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� ±¸ ´¸± Ö ´¥°É·¨´´ Ö μ¡¸¥·¢ Éμ·¨Ö ˆŸˆ ���, �¥°É·¨´μ, �μ¸¸¨Ö

ˆ´¸É¨ÉÊÉ ¶·¨±² ¤´μ° ³ É¥³ É¨±¨ ¨  ¢Éμ³ É¨§ Í¨¨ Š��– ���, � ²ÓÎ¨±, �μ¸¸¨Ö

ˆ¸¸²¥¤Ê¥É¸Ö ¢²¨Ö´¨¥ ¨§²ÊÎ¥´¨Ö ´μ¢ÒÌ ²¥£±¨Ì ± ²¨¡·μ¢μÎ´ÒÌ ¡μ§μ´μ¢ ´  ´ ¡²Õ-
¤ ¥³Ò° ¸¨£´ ² ¶·¨ · ¸¸¥Ö´¨¨ ´¥°É·¨´μ ´   Éμ³´ÒÌ Ö¤· Ì. ‚ ± Î¥¸É¢¥ ¨²²Õ¸É· Í¨¨
· ¸¸³ É·¨¢ ¥É¸Ö ³μ¤¥²Ó ¸ ´¥°É· ²Ó´Ò³ ¢¥±Éμ·´Ò³ ¡μ§μ´μ³ Z′ ³ ¸¸μ° ¶μ·Ö¤±  ´¥-
¸±μ²Ó±μ ¤¥¸ÖÉ±μ¢ ŒÔ‚, ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨³ ¸ ´¥°É·¨´μ Î¥·¥§ Éμ± V −A. ‚¢μ¤¨É¸Ö
ËÊ´±Í¨Ö ¸¶¥±É·  Ô±¢¨¢ ²¥´É´ÒÌ Z′-¡μ§μ´μ¢ ¤²Ö ´¥°É·¨´μ. ‚ÒÎ¨¸²Ö¥É¸Ö § ¢¨¸¨³μ¸ÉÓ
¢μ§´¨± ÕÐ¥° ¶μ¶· ¢±¨ ± ¶μ²´μ³Ê ¸¥Î¥´¨Õ ´¥°É·¨´´μ-Ö¤¥·´μ£μ · ¸¸¥Ö´¨Ö μÉ Ô´¥·£¨¨
·¥ ±Í¨¨. �·¨¢μ¤ÖÉ¸Ö ¢¥²¨Î¨´Ò ¤ ´´μ° ¶μ¶· ¢±¨ ¤²Ö ´¥¸±μ²Ó±¨Ì §´ Î¥´¨° ¶ · ³¥É·μ¢
³μ¤¥²¨, ¤μ¶Ê¸± ¥³ÒÌ ¸ÊÐ¥¸É¢ÊÕÐ¨³¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ μ£· ´¨Î¥´¨Ö³¨.

The impact of emission of new light gauge bosons on the observed signal in neutrinoÄ
nucleus scattering is investigated. As an example, a model with a neutral gauge boson Z′

of the mass around 10 MeV interacting with neutrinos via a V −A coupling is considered.
An equivalent Z′ boson spectrum for neutrinos is proposed. The corresponding correction
to the total neutrinoÄnucleus scattering cross section as a function of the collision energy
is calculated. The behavior of the correction at several values of the model parameters
allowed by the existing experimental bounds is presented.

PACS: 13.15.+g; 25.30.Pt; 14.70.Pw; 12.60.Cn
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	² £μ¤ ·Ö μÉ´μ¸¨É¥²Ó´μ ³ ²μ³Ê ¸¥Î¥´¨Õ ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·¨´μ ¸ ¢¥-
Ð¥¸É¢μ³, ¨§ÊÎ¥´¨¥ ·¥ ±Í¨° ¸ ÊÎ ¸É¨¥³ ÔÉ¨Ì Î ¸É¨Í ¨£· ¥É μ¸μ¡ÊÕ ·μ²Ó ¤²Ö
¶² ´¨·μ¢ ´¨Ö Ô±¸¶¥·¨³¥´Éμ¢ ¨ ¨´É¥·¶·¥É Í¨¨ ¶μ²ÊÎ ¥³ÒÌ ¤ ´´ÒÌ [1]. �·¨
·¥£¨¸É· Í¨¨ ´¥°É·¨´μ, ¤ ¦¥ ¢ Ê¸±μ·¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´É Ì, ´¥ £μ¢μ·Ö Ê¦¥
μ¡ ¨§ÊÎ¥´¨¨ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°, ÉμÎ´Ò° Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· μ¸É ¥É¸Ö ´¥-
¨§¢¥¸É´Ò³. — ¸Éμ Ê¤ ¥É¸Ö Ê¸É ´μ¢¨ÉÓ ²¨ÏÓ · ¸¶·¥¤¥²¥´¨¥ ¢ ¤μ¸É ÉμÎ´μ Ï¨-
·μ±μ³ ¤¨ ¶ §μ´¥ ¶μ Ô´¥·£¨Ö³. �μ¸²¥¤´¥¥ ³μ¦¥É ¡ÒÉÓ, ±μ´¥Î´μ, ·¥±μ´¸É·Ê-
¨·μ¢ ´μ ¶μ ´ ¡²Õ¤ ¥³Ò³ ±μ´¥Î´Ò³ ¸μ¸ÉμÖ´¨Ö³, ´μ ¨ ÔÉ  § ¤ Î  ¸²μ¦´ ,
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1186 �‹ˆ•���‚ ˆ.�.

¶μ¸±μ²Ó±Ê ·¥ ²Ó´Ò° Ô±¸¶¥·¨³¥´É ´¨±μ£¤  ´¥ ¤ ¥É ¶μ²´μ° ± ·É¨´Ò ¨§-§  É¥Ì-
´¨Î¥¸±¨Ì μ£· ´¨Î¥´¨° (Ô´¥·£¥É¨Î¥¸±μ£μ, ¢·¥³¥´´μ£μ ¨ Ê£²μ¢μ£μ · §·¥Ï¥´¨Ö,
¶μ·μ£μ¢ ¶μ Ô´¥·£¨¨).

„·Ê£ Ö É·Ê¤´μ¸ÉÓ ¢μ§´¨± ¥É ¨§-§  Éμ£μ, ÎÉμ ¢μ ³´μ£¨Ì Ô±¸¶¥·¨³¥´É Ì ¢ ± -
Î¥¸É¢¥ ³¨Ï¥´¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö  Éμ³´Ò¥ Ö¤·  (‘, O, Ar), ±μÉμ·Ò¥ ¶·¥¤¸É ¢²ÖÕÉ
¸μ¡μ° ´¥ÉμÎ¥Î´Ò¥ μ¡Ñ¥±ÉÒ ¨ μ¶¨¸ ´¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ±μÉμ·Ò³¨ ¢ §´ Î¨-
É¥²Ó´μ° ¸É¥¶¥´¨ ³μ¤¥²Ó´μ § ¢¨¸¨³μ [2].

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢μ¸¸É ´μ¢²¥´¨¥ Ô´¥·£¨¨ ´¥°É·¨´μ ¢μ§³μ¦´μ ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ £¥´¥· Éμ·μ¢ Œμ´É¥-Š ·²μ [3]. ’ ±¨¥ £¥´¥· Éμ·Ò μ¡² ¤ ÕÉ,
¸ μ¤´μ° ¸Éμ·μ´Ò, ·Ö¤μ³ ¸Ê£Ê¡μ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ± Î¥¸É¢, É ±¨Ì ± ± ¸¢μ°-
¸É¢  ³¨Ï¥´¨ ¨ ¤¥É¥±Éμ· , £¥μ³¥É·¨Î¥¸±¨¥ μ¸μ¡¥´´μ¸É¨ Ê¸É ´μ¢±¨. �¤´ ±μ
¶·¨ · §· ¡μÉ±¥ ÔÉ¨Ì £¥´¥· Éμ·μ¢ ¸ ´¥μ¡Ìμ¤¨³μ¸ÉÓÕ ¨¸¶μ²Ó§Ê¥É¸Ö É ±¦¥ É¥-
μ·¥É¨Î¥¸±μ¥ μ¶¨¸ ´¨¥ ¢§ ¨³μ¤¥°¸É¢¨°, ¶μ¸±μ²Ó±Ê ¢ ¦´μ ´¥ Éμ²Ó±μ μÉ²¨Î ÉÓ
· §²¨Î´Ò¥ ± ´ ²Ò ¤·Ê£ μÉ ¤·Ê£ , ´μ ¨ μ¶·¥¤¥²ÖÉÓ ¨Ì ±μ²¨Î¥¸É¢¥´´μ¥ ¸μμÉ-
´μÏ¥´¨¥.

�¤´μ° ¨§ ±²ÕÎ¥¢ÒÌ ¢¥²¨Î¨´ ¢ Ô±¸¶¥·¨³¥´É Ì Ö¢²Ö¥É¸Ö ¸¥Î¥´¨¥ ¢§ ¨³μ-
¤¥°¸É¢¨Ö. — ¸Éμ μ¦¨¤ ¥³Ò° ¸¨£´ ² ¸μ¸É ¢²Ö¥É ¢¸¥£μ ´¥¸±μ²Ó±μ ¶·μÍ¥´Éμ¢
(  ¢ ´¥±μÉμ·ÒÌ ¸²ÊÎ ÖÌ ¨ ³´μ£μ ³¥´ÓÏ¥) μÉ ¶·¥¤¸± § ´¨° ‘É ´¤ ·É´μ° ³μ-
¤¥²¨. �Éμ ³μ¦¥É ¡ÒÉÓ, ´ ¶·¨³¥·, ¨§ÊÎ¥´¨¥ μ¸Í¨²²ÖÍ¨° ´¥°É·¨´μ ¢ ´μ¢Ò¥ ¸μ-
¸ÉμÖ´¨Ö, ¶μ¨¸± ·¥¤±¨Ì · ¸¶ ¤μ¢. Š·μ³¥ Éμ£μ, Ëμ´μ¢Ò¥ ´¥°É·¨´μ (¢ Î ¸É´μ¸É¨
¸μ²´¥Î´Ò¥ ¨²¨ ·¥ ±Éμ·´Ò¥) ²¥£±μ ³μ£ÊÉ ¶·¥μ¤μ²¥¢ ÉÓ § Ð¨ÉÊ ¨ ¨³¨É¨·μ¢ ÉÓ
¸¨£´ ²Ò ¨¸±μ³ÒÌ ¸μ¡ÒÉ¨°, ¶μÔÉμ³Ê μÎ¥´Ó ¢ ¦´μ Ê³¥ÉÓ μÍ¥´¨¢ ÉÓ ¨Ì ¢±² ¤ ¢
´ ¡²Õ¤ ¥³ÊÕ ± ·É¨´Ê. �μ¤μ¡´ÊÕ ·μ²Ó Ëμ´μ¢ÒÌ ¸μ¡ÒÉ¨° ¨£· ÕÉ ¨ ´¥°É·μ´Ò,
£¥´¥·¨·Ê¥³Ò¥ ±μ¸³¨Î¥¸±¨³¨ ²ÊÎ ³¨ ¢ £·Ê´É¥ ¨²¨ ¢ Éμ²Ð¥ § Ð¨ÉÒ. �É²¨Î¨¥
´¥°É·μ´μ¢ μÉ ´¥°É·¨´μ §¤¥¸Ó Å ´¥¸μ¨§³¥·¨³μ ¡μ²ÓÏ¥¥ ¸¥Î¥´¨¥, ¶·¨¢μ¤Ö-
Ð¥¥ ± ¡μ²ÓÏ¥³Ê Î¨¸²Ê ·¥ ±Í¨° ¢ ¥¤¨´¨ÍÊ ¢·¥³¥´¨ [4]. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò,
´¥°É·μ´´Ò° Ëμ´ £μ· §¤μ ²¥£Î¥ ¶μ¤ ¢²Ö¥É¸Ö.

„·Ê£μ° ¢ ¦´μ° ±μ³¶μ´¥´Éμ° ´¥°É·¨´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ Ö¢²Ö¥É¸Ö ¨´Ëμ·-
³ Í¨Ö μ ²¥¶Éμ´´μ³ ¸μ¸É ¢¥ ´¥°É·¨´´μ£μ ¶μÉμ± . ‡´ ´¨¥ μÉ´μ¸¨É¥²Ó´μ° ¤μ²¨
Ô²¥±É·μ´´ÒÌ, ³Õμ´´ÒÌ ¨ É Ê-´¥°É·¨´μ ¢ ¶μÉμ±¥ ´¥μ¡Ìμ¤¨³μ ± ± ¤²Ö ¶μ´¨³ -
´¨Ö ± ´ ²μ¢ ¨Ì £¥´¥· Í¨¨ Ê ¨¸ÉμÎ´¨± , É ± ¨ ³¥Ì ´¨§³μ¢ μ¸Í¨²²ÖÍ¨° ´  ¶ÊÉ¨
¸²¥¤μ¢ ´¨Ö ± ¤¥É¥±Éμ·Ê. ’ ±, ¸ÊÐ¥¸É¢¥´´μ° Ô±¸¶¥·¨³¥´É ²Ó´μ° ¶·μ¡²¥³μ°
¸¥£μ¤´Ö Ö¢²Ö¥É¸Ö ·¥£¨¸É· Í¨Ö É Ê-´¥°É·¨´μ [5Ä7].

�μ¢ Ö Ë¨§¨±  §  · ³± ³¨ ‘É ´¤ ·É´μ° ³μ¤¥²¨ ³μ¦¥É ¶·μÖ¢¨ÉÓ¸Ö ¢ ´¥°-
É·¨´´ÒÌ ·¥ ±Í¨ÖÌ. Š ¶·¨³¥·Ê, ¸ÊÐ¥¸É¢ÊÕÉ ³μ¤¥²¨ ¸ ¤μ¶μ²´¨É¥²Ó´μ° ¸¨³-
³¥É·¨¥° U(1)′, ¢ · ³± Ì ±μÉμ·ÒÌ ¶μÖ¢²ÖÕÉ¸Ö ´μ¢Ò¥ ´¥°É· ²Ó´Ò¥ ± ²¨¡·μ-
¢μÎ´Ò¥ ¡μ§μ´Ò [8Ä10], ¸¶μ¸μ¡´Ò¥ ¢§ ¨³μ¤¥°¸É¢μ¢ ÉÓ ¸ ´¥°É·¨´μ. �μ¤μ¡´Ò¥
¡μ§μ´Ò ³μ£ÊÉ ¸²Ê¦¨ÉÓ μ¤´¨³ ¨§ ¢μ§³μ¦´ÒÌ μ¡ÑÖ¸´¥´¨° ·Ö¤  Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ  ´μ³ ²¨°, ´ ¡²Õ¤ ¥³ÒÌ ¸¥£μ¤´Ö ¢ · §²¨Î´ÒÌ Ô±¸¶¥·¨³¥´É Ì [11].

‚μ§³μ¦´μ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ´ ¡²Õ¤¥´¨Ö ±μ£¥·¥´É´μ£μ Ê¶·Ê£μ£μ
¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·¨´μ ¸ Ö¤· ³¨ [12] ¶μ§¢μ²Ö¥É ¶·μ¢¥·¨ÉÓ ³μ¤¥²¨ ¸ ´μ-
¢Ò³¨ ¡μ§μ´ ³¨ ¸ ¢Ò¸μ±μ° ¸É¥¶¥´ÓÕ ÉμÎ´μ¸É¨ [13]. ‘É ´μ¢¨É¸Ö ¢μ§³μ¦´Ò³



��†„…�ˆ… ��� ‹…�’���‚ ‚ ��‘‘…Ÿ�ˆˆ �…‰’�ˆ�� �� �’�Œ�›• Ÿ„��• 1187

É¥¸É¨·μ¢ ´¨¥ ´¥°É·¨´´μ£μ ¸¥±Éμ·  ‘É ´¤ ·É´μ° ³μ¤¥²¨ ¶·¨ Ô´¥·£¨ÖÌ ³´μ£μ
´¨¦¥ ¶μ·μ£  ·μ¦¤¥´¨Ö Ô²¥±É·μ´μ¢.

‚ ¤ ´´μ° · ¡μÉ¥ ¨§ÊÎ ¥É¸Ö ¢²¨Ö´¨¥ ¨¸¶Ê¸± ´¨Ö ´μ¢ÒÌ ²¥£±¨Ì (∼ 10 ŒÔ‚)
± ²¨¡·μ¢μÎ´ÒÌ ¡μ§μ´μ¢ ´  ´ ¡²Õ¤ ¥³Ò° ¸¨£´ ² ¶·¨ · ¸¸¥Ö´¨¨ ´¥°É·¨´μ ´ 
 Éμ³´ÒÌ Ö¤· Ì. ‚ÒÎ¨¸²Ö¥É¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ¶μ¶· ¢±  ± ¶μ²´μ³Ê ¸¥Î¥´¨Õ
´¥°É·¨´´μ-Ö¤¥·´μ£μ · ¸¸¥Ö´¨Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·¨¡²¨¦¥´¨Ö Ô±¢¨¢ ²¥´É-
´ÒÌ ¡μ§μ´μ¢ (‚ °Í§¥±±¥· Ä‚¨²ÓÖ³¸ ).

Œ�„…‹œ ˆ ��‘—…’›

�¡ÒÎ´μ ¢ · ¡μÉ Ì ¨§ÊÎ ¥É¸Ö μ¡³¥´ ´μ¢Ò³ Z ′-¡μ§μ´μ³ ³¥¦¤Ê ´¥°É·¨´μ ¨
Ö¤·μ³ ¢ t-± ´ ²¥ (¸³. ·¨¸. 1, a), ± ± ¢ ¸É ÉÓ¥ [13].

ˆ´É¥·¥¸´μ · ¸¸³μÉ·¥ÉÓ ³μ¤¥²Ó, ¢ ±μÉμ·μ° Z ′-¡μ§μ´ ¢§ ¨³μ¤¥°¸É¢Ê¥É Éμ²Ó-
±μ ¸ ´¥°É·¨´μ. ’μ£¤  t-± ´ ² μ± §Ò¢ ¥É¸Ö § ±·ÒÉÒ³, ´μ μ¸É ¥É¸Ö ¢μ§³μ¦´Ò³
¶·μÍ¥¸¸, ¢ ±μÉμ·μ³ ´ ²¥É ÕÐ¨¥ ´¥°É·¨´μ ¨§²ÊÎ ÕÉ Z ′-¡μ§μ´Ò, · ¸¶ ¤ Õ-
Ð¨¥¸Ö ¢¶μ¸²¥¤¸É¢¨¨ ¢ ´¥°É·¨´μ- ´É¨´¥°É·¨´´Ò¥ ¶ ·Ò, ± ± ÔÉμ ¶μ± § ´μ ´ 
·¨¸. 1, ¡. �·¨ ÔÉμ³ ¤ ´´Ò° ¶·μÍ¥¸¸ ¡Ê¤¥É ®´¥¢¨¤¨³Ò³¯, ¶μ¸±μ²Ó±Ê ´¥°É·¨´μ
¡¥§ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ±¨¤ ÕÉ ¤¥É¥±Éμ·. ’¥³ ´¥ ³¥´¥¥ μ´ ¡Ê¤¥É μ± §Ò¢ ÉÓ
¢²¨Ö´¨¥ ´  ¨§³¥·Ö¥³μ¥ ¸¥Î¥´¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö.

‚ÒÎ¨¸²¨³ ¶μ¶· ¢±Ê ± ¶μ²´μ³Ê ¸¥Î¥´¨Õ · ¸¸¥Ö´¨Ö ´¥°É·¨´μ, ¢μ§´¨± Õ-
ÐÊÕ §  ¸Î¥É ¨§²ÊÎ¥´¨Ö Z ′-¡μ§μ´μ¢. Š ± ¨ ¢ ‘É ´¤ ·É´μ° ³μ¤¥²¨, ¶·¥¤¶μ²μ-
¦¨³, ÎÉμ ¢§ ¨³μ¤¥°¸É¢¨¥ ¡μ§μ´μ¢ ¨ ´¥°É·¨´μ ¨³¥¥É ¢¨¤

Le = −e ūνγμ(gV − gAγ5)uνZ ′μ, (1)

�¨¸. 1. ‘Ì¥³  ¶·μÍ¥¸¸  · ¸¸¥Ö´¨Ö ´¥°É·¨´μ ´   Éμ³´μ³ Ö¤·¥: a) ¶ÊÉ¥³ μ¡³¥´  ´μ-
¢Ò³ ± ²¨¡·μ¢μÎ´Ò³ ¡μ§μ´μ³ Z′ ¢ t-± ´ ²¥; ¡) ¸ ¨¸¶Ê¸± ´¨¥³ Z′-¡μ§μ´  ´ ²¥É ÕÐ¨³
´¥°É·¨´μ (Z0 Å ³ ¸¸¨¢´Ò° ´¥°É· ²Ó´Ò° ¡μ§μ´ ‘É ´¤ ·É´μ° ³μ¤¥²¨)
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£¤¥ e Å Ô²¥³¥´É ·´Ò° Ô²¥±É·¨Î¥¸±¨° § ·Ö¤; gV ¨ gA Å ´¥±μÉμ·Ò¥ Î¨¸²¥´´Ò¥
±μÔËË¨Í¨¥´ÉÒ.

� ¸¸³ É·¨¢ ¥³Ò° ¶·μÍ¥¸¸ ´ ¶μ³¨´ ¥É ¨§¢¥¸É´μ¥ ¨§²ÊÎ¥´¨¥ ËμÉμ´μ¢ Ô²¥±-
É·μ´ ³¨ ¢ ´ Î ²Ó´μ³ ¸μ¸ÉμÖ´¨¨ (É ± ´ §Ò¢ ¥³μ¥ initial state radiation), Ìμ·μÏμ
μ¶¨¸Ò¢ ¥³μ¥ ³¥Éμ¤μ³ Ô±¢¨¢ ²¥´É´ÒÌ ËμÉμ´μ¢ ‚ °Í§¥±±¥· Ä‚¨²ÓÖ³¸  [14].
�ÉμÉ ³¥Éμ¤ ¶μ§¢μ²Ö¥É ¶μ²ÊÎ ÉÓ ·¥§Ê²ÓÉ ÉÒ ¸ Ìμ·μÏ¥° ¸É¥¶¥´ÓÕ ÉμÎ´μ¸É¨,
¶μ ±· °´¥° ³¥·¥ ´ Ìμ¤¨ÉÓ ¶μ·Ö¤μ± ¢¥²¨Î¨´Ò, ¶·¨ ÔÉμ³ §´ Î¨É¥²Ó´μ Ê¶·μ-
Ð Ö ¢ÒÎ¨¸²¥´¨Ö. ‚ ´ Ï¨Ì · ¸Î¥É Ì ³Ò É ±¦¥ ¡Ê¤¥³ ¶μ²Ó§μ¢ ÉÓ¸Ö ¶μ¤μ¡´Ò³
³¥Éμ¤μ³.

”Ê´±Í¨¨ Ô±¢¨¢ ²¥´É´ÒÌ ¸¶¥±É·μ¢ ³ ¸¸¨¢´ÒÌ ¢¥±Éμ·´ÒÌ Î ¸É¨Í ¨§ÊÎ -
ÕÉ¸Ö Ê¦¥ ¤ ¢´μ [15, 16]. ‚¢¥¤¥³ ¶μ  ´ ²μ£¨¨ · ¸¶·¥¤¥²¥´¨¥ Ô±¢¨¢ ²¥´É´ÒÌ
´¥°É·¨´μ, ¶μÖ¢²ÖÕÐ¨Ì¸Ö ¨§ ´ ²¥É ÕÐ¨Ì ´¥°É·¨´μ ¶ÊÉ¥³ ¨§²ÊÎ¥´¨Ö
Z ′-¡μ§μ´μ¢:

fZ/ν(x, s) =
α

2π
(g2

V + g2
A)

1 + (x + m2
Z/s)2

1 − x − m2
Z/s

ln
(

s

m2
Z

)
. (2)

‡¤¥¸Ó α Å ¶μ¸ÉμÖ´´ Ö Éμ´±μ° ¸É·Ê±ÉÊ·Ò; mZ Å ³ ¸¸  Z ′; x Å ¤μ²Ö ¶¥·¢μ´ -
Î ²Ó´μ° Ô´¥·£¨¨ ´¥°É·¨´μ, μ¸É ÕÐ Ö¸Ö ¶μ¸²¥ ¨§²ÊÎ¥´¨Ö ¡μ§μ´ ; s Å ±¢ ¤· É
¶μ²´μ° Ô´¥·£¨¨ ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ ·¥ ±Í¨¨. Œμ¦´μ ¢¨¤¥ÉÓ, ÎÉμ ¥¸²¨ ¢
Ëμ·³Ê²¥ (2) Ê¸É·¥³¨ÉÓ ³ ¸¸Ê ¡μ§μ´  ± ´Ê²Õ ¢¥§¤¥, ±·μ³¥ ²μ£ ·¨Ë³ ,   É ±¦¥
¶μ²μ¦¨ÉÓ gV = 1, gA = 0, Éμ ¶μ²ÊÎ ¥É¸Ö Ìμ·μÏμ ¨§¢¥¸É´Ò° ·¥§Ê²ÓÉ É Š�„
¤²Ö Ô±¢¨¢ ²¥´É´ÒÌ Ô²¥±É·μ´μ¢ [17].

’¥¶¥·Ó ¶μ²´μ¥ ¸¥Î¥´¨¥ ¶·μÍ¥¸¸ , ¨§μ¡· ¦¥´´μ£μ ´  ·¨¸. 1, ¡, ³μ¦´μ ¶·¥¤-
¸É ¢¨ÉÓ ¢ ¢¨¤¥

σZ(s) =

1−m2
Z/s∫

0

fZ/ν(x, s)σSM(xs) dx, (3)

£¤¥ σSM(s) Å ÔÉμ ¸¥Î¥´¨¥ · ¸¸¥Ö´¨Ö ´¥°É·¨´μ Î¥·¥§ ´¥°É· ²Ó´Ò° Éμ± ‘É ´-
¤ ·É´μ° ³μ¤¥²¨. …¸²¨ ÊÎ¥¸ÉÓ, ÎÉμ ¶·¨ ´¥¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ σSM(s) ¢¥¤¥É ¸¥¡Ö
± ±

σSM(s) = const× s, (4)

Éμ, ¨¸¶μ²Ó§ÊÖ (2) ¨ (4) ¢ (3), ¶μ²ÊÎ ¥³ ´ ¡²Õ¤ ¥³μ¥ ¸¥Î¥´¨¥

σ(s) =
[
1 +

α

π
(g2

V + g2
A) ln2

(
s

m2
Z

)]
σSM(s). (5)

‚ ¶μ¸²¥¤´¥° Ëμ·³Ê²¥ ³Ò μ¸É ¢¨²¨ ²¨¤¨·ÊÕÐ¨° ¤¢ ¦¤Ò ²μ£ ·¨Ë³¨Î¥¸±¨°
¢±² ¤, ÎÉμ ¸¶· ¢¥¤²¨¢μ, ¶μ¸±μ²Ó±Ê, ¨¸¶μ²Ó§ÊÖ ³¥Éμ¤ Ô±¢¨¢ ²¥´É´ÒÌ Î ¸É¨Í,
³Ò ´¥Ö¢´μ ¶μ¤· §Ê³¥¢ ²¨ ¢Ò¶μ²´¥´¨¥ Ê¸²μ¢¨Ö m2

Z � s.
�  ·¨¸. 2 ¶μ± § ´  § ¢¨¸¨³μ¸ÉÓ ´ °¤¥´´μ° ¶μ¶· ¢±¨ ± ¸¥Î¥´¨Õ μÉ Ô´¥·-

£¨¨ ·¥ ±Í¨¨ ¶·¨ ´¥¸±μ²Ó±¨Ì §´ Î¥´¨ÖÌ ³ ¸¸Ò ¡μ§μ´ . ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ
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�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ ¶μ¶· ¢±¨, ¢μ§´¨± ÕÐ¥° §  ¸Î¥É ¨§²ÊÎ¥´¨Ö ´μ¢ÒÌ ²¥£±¨Ì ± ²¨-
¡·μ¢μÎ´ÒÌ ¡μ§μ´μ¢ ³ ¸¸μ° mZ , ± ¸¥Î¥´¨Õ · ¸¸¥Ö´¨Ö ´¥°É·¨´μ ´   Éμ³´μ³ Ö¤·¥ μÉ
¶μ²´μ° Ô´¥·£¨¨ ·¥ ±Í¨¨ ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸. �μ¶· ¢±  ´μ·³¨·μ¢ ´  ´  ±μÔËË¨-
Í¨¥´É g2

V + g2
A

¸ÊÐ¥¸É¢ÊÕÐ¨¥ μ£· ´¨Î¥´¨Ö ´  ±μ´¸É ´ÉÊ ¢§ ¨³μ¤¥°¸É¢¨Ö ¡μ§μ´Ä´¥°É·¨´μ
¶·¨ · ¸¸³ É·¨¢ ¥³ÒÌ ³ ¸¸ Ì ¤ ÕÉ gV � 10−3, gA � 10−3 (¸³., ´ ¶·¨-
³¥·, [18]), ÎÉμ É·¥¡Ê¥É ¢Ò¸μ±μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ Ô±¸¶¥·¨³¥´É  Å ¶μ·Ö¤-
±  10−4 %.

‡�Š‹�—…�ˆ…

�¶·¥¤¥²¥´¨¥ ¸¥Î¥´¨° ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·¨´μ ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ
Ö¢²Ö¥É¸Ö μÎ¥´Ó ¢ ¦´Ò³  ¸¶¥±Éμ³ ¢ ¶² ´¨·μ¢ ´¨¨, ¶·μ¢¥¤¥´¨¨ ¨  ´ ²¨§¥ ¤ ´-
´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢. �¥°É·¨´μ ³μ¦¥É ¸²Ê¦¨ÉÓ ÎÊ¢¸É¢¨É¥²Ó´Ò³ ¨´¤¨± Éμ·μ³
± ¶·μÖ¢²¥´¨Ö³ ´μ¢μ° Ë¨§¨±¨, ´ Ìμ¤ÖÐ¥°¸Ö §  · ³± ³¨ ‘É ´¤ ·É´μ° ³μ¤¥²¨.
� §¢¨É¨¥ ³¥Éμ¤μ¢ ·¥£¨¸É· Í¨¨ ¸ÊÐ¥¸É¢¥´´μ · ¸Ï¨·¨²μ ¢μ§³μ¦´μ¸É¨ Ô±¸¶¥-
·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ´¥°É·¨´´μ-Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·¨ ´¨§±¨Ì
Ô´¥·£¨ÖÌ.

	μ²ÓÏμ° ¨´É¥·¥¸ ¸¥£μ¤´Ö ¢Ò§Ò¢ ÕÉ ³μ¤¥²¨ ¸ ´μ¢Ò³¨ ²¥£±¨³¨ ± ²¨¡·μ-
¢μÎ´Ò³¨ ¡μ§μ´ ³¨, ±μÉμ·Ò¥ ³μ£ÊÉ ¸²Ê¦¨ÉÓ ¢μ§³μ¦´Ò³ μ¡ÑÖ¸´¥´¨¥³ ·Ö¤ 
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ  ´μ³ ²¨°, ´ ¡²Õ¤ ¥³ÒÌ ¢ ¶μ¸²¥¤´¨¥ £μ¤Ò.

‚ ¤ ´´μ° · ¡μÉ¥ ¨¸¸²¥¤Ê¥É¸Ö ¢²¨Ö´¨¥ ·μ¦¤¥´¨Ö ´μ¢ÒÌ ¡μ§μ´μ¢ ´ 
´ ¡²Õ¤ ¥³μ¥ ¸¥Î¥´¨¥ · ¸¸¥Ö´¨Ö ´¥°É·¨´μ ´   Éμ³´ÒÌ Ö¤· Ì. ‘ ¨¸¶μ²Ó§μ-
¢ ´¨¥³ ¶μ¤Ìμ¤  Ô±¢¨¢ ²¥´É´ÒÌ Î ¸É¨Í ¢ÒÎ¨¸²¥´  ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ¶μ¶· ¢± 
¢  ´ ²¨É¨Î¥¸±μ³ ¢¨¤¥. �ÉμÉ ¶μ¤Ìμ¤ §´ Î¨É¥²Ó´μ Ê¶·μÐ ¥É ¢ÒÎ¨¸²¥´¨Ö ¨ ¤ ¥É
·¥§Ê²ÓÉ É, ¶·¨£μ¤´Ò° ¤²Ö μÍ¥´±¨ ¶μ¶· ¢±¨ ¸ ÉμÎ´μ¸ÉÓÕ ¤μ ¶μ·Ö¤±  ¢¥²¨Î¨´Ò.
’ ± Ö ÉμÎ´μ¸ÉÓ ¤μ¸É ÉμÎ´  ¤²Ö  ´ ²¨§  ¸ ÊÎ¥Éμ³ Éμ£μ, ÎÉμ ¸¢μ¡μ¤´Ò¥ ¶ · -
³¥É·Ò ³μ¤¥²¨, É ±¨¥ ± ± ±μ´¸É ´ÉÒ ¢§ ¨³μ¤¥°¸É¢¨Ö ¨ ³ ¸¸  ¡μ§μ´ , ³μ£ÊÉ
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¨§³¥´ÖÉÓ¸Ö ¢ ¤μ¸É ÉμÎ´μ Ï¨·μ±μ³ ¨´É¥·¢ ²¥ §´ Î¥´¨°, ¤μ¶Ê¸± ¥³μ³ ¸μ¢·¥-
³¥´´Ò³¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ μ£· ´¨Î¥´¨Ö³¨.

�É³¥É¨³, ÎÉμ ¢¢¥¤¥´´ Ö ¢ · ¸Î¥É Ì ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö Ô±¢¨¢ ²¥´É-
´ÒÌ ¡μ§μ´μ¢ Ö¢²Ö¥É¸Ö Ê´¨¢¥·¸ ²Ó´μ° ¨ ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´  ¢ ¤·Ê£¨Ì
¢ÒÎ¨¸²¥´¨ÖÌ.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ ¶·μ£· ³³Ò ËÊ´¤ ³¥´É ²Ó´ÒÌ ´ ÊÎ´ÒÌ
¨¸¸²¥¤μ¢ ´¨° �·¥§¨¤¨Ê³  ��� ®”¨§¨±  ËÊ´¤ ³¥´É ²Ó´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ¨
Ö¤¥·´Ò¥ É¥Ì´μ²μ£¨¨¯.
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