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‘.‚. ‘¥³¥´μ¢ ∗

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

‘ ÊÎ¥Éμ³ ¢±² ¤  ¢μ§¡Ê¦¤¥´´ÒÌ 1+-¸μ¸ÉμÖ´¨° ¶·μ³¥¦ÊÉμÎ´μ£μ Ö¤·  100’¸ · ¸-
¸Î¨É ´Ò · ¸¶·¥¤¥²¥´¨¥ ¶μ Ô´¥·£¨¨ μ¤´μ£μ Ô²¥±É·μ´  ¨ ¶ · ³¥É· Ê£²μ¢μ° ±μ··¥²Ö-
Í¨¨ ¤¢ÊÌ Ô²¥±É·μ´μ¢ ¢ ¤¢ÊÌ´¥°É·¨´´μ³ ¤¢μ°´μ³ ¡¥É -· ¸¶ ¤¥ 100Œμ. � ¸¸³μÉ·¥´Ò
¤¢  ¢ ·¨ ´É  ¤²Ö §´ ±μ¢ ¢±² ¤μ¢ μ¶·¥¤¥²¥´´ÒÌ ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° ¢  ³¶²¨ÉÊ¤Ê
2ν2β-¶¥·¥Ìμ¤ . �·¨ · ¸Î¥É Ì ¨¸¶μ²Ó§μ¢ ´Ò ¤ ´´Ò¥ Ô±¸¶¥·¨³¥´É  ¶μ ¨¸¸²¥¤μ¢ ´¨Õ
·¥ ±Í¨¨ ¶¥·¥§ ·Ö¤±¨ 100Mo(3He, t)100Tc.

Energy distribution of one electron and angular correlation parameter of two electrons
in two-neutrino double beta-decay of 100Œμ have been calculated with the account for
contribution of excited 1+-states of intermediate nucleus 100’¸. Two variants of signs of
individual excited states contributions to 2ν2β-amplitude are considered. In the process
of calculations the data of experiment on exchange reaction 100Mo(3He, t)100Tc are used.

PACS: 23.40.BW

Š ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ ¤¢ÊÌ´¥°É·¨´´Ò° ¤¢μ°´μ° ¡¥É -· ¸¶ ¤ Ö¢²Ö¥É¸Ö
´ ¨¡μ²¥¥ ·¥¤±¨³ Ô±¸¶¥·¨³¥´É ²Ó´μ ´ ¡²Õ¤ ¥³Ò³ Ö¢²¥´¨¥³ ¸ T1/2 =
1018−1021 ²¥É [1, 2]. „¢ -¡¥É -³¨´Ê¸-¶·μÍ¥¸¸Ò μ¡´ ·Ê¦¥´Ò ¤²Ö 10 ¸É ¡¨²Ó-
´ÒÌ ¨§μÉμ¶μ¢. �¥¤ ¢´μ ¢ 	 ±¸ ´¸±μ° ´¥°É·¨´´μ° μ¡¸¥·¢ Éμ·¨¨ ¢¶¥·¢Ò¥ ¡Ò²¨
§ ·¥£¨¸É·¨·μ¢ ´Ò 2β+-¶¥·¥Ìμ¤Ò ¢ 78Kr c T1/2 ∼ 1022 ²¥É [3]. ˆ¸¸²¥¤μ¢ ´¨¥
¤¢ÊÌ´¥°É·¨´´μ£μ ± ´ ²  ¶μ§¢μ²Ö¥É ¶μ²ÊÎ ÉÓ ¨´Ëμ·³ Í¨Õ μ Ö¤¥·´μ° ¸É·Ê±-
ÉÊ·¥ ¶¥·¥Ìμ¤ , ÎÉμ ¢¥¸Ó³  ¢ ¦´μ ¤²Ö ¶μ¸É·μ¥´¨Ö É¥μ·¥É¨Î¥¸±¨Ì ³μ¤¥²¥° Ö¤· .
�·¨ ÔÉμ³ 2ν2β-¶·μÍ¥¸¸Ò § ¤ ÕÉ ´¥Ê¸É· ´¨³Ò° Ëμ´ ¢ Ô±¸¶¥·¨³¥´É Ì ¶μ ¶μ-
¨¸±Ê ¡¥§´¥°É·¨´´μ£μ ¤¢μ°´μ£μ ¡¥É -· ¸¶ ¤ , É ± ÎÉμ §´ ´¨¥ ¤¨ËË¥·¥´Í¨ ²Ó-
´ÒÌ ¨´É¥´¸¨¢´μ¸É¥° ¤¢ÊÌ´¥°É·¨´´μ£μ 2β-· ¸¶ ¤  ´¥μ¡Ìμ¤¨³μ ¤²Ö μ¶·¥¤¥²¥-
´¨Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ÔÉ¨Ì Ô±¸¶¥·¨³¥´Éμ¢.

—Éμ¡Ò ´ °É¨ ¶μ²´ÊÕ ¨ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¨´É¥´¸¨¢´μ¸É¨ 2ν2β-¶¥·¥Ìμ-
¤μ¢, ´Ê¦´μ ¶·μ¢¥¸É¨ ¸Ê³³¨·μ¢ ´¨¥ ¶μ ¢¸¥³ 1+-¸μ¸ÉμÖ´¨Ö³ ¶·μ³¥¦ÊÉμÎ´μ£μ
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Ö¤· , ÎÉμ ¶·¨¢μ¤¨É ± ´¥μ¡Ìμ¤¨³μ¸É¨ É¥μ·¥É¨Î¥¸±μ£μ · ¸Î¥É  ¸μμÉ¢¥É¸É¢ÊÕ-
Ð¥£μ ´ ¡μ·  Ö¤¥·´ÒÌ ³ É·¨Î´ÒÌ Ô²¥³¥´Éμ¢ [4, 5]:
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‡¤¥¸Ó p1, p2 ¨ ε1, ε2 Å ¸μμÉ¢¥É¸É¢¥´´μ ¨³¶Ê²Ó¸Ò ¨ Ô´¥·£¨¨ Ô²¥±É·μ´μ¢;
ω1, ω2 Å Ô´¥·£¨¨  ´É¨´¥°É·¨´μ; ω2 = T + 2me − ε1 − ε2 − ω1, T = Ei −
Ef − 2me = Qββ Å ¶μ²´ Ö ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö ²¥¶Éμ´μ¢ ¢ ±μ´¥Î´μ³
¸μ¸ÉμÖ´¨¨ ¨ Ei(Ef ) Å ³ ¸¸  ·μ¤¨É¥²Ó¸±μ£μ (¤μÎ¥·´¥£μ) Ö¤· , F (Zf , ε) Å
±Ê²μ´μ¢¸±¨° Ë ±Éμ·, ÊÎ¨ÉÒ¢ ÕÐ¨° ¢²¨Ö´¨¥ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¶μ²Ö Ö¤· 
´  ¢Ò²¥É ÕÐ¨¥ Ô²¥±É·μ´Ò. ” ±Éμ·Ò KN ¨ LN ¸μ¤¥·¦ É Ô´¥·£¥É¨Î¥¸±¨¥
§´ ³¥´ É¥²¨ ¢Éμ·μ£μ ¶μ·Ö¤±  É¥μ·¨¨ ¢μ§³ÊÐ¥´¨°:
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£¤¥ μN = EN − (Ei +Ef )/2, EN Å Ô´¥·£¨Ö N -£μ 1+-¸μ¸ÉμÖ´¨Ö ¶·μ³¥¦ÊÉμÎ-
´μ£μ Ö¤· . Ÿ¤¥·´Ò¥ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ, μÉ¢¥Î ÕÐ¨¥ μ¸´μ¢´μ³Ê ¸μ¸ÉμÖ´¨Õ
¶·μ³¥¦ÊÉμÎ´μ£μ Ö¤· , M I
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“¸É ´μ¢±  NEMO-3 [7] ¨ ¶·μ¥±É¨·Ê¥³ Ö Ê¸É ´μ¢±  SuperNEMO [8] ¤ ÕÉ
¢μ§³μ¦´μ¸ÉÓ μ¶·¥¤¥²ÖÉÓ É· ¥±Éμ·¨¨ Ô²¥±É·μ´μ¢, ¢μ§´¨± ÕÐ¨Ì ¶·¨ ¤¢μ°´μ³
¡¥É -· ¸¶ ¤¥, ¨, ¸²¥¤μ¢ É¥²Ó´μ, ´ Ìμ¤¨ÉÓ ´¥ Éμ²Ó±μ ¶μ²´ÊÕ, ´μ ¨ ¤¨ËË¥·¥´-
Í¨ ²Ó´Ò¥ ¨´É¥´¸¨¢´μ¸É¨ ¶¥·¥Ìμ¤μ¢. � ¨¡μ²ÓÏ¨° ³ ¸¸¨¢ ¤ ´´ÒÌ ¶μ ¤¢ÊÌ´¥°-
É·¨´´Ò³ ¶·μÍ¥¸¸ ³ ¢ NEMO-3 ¶μ²ÊÎ¥´ ¤²Ö ¨§μÉμ¶  100Œμ, ¥£μ ³ ¸¸  ¸μ¸É ¢-
²Ö¥É ∼ 7 ±£ [9]. �·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ¸· ¢´¨ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¸¶·¥-
¤¥²¥´¨Ö ¤²Ö 100Œμ ¸ ·¥§Ê²ÓÉ É ³¨ ¢ÒÎ¨¸²¥´¨° ¸ Í¥²ÓÕ ¢ÒÖ¸´¥´¨Ö Ö¤¥·´μ£μ
³¥Ì ´¨§³  ¤¢ÊÌ´¥°É·¨´´ÒÌ ¶¥·¥Ìμ¤μ¢.

‚ · ¡μÉ¥ [10] ¶μ± § ´μ, ÎÉμ ¨§³¥·¥´¨Ö ¸±μ·μ¸É¨ Ô²¥±É·μ´´μ£μ § Ì¢ É  ¢
100’¸, log ftEC = 4,29+0,08

−0,07, ¢Ò¶μ²´¥´´Ò¥ ¢ [11], ¶·¨¢μ¤ÖÉ ± ´¥μ¡Ìμ¤¨³μ¸É¨
ÊÎ¥É  ¢ ¢Ò· ¦¥´¨¨ ¤²Ö 2ν2β- ³¶²¨ÉÊ¤Ò 100Œμ ¢±² ¤  ¢μ§¡Ê¦¤¥´´ÒÌ 1+-¸μ-
¸ÉμÖ´¨° 100’c. �É³¥É¨³, ÎÉμ §´ Î¥´¨¥ log ftβ− Ìμ·μÏμ ¨§¢¥¸É´μ ¨§ μ¶ÒÉμ¢
¶μ ¡¥É -· ¸¶ ¤Ê 100Tc ¨ · ¢´μ 4,59.

�·¨ ÔÉμ³ ´ ¨¡μ²ÓÏ¨° ¢±² ¤ ¢ ¨´É¥´¸¨¢´μ¸É¨ (1), (2) ¢´μ¸¨É μ¸´μ¢´μ¥
¸μ¸ÉμÖ´¨¥ ¶·μ³¥¦ÊÉμÎ´μ£μ Ö¤· , ÎÉμ μÉ¢¥Î ¥É SSD-³¥Ì ´¨§³Ê (Single State
Dominance) ¤¢ÊÌ´¥°É·¨´´μ£μ 2β-· ¸¶ ¤  [12, 13]. � ¸¶·¥¤¥²¥´¨¥ ¶μ Ô´¥·£¨¨
μ¤´μ£μ Ô²¥±É·μ´  (Pε) = dI/Idε, ¶μ²ÊÎ¥´´μ¥ ¢ SSD-¶μ¤Ìμ¤¥ [14] ¶·¨ ÊÎ¥É¥
§ ¢¨¸¨³μ¸É¨ K- ¨ L-Ë ±Éμ·μ¢ μÉ Ô´¥·£¨° ²¥¶Éμ´μ¢ [15], Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö
¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ [9, 16]. �·¨ ÊÎ¥É¥ ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨°
100’¸ ÊÉμÎ´ÖÕÉ¸Ö · ¸Î¥ÉÒ ÔÉμ£μ · ¸¶·¥¤¥²¥´¨Ö. Œμ¤Ê²¨ Ö¤¥·´ÒÌ ³ É·¨Î-
´ÒÌ Ô²¥³¥´Éμ¢, μÉ¢¥Î ÕÐ¨Ì ¢μ§¡Ê¦¤¥´´Ò³ ¸μ¸ÉμÖ´¨Ö³, ³μ¦´μ μ¶·¥¤¥²¨ÉÓ
¨§ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ·¥ ±Í¨Ö³ ¶¥·¥§ ·Ö¤±¨ [17].

�μ²´Ò° ¢±² ¤ ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° ¢ ¨´É¥´¸¨¢´μ¸ÉÓ 2ν2β-· ¸¶ ¤ 
100Œμ ¤μ²¦¥´ ¡ÒÉÓ μÉ·¨Í É¥²Ó´Ò³ [10, 18]. �Éμ μ¡Ê¸²μ¢²¥´μ É¥³, ÎÉμ ¶·¨
ÊÎ¥É¥ Éμ²Ó±μ μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö ¶·μ³¥¦ÊÉμÎ´μ£μ Ö¤·  · ¸Î¥ÉÒ ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³ ¢Ò· ¦¥´¨° ¤²Ö K ¨ L, ¸¢μ¡μ¤´ÒÌ μÉ ¶·¨¡²¨¦¥´¨°, ¶·¨¢μ¤ÖÉ ±
T 2ν2β

1/2 = 4,6(7) · 1018 ²¥É [10, 11], ¢ Éμ ¢·¥³Ö ± ± T 2ν2β
1/2 (Ô±¸¶.) = 7,1(4) ·

1018 ²¥É [1].
‚ · ¡μÉ¥ [19] · ¸¶·¥¤¥²¥´¨¥ ¸¨²Ò £ ³μ¢-É¥²²¥·μ¢¸±¨Ì ¶¥·¥Ìμ¤μ¢ μ¶·¥-

¤¥²Ö²μ¸Ó ¢ Ô±¸¶¥·¨³¥´É¥, ¢ ±μÉμ·μ³ ¨§ÊÎ ² ¸Ó ·¥ ±Í¨Ö ¶¥·¥§ ·Ö¤±¨ 100Œμ
¢ ¶ÊÎ±¥ Ö¤¥· 3He, 100Mo(3He, t)100Tc. �´¥·£¨Ö 3He ¸μ¸É ¢²Ö²  420 ŒÔ‚,
  · §·¥Ï¥´¨¥ ¶μ Ô´¥·£¨¨ ¤²Ö ±μ´¥Î´ÒÌ ¸μ¸ÉμÖ´¨° Å 33 ±Ô‚. 	Ò²¨ μ¡-
´ ·Ê¦¥´Ò 11 ¤¨¸±·¥É´ÒÌ 1+-¸μ¸ÉμÖ´¨° 100’¸ ¸ Ô´¥·£¨¥° ¢μ§¡Ê¦¤¥´¨Ö Ex
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¤μ 3 ŒÔ‚ ¨ Ï¨·μ± Ö ¡¥¸¸É·Ê±ÉÊ·´ Ö μ¡² ¸ÉÓ £ ³μ¢-É¥²²¥·μ¢¸±μ£μ ·¥§μ´ ´¸ 
Ex = 3−4 ŒÔ‚. ‘Ê³³ ·´ Ö ƒ’-¸¨²  ¤²Ö ¶¥·¥Ìμ¤μ¢ ¢ ¢μ§¡Ê¦¤¥´´Ò¥ ¸μ¸ÉμÖ´¨Ö
100Tc ¢ ¨¸¸²¥¤Ê¥³μ³ ¤¨ ¶ §μ´¥ Ex · ¢´  0,62.

„²Ö ·¥Ï¥´¨Ö ¢μ¶·μ¸  μ Ë § Ì ³ É·¨Î´ÒÌ Ô²¥³¥´Éμ¢, ¢ ¶·μ¸É¥°Ï¥³ ¸²Ê-
Î ¥ Å μ §´ ±¥ ¢±² ¤μ¢ ¢ ¸Ê³³Ò (2) ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° ¶·μ³¥¦ÊÉμÎ´μ£μ
Ö¤· , ¶μ²¥§´ÊÕ ¨´Ëμ·³ Í¨Õ ³μ¦¥É ¤ ÉÓ ¨§³¥·¥´¨¥ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¨´-
É¥´¸¨¢´μ¸É¥° ¤¢ÊÌ´¥°É·¨´´ÒÌ ¶¥·¥Ìμ¤μ¢. Œμ¦´μ · ¸¸³μÉ·¥ÉÓ ¤¢  ¶·μ¸ÉÒÌ
¢ ·¨ ´É : 1) ¢¸¥ ¢μ§¡Ê¦¤¥´´Ò¥ ¸μ¸ÉμÖ´¨Ö 100Tc ¢´μ¸ÖÉ μÉ·¨Í É¥²Ó´Ò° ¢±² ¤;
2) μÉ·¨Í É¥²Ó´Ò° ¢±² ¤ ¢´μ¸ÖÉ Éμ²Ó±μ ¸μ¸ÉμÖ´¨Ö ¸ Ex = 3−4 ŒÔ‚, ¶·¨´ ¤²¥-
¦ Ð¨¥ Ï¨·μ±μ³Ê ƒ’-·¥§μ´ ´¸Ê. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ · ¸¶·¥¤¥²¥´¨Ö ¶μ Ô´¥·£¨¨
μ¤´μ£μ Ô²¥±É·μ´  ¶μ¸É·μ¥´Ò ´  ·¨¸Ê´±¥ (¢ ·¨ ´É 1 Å ±·¨¢ Ö 1, ¢ ·¨ ´É 2 Å
±·¨¢ Ö 2). ‘· ¢´¥´¨¥ ÔÉ¨Ì · ¸¶·¥¤¥²¥´¨° ¸ ´ ¡²Õ¤ ¥³Ò³ ¢ Ô±¸¶¥·¨³¥´É¥
¶μ§¢μ²¨É μ¶·¥¤¥²¨ÉÓ, ± ±μ° ¨§ ¤¢ÊÌ ¢ ·¨ ´Éμ¢ ¡μ²¥¥ ·¥ ²¨¸É¨Î´Ò°. ’ ± ± ±
·¥ ±Í¨Ö 100Ru(d, 2He)100Tc, ±μÉμ· Ö ³μ£²  ¡Ò ¤ ÉÓ ¨´Ëμ·³ Í¨Õ μ ³ É·¨Î-
´ÒÌ Ô²¥³¥´É Ì, ¸¢Ö§Ò¢ ÕÐ¨Ì 100Tc ¨ 100Ru, ¤μ ¸¨Ì ¶μ· ´¥ ¨¸¸²¥¤μ¢ ´ ,
¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ³μ¤Ê²¨ Ö¤¥·´ÒÌ ³ É·¨Î´ÒÌ Ô²¥³¥´Éμ¢ § ³¥´ÖÕÉ¸Ö ´¥±μÉμ-
·Ò³ ¸·¥¤´¨³ §´ Î¥´¨¥³, ±μÉμ·μ¥ μ¶·¥¤¥²Ö²μ¸Ó ¨§ ¸· ¢´¥´¨Ö É¥μ·¥É¨Î¥¸±μ£μ
¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤  ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³.

� ¸¶·¥¤¥²¥´¨¥ ¶μ Ô´¥·£¨¨ μ¤´μ£μ Ô²¥±É·μ´  ¤²Ö ¤¢ÊÌ ¢ ·¨ ´Éμ¢ ¢±² ¤  ¢μ§¡Ê¦¤¥´´ÒÌ
¸μ¸ÉμÖ´¨° ¶·μ³¥¦ÊÉμÎ´μ£μ Ö¤·  ¢ 2ν2β- ³¶²¨ÉÊ¤Ê

� ¸¶·¥¤¥²¥´¨¥ ¶μ Ê£²Ê ³¥¦¤Ê ¢Ò²¥É ÕÐ¨³¨ Ô²¥±É·μ´ ³¨ ¢ ¤¢ÊÌ´¥°É·¨´-
´μ³ ¶·μÍ¥¸¸¥ ¨³¥¥É ¢¨¤

dI

d cos θ
=

1
2
I(1 + κ cos θ).

‡´ Î¥´¨Ö ¶ · ³¥É·  κ ¸²¥¤ÊÕÐ¨¥. …¸²¨ ¢ 2ν2β- ³¶²¨ÉÊ¤¥ ¨, ¸μμÉ¢¥É¸É¢¥´´μ,
¢ ¸Ê³³ Ì (3) ÊÎ¨ÉÒ¢ ¥É¸Ö Éμ²Ó±μ μ¸´μ¢´μ¥ ¸μ¸ÉμÖ´¨¥ 100’¸, Éμ κ = −0,628.
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…¸²¨ ÊÎ¨ÉÒ¢ ¥É¸Ö ¢±² ¤ ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨°, Éμ, ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢Ò-
¡· ´´μ£μ ¢ ·¨ ´É  ¤²Ö §´ ±μ¢ ÔÉ¨Ì ¢±² ¤μ¢, κ = −0,625 (1); κ = −0,621 (2).
‚ Éμ³ ¸²ÊÎ ¥, ±μ£¤  ÊÎ¨ÉÒ¢ ¥É¸Ö Éμ²Ó±μ μ¸´μ¢´μ¥ ¸μ¸ÉμÖ´¨¥ ¶·μ³¥¦ÊÉμÎ´μ£μ
Ö¤·  ¨ ¶·¨ ÔÉμ³ ¤²Ö K- ¨ L-Ë ±Éμ·μ¢ ¨¸¶μ²Ó§Ê¥É¸Ö ¶·¨¡²¨¦¥´´μ¥ ¢Ò· -
¦¥´¨¥ K ≈ L ≈ 2/μ1, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¤μ³¨´ ´É´μ¸É¨ ¢Ò¸μ±μ²¥¦ Ð¥£μ
¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸ÉμÖ´¨Ö, κ = −0,645 [15]. 	¥§Ê¸²μ¢´μ, ¨´É¥·¥¸´μ ¸· ¢-
´¨ÉÓ ¶μ²ÊÎ¥´´Ò¥ É¥μ·¥É¨Î¥¸±¨¥ §´ Î¥´¨Ö ¶ · ³¥É·  Ê£²μ¢μ° ±μ··¥²ÖÍ¨¨ κ ¸
¤ ´´Ò³¨ Ô±¸¶¥·¨³¥´É  NEMO-3.
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