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‚Ò¶μ²´¥´ · ¸Î¥É Ô´¥·£¥É¨Î¥¸±¨Ì ¸¶¥±É·μ¢ ¨ §¥´¨É´μ-Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨°  É³μ¸Ë¥·´ÒÌ
³Õμ´´ÒÌ ´¥°É·¨´μ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¤²Ö ¤¢ÊÌ ¢ ·¨ ´Éμ¢ ¶ · ³¥É·¨§ Í¨¨ ¸¶¥±É·  ¶¥·¢¨Î´ÒÌ ±μ¸-
³¨Î¥¸±¨Ì ²ÊÎ¥° (ƒ °¸¸¥· Ä•μ´¤Ò ¨ ‡ Í¥¶¨´ Ä‘μ±μ²Ó¸±μ°) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³μ¤¥²¥°  ¤·μ´´ÒÌ
¢§ ¨³μ¤¥°¸É¢¨° QGSJET-II-03 ¨ SIBYLL 2.1. ‘· ¢´¥´¨¥ Ê¸·¥¤´¥´´μ£μ ¶μ §¥´¨É´Ò³ Ê£² ³ ¸¶¥±É· 
³Õμ´´ÒÌ ´¥°É·¨´μ ¸ ·¥§Ê²ÓÉ É ³¨ Ô±¸¶¥·¨³¥´Éμ¢ Frejus, AMANDA-II ¨ IceCube40 ¶μ± §Ò¢ ¥É,
ÎÉμ ¤ ¦¥ ¶·¨ Ô´¥·£¨ÖÌ ¢ÒÏ¥ 100 ’Ô‚ ¢±² ¤ ´¥°É·¨´μ μÉ · ¸¶ ¤μ¢ μÎ ·μ¢ ´´ÒÌ Î ¸É¨Í ´¥ Ê¤ -
¥É¸Ö μ¶·¥¤¥²¨ÉÓ μ¤´μ§´ Î´μ. �·¨Î¨´  ÔÉμ£μ Å ³ ²Ò° ¢±² ¤ ÔÉμ° ±μ³¶μ´¥´ÉÒ ¨ ¢¸¥ ¥Ð¥ ¡μ²ÓÏ¨¥
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ μÏ¨¡±¨.

The calculation of the atmospheric high-energy muon neutrino spectra and zenith-angle distributions
is performed for two of the primary spectrum parameterizations (by GaisserÄHonda and by ZatsepinÄ
Sokolskaya) with usage of the hadronic models, QGSJET-II-03, SIBYLL 2.1. The comparison of zenith
angle-averaged muon neutrino spectrum with the data of Frejus, AMANDA-II, IceCube40 experiments
makes it clear that even at energies above 100 TeV the prompt neutrino contribution is not apparent
because of considerable uncertainties of the experimental data in high-energy region.

PACS: 13.85.-t; 13.85.tp; 13.15.+g

�¥°É·¨´μ ¢Ò¸μ±¨Ì ¨ ¸¢¥·Ì¢Ò¸μ±¨Ì Ô´¥·£¨°, μ¡· §ÊÕÐ¨¥¸Ö ¶·¨ · ¸¶ ¤ Ì ³Õμ´μ¢,
¶¨μ´μ¢, ± μ´μ¢ ¨ μÎ ·μ¢ ´´ÒÌ Î ¸É¨Í Ï¨·μ±μ£μ  É³μ¸Ë¥·´μ£μ ²¨¢´Ö, ¶μ·μ¦¤ ¥³μ£μ ±μ¸-
³¨Î¥¸±¨³¨ ²ÊÎ ³¨ ¢  É³μ¸Ë¥·¥ ‡¥³²¨, ¸μ¸É ¢²ÖÕÉ ´¥Ê¸É· ´¨³Ò° Ëμ´ ¤²Ö ¤¥É¥±É¨·μ¢ -
´¨Ö  ¸É·μË¨§¨Î¥¸±¨Ì ´¥°É·¨´μ Å ¢ ¦´μ° § ¤ Î¨, ¤²Ö ·¥Ï¥´¨Ö ±μÉμ·μ° ¸μ§¤ ´Ò ¡μ²ÓÏ¨¥
£²Ê¡μ±μ¢μ¤´Ò¥ É¥²¥¸±μ¶Ò �’200+ [1], ANTARES [2], IceCube40 [3]. �¡² ¸ÉÓ ¢Ò¸μ±¨Ì ¨
¸¢¥·Ì¢Ò¸μ±¨Ì Ô´¥·£¨° ¸É ´μ¢¨É¸Ö ¤μ¸ÉÊ¶´μ° ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ¨§ÊÎ¥´¨Ö  É³μ¸Ë¥·-
´ÒÌ ´¥°É·¨´μ Éμ²Ó±μ ¢ ¶μ¸²¥¤´¨¥ £μ¤Ò. Š ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É·
 É³μ¸Ë¥·´ÒÌ ³Õμ´´ÒÌ ´¥°É·¨´μ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¨§³¥·¥´ ´  É·¥Ì Ê¸É ´μ¢± Ì: Frejus [4]
¶·¨ Ô´¥·£¨ÖÌ ¤μ 1 ’Ô‚, AMANDA-II [5] ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨° 1Ä100 ’Ô‚, IceCube40 [3]
¢ ¤¨ ¶ §μ´¥ 100 ƒÔ‚ Ä 400 ’Ô‚. � ¸ÉÊÐ¨° ¢±² ¤ ¢ ´¥°É·¨´´Ò° ¶μÉμ± ¶·¨ Ô´¥·£¨ÖÌ ¢ÒÏ¥
100 ’Ô‚ ¤μ²¦´Ò ¤ ¢ ÉÓ · ¸¶ ¤Ò μÎ ·μ¢ ´´ÒÌ Î ¸É¨Í Å ¨¸ÉμÎ´¨± ´ ¨¡μ²ÓÏ¥° ´¥μ¶·¥-
¤¥²¥´´μ¸É¨. �μÔÉμ³Ê ¸· ¢´¥´¨¥ · ¸Î¥É  ¤²Ö · §´ÒÌ ³μ¤¥²¥°  ¤·μ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ¸
·¥§Ê²ÓÉ É ³¨ ¨§³¥·¥´¨° ¸¶¥±É·  ´¥°É·¨´μ ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸, ´¥¸³μÉ·Ö ´  ¡μ²ÓÏ¨¥
¸É É¨¸É¨Î¥¸±¨¥ ¨ ¸¨¸É¥³ É¨Î¥¸±¨¥ μÏ¨¡±¨ Ô±¸¶¥·¨³¥´É  ¢ μ¡² ¸É¨ ¢Ò¸μ±¨Ì Ô´¥·£¨°.
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�·¥¤¸É ¢²¥´´Ò° ¢ ¤ ´´μ° · ¡μÉ¥ · ¸Î¥É ¶μÉμ±μ¢  É³μ¸Ë¥·´ÒÌ ´¥°É·¨´μ ¢ ¨´É¥·¢ ²¥
Ô´¥·£¨° 10Ä107 ƒÔ‚ ¤²Ö §¥´¨É´ÒÌ Ê£²μ¢ μÉ 0 ¤μ 90◦ ¨ Ê¸·¥¤´¥´´μ£μ ¶μ §¥´¨É´μ³Ê Ê£²Ê
Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  ¢Ò¶μ²´¥´ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³μ¤¥²¥°  ¤·μ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°
SIBYLL 2.1 [6] ¨ QGSJET-II-03 [7], ±μÉμ·Ò¥ Ï¨·μ±μ ¶·¨³¥´ÖÕÉ¸Ö ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö
Ï¨·μ±¨Ì  É³μ¸Ë¥·´ÒÌ ²¨¢´¥° ¶μ ³¥Éμ¤Ê Œμ´É¥-Š ·²μ,   É ±¦¥ ¤²Ö · ¸Î¥Éμ¢ ¶μÉμ±μ¢
 ¤·μ´μ¢ ¨ ³Õμ´μ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° [8]. � ¸Î¥É ¶·μ¨§¢¥¤¥´ ¤²Ö ¤¢ÊÌ ¶ · ³¥É·¨§ Í¨°
¨§³¥·¥´´μ£μ ¢ Ô±¸¶¥·¨³¥´É¥ ¸¶¥±É·  ¨ ¸μ¸É ¢  ¶¥·¢¨Î´ÒÌ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°. Œμ¤¥²Ó
‡ Í¥¶¨´  ¨ ‘μ±μ²Ó¸±μ° (ZS) [9] Ìμ·μÏμ μ¶¨¸Ò¢ ¥É ¤ ´´Ò¥ ¶·Ö³ÒÌ ¨§³¥·¥´¨° ATIC-2
¢ ¨´É¥·¢ ²¥ 10Ä104 ƒÔ‚ [10] ¨ ¤ ¥É ³μÉ¨¢¨·μ¢ ´´ÊÕ Ô±¸É· ¶μ²ÖÍ¨Õ ÔÉ¨Ì ¤ ´´ÒÌ ¤²Ö
μ¡² ¸É¨ Ô´¥·£¨° ¤μ 100 �Ô‚, £¤¥ ¸¶¥±É· ¨ ¸μ¸É ¢ ¢μ¸¸É ´ ¢²¨¢ ÕÉ¸Ö ´  μ¸´μ¢¥ ¨§³¥-
·¥´´ÒÌ Ì · ±É¥·¨¸É¨± Ï¨·μ±¨Ì  É³μ¸Ë¥·´ÒÌ ²¨¢´¥°. „·Ê£μ° ¨¸¶μ²Ó§Ê¥³Ò° ¢ ·¨ ´É Å
¨§¢¥¸É´ Ö ¶ · ³¥É·¨§ Í¨Ö ¸¶¥±É·  ¨ ¸μ¸É ¢  ¶¥·¢¨Î´ÒÌ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ƒ °¸¸¥· Ä
•μ´¤Ò (GH) [11] (¢¥·¸¨Ö ¸ ¢Ò¸μ±¨³ ¸μ¤¥·¦ ´¨¥³ Ö¤¥· £¥²¨Ö). �¡¥ ³μ¤¥²¨ ¸μ£² ¸ÊÕÉ¸Ö
¸ ¤ ´´Ò³¨ Ô±¸¶¥·¨³¥´É  KASCADE [12].

‘· ¢´¥´¨¥ · ¸¸Î¨É ´´ÒÌ ¸¶¥±É·μ¢ νμ + ν̄μ ´¥°É·¨´μ μÉ (μ, π, K)-· ¸¶ ¤μ¢ (Ê¸·¥¤´¥´-
´ÒÌ ¶μ §¥´¨É´μ³Ê Ê£²Ê) ¸ ¤ ´´Ò³¨, ¶μ²ÊÎ¥´´Ò³¨ ´  Ê¸É ´μ¢± Ì Frejus, AMANDA-II ¨
IceCube40, ¶μ± § ´μ ´  ·¨¸. 1, 2. � §²¨Î¨¥ ¶¥·¢¨Î´ÒÌ ¸¶¥±É·μ¢ ³μ¤¥²¥° GH ¨ ZS ¸É ´μ-
¢¨É¸Ö § ³¥É´Ò³ ¶μ¸²¥ 100 ’Ô‚, £¤¥ ´  ¶μÉμ±¥ ´¥°É·¨´μ ¸± §Ò¢ ¥É¸Ö ¨§²μ³ ¶¥·¢¨Î´μ£μ
¸¶¥±É·  ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° (·¨¸. 1). �·¨ Ô´¥·£¨¨ 1 �Ô‚ · ¸Î¥É´Ò° ¶μÉμ± ´¥°É·¨´μ
¤²Ö ¸¶¥±É·  GH ¶ÖÉ¨±· É´μ ¶·¥¢ÒÏ ¥É ¶μÉμ± ¤²Ö ¸¶¥±É·  ZS. �·¥¤¸± § ´´Ò¥ ¶μÉμ±¨
´¥°É·¨´μ, ¶μ²ÊÎ¥´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³μ¤¥²¨  ¤·μ´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° SIBYLL 2.1,
¶·¨¡²¨§¨É¥²Ó´μ ¢ ¶μ²Éμ·  · §  ¢ÒÏ¥ ¶·¥¤¸± § ´¨° ¤·Ê£μ° ³μ¤¥²¨ Å QGSJET-II-03
(·¨¸. 2).

�¨¸. 1. ‘¶¥±É·  É³μ¸Ë¥·´ÒÌ νμ + ν̄μ, Ê¸·¥¤´¥´´Ò° ¶μ §¥´¨É´μ³Ê Ê£²Ê: ¸¶²μÏ´ Ö ²¨´¨Ö Å
§ ¢¨¸¨³μ¸ÉÓ μÉ ¸¶¥±É·  ¶¥·¢¨Î´ÒÌ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°; ÉμÎ±¨ Å ¤ ´´Ò¥ Ô±¸¶¥·¨³¥´Éμ¢ Frejus,

AMANDA-II, IceCube40
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�¨¸. 2. �´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· νμ + ν̄μ, Ê¸·¥¤´¥´´Ò° ¶μ §¥´¨É´μ³Ê Ê£²Ê: ¸¶²μÏ´ Ö ²¨´¨Ö Å

§ ¢¨¸¨³μ¸ÉÓ μÉ ³μ¤¥²¨  ¤·μ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°

�¨¸. 3. �μÉμ±¨ ³Õμ´´ÒÌ ´¥°É·¨´μ μÉ (μ, π,K, D)-· ¸¶ ¤μ¢. �·¨¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´-

´Ò¥ Frejus, AMANDA-II ¨ IceCube40. � ¸Î¥ÉÒ ¤²Ö ¶¥·¢¨Î´μ£μ ¸¶¥±É·  ³μ¤¥²¨ ZS: ¸¶²μÏ´ Ö

²¨´¨Ö Å μ¡ÒÎ´Ò¥ ´¥°É·¨´μ (μÉ (μ, π, K)-· ¸¶ ¤μ¢); ¶Ê´±É¨·´ Ö Å ¸Ê³³  μ¡ÒÎ´ÒÌ ´¥°É·¨´μ ¨
´¥°É·¨´μ μÉ · ¸¶ ¤μ¢ μÎ ·μ¢ ´´ÒÌ Î ¸É¨Í ¢ · ³± Ì RQPM; ÏÉ·¨Ìμ¢ Ö Å Éμ ¦¥ ¸ ³μ¥, ´μ ¤²Ö

®¶·Ö³ÒÌ¯ ´¥°É·¨´μ ¢ QGSM
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‘Ê³³ ·´Ò° ¸¶¥±É· μ¡ÒÎ´ÒÌ ¨ ®¶·Ö³ÒÌ¯ ´¥°É·¨´μ, · ¸¸Î¨É ´´Ò° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
QGSJET-II-03 ¨ ³μ¤¥²¨ ±¢ ·±-£²Õμ´´ÒÌ ¸É·Ê´ (QGSM) [13], ´¥¶²μÌμ μ¶¨¸Ò¢ ¥É ¤ ´-
´Ò¥ IceCube40 (·¨¸. 3). �·¥¤¸± § ´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ QGSM, ¶μÉμ±¨ ³Õμ´´ÒÌ ´¥°-
É·¨´μ ¢ ¨´É¥·¢ ²¥ 200Ä400 ’Ô‚ ´¥ ¶·μÉ¨¢μ·¥Î É μ£· ´¨Î¥´¨Õ ´  ¤¨ËËÊ§´Ò° ¶μÉμ±
 ¸É·μË¨§¨Î¥¸±¨Ì ´¥°É·¨´μ (7,2 · 10−9E−2 ƒÔ‚−1 · ¸³−2 · ¸−1 · ¸·−1), Ê¸É ´μ¢²¥´´μ³Ê
IceCube59 [14] ¤²Ö ¨´É¥·¢ ²  Ô´¥·£¨° 160 ’Ô‚ Ä 40 �Ô‚. ‚ μÉ²¨Î¨¥ μÉ QGSM, ·¥-
±μ³¡¨´ Í¨μ´´ Ö ±¢ ·±-¶ ·Éμ´´ Ö ³μ¤¥²Ó (RQPM ´  ·¨¸. 3) ¶·¥¤¸± §Ò¢ ¥É § ¢ÒÏ¥´´Ò°
¶μÉμ± ³Õμ´´ÒÌ ´¥°É·¨´μ, ´¥ ¸μ£² ¸ÊÕÐ¨°¸Ö ¸μ ¸¶¥±É·μ³, ¨§³¥·¥´´Ò³ ¢ Ô±¸¶¥·¨³¥´É¥
IceCube40.

ˆÉ ±, ¢Ò¶μ²´¥´´Ò° · ¸Î¥É ¸¶¥±É·μ¢ ³Õμ´´ÒÌ ´¥°É·¨´μ ¶μ± § ² ¸² ¡ÊÕ § ¢¨¸¨³μ¸ÉÓ
μÉ ³μ¤¥²¨ ¸¶¥±É·  ¨ ¸μ¸É ¢  ¶¥·¢¨Î´ÒÌ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¢ μ¡² ¸É¨ 10Ä105 ƒÔ‚, ´¥
¢±²ÕÎ ÕÐ¥° ¨§²μ³ ¸¶¥±É·  ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°. �¤´ ±μ ¨¸¶μ²Ó§μ¢ ´¨¥ ³μ¤¥²¥°  ¤·μ´-
´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° QGSJET-II ¨ SIBYLL 2.1 ¢ ÔÉμ° μ¡² ¸É¨ Ô´¥·£¨° ¶·¨¢μ¤¨É ± § -
³¥É´μ³Ê · §²¨Î¨Õ ¶μÉμ±μ¢ ´¥°É·¨´μ, μ¸´μ¢´Ò³ ¨¸ÉμÎ´¨±μ³ ±μÉμ·μ£μ ¶·¨ Ô´¥·£¨ÖÌ ¤μ
100 ’Ô‚ Ö¢²ÖÕÉ¸Ö, ¶μ-¢¨¤¨³μ³Ê, ¶·μÍ¥¸¸Ò ·μ¦¤¥´¨Ö ± μ´μ¢. �·¨ ¡μ²¥¥ ¦¥ ¢Ò¸μ±¨Ì Ô´¥·-
£¨ÖÌ ¶·¨³¥Ï¨¢ ÕÉ¸Ö ´¥μ¶·¥¤¥²¥´´μ¸É¨, ¸¢Ö§ ´´Ò¥ ¸ ¸¥Î¥´¨Ö³¨ ·μ¦¤¥´¨Ö μÎ ·μ¢ ´´ÒÌ
Î ¸É¨Í.

‘· ¢´¥´¨¥ · ¸¸Î¨É ´´μ£μ ¶μÉμ±  ³Õμ´´ÒÌ ´¥°É·¨´μ ¸ ¨§³¥·¥´¨Ö³¨ IceCube40 ¶μ± -
§Ò¢ ¥É, ÎÉμ ³μ¤¥²Ó QGSJET-II-03 Ö¢²Ö¥É¸Ö ¡μ²¥¥ ¶·¥¤¶μÎÉ¨É¥²Ó´μ°. “Î¥É ¢±² ¤  ¶·Ö³ÒÌ
´¥°É·¨´μ ¢ · ³± Ì ³μ¤¥²¨ ±¢ ·±-£²Õμ´´ÒÌ ¸É·Ê´ (QGSM) ¶·¨¢μ¤¨É ± Ê²ÊÎÏ¥´¨Õ ¸μ-
£² ¸¨Ö · ¸Î¥É  ¨ Ô±¸¶¥·¨³¥´É . ‚¥·Ì´¨° ¶·¥¤¥² ´  ¤¨ËËÊ§´Ò¥ ¶μÉμ±¨  ¸É·μË¨§¨Î¥¸±¨Ì
´¥°É·¨´μ, Ê¸É ´μ¢²¥´´Ò° IceCube59 [14] ¤²Ö ¨´É¥·¢ ²  160 ’Ô‚Ä 40 �Ô‚, ¶μ§¢μ²Ö¥É ¶μ-
²ÊÎ¨ÉÓ μ£· ´¨Î¥´¨Ö ´  ³μ¤¥²¨ ·μ¦¤¥´¨Ö μÎ ·μ¢ ´´ÒÌ Î ¸É¨Í. Œμ¤¥²Ó ±¢ ·±-£²Õμ´´ÒÌ
¸É·Ê´ ´¥ ¶·μÉ¨¢μ·¥Î¨É ÔÉμ³Ê ¶·¥¤¥²Ê, ¶·¥¤¸± § ´¨¥ ¦¥ ¶μÉμ±  ¶·Ö³ÒÌ ´¥°É·¨´μ [13] ¢
· ³± Ì ·¥±μ³¡¨´ Í¨μ´´μ° ±¢ ·±-¶ ·Éμ´´μ° ³μ¤¥²¨ (RQPM) ´¥ ¶μ²ÊÎ ¥É ¶μ¤É¢¥·¦¤¥´¨Ö.

� ¸ÉμÖÐ Ö · ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ Œ¨´¨¸É¥·¸É¢  μ¡· §μ¢ ´¨Ö
¨ ´ Ê±¨ �” ¢ · ³± Ì ”–� ®� ÊÎ´Ò¥ ¨ ´ ÊÎ´μ-¶¥¤ £μ£¨Î¥¸±¨¥ ± ¤·Ò ¨´´μ¢ Í¨μ´´μ°
�μ¸¸¨¨¯ (ƒŠ º 14.740.11.0890, �681).
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