢μ§³μ¦´μ¸É¨ ¸μ§¤ ´¨Ö Î ¸É¨Î´μ ³μ´μÌ·μ³ É¨Î¥-
¸±¨Ì ¨ ³μ¤Ê²¨·Ê¥³ÒÌ ´¥°É·¨´´ÒÌ ¶ÊÎ±μ¢. �·¥¤¸É ¢²¥´  μÍ¥´±  Î¨¸²  ¸μ¡Ò-
É¨° ¢ ¤¥É¥±Éμ·¥, ¨´¨Í¨¨·μ¢ ´´ÒÌ ³μ´μÌ·μ³ É¨Î¥¸±¨³¨ ´¥°É·¨´μ ¨§ É ±μ£μ
¶ÊÎ± . “¸É ´μ¢²¥´  ±μ³¡¨´ Í¨Ö Ì · ±É¥·¨¸É¨± β+- ±É¨¢´ÒÌ Ö¤¥·, ¶·¨´¨³ -
ÕÐ Ö ´ ¨¡μ²ÓÏ¥¥ §´ Î¥´¨¥ ¤²Ö ¨§μÉμ¶μ¢, ´ ¨²ÊÎÏ¨³ μ¡· §μ³ ¶μ¤Ìμ¤ÖÐ¨Ì
¤²Ö ¸μ§¤ ´¨Ö μ¡¸Ê¦¤ ¥³ÒÌ ´¥°É·¨´´ÒÌ ¶ÊÎ±μ¢. �μ± § ´μ, ÎÉμ ·¥§Ê²ÓÉ É ÔÉμ°
μÍ¥´±¨ ¸· ¢´¨³ ¶μ ¢¥²¨Î¨´¥ ¸ Î¨¸²μ³ ¸μ¡ÒÉ¨° ¢ Ô±¸¶¥·¨³¥´É Ì ¸ ´¥°É·¨´μ,
¶μ²ÊÎ ¥³ÒÌ ´  Ê¸±μ·¨É¥²ÖÌ. �Éμ μÉ´μ¸¨É¸Ö ± Ô±¸¶¥·¨³¥´É ³ ± ± ¸ ³ ²Ò³¨,
É ± ¨ ¡μ²ÓÏ¨³¨ · ¸¸ÉμÖ´¨Ö³¨ L ³¥¦¤Ê ¨¸ÉμÎ´¨±μ³ ´¥°É·¨´μ ¨ ¤¥É¥±Éμ·μ³.
‚ ¸ ³μ³ ¤¥²¥, ¶μ²ÊÎ¥´´μ¥ Î¨¸²μ Ny

e ∼ 104 ¶·¨ L = 0,5 ±³ ¨ γ = 100 ¸μμÉ¢¥É-
¸É¢Ê¥É ¤¥É¥±Éμ·Ê · ¤¨Ê¸μ³ R = 5 ³; ÔÉ¨ §´ Î¥´¨Ö L ¨ R ¡²¨§±¨ ± ¶ · ³¥É· ³
Ê¸É ´μ¢±¨ ¢ Ô±¸¶¥·¨³¥´É¥ MiniBooNE [10]. �μ Éμ ¦¥ Î¨¸²μ Ny

e ∼ 104 ³μ¦¥É
¡ÒÉÓ ¶μ²ÊÎ¥´μ ¢ ¤¥É¥±Éμ·¥ · ¤¨Ê¸μ³ R = 100 ³ (¸³. ¤¥É ²¨ ¢ [7]), Ê¸É ´μ-
¢²¥´´μ³ ´  · ¸¸ÉμÖ´¨¨ L = 100 ±³ μÉ ¨¸ÉμÎ´¨±  ´¥°É·¨´μ, ¥¸²¨ γ = 103.
’ ±¨³ μ¡· §μ³, μ¡¸Ê¦¤ ¥³Ò¥ ´¥°É·¨´´Ò¥ ¶ÊÎ±¨ ·¥ ²¨¸É¨Î´Ò ¨ ¶·¥¤¸É ¢²ÖÕÉ
´¥¸μ³´¥´´Ò° ¨´É¥·¥¸.
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