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

‚ ¤ ´´μ° ¸É ÉÓ¥ μ¶Ê¡²¨±μ¢ ´Ò ·¥§Ê²ÓÉ ÉÒ ¸¨¸É¥³ É¨Î¥¸±¨Ì ¨§³¥·¥´¨° ¨´±²Õ§¨¢´ÒÌ ¤¢ ¦¤Ò
¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ·μ¦¤¥´¨Ö  ¤·μ´μ¢ ¢μ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶·μÉμ´μ¢ ¨ § ·Ö¦¥´´ÒÌ ¶¨μ´μ¢
¸ ¨³¶Ê²Ó¸ ³¨ μÉ ±3 ¤μ ±15 ƒÔ‚/c ¸ Éμ´±¨³¨ ³¨Ï¥´Ö³¨, ¨§£μÉμ¢²¥´´Ò³¨ ¨§ Be, C, Cu, Sn,
Ta ¨ Pb.

We report on double-differential inclusive cross-sections of the production of secondary protons and
charged pions, in the interactions with the thin stationary targets made of Be, C, Cu, Sn, Ta and Pb, of
proton and pion beams with momentum from ±3 to ±15 GeV/c.

PACS: 25.40.Qa; 29.30.Aj; 29.40.Gx

1. �Š‘�…�ˆŒ…�’ HARP

‡ ¤ Î¥° Ô±¸¶¥·¨³¥´É  HARP [1] Ö¢²Ö¥É¸Ö ¶·¥Í¨§¨μ´´μ¥ ¸¨¸É¥³ É¨Î¥¸±μ¥ ¨§³¥·¥´¨¥
¨´±²Õ§¨¢´ÒÌ ¤¢ ¦¤Ò ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ·μ¦¤¥´¨Ö  ¤·μ´μ¢ ¢μ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ
¶·μÉμ´μ¢ ¨ § ·Ö¦¥´´ÒÌ ¶¨μ´μ¢ (π+, π−) ¸ ¨³¶Ê²Ó¸ ³¨ 3, 5, 8, 12, 15 ƒÔ‚/c ¸ · §²¨Î-
´Ò³¨ Ö¤· ³¨. „²Ö ÔÉμ£μ ¶·¨³¥´Ö²¨¸Ó Éμ´±¨¥ ³¨Ï¥´¨ Éμ²Ð¨´μ° 5 % μÉ ¤²¨´Ò Ö¤¥·´μ£μ
¢§ ¨³μ¤¥°¸É¢¨Ö, ¨§£μÉμ¢²¥´´Ò¥ ¨§ Be, C, Cu, Sn, Ta ¨ Pb. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ³μ£ÊÉ
¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¤²Ö ¶·¥¤¸± § ´¨Ö Ì · ±É¥·¨¸É¨± ´¥°É·¨´´ÒÌ ¶ÊÎ±μ¢ ¢ Ô±¸¶¥·¨³¥´É Ì ¸
Ê¸±μ·¨É¥²Ó´Ò³¨ ´¥°É·¨´μ, ³μ¤¥²¨·μ¢ ´¨Ö ¶μÉμ±μ¢  É³μ¸Ë¥·´ÒÌ ´¥°É·¨´μ ¨ ÊÉμÎ´¥´¨Ö
· ¡μÉÒ ¶·μ£· ³³-£¥´¥· Éμ·μ¢, ³μ¤¥²¨·ÊÕÐ¨Ì ¶μ ³¥Éμ¤Ê Œμ´É¥-Š ·²μ ¢§ ¨³μ¤¥°¸É¢¨Ö
 ¤·μ´μ¢ ¸ · §²¨Î´Ò³¨ ¢¨¤ ³¨ ¢¥Ð¥¸É¢ .

„¥É¥±Éμ· HARP ¨§μ¡· ¦¥´ ´  ·¨¸. 1.
‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¸¥Î¥´¨° ¸ ¶μ³μÐÓÕ ¸¶¥±É·μ-

³¥É·  ¡μ²ÓÏ¨Ì Ê£²μ¢. ‚ ´¥³ ¨¸¶μ²Ó§μ¢ ²μ¸Ó ¤¢  É¨¶  ¤¥É¥±Éμ· : ¢·¥³Ö¶·μ¥±Í¨μ´´ Ö
± ³¥·  (Time Projection Chamber, TPC), ·¥£¨¸É·¨·ÊÕÐ Ö É·¥±¨ ¢Éμ·¨Î´ÒÌ § ·Ö¦¥´´ÒÌ
Î ¸É¨Í, ¨ ¸¨¸É¥³  ·¥§¨¸É¨¢´ÒÌ ¶²μ¸±¨Ì ± ³¥· (Resistive Plate Chamber, RPC), ¸²Ê¦ Ð Ö

1� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ¸μ¸É ¢¥ £·Ê¶¶Ò HARP-CDP.
2E-mail: nst@nusun.jinr.ru



ˆ´±²Õ§¨¢´Ò¥ ¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö  ¤·μ´μ¢ 165

�¨¸. 1. „¥É¥±Éμ· HARP

¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ É¨¶  Î ¸É¨Í ¶μ ¢·¥³¥´¨ ¶·μ²¥É . „¥É¥±Éμ·Ò Ê¸É ´μ¢²¥´Ò ¢´ÊÉ·¨
¸μ²¥´μ¨¤ ²Ó´μ£μ ³ £´¨É  ¸ ´ ¶·Ö¦¥´´μ¸ÉÓÕ ³ £´¨É´μ£μ ¶μ²Ö 0,7 ’². Œ¨Ï¥´¨ Ê¸É ´ ¢²¨-
¢ ²¨¸Ó ¢´ÊÉ·¨ TPC, ÎÉμ ¶μ§¢μ²¨²μ ·¥£¨¸É·¨·μ¢ ÉÓ ·μ¦¤¥´¨¥ Î ¸É¨Í ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥
¶μ²Ö·´μ£μ Ê£²  ¢Ò²¥É  (20 ◦ < θ < 125 ◦).

2. Š�‹ˆ	��‚Š� ‚�…ŒŸ���…Š–ˆ����‰ Š�Œ…�›

‚·¥³Ö¶·μ¥±Í¨μ´´ Ö ± ³¥·  ¶·¨³¥´Ö² ¸Ó ¢ ± Î¥¸É¢¥ É·¥±μ¢μ£μ ¤¥É¥±Éμ·  ¢ ¸¶¥±É·μ-
³¥É·¥ ¡μ²ÓÏ¨Ì Ê£²μ¢,   É ±¦¥ ¶μ§¢μ²Ö²  ¨¤¥´É¨Ë¨Í¨·μ¢ ÉÓ Î ¸É¨ÍÒ ¶μ ¨μ´¨§ Í¨μ´´Ò³
¶μÉ¥·Ö³. Š ³¥·  ’�‘ ·¥£¨¸É·¨·Ê¥É ±² ¸É¥·Ò ¨μ´¨§ Í¨μ´´ÒÌ Ô²¥±É·μ´μ¢, ·μ¦¤ ÕÐ¨Ì¸Ö
¶·¨ ¶·μÌμ¦¤¥´¨Ö § ·Ö¦¥´´μ° Î ¸É¨ÍÒ ¢ £ §¥ ¤¥É¥±Éμ· , ÎÉμ ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ¶·μ-
¸É· ´¸É¢¥´´μ¥ ¨§μ¡· ¦¥´¨¥ É·¥± . Š·μ³¥ Éμ£μ, ¨§³¥·¥´¨¥ ¢¥²¨Î¨´Ò ¨μ´¨§ Í¨μ´´ÒÌ ¶μ-
É¥·Ó (dE/dx) ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ É¨¶  Î ¸É¨ÍÒ. Šμ´¸É·Ê±Í¨Ö ¨ Ì · ±-
É¥·¨¸É¨±¨ HARP TPC μ¶¨¸ ´Ò ¢ [2]. Š ³¥·  · ¸¸Î¨É ´  ´  ·¥£¨¸É· Í¨Õ ¸μ¡ÒÉ¨° ¸
³´μ¦¥¸É¢¥´´μ¸ÉÓÕ ¤μ 10 ¢Éμ·¨Î´ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í. „¨ ¶ §μ´ ¨§³¥·Ö¥³ÒÌ ¶μ¶¥·¥Î-
´ÒÌ ¨³¶Ê²Ó¸μ¢ 50 ŒÔ‚/c Ä 1,5 ƒÔ‚/c.

�  ·¥£¨¸É· Í¨Õ ±μμ·¤¨´ É ±² ¸É¥·μ¢ TPC, ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ±μÉμ·ÒÌ ¢μ¸¸É ´ ¢²¨-
¢ ²¨¸Ó É·¥±¨, μ± §Ò¢ ²¨ ¢²¨Ö´¨¥ ¤¢  ´¥¶·¥¤¢¨¤¥´´ÒÌ § · ´¥¥ Ö¢²¥´¨Ö: ¶¥·¥±·¥¸É´Ò¥
¶μ³¥Ì¨ μÉ ¢ÒÌμ¤μ¢ ´  ¢Ìμ¤Ò ¶·¥¤Ê¸¨²¨É¥²¥° ¸¨£´ ²μ¢, ¶μ²ÊÎ¥´´ÒÌ ¸ ¸¨£´ ²Ó´ÒÌ Ô²¥±-
É·μ¤μ¢ TPC, ¨ ¨¸± ¦¥´¨Ö Ô²¥±É·¨Î¥¸±μ£μ ¨ ³ £´¨É´μ£μ ¶μ²¥° ¢ μ¡Ñ¥³¥ TPC. ‚ Éμ
¢·¥³Ö ± ± ¨¸± ¦¥´¨Ö ¶μ²¥° ¡Ò²¨ ¢ ±μ´¥Î´μ³ ¨Éμ£¥ Ìμ·μÏμ ¨§ÊÎ¥´Ò ¨ ±μ³¶¥´¸¨·μ-
¢ ´Ò, ÔËË¥±ÉÒ μÉ ¶¥·¥±·¥¸É´ÒÌ ¶μ³¥Ì ¡Ò²¨ ¨¸¶· ¢²¥´Ò Éμ²Ó±μ Î ¸É¨Î´μ. ‚¸¥ ÔÉ¨
Ö¢²¥´¨Ö ¶·¨¢μ¤¨²¨ ± ¨¸± ¦¥´¨Ö³ ·¥£¨¸É·¨·Ê¥³ÒÌ ±μμ·¤¨´ É É· ¥±Éμ·¨° ¢Éμ·¨Î´ÒÌ
Î ¸É¨Í ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ± μÏ¨¡± ³ ¢ ¨§³¥·¥´¨¨ ¨Ì ¨³¶Ê²Ó¸μ¢. ‚ ¶·μÍ¥¸¸¥ ± ²¨-
¡·μ¢±¨ ¡Ò²μ ¢ÒÖ¢²¥´μ ¤¢  É¨¶  ¨¸± ¦¥´¨° É·¥±μ¢: ¸É É¨Î¥¸±¨¥ ¨ ¤¨´ ³¨Î¥¸±¨¥. ‘É -
É¨Î¥¸±¨¥ ¨¸± ¦¥´¨Ö ´¥ § ¢¨¸ÖÉ μÉ ´ ²¨Î¨Ö ¶ÊÎ±  Ê¸±μ·¨É¥²Ö, ¢ Éμ ¢·¥³Ö ± ± ¤¨´ ³¨-
Î¥¸±¨¥ ¢μ§´¨± ÕÉ ¢μ ¢·¥³Ö ¸¡·μ¸  ¶ÊÎ±  ¨ Ê¸¨²¨¢ ÕÉ¸Ö ± ±μ´ÍÊ ¸¡·μ¸ . Š ²¨¡·μ¢± 
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�¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ TPC HARP

� §·¥Ï¥´¨¥ 1/pT , (ƒÔ‚/c)−1 0,20Ä0,25

� §·¥Ï¥´¨¥ ¶μ θ ¤²Ö 60 ◦, ³· ¤ ∼ 9

� §·¥Ï¥´¨¥ ¶μ dE/dx, % ∼ 16

TPC ¶μ§¢μ²¨²  Ê³¥´ÓÏ¨ÉÓ ¨¸± ¦¥´¨Ö ¤μ ¶·¨¥³²¥³μ£μ Ê·μ¢´Ö: 150 ³±³ ¤²Ö ¸É É¨Î¥-
¸±¨Ì ¨ 300 ³±³ ¤²Ö ¤¨´ ³¨Î¥¸±¨Ì ¨¸± ¦¥´¨°. ’ ±¦¥ ¡Ò²  ¶·μ¢¥¤¥´  ± ²¨¡·μ¢±  ± -
³¥· RPC.

�μ¤·μ¡´μ¥ μ¶¨¸ ´¨¥ ¨³¥ÕÐ¨Ì¸Ö ¨¸± ¦¥´¨°, ³¥Éμ¤μ¢ ¨Ì ±μ··¥±Í¨¨ ¨ ¨Ì ¢²¨Ö´¨¥
´  ±μ´¥Î´Ò° ·¥§Ê²ÓÉ É ³μ¦´μ ´ °É¨ ¢ [2]. • · ±É¥·¨¸É¨±¨ TPC, ¶μ²ÊÎ¥´´Ò¥ ¶μ¸²¥
± ²¨¡·μ¢±¨ ¤¥É¥±Éμ· , ¸¢¥¤¥´Ò ¢ É ¡²¨ÍÊ.

3. ˆ‡Œ…�…�ˆ… ‘…—…�ˆŸ
��†„…�ˆŸ ‚’��ˆ—�›• —�‘’ˆ–

‚ ���’��- ˆ �ˆ��-Ÿ„…��›• ‚‡�ˆŒ�„…‰‘’‚ˆŸ•
�� ’��Šˆ• Œˆ˜…�Ÿ•

ˆ§³¥·¥´¨¥ ¨´±²Õ§¨¢´ÒÌ ¤¢ ¦¤Ò ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ¶·μ¢μ¤¨²μ¸Ó ¢ ¨´É¥·-
¢ ² Ì ¶μ²Ö·´μ£μ Ê£²  θ ¨ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  pT ¨ ¶·¥¤¸É ¢²Ö²μ¸Ó ¢ ¢¨¤¥ d2σ/dpdΩ.

ˆ§³¥·¥´´Ò¥ ¨´±²Õ§¨¢´Ò¥ ¤¢ ¦¤Ò ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö ¢Éμ·¨Î´ÒÌ
¶·μÉμ´μ¢ ¨ § ·Ö¦¥´´ÒÌ ¶¨μ´μ¢ μ¶Ê¡²¨±μ¢ ´Ò ¢ ¢¨¤¥ É ¡²¨Í ¤²Ö Be [3,4], C [5], Cu [6],
Sn [7], Ta [8] ¨ Pb [9]. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ´ Ìμ¤ÖÉ¸Ö ¢ Ìμ·μÏ¥³ ¸μ£² ¸¨¨ ¸ ·¥§Ê²Ó-
É É ³¨ Ô±¸¶¥·¨³¥´Éμ¢ E802 [10] ¨ E910 [11]. ‚ É ¡²¨ÍÒ ¢±²ÕÎ¥´Ò ¸É É¨¸É¨Î¥¸±¨¥ ¨
¸¨¸É¥³ É¨Î¥¸±¨¥ μÏ¨¡±¨. ‘É É¨¸É¨Î¥¸±¨¥ μÏ¨¡±¨ ¢ ¡μ²ÓÏ¨´¸É¢¥ ¨´É¥·¢ ²μ¢ ´ Ìμ¤ÖÉ¸Ö
´  Ê·μ¢´¥ 2Ä5 %. ‘¨¸É¥³ É¨Î¥¸±¨¥ μÏ¨¡±¨ ¸μ¸É ¢²ÖÕÉ ´¥¸±μ²Ó±μ ¶·μÍ¥´Éμ¢. ‚ É ¡²¨-
Í Ì É ±¦¥ Ê± § ´Ò ¸·¥¤´¨¥ §´ Î¥´¨Ö ¶μ²Ö·´μ£μ Ê£²  ¨ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸ . ˆ³¥¥É¸Ö
¤μ¸ÉÊ¶ ± Ô²¥±É·μ´´Ò³ É ¡²¨Í ³ ¢ Ëμ·³ É¥ ASCII ¤²Ö ¤ ´´ÒÌ [12].

’ ±¦¥ ¡Ò²¨ ¨§³¥·¥´Ò ¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö ¤¥°É·μ´μ¢ ¤²Ö ± ¦¤μ° ¨§ ¶¥·¥Î¨¸²¥´´ÒÌ
¢ÒÏ¥ ³¨Ï¥´¥°. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° μ¶Ê¡²¨±μ¢ ´Ò ¢ ¢¨¤¥ μÉ´μÏ¥´¨° ±μ²¨Î¥¸É¢  ¤¥°-
É·μ´μ¢ ± ¢Éμ·¨Î´Ò³ ¶·μÉμ´ ³.

�  ·¨¸. 2 ¶μ± § ´Ò ´¥±μÉμ·Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¸¥Î¥´¨° ·μ¦¤¥´¨Ö ¢Éμ·¨Î´ÒÌ
¶·μÉμ´μ¢ ¨ § ·Ö¦¥´´ÒÌ ¶¨μ´μ¢ ¢μ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶ÊÎ±μ¢ÒÌ ¶·μÉμ´μ¢ ¸ Éμ´±μ° É ´É -
²μ¢μ° ³¨Ï¥´ÓÕ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶·μ¨§¢¥¤¥´¨Ö ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  ´  § ·Ö¤.

�  ·¨¸. 3 ¶μ± § ´Ò ¢ ¸· ¢´¥´¨¨ ¨´±²Õ§¨¢´Ò¥ ¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö π+ ¨ π− ¢ ¨´É¥·-
¢ ² Ì ¶μ²Ö·´μ£μ Ê£²  20 < θ < 30 ◦, ·μ¦¤¥´´ÒÌ ¢μ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶·μÉμ´μ¢ ¸ Ö¤· ³¨
¡¥·¨²²¨Ö 1, Ê£²¥·μ¤ , ³¥¤¨, μ²μ¢ , É ´É ²  ¨ ¸¢¨´Í . �  ·¨¸Ê´±¥ Ìμ·μÏμ ¢¨¤´  § ¢¨¸¨-
³μ¸ÉÓ ¢¥²¨Î¨´Ò ¸¥Î¥´¨° μÉ É¨¶  ¢¥Ð¥¸É¢  ³¨Ï¥´¨.

‘¥Î¥´¨Ö, ¨§³¥·¥´´Ò¥ ¢ ¤ ´´μ° · ¡μÉ¥, ¡Ò²¨ ¶·¨³¥´¥´Ò ¶·¨ ¢Ò¡μ·¥ μ¶É¨³ ²Ó´μ°
Ô´¥·£¨¨ ¶·μÉμ´´μ£μ Ê¸±μ·¨É¥²Ö ´¥°É·¨´´μ° Ë ¡·¨±¨ [13].

1„ ´´Ò¥ ´  ¡¥·¨²²¨¥¢μ° ³¨Ï¥´¨ ´ ¡¨· ²¨¸Ó ¶·¨ ¨³¶Ê²Ó¸¥ ¶ÊÎ±  8,9 ƒÔ‚/c, μ´¨ ¡Ò²¨ ¨´É¥·¶μ²¨·μ¢ ´Ò ´ 
ÔÉ¨Ì £· Ë¨± Ì ¤²Ö ¨³¶Ê²Ó¸  ¶ÊÎ±  8 ƒÔ‚/c ¤²Ö Ê¤μ¡¸É¢  ¸· ¢´¥´¨Ö.
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�¨¸. 2. ˆ´±²Õ§¨¢´Ò¥ ¤¢ ¦¤Ò ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö ¢Éμ·¨Î´ÒÌ ¶·μÉμ´μ¢, π+ ¨

π−, ¶μ²ÊÎ¥´´ÒÌ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¶·μÉμ´μ¢ ¸ Ö¤· ³¨ É ´É ²  ¢ ¨´É¥·¢ ²¥ ¶μ²Ö·´ÒÌ Ê£²μ¢ 20 <

θ < 30 ◦ ¤²Ö · §²¨Î´ÒÌ ¨³¶Ê²Ó¸μ¢ ¶ÊÎ±μ¢ÒÌ Î ¸É¨Í, ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶·μ¨§¢¥¤¥´¨Ö ¶μ¶¥·¥Î´μ£μ

¨³¶Ê²Ó¸  ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ´  ¨Ì § ·Ö¤. �μ± § ´Ò ¶μ²´Ò¥ μÏ¨¡±¨
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�¨¸. 3. ˆ´±²Õ§¨¢´Ò¥ ¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö ¶¨μ´μ¢ ¢ ¤¨ ¶ §μ´¥ Ê£²μ¢ 20 < θ < 30 ◦, ¶μ²ÊÎ¥´´ÒÌ
¢μ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶ÊÎ±μ¢ÒÌ ¶·μÉμ´μ¢ ¸ ¨³¶Ê²Ó¸μ³ 8 ƒÔ‚/c ¸ Ö¤· ³¨ ¡¥·¨²²¨Ö, Ê£²¥·μ¤ , ³¥¤¨,

μ²μ¢ , É ´É ²  ¨ ¸¢¨´Í . ‘¥Î¥´¨Ö ¶μ± § ´Ò ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶·μ¨§¢¥¤¥´¨Ö ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸ 
´  § ·Ö¤ Î ¸É¨ÍÒ

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Catanesi M.G. et al. CERN-SPSC/2004-018, SPSC-M-717. 2004.

2. Ammosov V. et al. // Nucl. Instr. Meth. A. 2008. V. 588. P. 294.

3. Bolshakova A. et al. // Eur. Phys. J. C. 2009. V. 62. P. 293.

4. Bolshakova A. et al. // Ibid. P. 697.

5. Bolshakova A. et al. // Eur. Phys. J. C. 2010. V. 70. P. 573.

6. Bolshakova A. et al. // Eur. Phys. J. C. 2009. V. 64. P. 181.

7. Bolshakova A. et al. // Eur. Phys. J. C. 2011. V. 71. P. 1719.

8. Bolshakova A. et al. // Eur. Phys. J. C. 2009. V. 63. P. 549.

9. Bolshakova A. et al. // Eur. Phys. J. C. 2010. V. 66. P. 57.

10. Abbott T. et al. // Phys. Rev. D. 1992. V. 45. P. 3906.

11. Chemakin I. et al. // Phys. Rev. C. 2002. V. 65. P. 024904.

12. Bolshakova A. et al. CERN Document Server. http://cdsweb.cern.ch/collection/HARP-CDP.

13. Strait J., Mokhov N. V., Striganov S. I. // Phys. Rev. ST Accel. Beams. 2010. V. 13. P. 111001;
arXiv:1011.2537 [physics.acc-ph].


