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1 “´¨¢¥·¸¨É¥É ¨³. Ÿ. �. Šo³¥´¸±μ£μ, �· É¨¸² ¢ 

2 —¥Ï¸±¨° É¥Ì´¨Î¥¸±¨° Ê´¨¢¥·¸¨É¥É ¢ �· £¥, �· £ 

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

4 ˆ´¸É¨ÉÊÉ É¥μ·¥É¨Î¥¸±μ° ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ë¨§¨±¨ ¨³. �. ˆ. �²¨Ì ´μ¢ , Œμ¸±¢ 

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

„μ²£μ¶·Ê¤´Ò°, �μ¸¸¨Ö

6 ’¥Ì´¨Î¥¸±¨° Ê´¨¢¥·¸¨É¥É ”¥¤¥·¨±μ ‘ ´É -Œ ·¨Ö,

� ÊÎ´μ-É¥Ì´¨Î¥¸±¨° Í¥´É· ¤¥ ‚ ²Ó¶ · ¨¸μ, ‚ ²Ó¶ · ¨¸μ, —¨²¨

‚ Ö¤¥·´μ° ¸·¥¤¥ ¢μ§³μ¦´μ Ê¸¨²¥´¨¥ Ô±§μÉ¨Î¥¸±μ£μ ¸± ²Ö·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö
²¥¶Éμ´μ¢ ¨ ±¢ ·±μ¢, ´ ·ÊÏ ÕÐ¥£μ ¸μÌ· ´¥´¨¥ ¶μ²´μ£μ ²¥¶Éμ´´μ£μ Î¨¸² . �ËË¥±É
¶·¨¢μ¤¨É ± · §²¨Î´Ò³ ³ ¸¸ ³ ´¥°É·¨´μ, ¨§³¥·Ö¥³Ò³ Ô±¸¶¥·¨³¥´É ²Ó´μ, ¸ μ¤´μ° ¸Éμ-
·μ´Ò, ¢ 0νββ-· ¸¶ ¤¥ ¨, ¸ ¤·Ê£μ° ¸Éμ·μ´Ò, ¢ β-· ¸¶ ¤¥ É·¨É¨Ö ¨ ±μ¸³μ²μ£¨¨.

In the nuclear environment, the exotic scalar interaction of leptons and quarks, which
violates the conservation of the total lepton number, can be strengthened. The effect can
lead to the variance of neutrino masses measured experimentally, on the one hand, in the
0νββ decay, and on the other hand, in the β decay of tritium and from cosmology.

PACS: 23.40.Bw
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� ¨¡μ²¥¥ ÎÊ¢¸É¢¨É¥²Ó´Ò³ ¶·μÍ¥¸¸μ³ ¤²Ö ¨§³¥·¥´¨Ö ³ °μ· ´μ¢¸±μ° ³ ¸¸Ò
´¥°É·¨´μ Ö¢²Ö¥É¸Ö ¡¥§´¥°É·¨´´Ò° ¤¢μ°´μ° ¡¥É -· ¸¶ ¤ (0νββ):

(A, Z) → (A, Z + 2) + 2e−, (1)

¢ ±μÉμ·μ³ Ö¤·μ ¨¸¶Ê¸± ¥É ¤¢  Ô²¥±É·μ´ .

∗E-mail: mikhail.krivoruchenko@itep.ru
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� ¸¶ ¤ 0νββ Ô±¸¶¥·¨³¥´É ²Ó´μ ´¥ ´ ¡²Õ¤ ²¸Ö. �¸´μ¢´ Ö § ¤ Î , ±μÉμ-
· Ö ¸É ¢¨É¸Ö ¢ ¶μ¨¸± Ì 0νββ-· ¸¶ ¤ , Å μ¡´ ·Ê¦¥´¨¥ ¨ μÍ¥´±  ÔËË¥±É¨¢´μ°
³ °μ· ´μ¢¸±μ° ³ ¸¸Ò Ô²¥±É·μ´´μ£μ ´¥°É·¨´μ mββ. �¡· É´μ¥ ¢·¥³Ö ¦¨§´¨
Ö¤·  μÉ´μ¸¨É¥²Ó´μ 0νββ-· ¸¶ ¤  § ¶¨¸Ò¢ ¥É¸Ö ¢ ¢¨¤¥ (¸³., ´ ¶·¨³¥·, μ¡-
§μ· [1]) (

T 0ν
1/2

)−1 = m2
ββg4

A

∣∣M ′0ν∣∣2G0ν(E0, Z). (2)

‡¤¥¸Ó G0ν(E0, Z) Å ¨§¢¥¸É´Ò° Ë §μ¢Ò° Ë ±Éμ· (E0 Å ¢Ò¸¢μ¡μ¦¤ ¥³ Ö Ô´¥·-
£¨Ö); M ′0ν Å Ö¤¥·´Ò° ³ É·¨Î´Ò° Ô²¥³¥´É; gA Å  ±¸¨ ²Ó´ Ö ±μ´¸É ´É  ¸¢Ö§¨.
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„ ´´Ò¥ ¶μ ´¥°É·¨´´Ò³ μ¸Í¨²²ÖÍ¨Ö³ Ê± §Ò¢ ÕÉ ´  ¸ÊÐ¥¸É¢μ¢ ´¨¥ É·¥Ì
¤¨ £μ´ ²Ó´ÒÌ ´¥°É·¨´μ νi (i = 1, 2, 3), ±μÉμ·Ò¥ ¸μμÉ¢¥É¸É¢ÊÕÉ É·¥³ ¸μ·É ³
´¥°É·¨´μ νe, νμ, ντ :

|να〉 =
3∑

j=1

U∗
αj |νj〉 (α = e, μ, τ). (3)

Œ É·¨Í  ¸³¥Ï¨¢ ´¨Ö �μ´É¥±μ·¢μÄŒ ±¨Ä� ± £ ¢ÒÄ‘ ± ÉÒ, Uαj , μ¶·¥¤¥²Ö-
¥É¸Ö Ï¥¸ÉÓÕ ¶ · ³¥É· ³¨: É·¥³Ö ²¥¶Éμ´´Ò³¨ Ê£² ³¨ θ12, θ23, θ13, CP-´ ·ÊÏ -
ÕÐ¥° ¤¨· ±μ¢¸±μ° Ë §μ° δ ¨ ¤¢Ê³Ö CP-´ ·ÊÏ ÕÐ¨³¨ ³ °μ· ´μ¢¸±¨³¨ Ë -
§ ³¨ α1, α2.

‚ Ô±¸¶¥·¨³¥´É Ì ¶μ ´¥°É·¨´´Ò³ μ¸Í¨²²ÖÍ¨Ö³ ¨§³¥·Ö¥É¸Ö · §´μ¸ÉÓ ±¢ -
¤· Éμ¢ ³ ¸¸ ¤¨ £μ´ ²Ó´ÒÌ ´¥°É·¨´μ Δm2

ij = m2
i −m2

j . ‚μ§³μ¦´Ò ¤¢  ¸Í¥´ -
·¨Ö:  ) ´μ·³ ²Ó´Ò° ¸¶¥±É· (NS): m1 < m2 < m3 ¨ ¡) μ¡· É´Ò° ¸¶¥±É· (IS):
m3 < m1 < m2.

�¡Ð¨° ³ ¸ÏÉ ¡ ³ ¸¸ ´¥°É·¨´μ ¨¸¸²¥¤Ê¥É¸Ö ¢ É·¥Ì μ¸´μ¢´ÒÌ ¶·μÍ¥¸¸ Ì.
1. 	¥É -· ¸¶ ¤ É·¨É¨Ö ÎÊ¢¸É¢¨É¥²¥´ ± ÔËË¥±É¨¢´μ° ³ ¸¸¥ Ô²¥±É·μ´´μ£μ

´¥°É·¨´μ

mβ =

[
3∑

i=1

|Uei|2m2
i

]1/2

=
[
c2
13c

2
12m

2
1 + c2

13s
2
12m

2
2 + s2

13m
2
3

]1/2
. (4)

ˆ§ Ô±¸¶¥·¨³¥´Éμ¢ ¢ Œ °´Í¥ ¨ ’·μ¨Í±¥ ¸²¥¤Ê¥É, ÎÉμ mβ < 2,1 Ô‚. �±¸¶¥·¨-
³¥´É KATRIN ´ Í¥²¥´ ´  ¤μ¸É¨¦¥´¨¥ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ mβ ∼ 0,2 Ô‚ [1].

2. „·Ê£μ° ´ ¡²Õ¤ ¥³μ° Ö¢²Ö¥É¸Ö ÔËË¥±É¨¢´ Ö ³ °μ· ´μ¢¸± Ö ³ ¸¸  Ô²¥±-
É·μ´´μ£μ ´¥°É·¨´μ

mββ =

∣∣∣∣∣
3∑

k=1

U2
ekmk

∣∣∣∣∣ =
∣∣c2

13c
2
12m1 eiα1 + c2

13s
2
12m2 eiα2 + s2

13m3

∣∣ , (5)

±μÉμ· Ö ¢Ìμ¤¨É ¢ Ê· ¢´¥´¨¥ (2) ¨ μ¶·¥¤¥²Ö¥É ¢·¥³Ö ¶μ²Ê· ¸¶ ¤  0νββ. �±¸¶¥-
·¨³¥´ÉÒ ¶μ ¶μ¨¸±Ê 0νββ-· ¸¶ ¤  ¤ ÕÉ μ£· ´¨Î¥´¨¥ |mββ| � 0,2−0,3 Ô‚ [1].
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‚ ¡Ê¤ÊÐ¨Ì Ô±¸¶¥·¨³¥´É Ì ¶² ´¨·Ê¥É¸Ö ¤μ¸É¨ÎÓ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¢ ´¥¸±μ²Ó±μ
³¨²²¨Ô²¥±É·μ´¢μ²ÓÉ.

3. ’·¥ÉÓ¥° ´ ¡²Õ¤ ¥³μ° Ö¢²Ö¥É¸Ö ±μ¸³μ²μ£¨Î¥¸± Ö ¸Ê³³  ³ ¸¸ Σ = m1 +
m2+m3, ±μÉμ· Ö ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸Ê³³Ê ¤¨ £μ´ ²Ó´ÒÌ ³ ¸¸ É·¥Ì  ±É¨¢´ÒÌ
´¥°É·¨´μ. Šμ¸³μ²μ£¨Î¥¸±¨¥ ¤ ´´Ò¥ ¤ ÕÉ ¶·¥¤¥² Σ � 0,18 Ô‚ [1].

�¥¤ ¢´μ ¡Ò²μ μÉ³¥Î¥´μ, ÎÉμ §´ Î¥´¨Ö ³ ¸¸Ò ´¥°É·¨´μ ¢ Ö¤¥·´μ° ¸·¥¤¥
³μ£ÊÉ § ³¥É´μ μÉ²¨Î ÉÓ¸Ö μÉ ¸¢μ¨Ì §´ Î¥´¨° ¢ ¢ ±ÊÊ³´μ° ¸·¥¤¥ ¶·¨ Ê¸²μ¢¨¨
¸ÊÐ¥¸É¢μ¢ ´¨Ö ¸± ²Ö·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ²¥¶Éμ´μ¢ ¨ ±¢ ·±μ¢ §  · ³± ³¨
‘É ´¤ ·É´μ° ³μ¤¥²¨. ‚²¨Ö´¨¥ Ö¤¥·´μ° ¸·¥¤Ò ´  ÔËË¥±É¨¢´ÊÕ ³ ¸¸μ¢ÊÕ ³ -
É·¨ÍÊ ´¥°É·¨´μ ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¸±μ·μ¸ÉÓ 0νββ-· ¸¶ ¤  ¨¸¸²¥¤μ¢ ²μ¸Ó ¢
¶·¨¡²¨¦¥´¨¨ ¸·¥¤´¥£μ ¶μ²Ö [2].

�ËË¥±É¨¢´Ò° ² £· ´¦¨ ´ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ³¨´¨³ ²Ó´μ° · §³¥·´μ¸ÉÓÕ,
´ ·ÊÏ ÕÐ¨° ¸μÌ· ´¥´¨¥ ¶μ²´μ£μ ²¥¶Éμ´´μ£μ Î¨¸² , § ¶¨¸Ò¢ ¥É¸Ö ¢ ¢¨¤¥

Leff =
1

Λ2
LNV

∑
i,j,q

(
gq

ij q̄qν̄
c
LiνLj + h. c.

)
. (6)

‡¤¥¸Ó ¶μ²Ö νLi μÉ´μ¸ÖÉ¸Ö ± ²¥¢Ò³ ¤¨ £μ´ ²Ó´Ò³ ³ °μ· ´μ¢¸±¨³ ´¥°É·¨´μ ¢
¢ ±ÊÊ³¥, gq

ij Å ¨Ì ¡¥§· §³¥·´Ò¥ ±μ´¸É ´ÉÒ ¸¢Ö§¨ ¸μ ¸± ²Ö·´Ò³ ±¢ ·±μ¢Ò³
Éμ±μ³ q̄q.
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(–¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨.) „μ¶Ê¸É¨³Ò° ¤¨ ¶ §μ´ §´ Î¥´¨° ÔËË¥±É¨¢´μ° ³ °μ-
· ´μ¢¸±μ° ³ ¸¸Ò Ô²¥±É·μ´´μ£μ ´¥°É·¨´μ mββ ± ± ËÊ´±Í¨Ö ÔËË¥±É¨¢´μ° ³ ¸¸Ò Ô²¥±-
É·μ´´μ£μ ´¥°É·¨´μ mβ (¸²¥¢ ) ¨ ± ± ËÊ´±Í¨Ö ±μ¸³μ²μ£¨Î¥¸±μ° ¸Ê³³Ò ³ ¸¸ Σ (¸¶· ¢ ).
‚¥·Ì´¨¥ ¨ ´¨¦´¨¥ £· Ë¨±¨ ¸μμÉ¢¥É¸É¢ÊÕÉ μ¡· É´μ³Ê (IS) ¨ ´μ·³ ²Ó´μ³Ê (NS) ¸¶¥±-
É· ³. ‡¥²¥´Ò³ (1), ¸¨´¨³ (2) ¨ ±· ¸´Ò³ (3) Í¢¥Éμ³ μ¡μ§´ Î¥´Ò μ¡² ¸É¨, ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¨¥ §´ Î¥´¨Ö³ 〈q̄q〉g = 0 (¢ ±ÊÊ³), 0,1 ¨ Ä0,05 Ô‚ (Ö¤·μ)
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� ¨¡μ²¥¥ ¶·μ¸Éμ ·¥§Ê²ÓÉ ÉÒ Ëμ·³Ê²¨·ÊÕÉ¸Ö ¤²Ö Ê´¨¢¥·¸ ²Ó´μ° ¸¢Ö§¨
2gq

ij/Λ2
LNV = δijg. ‚ Ö¤¥·´μ° ¸·¥¤¥ ÔËË¥±É¨¢´ Ö ³ °μ· ´μ¢¸± Ö ³ ¸¸  ¢

ÔÉμ³ ¸²ÊÎ ¥ · ¢´ 

mββ =

∣∣∣∣∣
3∑

i=1

(Uei)
2
ξi|mi − 〈q̄q〉g|

∣∣∣∣∣ . (7)

” §μ¢Ò¥ ³´μ¦¨É¥²¨ ξi ³μ¦´μ ´ °É¨ ¢ · ¡μÉ¥ [2].
‘ ÊÎ¥Éμ³ Ê± § ´´ÒÌ ¶·¥¤¶μ²μ¦¥´¨° ¢¥²¨Î¨´  mββ ¢ Ö¤¥·´μ° ¸·¥¤¥ ¶·¨-

μ¡·¥É ¥É § ¢¨¸¨³μ¸ÉÓ μÉ ´μ¢μ£μ, ´¥¨§¢¥¸É´μ£μ ¶ · ³¥É·  g. �  ·¨¸Ê´±¥ ¢¥²¨-
Î¨´  mββ ¶·¥¤¸É ¢²¥´  ± ± ËÊ´±Í¨Ö ´¥¶μ¸·¥¤¸É¢¥´´μ ´ ¡²Õ¤ ¥³ÒÌ ¶ · ³¥-
É·μ¢ Å mβ ¨ Σ. �¥¨§¢¥¸É´Ò¥ Ë §Ò ¢ Ê· ¢´¥´¨¨ (7) ¢ ·Ó¨·ÊÕÉ¸Ö ¢ ¨´É¥·¢ ²¥
[0, 2π]. �±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö Ê£²μ¢ ¸³¥Ï¨¢ ´¨Ö ¨ · §´μ¸É¨ ±¢ ¤· Éμ¢
³ ¸¸ ´¥°É·¨´μ ¢ ¢ ±ÊÊ³¥ ¢§ÖÉÒ ¨§ · ¡μÉÒ [3]. ŒÒ ¢¨¤¨³, ÎÉμ ¢ Ö¤¥·´μ° ¸·¥¤¥
(g �= 0) ¤μ¶Ê¸É¨³Ò¥ §´ Î¥´¨Ö mββ ¸ÊÐ¥¸É¢¥´´μ μÉ²¨Î ÕÉ¸Ö μÉ ¢ ±ÊÊ³´ÒÌ
§´ Î¥´¨° (g = 0).

‡�Š‹�—…�ˆ…

’ ±¨³ μ¡· §μ³, ¥¸²¨ ¶μ¸É¥¶¥´´μ Ê²ÊÎÏ ÕÐ¨¥¸Ö μ£· ´¨Î¥´¨Ö ´  mβ ¨
Σ ¤²Ö ¢ ±ÊÊ³´μ£μ §´ Î¥´¨Ö mββ ¢μ°¤ÊÉ ¢ ¶·μÉ¨¢μ·¥Î¨¥ ¸ ¶μ²μ¦¨É¥²Ó´Ò³
·¥§Ê²ÓÉ Éμ³ ¶μ¨¸±μ¢ 0νββ-· ¸¶ ¤ , μ¡· Ð¥´¨¥ ± ´μ¢μ° Ë¨§¨±¥ ¸É ´¥É ´¥¨§-
¡¥¦´Ò³. Œμ¤¨Ë¨± Í¨Ö ÔËË¥±É¨¢´μ° ³ °μ· ´μ¢¸±μ° ³ ¸¸Ò ´¥°É·¨´μ ¢ ·¥-
§Ê²ÓÉ É¥ ±μ²²¥±É¨¢´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ´Ê±²μ´ ³¨ Ö¤·  Ö¢²Ö¥É¸Ö μ¤´¨³ ¨§
¢μ§³μ¦´ÒÌ ³¥Ì ´¨§³μ¢, ¸¶μ¸μ¡´ÒÌ ¶·¨¢¥¸É¨ ± É ±μ³Ê ¶·μÉ¨¢μ·¥Î¨Õ.
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