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

�·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¢ÒÎ¨¸²¥´¨Ö ¡¥É -¸¶¥±É·  ´¥±μÉμ·ÒÌ ¢¥É¢¥° · ¸¶ ¤  144Pr,
¶·¥¤¸É ¢²ÖÕÐ¨¥ ¨´É¥·¥¸ ¤²Ö ¢μ¸¸É ´μ¢²¥´¨Ö ¸¶¥±É·   ´É¨´¥°É·¨´μ μÉ ¨¸ÉμÎ´¨± 
144CeÄ144Pr, ±μÉμ·Ò° ¶·¥¤¶μ² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¢ Ô±¸¶¥·¨³¥´É¥ SOX ¶μ ¶μ¨¸±Ê
¸É¥·¨²Ó´ÒÌ ´¥°É·¨´μ. �·μ¢¥¤¥´  ´ ²¨§ μ¸´μ¢´ÒÌ Ë ±Éμ·μ¢, ¢²¨ÖÕÐ¨Ì ´  ¡¥É -¸¶¥±É·,
¤ ´Ò ¸¶μ¸μ¡Ò ¨Ì ¢ÒÎ¨¸²¥´¨Ö, ¢Ò¶μ²´¥´μ ¸· ¢´¥´¨¥ É¥μ·¥É¨Î¥¸±¨Ì ¨ Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ ¤ ´´ÒÌ.

We present beta-spectrum calculations for two 144Pr decay branches needed to obtain
antineutrino spectrum of 144CeÄ144Pr source that will be used in the SOX experiment.
We analyze the factors that affect the beta spectrum, give their calculation methods, and
compare the calculations with experiment.

PACS: 14.60.Lm; 23.40.Bw
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‚ ´¥±μÉμ·ÒÌ ´¥°É·¨´´ÒÌ Ô±¸¶¥·¨³¥´É Ì ´ ¡²Õ¤ ¥É¸Ö ·Ö¤  ´μ³ ²¨°: Ê¸-
±μ·¨É¥²Ó´ Ö, £ ²²¨¥¢ Ö, ·¥ ±Éμ·´ Ö. ‚ ·¥ ±Éμ·´ÒÌ Ô±¸¶¥·¨³¥´É Ì ¥¸ÉÓ Ê± § -
´¨Ö ´  ¤¥Ë¨Í¨É ¶μÉμ±   ´É¨´¥°É·¨´μ ´  ´¥¡μ²ÓÏ¨Ì · ¸¸ÉμÖ´¨ÖÌ μÉ ·¥ ±Éμ· 
´  Ê·μ¢´¥ 5Ä6%. �¥ ±Éμ·´ Ö  ´μ³ ²¨Ö [1] ³μ¦¥É ¡ÒÉÓ μ¡ÑÖ¸´¥´  ± ± ´¥-
¤μ¸É ÉμÎ´μ° ÉμÎ´μ¸ÉÓÕ ¢ μ¶·¥¤¥²¥´¨¨ ¸¶¥±É·μ¢ ·¥ ±Éμ·´ÒÌ  ´É¨´¥°É·¨´μ
(¢ μ¸μ¡¥´´μ¸É¨ μÉ § ¶·¥Ð¥´´ÒÌ ¶¥·¥Ìμ¤μ¢), É ± ¨ ¶·μÖ¢²¥´¨Ö³¨ ´μ¢μ° Ë¨-
§¨±¨, ´ ¶·¨³¥·, ¶¥·¥Ìμ¤ ³¨ ´¥°É·¨´μ ¢ ¸É¥·¨²Ó´Ò¥ ¸μ¸ÉμÖ´¨Ö. ˆ§³¥·¥´¨Ö
¢§ ¨³μ¤¥°¸É¢¨° ·¥ ±Éμ·´ÒÌ  ´É¨´¥°É·¨´μ ¶·μ¢μ¤ÖÉ¸Ö ¶μ ·¥ ±Í¨¨ μ¡· É´μ£μ
¡¥É -· ¸¶ ¤  ¸ ¶μ·μ£μ³ 1,8 ŒÔ‚. Š ± ¡Ò²μ ¶μ± § ´μ ¢ [2], ¸¥Î¥´¨¥ ÔÉμ£μ
¶·μÍ¥¸¸  ¢ÒÎ¨¸²Ö¥É¸Ö ¸ ÉμÎ´μ¸ÉÓÕ μ±μ²μ 1%. �±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö
¸¥Î¥´¨Ö ¨§¢¥¸É´Ò ¸ ÌÊ¤Ï¥° ÉμÎ´μ¸ÉÓÕ, ¢ μ¸´μ¢´μ³ ¨§-§  ´¥μ¶·¥¤¥²¥´´μ¸É¨
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¢ ¸¶¥±É· ²Ó´μ³ ¸μ¸É ¢¥ ·¥ ±Éμ·´ÒÌ  ´É¨´¥°É·¨´μ. „²Ö ¡μ²¥¥ ÉμÎ´μ£μ ¨§³¥-
·¥´¨Ö ¸¥Î¥´¨Ö ¡Ò²μ ¶·¥¤²μ¦¥´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¨´É¥´¸¨¢´Ò° · ¤¨μ ±É¨¢´Ò°
¨¸ÉμÎ´¨± [3, 4] ¸ ¨§¢¥¸É´Ò³ ¸¶¥±É·μ³. �¤´¨³ ¨§ ´ ¨¡μ²¥¥ ¶¥·¸¶¥±É¨¢´ÒÌ
Ö¢²Ö¥É¸Ö ¨¸ÉμÎ´¨± 144CeÄ144Pr, ±μÉμ·Ò° ¶² ´¨·Ê¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¢ Ô±¸¶¥-
·¨³¥´É¥ SOX [5].

‚ Ô±¸¶¥·¨³¥´É¥ ¸ ¨¸ÉμÎ´¨±μ³ 144CeÄ144Pr Ë ±É¨Î¥¸±¨³ ¨¸ÉμÎ´¨±μ³  ´-
É¨´¥°É·¨´μ Ö¢²Ö¥É¸Ö 144Pr, É ± ± ± ÔÉμ Ö¤·μ ¨³¥¥É ¤¢  ¶¥·¥Ìμ¤  ¸ Ô´¥·£¨Ö³¨
¢ÒÏ¥ ¶μ·μ£  ·¥ ±Í¨¨ μ¡· É´μ£μ ¡¥É -· ¸¶ ¤  1,8 ŒÔ‚. �¥·¢Ò° ¶¥·¥Ìμ¤ Å
´¥Ê´¨± ²Ó´Ò° £ ³μ¢-É¥²²¥·μ¢¸±¨° ¶¥·¢μ£μ § ¶·¥Ð¥´¨Ö 0− → 0+ ¸ £· ´¨Î-
´μ° Ô´¥·£¨¥° 2997,5 ±Ô‚ ¨ μÉ´μ¸¨É¥²Ó´μ° ¨´É¥´¸¨¢´μ¸ÉÓÕ 97,9 %. ‚Éμ·μ°
¶¥·¥Ìμ¤ Å Ê´¨± ²Ó´Ò° £ ³μ¢-É¥²²¥·μ¢¸±¨° ¶¥·¢μ£μ § ¶·¥Ð¥´¨Ö 0− → 2+ ¸
£· ´¨Î´μ° Ô´¥·£¨¥° 2301,0 ±Ô‚ ¨ μÉ´μ¸¨É¥²Ó´μ° ¨´É¥´¸¨¢´μ¸ÉÓÕ 1,040 %.

„²Ö Ô±¸¶¥·¨³¥´É  SOX ´¥μ¡Ìμ¤¨³μ ¶·μ¢¥¸É¨ ÉμÎ´μ¥ ¢ÒÎ¨¸²¥´¨¥ ¸¶¥±-
É·   ´É¨´¥°É·¨´μ μÉ ¨¸ÉμÎ´¨± . –¥²Ó ¤ ´´μ° · ¡μÉÒ Å μÍ¥´±  ÉμÎ´μ¸É¨ ¢Ò-
Î¨¸²¥´¨Ö ¸¶¥±É·μ¢ ¡¥É -· ¸¶ ¤ , μ¡¸Ê¦¤¥´¨¥ Ë ±Éμ·μ¢, ¢²¨ÖÕÐ¨Ì ´ 
¸¶¥±É· 144Pr. „²Ö ÔÉμ£μ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¢ÒÎ¨¸²¥´¨Ö ¡¥É -¸¶¥±É·μ¢ Ê± § ´-
´ÒÌ ¶¥·¥Ìμ¤μ¢, ¤μ¶Ê¸± ÕÐ¨¥ ¸· ¢´¥´¨¥ ¸ ¨§¢¥¸É´Ò³¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
¤ ´´Ò³¨.

’�—��‘’œ ‚›—ˆ‘‹…�ˆŸ �…’�-‘�…Š’��‚

‘¶¥±É· Ô²¥±É·μ´μ¢ ¤²Ö · §·¥Ï¥´´ÒÌ · ¸¶ ¤μ¢ μ¶·¥¤¥²Ö¥É¸Ö Ëμ·³Ê²μ°

Nβ(W ) = Kp2(W − W0)2F (Z, W ), (1)

£¤¥ K Å ´μ·³¨·μ¢μÎ´ Ö ±μ´¸É ´É ; p Å ¨³¶Ê²Ó¸ Ô²¥±É·μ´ ; W Å ¶μ²´ Ö
Ô´¥·£¨Ö Ô²¥±É·μ´  ¢ ¥¤¨´¨Í Ì mec

2; W0 Å £· ´¨Î´ Ö Ô´¥·£¨Ö ¢ ¥¤¨´¨Í Ì
mec

2; F (Z, W ) Å ËÊ´±Í¨Ö ”¥·³¨. ‘¶¥±É·  ´É¨´¥°É·¨´μ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨§
Ëμ·³Ê²Ò (1), § ³¥´¨¢ W ´  W0 − W .

”Ê´±Í¨Ö ”¥·³¨ ÊÎ¨ÉÒ¢ ¥É ¢²¨Ö´¨¥ ±Ê²μ´μ¢¸±μ£μ ¶μ²Ö ¤μÎ¥·´¥£μ Ö¤·  ´ 
¡¥É -Î ¸É¨ÍÒ. �´ ²¨É¨Î¥¸±μ¥ ¢Ò· ¦¥´¨¥ ¤²Ö ËÊ´±Í¨¨ ”¥·³¨ ¨³¥¥É ¢¨¤

F (Z, W ) = 4(2pR)2(γ−1) eπαZW/p |Γ(γ + iαZW/p|2
Γ(2γ + 1)2

, (2)

£¤¥ α Å ¶μ¸ÉμÖ´´ Ö Éμ´±μ° ¸É·Ê±ÉÊ·Ò; γ =
√

1 − αZ; R Å · ¤¨Ê¸ Ö¤· ;
Γ Å £ ³³ -ËÊ´±Í¨Ö. ‡´ Î¥´¨Ö ËÊ´±Í¨¨ ”¥·³¨, ¶μ²ÊÎ¥´´Ò¥ · §´Ò³¨  ¢-
Éμ· ³¨ [6Ä8], ´¥¸±μ²Ó±μ · §²¨Î ÕÉ¸Ö. � ¸Ìμ¦¤¥´¨Ö, ¶μ-¢¨¤¨³μ³Ê, ¢Ò§¢ ´Ò
É¥³, ÎÉμ ¶·¨ ¢ÒÎ¨¸²¥´¨ÖÌ ¨¸¶μ²Ó§μ¢ ´Ò · §´Ò¥ ³¥Éμ¤Ò ¢ÒÎ¨¸²¥´¨Ö £ ³³ -
ËÊ´±Í¨¨ ±μ³¶²¥±¸´μ£μ  ·£Ê³¥´É . � ¨¡μ²¥¥ ¸¨²Ó´μ · §²¨Î¨Ö ¶·μÖ¢²ÖÕÉ¸Ö
¤²Ö ´¨§±¨Ì (¶μ·Ö¤±  1 ±Ô‚) Ô´¥·£¨° Ô²¥±É·μ´μ¢ (¨, ¸²¥¤μ¢ É¥²Ó´μ, ¤²Ö  ´-
É¨´¥°É·¨´μ ¸ Ô´¥·£¨Ö³¨ ¢¡²¨§¨ £· ´¨ÍÒ ¸¶¥±É· ). „²Ö ÔÉμ° μ¡² ¸É¨ Ô´¥·-
£¨° ·¥±μ³¥´¤Ê¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ÉμÎ´μ¥ ¢Ò· ¦¥´¨¥ ¤²Ö £ ³³ -ËÊ´±Í¨¨ [8].
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‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ´¥ É·¥¡μ¢ ²μ¸Ó ¢Ò¸μ±μ° ÉμÎ´μ¸É¨ ¤²Ö ´¨§±¨Ì Ô´¥·-
£¨° Ô²¥±É·μ´μ¢, ¶μÔÉμ³Ê ¡Ò²μ ¨¸¶μ²Ó§μ¢ ´μ ¶·¨¡²¨¦¥´¨¥, ¶·¥¤²μ¦¥´´μ¥
¢ [9,10]. �¥§Ê²ÓÉ ÉÒ ¢ÒÎ¨¸²¥´¨° ¤²Ö 144Pr ¸μ£² ¸ÊÕÉ¸Ö ¸ [6,8] ¢ ¶·¥¤¥² Ì 1 %
¨ ¸ [7] Å ¢ ¶·¥¤¥² Ì 10 %.

‚ ¸²ÊÎ ¥ § ¶·¥Ð¥´´ÒÌ ¶¥·¥Ìμ¤μ¢ ´¥μ¡Ìμ¤¨³μ Ê³´μ¦¨ÉÓ ¢Ò· ¦¥´¨¥ (1)
´  Ë ±Éμ· Ëμ·³Ò C(W ), § ¢¨¸ÖÐ¨° μÉ É¨¶  ¶¥·¥Ìμ¤ . ‚ ´ Ï¨Ì ¢ÒÎ¨¸²¥´¨ÖÌ
¨¸¶μ²Ó§μ¢ ´Ò É¥μ·¥É¨Î¥¸±¨ ¢ÒÎ¨¸²¥´´Ò¥ §´ Î¥´¨Ö C(W ) ¨§ · ¡μÉÒ [11]. ‡ -
³¥É¨³, ÎÉμ Ë ±Éμ· Ëμ·³Ò, ¢μμ¡Ð¥ £μ¢μ·Ö, § ¢¨¸¨É μÉ ¸É·Ê±ÉÊ·Ò ±μ´±·¥É´μ£μ
Ö¤· , ¶μÔÉμ³Ê É¥μ·¥É¨Î¥¸±¨¥ ¢ÒÎ¨¸²¥´¨Ö ´¥ ¢¸¥£¤  ´ ¤¥¦´Ò. Š ± μÉ³¥Î ¥É¸Ö
¢ [12], ¤²Ö 144Ce ¨ 144Pr É¥μ·¥É¨Î¥¸±¨¥ ¢ÒÎ¨¸²¥´¨Ö ¤²Ö Ëμ·³Ò ¡¥É -¸¶¥±É·μ¢
´¥ ¸μ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨; ±·μ³¥ Éμ£μ, ¥¸ÉÓ ¸¥·Ó¥§´Ò¥
· ¸Ìμ¦¤¥´¨Ö ³¥¦¤Ê · §´Ò³¨ Ô±¸¶¥·¨³¥´É ³¨. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¤²Ö Ô±¸¶¥·¨-
³¥´É  SOX ¶² ´¨·Ê¥É¸Ö ¶·μ¢¥¸É¨ ¤μ¶μ²´¨É¥²Ó´Ò¥ ¶·¥Í¨§¨μ´´Ò¥ ¨§³¥·¥´¨Ö
Ô²¥±É·μ´´ÒÌ ¸¶¥±É·μ¢, ¨§ ±μÉμ·ÒÌ ³μ¦´μ ¡Ê¤¥É ¨§¢²¥ÎÓ ¤ ´´Ò¥ μ Ë ±Éμ·¥
Ëμ·³Ò.

„²Ö ¤μ¸É¨¦¥´¨Ö ¢Ò¸μ±μ° ÉμÎ´μ¸É¨ ¢ÒÎ¨¸²¥´¨° ´¥μ¡Ìμ¤¨³μ ÊÎ¥¸ÉÓ ¸²¥¤Ê-
ÕÐ¨¥ ¶μ¶· ¢±¨: Ô²¥±É·μ³ £´¨É´ÊÕ L(Z, W ) ¨ ¸² ¡ÊÕ CA(Z, W ) ¶μ¶· ¢±¨ ´ 
±μ´¥Î´Ò° · §³¥· ¤μÎ¥·´¥£μ Ö¤·  [13], ¶μ¶· ¢±Ê ´  Ô±· ´¨·μ¢±Ê ¸μ ¸Éμ·μ´Ò
 Éμ³´ÒÌ Ô²¥±É·μ´μ¢ S(Z, W ) [14], · ¤¨ Í¨μ´´ÊÕ ¶μ¶· ¢±Ê G(Z, W ) [15], ¶μ-
¶· ¢±Ê ´  ¸² ¡Ò° ³ £´¥É¨§³ B(W ) [11]. �É³¥É¨³, ÎÉμ ¢¸¥ ¶μ¶· ¢±¨, ±·μ³¥
· ¤¨ Í¨μ´´μ°, μ¤¨´ ±μ¢Ò ¤²Ö Ô²¥±É·μ´μ¢ ¨  ´É¨´¥°É·¨´μ. �  ·¨¸. 1 ¨ 2 ¶μ-
± § ´Ò § ¢¨¸¨³μ¸É¨ ¶μ¶· ¢μ± ¤²Ö Ô²¥±É·μ´μ¢ μÉ Ô´¥·£¨¨ ¤²Ö ¨´É¥·¥¸ÊÕÐ¨Ì
´ ¸ ¢¥É¢¥° · ¸¶ ¤  144Pr.

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´ £· Ë¨± ŠÕ·¨ ¤²Ö ¢¥É¢¨ · ¸¶ ¤  144Pr ¸ £· ´¨Î´μ°
Ô´¥·£¨¥° 2,3 ŒÔ‚, ¢ ±μÉμ·μ³ ÊÎÉ¥´Ò ¢¸¥ ¶¥·¥Î¨¸²¥´´Ò¥ Ë ±Éμ·Ò. ’ ±¦¥ ´ 
£· Ë¨±¥ ¶·¨¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¨§ · ¡μÉÒ [16]. ‚¨¤´μ, ÎÉμ
·¥§Ê²ÓÉ ÉÒ ¢ÒÎ¨¸²¥´¨° ¢ Í¥²μ³ Ìμ·μÏμ ¸Ìμ¤ÖÉ¸Ö ¸ Ô±¸¶¥·¨³¥´Éμ³. ‚ μ¡² -

�¨¸. 1. �μ¶· ¢±¨ ± ¸¶¥±É·Ê Ô²¥±É·μ´μ¢ ¤²Ö £² ¢´μ° ¢¥É¢¨ · ¸¶ ¤  144Pr
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�¨¸. 2. �μ¶· ¢±¨ ± ¸¶¥±É·Ê Ô²¥±É·μ´μ¢ ¤²Ö ¢¥É¢¨ · ¸¶ ¤  144Pr ¸ £· ´¨Î´μ° Ô´¥·£¨¥°
2,3 ŒÔ‚

�¨¸. 3. ƒ· Ë¨± ŠÕ·¨ ¤²Ö ¢¥É¢¨ · ¸¶ ¤  144Pr ¸ £· ´¨Î´μ° Ô´¥·£¨¥° 2,3 ŒÔ‚

¸É¨ ´¨§±¨Ì Ô´¥·£¨° ´ ¡²Õ¤ ¥É¸Ö ´¥¡μ²ÓÏμ¥ · ¸Ìμ¦¤¥´¨¥ ¢ ¶·¥¤¥² Ì μ¤´μ°
μÏ¨¡±¨. ‘ ÉμÎ±¨ §·¥´¨Ö Ô±¸¶¥·¨³¥´É  SOX ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É ¨³¥´´μ ÔÉ 
μ¡² ¸ÉÓ Ô´¥·£¨¨, ¶μÔÉμ³Ê ´¥μ¡Ìμ¤¨³μ ¶·μ¢¥¸É¨ ¤μ¶μ²´¨É¥²Ó´μ¥ ¨¸¸²¥¤μ¢ ´¨¥
¡¥É -¸¶¥±É·  ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ.

‡�Š‹�—…�ˆ…

‚ · ¡μÉ¥ ¢Ò¶μ²´¥´  ´ ²¨§ ÉμÎ´μ¸É¨ ¢ÒÎ¨¸²¥´¨Ö ¸¶¥±É·μ¢ ¡¥É -· ¸¶ ¤ .
� ¸¸³μÉ·¥´ ¢μ¶·μ¸ μ ËÊ´±Í¨¨ ”¥·³¨, ¸ÊÐ¥¸É¢¥´´μ ¢²¨ÖÕÐ¥° ´  ¸¶¥±É·.
‚ÒÎ¨¸²¥´ ¸¶¥±É· Ô²¥±É·μ´μ¢ ¤²Ö 144Pr, ¶·μ¢¥¤¥´μ ¸· ¢´¥´¨¥ ¸ Ô±¸¶¥·¨³¥´-
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É ²Ó´Ò³¨ ¤ ´´Ò³¨. ‚ ¤ ²Ó´¥°Ï¥³ ¶² ´¨·Ê¥É¸Ö ¢ÒÎ¨¸²¨ÉÓ ¸¶¥±É·  ´É¨´¥°-
É·¨´μ μÉ 144Pr ¨ ¶·μ¢¥¸É¨ Ê¸·¥¤´¥´¨¥ ¸¥Î¥´¨Ö μ¡· É´μ£μ ¡¥É -· ¸¶ ¤  ¶μ
ÔÉμ³Ê ¸¶¥±É·Ê, ÎÉμ ¶μ§¢μ²¨É μ¶·¥¤¥²¨ÉÓ ¸¶¥±É· ¶μ§¨É·μ´μ¢ ¨ ¶μ²´μ¥ Î¨¸²μ
¸μ¡ÒÉ¨° ¢ Ô±¸¶¥·¨³¥´É¥ SOX.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ £· ´É  �””ˆ º16-02-00616.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Mention G. et al. The Reactor Antineutrino Anomaly // Phys. Rev. D. 2011. V. 83.
P. 073006.

2. Oralbaev A., Skorokhvatov M., Titov O. The Inverse Beta-Decay: A Study of Cross
Section // J. Phys.: Conf. Ser. 2016. V. 675, No. 1. P. 012003.

3. Cribier M. et al. Proposed Search for a Fourth Neutrino with a PBq Antineutrino
Source // Phys. Rev. Lett. 2011. V. 107. P. 201801.

4. Gafˇot J. et al. Experimental Parameters for a Cerium-144 Based Intense Electron
Antineutrino Generator Experiment at Very Short Baselines // Phys. Rev. D. 2015.
V. 91. P. 072005.

5. Bellini G. et al. (Borexino Collab.). SOX: Short distance neutrino Oscillations with
BoreXino // JHEP. 2013. No. 8. P. 38.

6. Behrens H., Jéanecke J. Numerical Tables for Beta-Decay and Electron Capture.
LandoltÄBornstein New Ser. Berlin: Springer Verlag, 1969.

7. „¦¥²¥¶μ¢ �. ‘., ‡Ò·Ö´μ¢  ‹. �., ‘Ê¸²μ¢ �. �. 	¥É -¶·μÍ¥¸¸Ò. ”Ê´±Í¨¨ ¤²Ö  ´ -
²¨§  ¡¥É -¸¶¥±É·μ¢ ¨ Ô²¥±É·μ´´μ£μ § Ì¢ É . ‹.: � Ê± , 1972.

8. Semenov S. V. et al. Contribution of the Lowest 1+ Intermediate State to the 2νββ-
Decay Amplitude // Phys. At. Nucl. 2000. V. 63. P. 1196.

9. Wilkinson D.H. Evaluation of Beta-Decay. Part III. The Complex Gamma Function //
Nucl. Instr. Meth. A. 1993. V. 335. P. 305.

10. Wilkinson D.H. Evaluation of Beta-Decay. Part IV. The Complex Gamma Function;
Practicalities // Nucl. Instr. Meth. A. 1995. V. 365. P. 203.

11. Hayes A. C. et al. Systematic Uncertainties in the Analysis of the Reactor Neutrino
Anomaly // Phys. Rev. Lett. 2014. V. 112. P. 202501.

12. Durero M. et al. (SOX Collab.). The 144Ce Source for SOX // J. Phys.: Conf. Ser.
2016. V. 675, No. 1. P. 012032.

13. Wilkinson D.H. Evaluation of Beta-Decay // Nucl. Instr. Meth. A. 1990. V. 290. P. 509.

14. Huber P. Determination of Antineutrino Spectra from Nuclear Reactors // Phys. Rev.
C. 2011. V. 84. P. 024617.

15. Sirlin A. General Properties of the Electromagnetic Corrections to the Beta-Decay of
a Physical Nucleon // Phys. Rev. 1967. V. 164. P. 1767.

16. Porter F. T., Day P. P. 0− to 0+ Beta-Transition 144Pr → 144Nd∗ // Phys. Rev. 1959.
V. 114. P. 1286.


