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� ¸¸³ É·¨¢ ÕÉ¸Ö ³¥Éμ¤Ò ¶μ¨¸±  μ¸Í¨²²ÖÍ¨° ËμÉμ´μ¢ ¢  ±¸¨μ´μ¶μ¤μ¡´Ò¥ Î -
¸É¨ÍÒ (γ →ALP) ¢ ¸¶¥±É· Ì Ô±¸É· £ ² ±É¨Î¥¸±¨Ì ¨¸ÉμÎ´¨±μ¢. �μ± § ´μ, ÎÉμ ¢Éμ-
·¨Î´ Ö ±μ³¶μ´¥´É  μÉ ± ¸± ¤μ¢, ¨´¨Í¨¨·μ¢ ´´ÒÌ ¶¥·¢¨Î´Ò³¨ £ ³³ -±¢ ´É ³¨ ¨²¨
Ö¤· ³¨, ³μ¦¥É ¸μ§¤ ¢ ÉÓ §´ Î¨É¥²Ó´Ò° Ëμ´ ¤²Ö ¶μ¨¸±μ¢ ALP ¢ μ¶É¨Î¥¸±¨ Éμ²¸Éμ°
μ¡² ¸É¨ ¸¶¥±É· . �±¸¶¥·¨³¥´ÉÒ ¸ ¢Ò¸μ±¨³ Ô´¥·£¥É¨Î¥¸±¨³ ¶μ·μ£μ³ (∼ 1 ’Ô‚ ¨ ¢ÒÏ¥)
´¥¤μ¸É ÉμÎ´Ò ¤²Ö ¶μ¨¸±  ¶·μÍ¥¸¸  γ →ALP; ± ÔÉ¨³ · ¡μÉ ³ ´¥μ¡Ìμ¤¨³μ ¶·¨¢²¥± ÉÓ
¨´¸É·Ê³¥´ÉÒ ¸μ ¸· ¢´¨É¥²Ó´μ ´¨§±¨³ Ô´¥·£¥É¨Î¥¸±¨³ ¶μ·μ£μ³ (E < 100 ƒÔ‚), É ±¨¥
± ± CTA.

The methods of photon to axion-like particle oscillation (γ →ALP) search in the spec-
tra of extragalactic sources are considered. It is shown that a secondary component from
cascades initiated by primary gamma rays or nuclei can produce a signiˇcant background
for ALP search in an optically thick area of the spectra. Experiments with high-energy
threshold (∼ 1 TeV and above) are insufˇcient for the γ →ALP process search; relatively
low-energy threshold (E < 100 GeV) instruments (such as CTA) should be employed in
these works.

PACS: 98.54.Cm; 14.80.Va

‚‚…„…�ˆ…

‡´ Î¨É¥²Ó´ Ö Î ¸ÉÓ ¶¥·¢¨Î´ÒÌ £ ³³ -±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° > 1 ’Ô‚ μÉ
¤ ²¥±¨Ì (±· ¸´μ¥ ¸³¥Ð¥´¨¥ z > 0,1) ¢´¥£ ² ±É¨Î¥¸±¨Ì ¨¸ÉμÎ´¨±μ¢ ³μ¦¥É ¶μ-
£²μÐ ÉÓ¸Ö ´  ËμÉμ´ Ì ¢´¥£ ² ±É¨Î¥¸±μ£μ Ëμ´μ¢μ£μ ¨§²ÊÎ¥´¨Ö (Extragalactic
Background Light, EBL) ¢ ·¥§Ê²ÓÉ É¥ ¶·μÍ¥¸¸  γγ → e+e− [1]. � ¡²Õ¤¥´¨Ö
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Ö·±¨Ì ¡² § ·μ¢, ±μÉμ·Ò¥, ¶μ-¢¨¤¨³μ³Ê, ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ°  ±É¨¢´Ò¥ Ö¤· 
£ ² ±É¨± ¸ Ê§±μ° ¸É·Ê¥°, ´ ¶· ¢²¥´´μ° ´  ´ ¡²Õ¤ É¥²Ö, ¶μ§¢μ²ÖÕÉ ¨§ÊÎ ÉÓ
¶·μÍ¥¸¸Ò Ô±¸É· £ ² ±É¨Î¥¸±μ£μ · ¸¶·μ¸É· ´¥´¨Ö £ ³³ -±¢ ´Éμ¢. �·¨ ÔÉμ³,
± ± ¶· ¢¨²μ, ¨¸¶μ²Ó§Ê¥É¸Ö É ± ´ §Ò¢ ¥³ Ö ³μ¤¥²Ó Éμ²Ó±μ ¶μ£²μÐ¥´¨Ö: ÊÎ¨-
ÉÒ¢ ¥É¸Ö Éμ²Ó±μ Ê³¥´ÓÏ¥´¨¥ ¶μÉμ±  ¶¥·¢¨Î´ÒÌ £ ³³ -±¢ ´Éμ¢ ¢ ·¥§Ê²ÓÉ É¥
¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ËμÉμ´ ³¨ EBL ¨  ¤¨ ¡ É¨Î¥¸±¨¥ ¶μÉ¥·¨. ‚ ÔÉμ³ ¸²ÊÎ ¥
¤²Ö ¢Ò¡μ·±¨ ¸¶¥±É·μ¢ ¡² § ·μ¢ ¢ μ¡² ¸É¨ μ¶É¨Î¥¸±μ° Éμ²Ð¨´Ò ¶·μÍ¥¸¸ 
γγ → e+e−τγγ > 2 ´ ¡²Õ¤ ¥³ Ö ¨´É¥´¸¨¢´μ¸ÉÓ μ± §Ò¢ ¥É¸Ö ¡μ²ÓÏ¥ μ¦¨¤ ¥-
³μ° [2]. �¢Éμ·Ò [2] ¨´É¥·¶·¥É¨·μ¢ ²¨ ¤ ´´ÊÕ  ´μ³ ²¨Õ ± ± ¸¢¨¤¥É¥²Ó¸É¢μ
¸ÊÐ¥¸É¢μ¢ ´¨Ö ´μ¢μ£μ Ë¨§¨Î¥¸±μ£μ ¶·μÍ¥¸¸  μ¸Í¨²²ÖÍ¨° ¶¥·¢¨Î´ÒÌ £ ³³ -
±¢ ´Éμ¢ ¢  ±¸¨μ´μ¶μ¤μ¡´Ò¥ Î ¸É¨ÍÒ (Axion Like Particles, ALPs) ¨ μ¡· É´μ
¢ ËμÉμ´Ò ¢ ³ £´¨É´ÒÌ ¶μ²ÖÌ ¶μ ¶ÊÉ¨ μÉ ¨¸ÉμÎ´¨±  ± ´ ¡²Õ¤ É¥²Õ.

…¸²¨ £¨¶μÉ¥§  μ¸Í¨²²ÖÍ¨° γ →ALP ¢¥·´ , Éμ ¢ ¸¶¥±É· Ì £ ³³ -¨¸ÉμÎ´¨-
±μ¢ ¤μ²¦´  ¶·¨¸ÊÉ¸É¢μ¢ ÉÓ ¥Ð¥ μ¤´  μ¸μ¡¥´´μ¸ÉÓ Å Ê³¥´ÓÏ¥´¨¥ ¨´É¥´¸¨¢-
´μ¸É¨ ´ ¡²Õ¤ ¥³ÒÌ ËμÉμ´μ¢ ¶μ ¸· ¢´¥´¨Õ ¸μ ¸²ÊÎ ¥³ ³μ¤¥²¨ Éμ²Ó±μ ¶μ£²μ-
Ð¥´¨Ö ¶·¨ ¡μ²¥¥ ´¨§±¨Ì Ô´¥·£¨ÖÌ [3]. �¥¤ ¢´¨°  ´ ²¨§ ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´É 
Fermi LAT, μ¤´ ±μ, ´¥ μ¡´ ·Ê¦¨² ¥¥ [4]; ¢³¥¸É¥ ¸ ¤·Ê£¨³¨ μ£· ´¨Î¥´¨Ö³¨
´  ¶ · ³¥É·Ò ¸³¥Ï¨¢ ´¨Ö γ →ALP ÔÉμ ¶μ§¢μ²¨²μ ¨¸±²ÕÎ¨ÉÓ §´ Î¨É¥²Ó´ÊÕ
Î ¸ÉÓ μ¡² ¸É¨ ¶·μ¸É· ´¸É¢  ÔÉ¨Ì ¶ · ³¥É·μ¢, ±μÉμ· Ö ³μ£²  ¡Ò μ¡ÑÖ¸´¨ÉÓ
 ´μ³ ²¨Õ ¶·¨ τγγ > 2 [5]. �Éμ ¤¥² ¥É £¨¶μÉ¥§Ê μ¸Í¨²²ÖÍ¨° γ →ALP ³¥-
´¥¥ ¶·¨¢²¥± É¥²Ó´μ° ¨ É·¥¡Ê¥É ¶μ¨¸±  ¤·Ê£¨Ì ¢μ§³μ¦´ÒÌ μ¡ÑÖ¸´¥´¨°  ´μ³ -
²¨¨. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥, ¨¸¶μ²Ó§ÊÖ ¢ ± Î¥¸É¢¥ ¶·¨³¥·  ´ ¡²Õ¤¥´¨Ö ¡² § · 
1ES 0229 + 200 (z = 0,14) Î¥·¥´±μ¢¸±¨³¨ £ ³³ -É¥²¥¸±μ¶ ³¨ VERITAS [6]
¨ HESS [7], ³Ò ¸· ¢´¨¢ ¥³  ¶¶·μ±¸¨³ Í¨¨ ¸¶¥±É·  ¢ · ³± Ì · §²¨Î´ÒÌ ³μ-
¤¥²¥°.

1. Œ�„…‹ˆ �…‡ ‚Š‹�„� Š�‘Š�„��‰ Š�Œ���…�’› ‚ ‘�…Š’�

ˆ§³¥·¥´´ Ö £¨¸Éμ£· ³³  ¸¶¥±É· ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ (Spectral
Energy Distribution, SED = E2dN/dE) ¤²Ö ¸²ÊÎ Ö ´ ¡²Õ¤¥´¨° VERITAS ¶μ-
± § ´  ±·Ê¦± ³¨ ¸ ¶μ£·¥Ï´μ¸ÉÖ³¨ ´  ·¨¸. 1,  . Œμ¤¥²Ó ´ ¡²Õ¤ ¥³μ£μ ¸¶¥±É· 
(¢ ·¨ ´É ®³μ¤¥²¨ Éμ²Ó±μ ¶μ£²μÐ¥´¨Ö¯) ¤²Ö ¸²ÊÎ Ö ¨´É¥´¸¨¢´μ¸É¨ EBL [8]
¨§μ¡· ¦¥´  ¸¶²μÏ´μ° ±·¨¢μ° (¤²Ö  ¶¶·μ±¸¨³ Í¨¨ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¸¨¸É¥³ 
 ´ ²¨§  ¤ ´´ÒÌ ROOT [9]). ”μ·³  ¶¥·¢¨Î´μ£μ ¸¶¥±É·  £ ³³ -±¢ ´Éμ¢ ¢
¨¸ÉμÎ´¨±¥ ∼ E−γ exp (−E/Ec) §¤¥¸Ó ¨ ¤ ²¥¥ ¶μ± § ´  ÏÉ·¨Ìμ¢μ° ±·¨¢μ°.
‚ ¤ ´´μ³ ¸²ÊÎ ¥ μ¶É¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¶ · ³¥É·  Ec ¢¥²¨±μ (Ec � 1 ’Ô‚).
�´ ²μ£¨Î´ Ö  ¶¶·μ±¸¨³ Í¨Ö, ´μ ¸ ÊÎ¥Éμ³ ¢μ§³μ¦´μ° É· ´¸Ëμ·³ Í¨¨ ¸¶¥±-
É·  ¢ ·¥§Ê²ÓÉ É¥ μ¸Í¨²²ÖÍ¨° γ →ALP, ¶·¨¢¥¤¥´  ´  ·¨¸. 1, ¡ (§¤¥¸Ó ¨¸¶μ²Ó-
§μ¢ ´Ò · ¸Î¥ÉÒ [3] ¤²Ö ³μ¤¥²¨ EBL [10] ¨ ¡²¨§±μ£μ z = 0,116). �·¨ Ô´¥·£¨¨
20Ä30 ƒÔ‚ ¢¨¤´  ¸¶¥±É· ²Ó´ Ö μ¸μ¡¥´´μ¸ÉÓ, μ¡¸Ê¦¤ ¢Ï Ö¸Ö ¢μ ¢¢¥¤¥´¨¨. �μ-
¸±μ²Ó±Ê  ¤¨ ¡ É¨Î¥¸±¨¥ ¶μÉ¥·¨ ´¥ ³¥´ÖÕÉ Ëμ·³Ê ¸¶¥±É· , ³Ò ¶·¥´¥¡·¥£²¨
ÔÉ¨³ ¶·μÍ¥¸¸μ³ ¶·¨ ¶μ¸É·μ¥´¨¨ ·¨¸. 1,  , ¡, ´μ ÊÎ¨ÉÒ¢ ¥³ ¥£μ ¢ ¤ ²Ó´¥°Ï¥³.
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�¨¸. 1. �¶¶·μ±¸¨³ Í¨Ö ¨§³¥·¥´´μ° £¨¸Éμ£· ³³Ò SED ¤²Ö ¸²ÊÎ Ö · §²¨Î´ÒÌ ³μ¤¥-
²¥° Ô±¸É· £ ² ±É¨Î¥¸±μ£μ · ¸¶·μ¸É· ´¥´¨Ö £ ³³ -±¢ ´Éμ¢. a) ®Œμ¤¥²Ó Éμ²Ó±μ ¶μ£²μ-
Ð¥´¨Ö¯; ¡) ¸ ÊÎ¥Éμ³ μ¸Í¨²²ÖÍ¨° γ →ALP; ¢) Ô²¥±É·μ³ £´¨É´ Ö ± ¸± ¤´ Ö ³μ¤¥²Ó
(´ ¡²Õ¤¥´¨Ö VERITAS); £) Ô²¥±É·μ³ £´¨É´ Ö ± ¸± ¤´ Ö ³μ¤¥²Ó (´ ¡²Õ¤¥´¨Ö HESS);
¤) ¡ §μ¢ Ö  ¤·μ´´ Ö ³μ¤¥²Ó; ¥) ³μ¤¨Ë¨Í¨·μ¢ ´´ Ö  ¤·μ´´ Ö ³μ¤¥²Ó

2. �‹…Š’��Œ�ƒ�ˆ’��Ÿ Š�‘Š�„��Ÿ Œ�„…‹œ

� §¢¨É¨¥ Ô²¥±É·μ³ £´¨É´ÒÌ ± ¸± ¤μ¢ μÉ ¶¥·¢¨Î´ÒÌ £ ³³ -±¢ ´Éμ¢ Ö¢²Ö-
¥É¸Ö ¶·μ¸É¥°Ï¨³ ¶·μÍ¥¸¸μ³, ±μÉμ·Ò° ´¥ ¢ÒÌμ¤¨É §  · ³±¨ ¨§¢¥¸É´μ° Ë¨§¨±¨,
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´μ ¢¸¥ ¦¥ μ¡¥¸¶¥Î¨¢ ¥É ´μ¢Ò¥ ÔËË¥±ÉÒ ¶μ ¸· ¢´¥´¨Õ ¸μ ¸²ÊÎ ¥³ ®³μ¤¥²¨
Éμ²Ó±μ ¶μ£²μÐ¥´¨Ö¯ (¸³. [11] ¨ ¸¸Ò²±¨ ¢ ÔÉμ° · ¡μÉ¥). „²Ö · ¸Î¥É  ¸¶¥±É· 
Ô²¥±É·μ³ £´¨É´ÒÌ ± ¸± ¤μ¢ ¨¸¶μ²Ó§μ¢ ²¸Ö ±μ¤ ELMAG 2.02 [12] ¤²Ö ¸²Ê-
Î Ö ³μ¤¥²¨ EBL [13]; ¶·μÍ¥¤Ê·  · ¸Î¥É  ¨  ¶¶·μ±¸¨³ Í¨¨ ¸¶¥±É·  μ¶¨¸ ´ 
¢ [14]. �¥§Ê²ÓÉ ÉÒ, ¶·¥¤¸É ¢²¥´´Ò¥ ´¨¦¥, ¶μ²ÊÎ¥´Ò ¤²Ö ¸²ÊÎ Ö μÉ¸ÊÉ¸É¢¨Ö
Ô±¸É· £ ² ±É¨Î¥¸±μ£μ ³ £´¨É´μ£μ ¶μ²Ö; ¸μ£² ¸´μ ¸ÊÐ¥¸É¢ÊÕÐ¨³ Ê± § ´¨Ö³
´  ´ ²¨Î¨¥ ± ¸± ¤´μ° ±μ³¶μ´¥´ÉÒ ¢ ¸¶¥±É· Ì ¡² § ·μ¢ ÔÉμ ¶·¨¡²¨¦¥´¨¥
¸¶· ¢¥¤²¨¢μ ¶·¨ Ô´¥·£¨ÖÌ > 200 ƒÔ‚ [11, 14].

�¶¶·μ±¸¨³ Í¨¨ SED ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 1, ¢, £ ¤²Ö ¸²ÊÎ Ö ´ ¡²Õ¤¥-
´¨° VERITAS (±·Ê¦±¨) ¨ HESS (É·¥Ê£μ²Ó´¨±¨) ¸μμÉ¢¥É¸É¢¥´´μ. Š ± ¨ ´ 
·¨¸. 1,  , ¡, Éμ²¸É Ö ¸¶²μÏ´ Ö ±·¨¢ Ö Å ¶μ²´Ò° ³μ¤¥²Ó´Ò° ¸¶¥±É·. SED ¶¥·-
¢¨Î´μ° ±μ³¶μ´¥´ÉÒ £ ³³ -±¢ ´Éμ¢ ¶μ¸²¥ É· ´¸Ëμ·³ Í¨¨ ¶·¨ · ¸¶·μ¸É· ´¥-
´¨¨ μ¡μ§´ Î¥´μ Éμ´±μ° ¸¶²μÏ´μ° ±·¨¢μ°, ± ¸± ¤´ Ö ±μ³¶μ´¥´É  Å ¶Ê´±É¨·-
´μ° ±·¨¢μ°. ‚ μÉ²¨Î¨¥ μÉ ®³μ¤¥²¨ Éμ²Ó±μ ¶μ£²μÐ¥´¨Ö¯ §´ Î¨É¥²Ó´Ò° ¢±² ¤
± ¸± ¤´μ° ±μ³¶μ´¥´ÉÒ ¶·¨ Ô´¥·£¨ÖÌ < 1 ’Ô‚ μ¡¥¸¶¥Î¨¢ ¥É ¸μ£² ¸¨¥ ¸ ´ -
¡²Õ¤¥´¨Ö³¨ ¢ ÔÉμ° μ¡² ¸É¨ Ô´¥·£¨°, ´¥¸³μÉ·Ö ´  ¦¥¸É±¨° (¶μ ¸· ¢´¥´¨Õ ¸
·¨¸. 1,  ) ¶¥·¢¨Î´Ò° ¸¶¥±É·.

3. ��‡�‚�Ÿ ˆ Œ�„ˆ”ˆ–ˆ��‚����Ÿ �„�����Ÿ Œ�„…‹œ

‘ÊÐ¥¸É¢Ê¥É ¥Ð¥ μ¤¨´ ±² ¸¸ ± ¸± ¤´ÒÌ ³μ¤¥²¥°, ±μÉμ·Ò¥ ¶·¥¤¶μ² £ ÕÉ
¸ÊÐ¥¸É¢¥´´Ò° ¢±² ¤ ¢ ´ ¡²Õ¤ ¥³ÊÕ ¨´É¥´¸¨¢´μ¸ÉÓ ¢Éμ·¨Î´ÒÌ ËμÉμ´μ¢, μ¡· -
§μ¢ ´´ÒÌ ¶¥·¢¨Î´Ò³¨ ¶·μÉμ´ ³¨ ¨²¨ Ö¤· ³¨ ¶μ ¶ÊÉ¨ μÉ ¨¸ÉμÎ´¨±  ± ´ ¡²Õ-
¤ É¥²Õ [15Ä17] (® ¤·μ´´Ò¥ ³μ¤¥²¨¯). �¶¶·μ±¸¨³ Í¨Ö ¸¶¥±É·  ¢ ¸²ÊÎ ¥ ®¡ -
§μ¢μ°¯  ¤·μ´´μ° ³μ¤¥²¨ [16] (¢ ±μÉμ·μ° ¢¸¥ ´ ¡²Õ¤ ¥³Ò¥ £ ³³ -±¢ ´ÉÒ Ö¢²Ö-
ÕÉ¸Ö ¢Éμ·¨Î´Ò³¨) ¶μ± § ´  ´  ·¨¸. 1, ¤; ¢ ¸²ÊÎ ¥ ®³μ¤¨Ë¨Í¨·μ¢ ´´μ°¯ ³μ-
¤¥²¨ [17], ¢±²ÕÎ ÕÐ¥° ¨ ¶¥·¢¨Î´ÊÕ ±μ³¶μ´¥´ÉÊ £ ³³ -±¢ ´Éμ¢, Å ´  ·¨¸. 1, ¥
(μ¡  ·¥§Ê²ÓÉ É  ¤²Ö ¸²ÊÎ Ö ¶¥·¢¨Î´ÒÌ ¶·μÉμ´μ¢). ‘¶²μÏ´ Ö Éμ²¸É Ö ±·¨¢ Ö ´ 
·¨¸. 1, ¤ Å · ¸Î¥É ¶μ ±μ¤Ê CRPropa [18], ¢¥·¸¨Ö 3 [19] ¤²Ö ¸²ÊÎ Ö ¶¥·¢¨Î´μ£μ
¸¶¥±É·  μÉ 1 �Ô‚= 1018 Ô‚ ¤μ 100 �Ô‚ ¸ ¶μ± § É¥²¥³ ´ ±²μ´  ¶ ¤ ÕÐ¥£μ
¸É¥¶¥´´μ£μ ¸¶¥±É·  γ = 2. �Ê´±É¨·´ Ö ±·¨¢ Ö Å SED ¤²Ö ¸²ÊÎ Ö ¶¥·¢¨Î-
´μ° Ô´¥·£¨¨ 30 �Ô‚ (¢ ÔÉμ³ ¸²ÊÎ ¥ ³μ¤¥²Ó´Ò° ¸¶¥±É· £ ³³ -±¢ ´Éμ¢ Ö¢²Ö¥É¸Ö
¡μ²¥¥ ¶μ²μ£¨³ ¶μ ¸· ¢´¥´¨Õ ¸ ¶·¥¤Ò¤ÊÐ¨³; ¤¥É ²¨ ÔÉμ£μ · ¸Î¥É  ¢¶μ¸²¥¤-
¸É¢¨¨ ¡Ê¤ÊÉ μ¶¨¸ ´Ò ¢ μÉ¤¥²Ó´μ° ¶Ê¡²¨± Í¨¨). �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥
VERITAS ¨ HESS ¶μ± § ´Ò ´  μ¤´μ³ £· Ë¨±¥ (±·Ê¦±¨ ¨ É·¥Ê£μ²Ó´¨±¨ ¸μμÉ-
¢¥É¸É¢¥´´μ); ´μ·³¨·μ¢±  ¢Ò¶μ²´¥´  ´  ¤ ´´Ò¥ HESS. �  ·¨¸. 1, ¥ ¸¶²μÏ´ Ö
Éμ²¸É Ö ±·¨¢ Ö Å ¶μ²´Ò° ³μ¤¥²Ó´Ò° ¸¶¥±É·, ¶Ê´±É¨·´ Ö ±·¨¢ Ö Å ± ¸± -
¤´ Ö ±μ³¶μ´¥´É  ¤²Ö ¸²ÊÎ Ö ¶¥·¢¨Î´μ° Ô´¥·£¨¨ 30 �Ô‚, ¸¶²μÏ´ Ö Éμ´± Ö
±·¨¢ Ö Å ¶¥·¢¨Î´ Ö ±μ³¶μ´¥´É  ¶μ¸²¥ É· ´¸Ëμ·³ Í¨¨ (¢ μÉ²¨Î¨¥ μÉ Ô²¥±-
É·μ³ £´¨É´μ° ± ¸± ¤´μ° ³μ¤¥²¨ μ´  ¤μ³¨´¨·Ê¥É ¶·¨ ¸· ¢´¨É¥²Ó´μ ´¨§±¨Ì
Ô´¥·£¨ÖÌ).
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4. ��‘“†„…�ˆ… �…‡“‹œ’�’�‚ ˆ ‚›‚�„›

�  ·¨¸. 2 ¤²Ö ¸²ÊÎ Ö  ¶¶·μ±¸¨³ Í¨° ´ ¡²Õ¤¥´¨° VERITAS ¶μ± § ´Ò
®±μÔËË¨Í¨¥´ÉÒ Ê¸¨²¥´¨Ö ¶μÉμ± ¯ (μÉ´μÏ¥´¨¥ ³μ¤¥²Ó´μ° ¨´É¥´¸¨¢´μ¸É¨ ±
¸²ÊÎ Õ ®³μ¤¥²¨ Éμ²Ó±μ ¶μ£²μÐ¥´¨Ö¯ Å £μ·¨§μ´É ²Ó´ Ö ²¨´¨Ö ¶·¨ §´ Î¥-
´¨¨ 1): ¤²Ö Ô²¥±É·μ³ £´¨É´μ° ± ¸± ¤´μ° ³μ¤¥²¨ Å Éμ²¸Éμ° ¸¶²μÏ´μ° ±·¨-
¢μ° 1; ¡ §μ¢μ°  ¤·μ´´μ° ³μ¤¥²¨ ¸ ¶¥·¢¨Î´μ° Ô´¥·£¨¥° ¶·μÉμ´μ¢ 30 �Ô‚ Å
±·Ê¦± ³¨ 2; ¡ §μ¢μ°  ¤·μ´´μ° ³μ¤¥²¨ ¨ ¸É¥¶¥´´μ£μ ¶¥·¢¨Î´μ£μ ¸¶¥±É· 
1Ä100 �Ô‚ Å ±¢ ¤· É ³¨ 3; ®³μ¤¨Ë¨Í¨·μ¢ ´´μ°  ¤·μ´´μ° ³μ¤¥²¨¯ Å É·¥-
Ê£μ²Ó´¨± ³¨ 4; ³μ¤¥²¨ μ¸Í¨²²ÖÍ¨° γ →ALP [3] ¨ EBL [20] Å Éμ²¸Éμ° ÏÉ·¨-
Ìμ¢μ° ±·¨¢μ° 5; Éμ ¦¥, ´μ ¤²Ö EBL [10] Å ¶Ê´±É¨·´μ° ±·¨¢μ° 6. ˆ¸¸²¥¤μ-
¢ ´¨¥ [4] ¶μ¸É ¢¨²μ ¸ÊÐ¥¸É¢¥´´Ò¥ μ£· ´¨Î¥´¨Ö ´  μ¶É¨³¨¸É¨Î¥¸±ÊÕ ³μ¤¥²Ó
¸¨²Ó´μ£μ ¸³¥Ï¨¢ ´¨Ö γ →ALP (±·¨¢ Ö 5), ¶μÔÉμ³Ê ·¥§Ê²ÓÉ É, μ¡μ§´ Î¥´´Ò°
±·¨¢μ° 6, ¡μ²¥¥ ·¥ ²¨¸É¨Î¥´.

‚¸¥ · ¸¸³μÉ·¥´´Ò¥ ¢ ·¨ ´ÉÒ ± ¸± ¤´μ° ³μ¤¥²¨ ¤ ÕÉ §´ Î¥´¨Ö ±μÔËË¨-
Í¨¥´É  Ê¸¨²¥´¨Ö ¶μÉμ±  ¢ μ¡² ¸É¨ > 3 ’Ô‚, ¸· ¢´¨³Ò¥ ¨²¨ ¡μ²ÓÏ¥, Î¥³
Ô±§μÉ¨Î¥¸± Ö ³μ¤¥²Ó (¶Ê´±É¨·´ Ö ±·¨¢ Ö). �μÔÉμ³Ê ¶·μÍ¥¸¸ · §¢¨É¨Ö Ô²¥±-
É·μ³ £´¨É´ÒÌ ± ¸± ¤μ¢ μÉ ¶¥·¢¨Î´ÒÌ £ ³³ -±¢ ´Éμ¢ ¨²¨ ¶·μÉμ´μ¢ ³μ¦¥É
¶·¥¤¸É ¢²ÖÉÓ ¸μ¡μ° μ¶ ¸´Ò° ¨¸ÉμÎ´¨± Ëμ´  ¶·¨ ¶μ¨¸±¥  ´μ³ ²¨° ¢ μ¶É¨Î¥-
¸±¨ Éμ²¸Éμ° μ¡² ¸É¨. �μ¸±μ²Ó±Ê μÉ²¨Î¨¥ ³μ¤¥²¨ ¸ μ¸Í¨²²ÖÍ¨Ö³¨ γ →ALP
¨ ± ¸± ¤´ÒÌ ³μ¤¥²¥° ´ ¨¡μ²¥¥ Ö·±μ ¶·μÖ¢²Ö¥É¸Ö ¶·¨ ¸· ¢´¨É¥²Ó´μ ´¨§±¨Ì
Ô´¥·£¨ÖÌ (¸³. ·¨¸. 1, ¡ ¨ μ¡¸Ê¦¤¥´¨¥ μ¸μ¡¥´´μ¸É¥° ¸¶¥±É·  ¨ ¶¥·¥³¥´´μ¸É¨ ¢
· ³± Ì ± ¸± ¤´ÒÌ ³μ¤¥²¥° ¢ [11]), ¤²Ö μÉ±·ÒÉ¨Ö μ¸Í¨²²ÖÍ¨° γ →ALP ´¥¤μ-
¸É ÉμÎ´μ Ô±¸¶¥·¨³¥´Éμ¢ ¸ ¢Ò¸μ±¨³ Ô´¥·£¥É¨Î¥¸±¨³ ¶μ·μ£μ³ (¡μ²ÓÏ¥ 1 ’Ô‚);
± É ±¨³ ¶μ¨¸± ³ ´¥μ¡Ìμ¤¨³μ ¶·¨¢²¥± ÉÓ ¨´¸É·Ê³¥´ÉÒ ¸μ ¸· ¢´¨É¥²Ó´μ ´¨§-
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�¨¸. 2. ŠμÔËË¨Í¨¥´É Ê¸¨²¥´¨Ö ¶μÉμ±  ¤²Ö · §²¨Î´ÒÌ ³μ¤¥²¥°. �μ·³¨·μ¢±  ¶·¨ Ô´¥·-
£¨¨ 500 ƒÔ‚ ¸¢Ö§ ´  ¸ ´ ¨²ÊÎÏ¥° ¸É É¨¸É¨Î¥¸±μ° μ¡¥¸¶¥Î¥´´μ¸ÉÓÕ ¨ Ê³¥·¥´´Ò³¨
¸¨¸É¥³ É¨Î¥¸±¨³¨ ¶μ£·¥Ï´μ¸ÉÖ³¨ ¶·¨ ÔÉμ° Ô´¥·£¨¨
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±¨³ ¶μ·μ£μ³ (100 ƒÔ‚ ¨ ´¨¦¥), É ±¨¥ ± ± CTA [21]. �ÉμÉ ¢Ò¢μ¤ ¢ ¦¥´ ¤²Ö
¶² ´¨·μ¢ ´¨Ö £ ³³ - ¸É·μ´μ³¨Î¥¸±¨Ì Ô±¸¶¥·¨³¥´Éμ¢ ´μ¢μ£μ ¶μ±μ²¥´¨Ö.

� ¡μÉ  ¶μ¤¤¥·¦ ´  �””ˆ, £· ´É º16-32-00823.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Nikishov A. I. // JETP. 1962. V. 14. P. 393;
Gould R. J., Shreder G. // Phys. Rev. 1967. V. 155. P. 1408.

2. Horns D., Meyer M. // JCAP. 2012. ID 033;
Horns D. astro-ph/1602.07499. 2016.

3. Sanchez-Conde M. A. et al. // Phys. Rev. D. 2009. V. 79. ID 123511.

4. Ajello M. et al. (Fermi LAT) // Phys. Rev. Lett. 2016. V. 116. ID 161101.

5. Meyer M. et al. // Phys. Rev. D. 2013. V. 87. ID 035027.

6. Alui E. et al. // Astrophys. J. 2014. V. 782. P. 13.

7. Aharonian F. et al. // Astron. Astrophys. 2007. V. 475. L9.

8. Gilmore R. C. et al. // MNRAS. 2012. V. 422. P. 3189.

9. Brun R., Rademakers F. // Nucl. Instr. Meth. A. 1997. V. 389. P. 81.

10. Primack J. R. et al. astro-ph/0502177. 2005.

11. Dzhatdoev T. A. // J. Phys. Conf. Ser. 2015. V. 632. ID 012035

12. Kachelriess M. et al. // Comp. Phys. Commun. 2012. V. 183. P. 1036.

13. Kneiske T.M., Dole H. // Astron. Astrophys. 2010. V. 515. P.A19.

14. Dzhatdoev T. A. // Bull. Rus. Acad. Sci.: Phys. 2015. V. 79. P. 329.

15. Uryson A. // JETP. 1998. V. 86. P. 213.

16. Essey W., Kusenko A. // Astropart. Phys. 2010. V. 33. P. 81;
Essey W. et al. // Astrophys. J. 2011. V. 731. P. 51.

17. Essey W., Kusenko A. // Astropart. Phys. 2014. V. 57. P. 30.

18. Kampert K.-H. et al. // Astropart. Phys. 2013. V. 42. P. 41.

19. Alves Batista R. et al. // JCAP. 2016. ID 038.

20. Kneiske T.M. et al. // Astron. Astrophys. 2004. V. 413. P. 807.

21. Acharya B. S. et al. (CTA Collab.) // Astropart. Phys. 2013. V. 43. P. 3.


