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�¡¸Ê¦¤ ÕÉ¸Ö ´ ·ÊÏ¥´¨¥ ‘�-¨´¢ ·¨ ´É´μ¸É¨ ¢ ¸¥±Éμ·¥ •¨££¸  ¨ ¥£μ ¢²¨Ö´¨¥ ´ 
Ë¨§¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ´¥°É· ²¨´μ,   É ±¦¥ ¶·μÖ¢²¥´¨¥ ¢ ¶·μÍ¥¸¸ Ì  ´´¨£¨²Ö-
Í¨¨. �·¥¤¸É ¢²¥´ · ¸Î¥É ¶·μÍ¥¸¸   ´´¨£¨²ÖÍ¨¨ ¶ ·Ò ²¥£Î °Ï¨Ì ´¥°É· ²¨´μ ¢ ¤¢ 
£ ³³ -±¢ ´É  ¤²Ö �Œ‘‘Œ ¢ μ¤´μ¶¥É²¥¢μ³ ¶·¨¡²¨¦¥´¨¨ ¸ ÊÎ¥Éμ³ ´ ·ÊÏ¥´¨Ö ‘�-¨´-
¢ ·¨ ´É´μ¸É¨ ¢ · ¸Ï¨·¥´´μ³ ¸± ²Ö·´μ³ ¸¥±Éμ·¥ •¨££¸ . �·μ¢¥¤¥´Ò  ´ ²¨§ ¨ ¸· ¢´¥-
´¨¥ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢.

We discuss the violation of CP invariance in Higgs sector and its impact on physical
characteristics of the neutralino, as well as the implication in the processes of annihilation.
The process of pair annihilation of the lightest neutralinos into two photons for NMSSM
in the one-loop approximation is considered, taking into account the violation of CP
invariance in the extended scalar Higgs sector. The analysis of the obtained results and
comparison are discussed.

PACS: 14.80.Nb; 11.30.Pb; 11.30.Er; 12.60.Fr; 12.60.Jv

‚‚…„…�ˆ…

�¤´μ° ¨§  ±ÉÊ ²Ó´ÒÌ ¶·μ¡²¥³ ËÊ´¤ ³¥´É ²Ó´μ° Ë¨§¨±¨ XXI ¢. Ö¢²Ö-
¥É¸Ö ¶·μ¡²¥³  É¥³´μ° ³ É¥·¨¨. � ¨¡μ²¥¥ ³´μ£μμ¡¥Ð ÕÐ¨³¨ ± ´¤¨¤ É ³¨
´  ·μ²Ó ®±¢ ´Éμ¢ É¥³´μ° ³ É¥·¨¨¯ Ö¢²ÖÕÉ¸Ö ¸² ¡μ ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨¥ ³ ¸-
¸¨¢´Ò¥ Ô²¥³¥´É ·´Ò¥ Î ¸É¨ÍÒ (Weakly Interacting Massive Particles, WIMP).
� ´ ¨¡μ²¥¥ ¶¥·¸¶¥±É¨¢´Ò³ ± ´¤¨¤ Éμ³ ´  ·μ²Ó WIMP (¶μ ¸¢μ¨³ Ë¨§¨Î¥-
¸±¨³ ¸¢μ°¸É¢ ³) Ö¢²Ö¥É¸Ö Î ¸É¨Í  ´¥°É· ²¨´μ, ¢μ§´¨± ÕÐ Ö ´¥μ¡Ìμ¤¨³Ò³
μ¡· §μ³ ¢ ³μ¤¥²ÖÌ ¸ ¸Ê¶¥·¸¨³³¥É·¨¥° [1, 2]. �  ¸¥£μ¤´ÖÏ´¨° ¤¥´Ó ¶μ¶Ê-
²Ö·´μ° ¢ ±·¨É¨Î¥¸±μ³ · ¸¸³μÉ·¥´¨¨ Ö¢²Ö¥É¸Ö ´¥³¨´¨³ ²Ó´ Ö ¸Ê¶¥·¸¨³³¥-
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É·¨Î´ Ö ¸É ´¤ ·É´ Ö ³μ¤¥²Ó (�Œ‘‘Œ) [3Ä5], ¢ ±μÉμ·μ° ´¥°É· ²¨´μ ¶·¥¤-
¸± §Ò¢ ¥É¸Ö ± ± ³ °μ· ´μ¢¸±¨° Ë¥·³¨μ´, ¶·¥¤¸É ¢²ÖÕÐ¨° ¸μ¡μ° ¸Ê¶¥·¶μ§¨-
Í¨Õ μ¶·¥¤¥²¥´´ÒÌ ¸Ê¶¥·¸¨³³¥É·¨Î´ÒÌ ¶μ²¥°. � ¸¸³μÉ·¥´¨¥ ´ ·ÊÏ¥´¨Ö ‘�-
¨´¢ ·¨ ´É´μ¸É¨ ¢ ¸¥±Éμ·¥ •¨££¸  Ö¢²Ö¥É¸Ö μÉ¤¥²Ó´μ° ¨´É¥·¥¸´μ° § ¤ Î¥°,
±μÉμ· Ö ¸¢Ö§ ´  ¸ ¢μ¶·μ¸ ³¨ μ¶¨¸ ´¨Ö ¡ ·¨μ´´μ°  ¸¨³³¥É·¨¨ ¨ ¨§ÊÎ¥´¨¥³
· ´´¥° ¸É ¤¨¨ Ëμ·³¨·μ¢ ´¨Ö ‚¸¥²¥´´μ° [6].

	μ²ÓÏμ° ¨´É¥·¥¸ ¢Ò§Ò¢ ¥É ¶·μÍ¥¸¸  ´´¨£¨²ÖÍ¨¨ ´¥°É· ²¨´μ ¢ £ ³³ -
±¢ ´ÉÒ. �Éμ ¸¢Ö§ ´μ ¸ É¥³, ÎÉμ ¤ ´´μ¥ £ ³³ -¨§²ÊÎ¥´¨¥ ³μ¦¥É ¢´μ¸¨ÉÓ ¸¢μ°
μ¶·¥¤¥²¥´´Ò° ¢±² ¤ ¢ Ëμ´μ¢μ¥ ¨§²ÊÎ¥´¨¥ [7]. ˆ´É¥·¶·¥É Í¨Ö ¸¨£´ ²μ¢ μÉ
¨³¥ÕÐ¨Ì¸Ö  ¸É·μË¨§¨Î¥¸±¨Ì ¨¸ÉμÎ´¨±μ¢ ¦¥¸É±μ£μ ¨§²ÊÎ¥´¨Ö ± ± ¸¨£´ ²μ¢
 ´´¨£¨²ÖÍ¨¨ Î ¸É¨Í É¥³´μ° ³ É¥·¨¨ · ¸¸³ É·¨¢ ¥É¸Ö ¢¥¸Ó³   ±ÉÊ ²Ó´μ° ¤²Ö
³¥Éμ¤μ¢ ´¥¶·Ö³μ£μ ¶μ¨¸±  É¥³´μ° ³ É¥·¨¨. ‚²¨Ö´¨¥, ¢Ò§¢ ´´μ¥ μ¸Í¨²²ÖÍ¨-
Ö³¨ ´¥°É·¨´μ, ´  ´¥¶·Ö³μ¥ μ¡´ ·Ê¦¥´¨¥ ¸¨£´ ²μ¢ É¥³´μ° ³ É¥·¨¨, ±μÉμ·Ò¥
¢±²ÕÎ ÕÉ ¢ ¸¥¡Ö ¶μÉμ±¨ ³Õμ´´ÒÌ ´¥°É·¨´μ μÉ  ´´¨£¨²ÖÍ¨¨ ´¥°É· ²¨´μ ¢
Ö¤·¥ ‡¥³²¨, ¨´É¥·¥¸´μ ¶·¨  ´ ²¨§¥ ¤ ´´ÒÌ ¸ ´¥°É·¨´´ÒÌ É¥²¥¸±μ¶μ¢ [8].
Š·μ³¥ Éμ£μ, ¶·μÍ¥¸¸  ´´¨£¨²ÖÍ¨¨ ´¥°É· ²¨´μ ¢ £ ³³ -±¢ ´ÉÒ ¨´É¥·¥¸¥´ ¶·¨
³μ¤¥²¨·μ¢ ´¨¨ §¢¥§¤ ¨§ ´¥°É· ²¨´μ [9].

‚ ¸¢Ö§¨ ¸ ¢ÒÏ¥¸± § ´´Ò³ £² ¢´μ° Í¥²ÓÕ ¤ ´´μ° · ¡μÉÒ Ö¢²ÖÕÉ¸Ö · ¸-
Î¥É ¨  ´ ²¨§ ¸¥Î¥´¨Ö  ´´¨£¨²ÖÍ¨¨ ¶ ·Ò ²¥£Î °Ï¨Ì ´¥°É· ²¨´μ ¢ ¤¢  £ ³³ -
±¢ ´É  ¢ μ¤´μ¶¥É²¥¢μ³ ¶·¨¡²¨¦¥´¨¨.

1. ‘…Š’�� •ˆƒƒ‘� �Œ‘‘Œ ‘ ‘�-���“˜…�ˆ…Œ

� · ³¥É·¨§ Í¨Ö ¶μ²¥° •¨££¸  ¢ �Œ‘‘Œ ¢Ò£²Ö¤¨É ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

Φ1 =

⎛
⎝ φ−

1
1√
2
(υ1 + φ0

1 + iχ1)

⎞
⎠ , Φ2 = eiθ

⎛
⎝ φ+

2
1√
2
(υ2 + φ0

2 + iχ2)

⎞
⎠ ,

(1)

S =
1√
2

eiϕ(υ3 + φ0
3 + iχ3),

£¤¥ θ, ϕ Å Ë §Ò ¸¶μ´É ´´μ£μ ´ ·ÊÏ¥´¨Ö ‘�-¨´¢ ·¨ ´É´μ¸É¨; v1, v2, v3 Å
¢ ±ÊÊ³´Ò¥ μ¦¨¤ ´¨Ö.

Ÿ¢´μ¥ ´ ·ÊÏ¥´¨¥ ‘�-¨´¢ ·¨ ´É´μ¸É¨ μ¶·¥¤¥²Ö¥É¸Ö ¶ÊÉ¥³ ¸³¥Ï¨¢ ´¨Ö
‘�-Î¥É´ÒÌ ¨ ‘�-´¥Î¥É´ÒÌ Ë¨§¨Î¥¸±¨Ì ¸μ¸ÉμÖ´¨° ¡μ§μ´μ¢ •¨££¸  ¢ ¤¢  ÔÉ ¶ :

1) ¶¥·¥Ìμ¤ ¢ ¡ §¨¸ ¶μ²¥° H, h, A0, G0:(
φ0

1

φ0
2

)
=

(
cosβ − sinβ
sin β cosβ

) (
H
h

)
;

(
χ1

χ2

)
=

(
cosβ − sinβ
sin β cosβ

) (
G0

A0

)
;

(2)
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2) ¤μ¶μ²´¨É¥²Ó´Ò° ¶μ¢μ·μÉ ¸ ¶μ³μÐÓÕ ³ É·¨ÍÒ Aij :⎛
⎜⎜⎜⎜⎝

H
A0

h
φ0

3

χ0
3

⎞
⎟⎟⎟⎟⎠ = Aij

⎛
⎜⎜⎜⎜⎝

h1

h2

h3

h4

h5

⎞
⎟⎟⎟⎟⎠ . (3)

�·μÍ¥¤Ê·  ¶¥·¥Ìμ¤  ± Ë¨§¨Î¥¸±¨³ ¸μ¸ÉμÖ´¨Ö³ ¶·μ¢μ¤¨É¸Ö ¢ ²μ± ²Ó´μ³
³¨´¨³Ê³¥ ¶μÉ¥´Í¨ ²  •¨££¸ . �μ¤·μ¡´μ ÔÉ  ¶·μÍ¥¤Ê·  ¤²Ö �Œ‘‘Œ · ¸¸³μ-
É·¥´  ¢ · ¡μÉ Ì [10, 11]. �É³¥É¨³, ÎÉμ · ¸Î¥É ³ ¸¸μ¢ÒÌ ¸μ¸ÉμÖ´¨° ¡μ§μ´μ¢
•¨££¸  ¨³¥¥É Éμ´±ÊÕ ¶μ¤¸É·μ°±Ê ¢ ¸²ÊÎ ¥ · §³¥·´μ¸É¨ ³ É·¨ÍÒ 5×5. ‘ ÔÉ¨³
¸²¥¤Ê¥É ¸¢Ö§Ò¢ ÉÓ Ë¥´μ³¥´μ²μ£¨Î¥¸±¨¥ ¸Í¥´ ·¨¨ ¤²Ö Ë¨±¸¨·μ¢ ´´ÒÌ ¸¢μ¡μ¤-
´ÒÌ ¶ · ³¥É·μ¢ �Œ‘‘Œ. „ ´´Ò¥ ¸Í¥´ ·¨¨ · ¸¸³μÉ·¥´Ò ¢ · ¡μÉ¥ [12].

2. ‘…Š’�� �…‰’��‹ˆ�� �Œ‘‘Œ

‚ ¸¥±Éμ·¥ ´¥°É· ²¨´μ ¡ §¨¸ ¶μ²¥° ³μ¦´μ ¢Ò¡· ÉÓ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

ψ0 =
(
−ib̃0,−iω̃3, h̃0

1, h̃
0
2, s̃

)T
, (4)

£¤¥ b̃0, ω̃3, h̃0
1, h̃0

2, s̃ Å ¸¶¨´μ·Ò ¡¨´μ, ¢¨´μ, Ì¨££¸¨´μ ¨ ¸¨´£²¨´μ. Œ ¸¸μ-
¢Ò° Î²¥´ ² £· ´¦¨ ´  �Œ‘‘Œ, μÉ¢¥Î ÕÐ¨° ¤ ´´Ò³ ¶μ²Ö³, ³μ¦´μ ¶·¥¤¸É -
¢¨ÉÓ É ±:

Lm = −1
2

(ψ0)T Y ψ0 + Ô. ¸., (5)

£¤¥ ³ É·¨Í  Y ¨³¥¥É ¢¨¤

Y =

⎛
⎜⎜⎜⎜⎝

M1 0 −MZ sW cβ MZ sW sβ 0
0 M2 MZ cW cβ −MZ cW sβ 0

−MZ sW cβ MZ cW cβ 0 −λυ3 −λv2

MZ sW sβ −MZ cW sβ −λυ3 0 −λv1

0 0 −λv2 −λv1 2κυ3

⎞
⎟⎟⎟⎟⎠ .

(6)
‡¤¥¸Ó M1, M2 Å U(1)- ¨ SU(2)-³ ¸¸μ¢Ò¥ ¶ · ³¥É·Ò ³Ö£±μ£μ ´ ·ÊÏ¥´¨Ö
¸Ê¶¥·¸¨³³¥É·¨¨ ¶μ²¥° b̃0, ω̃3 ¸μμÉ¢¥É¸É¢¥´´μ; sW = sin θW , cW = cos θW ,
θW Å Ô²¥±É·μ¸² ¡Ò° Ê£μ² ¸³¥Ï¨¢ ´¨Ö (Ê£μ² ‚ °´¡¥·£ ); MZ Å ³ ¸¸ 
Z-¡μ§μ´ ; sβ = sin β; cβ = cos β; κ Å ¡¥§· §³¥·´Ò° ¶ · ³¥É· ¨§ ¶μÉ¥´-
Í¨ ²  •¨££¸  �Œ‘‘Œ.

‹ £· ´¦¨ ´ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ¶μ²¥³ •¨££¸  ¶·¥¤¸É ¢²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³
μ¡· §μ³:

Lhiχ0χ0 = ahiχ0χ0hiχ
0
jχ

0
k, (7)
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£¤¥ χ0
j , χ

0
k Å ¤¨· ±μ¢¸±¨¥ ¸¶¨´μ·Ò, É. ¥. χ0

i ≡
(

χ̃0
i

¯̃χ0
i

)
,

χ̃0
i = Ujiψ

0
i , (8)

aΦχ0χ0 =
1√
2
(g1(Φ∗

2Uj3Uk1 − Φ∗
1Uj4Uk1))−

− 1√
2
(g2(Φ∗

2Uj3Uk2 − Φ∗
1Uj4Uk2))+

+
1
2
(λSUj3Uk4 + λΦ1Uj3Uk5 + λΦ2Uj4Uk5 − κSUj5Uk5). (9)

Œ É·¨Í  U ¸³¥Ï¨¢ ¥É ¶ÖÉÓ ´¥Ë¨§¨Î¥¸±¨Ì ¶μ²¥°, ¢¸²¥¤¸É¢¨¥ Î¥£μ ¨ ¶μ²ÊÎ -
ÕÉ¸Ö ¸μ¸ÉμÖ´¨Ö ´¥°É· ²¨´μ.

�μ²Ö •¨££¸  ¶·¥¤¸É ¢²¥´Ò §¤¥¸Ó ¢ ´¥Ë¨§¨Î¥¸±μ³ ¡ §¨¸¥ ¤²Ö Ê¤μ¡¸É¢  § -
¶¨¸¨. �¥·¥Ìμ¤ ± Ë¨§¨Î¥¸±¨³ ¸μ¸ÉμÖ´¨Ö³ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö É ±, ± ± μ¶¨¸ ´μ
¢ · §¤. 1. „ ´´Ò° ± ¶²¨´£ ¢§ ¨³μ¤¥°¸É¢¨Ö Ö¢²Ö¥É¸Ö ±μ³¶²¥±¸´Ò³. �´ ¢´μ-
¸¨É ´ ·ÊÏ¥´¨¥ ‘�-¨´¢ ·¨ ´É´μ¸É¨ ¸¶μ´É ´´μ ¨ Ö¢´μ ¢ ¶·μÍ¥¸¸  ´´¨£¨²ÖÍ¨¨
´¥°É· ²¨´μ, ±μÉμ·Ò° ¡Ê¤¥É · ¸¸³μÉ·¥´ ¤ ²¥¥.

3. ��‘—…’ ‘…—…�ˆŸ ���ˆƒˆ‹Ÿ–ˆˆ �…‰’��‹ˆ��
‚ „‚� ƒ�ŒŒ�-Š‚��’�

�¥·¥Î¥´Ó ¶·μÍ¥¸¸μ¢, Î¥·¥§ ±μÉμ·Ò¥ ¶·μ¨¸Ìμ¤¨É  ´´¨£¨²ÖÍ¨Ö ´¥°É· ²¨´μ,
¶·¥¤¸É ¢²¥´ ´  ·¨¸Ê´±¥. �¸μ¡¥´´μ¸ÉÓ § ±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ ¢ ¸²ÊÎ ¥ ‘�-¸μ-
Ì· ´¥´¨Ö ¥¸ÉÓ ¶·μÍ¥¸¸Ò, ¶·¨¸ÊÐ¨¥ Éμ²Ó±μ ‘�-Î¥É´Ò³ ¸μ¸ÉμÖ´¨Ö³ ¨, ¸μμÉ¢¥É-
¸É¢¥´´μ, ‘�-´¥Î¥É´Ò³. ‚ ¸²ÊÎ ¥ ‘�-¸³¥Ï¨¢ ´¨Ö ¢¸¥ ¢ ·¨ ´ÉÒ ¨³¥ÕÉ ³¥¸Éμ
¡ÒÉÓ ¤²Ö ¢¸¥Ì ¶ÖÉ¨ ¡μ§μ´μ¢ •¨££¸ , ¶·¥¤¸± §Ò¢ ¥³ÒÌ ¢ �Œ‘‘Œ.

„¨ £· ³³Ò ”¥°´³ ´ , μ¶·¥¤¥²ÖÕÐ¨¥ ¢±² ¤Ò ¢ ¶·μÍ¥¸¸ χ0
i χ

0
j → γγ ¢ �Œ‘‘Œ
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�¥§Ê²ÓÉ ÉÒ ¤²Ö  ³¶²¨ÉÊ¤Ò ¨ ¸¥Î¥´¨Ö:

A[i→f ] =
6∑

n=1

An, (10)

dσ

dt
=

1
64πs(s − 4M2

χ0
1
)
|A[i→f ]|2, (11)

σtot =

tmax∫
tmin

[
dσ

dt

]
dt, t{min,max} = M2

χ0
1
− s

2
∓ s

2
k, (12)

£¤¥ s ¨ t Å ¶¥·¥³¥´´Ò¥ Œ ´¤¥²ÓÏÉ ³ ; k Å ±¨´¥³ É¨Î¥¸±¨° Ë ±Éμ·.
�  ¶· ±É¨±¥ ¢ÒÎ¨¸²Ö¥É¸Ö Ê¸·¥¤´¥´´μ¥ §´ Î¥´¨¥ Ô´¥·£¨¨ ¶μ Ëμ·³Ê²¥

〈σv〉 =

εγ0∫
0

σv dε

εγ0∫
0

dε

. (13)

„²Ö ¸· ¢´¥´¨Ö ¢ ¸²ÊÎ ¥ ³μ¤¥²¨ ¸ ‘�-¸μÌ· ´¥´¨¥³ §´ Î¥´¨¥ ¤ ´´μ° ¢¥-
²¨Î¨´Ò · ¢´μ 〈σv〉 ∼ 10−25 ¸³3/¸ [13]. ‚ ¸²ÊÎ ¥ ‘�-´ ·ÊÏ¥´¨Ö Å 〈σv〉 ∼
10−36 ¸³3/¸ ¢ · ¸¸³μÉ·¥´´μ³ ¢ ¤ ´´μ° ¸É ÉÓ¥ ¸Í¥´ ·¨¨. “¢¥²¨Î¥´¨¥ ¶μ·Ö¤±μ¢
£μ¢μ·¨É μ ´¥¢μ§³μ¦´μ¸É¨ ¢ ¡²¨¦ °Ï¥³ ¡Ê¤ÊÐ¥³ ·¥£¨¸É· Í¨¨ É ±¨Ì ¸μ¡ÒÉ¨°.

‡�Š‹�—…�ˆ…

�·μ¤μ²¦ ÕÉ¸Ö ¨¸¸²¥¤μ¢ ´¨Ö ´ ·ÊÏ¥´¨Ö ‘�-¨´¢ ·¨ ´É´μ¸É¨ ¢ · ¸Ï¨·¥´-
´μ³ ¸¥±Éμ·¥ •¨££¸ . ‘P-´ ·ÊÏ ÕÐ¨¥ Ë §Ò ¢²¨ÖÕÉ ´  Ë¨§¨Î¥¸±¨¥ Ì · ±É¥·¨-
¸É¨±¨ ´¥ Éμ²Ó±μ ¸ ³μ£μ ¡μ§μ´  •¨££¸ , ´μ ¨ ´  ¸¢μ°¸É¢  ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¸
´¨³ Î ¸É¨Í, ¶μÔÉμ³Ê · ¸¸³μÉ·¥´μ ¶·μÖ¢²¥´¨¥ ‘�-´ ·ÊÏ¥´¨Ö ¢ ± ¶²¨´£ Ì ¢§ -
¨³μ¤¥°¸É¢¨Ö ´¥°É· ²¨´μ ¸ ¡μ§μ´ ³¨ •¨££¸  �Œ‘‘Œ. �μ± § ´μ, ÎÉμ ¤ ´´ Ö
±μ´¸É ´É  ¸μ¤¥·¦¨É Ë §Ò ¸¶μ´É ´´μ£μ ´ ·ÊÏ¥´¨Ö ‘�-¨´¢ ·¨ ´É´μ¸É¨ ¨ Ö¢²Ö-
¥É¸Ö ±μ³¶²¥±¸´μ°. �´´¨£¨²ÖÍ¨Ö ´¥°É· ²¨´μ ´  ¤¢  £ ³³ -±¢ ´É  ¢±²ÕÎ ¥É
¢ ¸¥¡Ö Ï¥¸ÉÓ ¶·μÍ¥¸¸μ¢, ¶ÖÉÓ ¨§ ±μÉμ·ÒÌ ¶·μ¨¸Ìμ¤ÖÉ ¶·¨ μ¡³¥´¥ ¡μ§μ´μ³
•¨££¸ , ±μÉμ·Ò° ´¥ ¨³¥¥É μ¶·¥¤¥²¥´´μ° ‘�-Î¥É´μ¸É¨. �·μ¢¥¤¥´μ ¸· ¢´¥´¨¥
¸ ·¥§Ê²ÓÉ É ³¨ · ¡μÉÒ ¶μ · ¸Î¥ÉÊ  ´´¨£¨²ÖÍ¨¨ ´¥°É· ²¨´μ ¢ ¸²ÊÎ ¥ ³μ¤¥²¨
¸ ‘�-¸μÌ· ´¥´¨¥³. �μ± § ´Ò · §²¨Î¨Ö ¢ ¶μ·Ö¤±¥ §´ Î¥´¨Ö ¸¥Î¥´¨Ö  ´´¨£¨²Ö-
Í¨¨, Ê¸·¥¤´¥´´μ£μ ¶μ Ô´¥·£¨¨. ‚ ¶¥·¸¶¥±É¨¢¥ ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ · ¸¸³μ-
É·¥ÉÓ É ±¦¥ ¤·Ê£¨¥ ¢μ§³μ¦´Ò¥ ¸Í¥´ ·¨¨ ¤²Ö μÍ¥´±¨ ¸É¥¶¥´¨ ¢²¨Ö´¨Ö ´ ·Ê-
Ï¥´¨Ö CP-¨´¢ ·¨ ´É´μ¸É¨ ¢ ¸¥±Éμ·¥ •¨££¸ .
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�² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ μ·£ ´¨§ Éμ· ³ Œ¥¦¤Ê-
´ ·μ¤´μ° ¸¥¸¸¨¨-±μ´Ë¥·¥´Í¨¨ ¸¥±Í¨¨ Ö¤¥·´μ° Ë¨§¨±¨ �”� ��� ®”¨§¨± 
ËÊ´¤ ³¥´É ²Ó´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°¯ §  ¢μ§³μ¦´μ¸ÉÓ μ¡¸Ê¤¨ÉÓ ·¥§Ê²ÓÉ ÉÒ ¨¸-
¸²¥¤μ¢ ´¨Ö, É¥¶²Ò° ¶·¨¥³ ¨ ¢μ§³μ¦´μ¸ÉÓ ¶μ¸¥É¨ÉÓ 	 ±¸ ´¸±ÊÕ ´¥°É·¨´´ÊÕ
μ¡¸¥·¢ Éμ·¨Õ.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Š § ±μ¢ „.ˆ. // “”�. 2014. ’. 184. ‘. 1004Ä1016.

2. Š § ±μ¢ „.ˆ. // �·¨·μ¤ . 1999. ’. 9. ‘. 14Ä15.

3. Ellis J., Gunion J. F., Haber H. E., Roszkowski L., Zwirner F. // Phys. Rev. D. 1989.
V. 39. P. 845Ä869.

4. Maniatis M. // Intern. J. Mod. Phys. A. 2010. V. 25. P. 3505Ä3602.

5. Ellwanger U., Hugonie C., Teixeira A. M. // Phys. Rep. 2010. V. 496. P. 1Ä77.

6. ‘ Ì ·μ¢ �. „. // �¨¸Ó³  ¢ †�’”. 1967. ’. 5, ¢Ò¶. 1. ‘. 32Ä35.

7. Hooper D., Taylor A. M. // JCAP. 2007. V. 03. P. 017.

8. Fornengo N. // Weak Interactions and Neutrinos. Cape Town, 1999. P. 253Ä257.

9. Gurevich �. V., Zybin K. P. // Phys. Lett. A. 1995. V. 208. P. 276Ä280.

10. Gurskaya A. V., Dolgopolov M. V. // EPJ Web of Conf. 2016. V. 125. P. 02011;
DOI: 10.1051/epjconf/201612502011.

11. Gurskaya A. V., Dolgopolov M. V., Rykova E. N. // Phys. Part. Nucl. 2017. V. 48, No. 5.
P. 822Ä826.

12. ƒÊ·¸± Ö �. ‚., „μ²£μ¶μ²μ¢ Œ. ‚. // ‚¥¸É´. ‘ ³ ·¸±. £μ¸. É¥Ì´. Ê´-É . ‘¥·. ®”¨§.-³ É.
´ Ê±¨¯. 2016. ’. 20, º4. ‘. 581Ä588.

13. Ferrer F., Krauss L.M., Profumo S. // Phys. Rev. D. 2006. V. 37. P. 115007.


