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ˆ¸¶ÒÉ ´¨Ö  ¤·μ´´μ£μ ®¸Ô³¶²¨´£¯-± ²μ·¨³¥É·  ´  ¶ÊÎ±¥ 6Li ´Ê±²μÉ·μ´ 

�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¶ÒÉ ´¨°  ¤·μ´´μ£μ ®¸Ô³¶²¨´£¯-± ²μ·¨³¥É·  ¸μ
¸É·Ê±ÉÊ·μ° ¸É ²Ó-¸Í¨´É¨²²ÖÉμ· ´  ¶ÊÎ±¥ 6Li ´Ê±²μÉ·μ´  ‹”‚
. ˆ§³¥·¥´¨Ö ¶·μ-
¢μ¤¨²¨¸Ó ¸ ³ É·¨Î´μ° ¸¡μ·±μ° 3 × 3 ³μ¤Ê²Ö. �μ¶¥·¥Î´Ò° · §³¥· ³μ¤Ê²Ö Å
150 × 150 ³³, Éμ²Ð¨´  ¶μ ¶ÊÎ±Ê Å 4,7 Ö¤¥·´ÒÌ ¤²¨´ (40 ¸²μ¥¢ Å 20 ³³ Fe +
5 ³³ Sc). �·¥¤¸É ¢²¥´Ò §´ Î¥´¨Ö Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ± ²μ·¨³¥É·  ¤²Ö
¤¥°É·μ´μ¢, Ö¤¥· £¥²¨Ö ¨ ²¨É¨Ö ¶·¨ Ô´¥·£¨ÖÌ 2,3 ƒÔ‚/´Ê±²μ´. „μ¸É¨£´ÊÉμ Ìμ·μ-
Ï¥¥ ¸μ£² ¸¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¸ ¤ ´´Ò³¨, ¶μ²ÊÎ¥´´Ò³¨ ´  ¶¨μ´´μ³
¶ÊÎ±¥ Ê¸É ´μ¢±¨ COMPASS (–…	�).

	 ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¨³. ‚.ˆ. ‚¥±¸²¥· 
¨ �.Œ. � ²¤¨´  �ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2008

Balandin V. P. et al. P13-2008-196
Testing of Hadronic Sampling Calorimeter on 6Li Beam of Nuclotron

The results of testing the steel-scintillator hadronic calorimeter on 6Li beam of
Nuclotron (LHEP) are presented. The measurements were performed with a matrix
assembly of 3 × 3 modules. The transverse size of a module was 150 × 150 mm,
the thickness with respect to the beam is of 4.7 nuclear lengths (40 layers Å 20 mm
Fe + 5 mm Sc each). The energy resolution of the calorimeter for deuteron, helium
and lithium nuclei with energy of 2.3 GeV/u are presented. Good agreement of our
experimental data with pion COMPASS data is demonstrated.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2008
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–¥²ÓÕ ¨§³¥·¥´¨° Ö¢²Ö²μ¸Ó μ¶·¥¤¥²¥´¨¥ Ô´¥·£¥É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨±
 ¤·μ´´μ£μ ®¸Ô³¶²¨´£¯-± ²μ·¨³¥É·  ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° 2Ä10 ƒÔ‚/´Ê±²μ´ ´ 
¶ÊÎ± Ì Ö¤¥· ´Ê±²μÉ·μ´  ‹”‚
. 
É¨ ¨§³¥·¥´¨Ö ´¥μ¡Ìμ¤¨³Ò ¤²Ö ¶μ´¨³ ´¨Ö
¶·¥¤ÑÖ¢²Ö¥³ÒÌ ± ± ²μ·¨³¥É· ³ É·¥¡μ¢ ´¨° ¶·¨ ¸μ§¤ ´¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
Ê¸É ´μ¢μ± ± ± ´  ¤¥°¸É¢ÊÕÐ¥³ ´Ê±²μÉ·μ´¥, É ± ¨ ¤²Ö Ê¸É ´μ¢μ± ¡Ê¤ÊÐ¥£μ
Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  ‹”‚
 ´Ê±²μÉ·μ´ÄŒ/NICA. ‚ Î ¸É´μ¸É¨, ³μ¦´μ
· ¸¸³ É·¨¢ ÉÓ ¨¸¸²¥¤Ê¥³ÊÕ ¸¡μ·±Ê ± ± ¶·μÉμÉ¨¶ ZDC(FZDC)-± ²μ·¨³¥É·μ¢
¤²Ö Ê¸É ´μ¢±¨ MPD/NICA.

1. Š��‘’�“Š–ˆŸ Œ�„“‹Ÿ

Šμ´¸É·Ê±Í¨Ö ³μ¤Ê²Ö ¶μ± § ´  ´  ·¨¸. 1. Œμ¤Ê²Ó ¸μ¸Éμ¨É ¨§ 40 ¸²μ¥¢
¶μ£²μÉ¨É¥²Ö (¸É ²Ó 20 ³³) ¨ ¸Í¨´É¨²²ÖÉμ·  (5 ³³) ¸ ¶μ¶¥·¥Î´Ò³¨ · §³¥-
· ³¨ 146 × 142 ³³, ¶μ³¥Ð¥´´Ò³¨ ¢ ¸É ²Ó´μ° ±μ·¶Ê¸ ¸ ¶μ¶¥·¥Î´Ò³¨ · §-
³¥· ³¨ 150 × 150 ³³ [1]. ‘¢¥É ¸μ ¢¸¥Ì ¸Í¨´É¨²²ÖÉμ·μ¢ ¸μ¡¨· ¥É¸Ö Î¥·¥§
μ¤¨´ ¸¢¥Éμ¢μ¤-¸³¥¸É¨É¥²Ó ¸¶¥±É·  ´  ”
“-84 ¸ 12 ± ¸± ¤ ³¨ Ê³´μ¦¥´¨Ö.
‘¢¥Éμ¢μ¤ ¨§£μÉμ¢²¥´ ¨§ μ·£¸É¥±²  ‘�-95 Éμ²Ð¨´μ° 3 ³³ ³¥Éμ¤μ³ μ±· Ï¨-
¢ ´¨Ö ¢ ²Õ³¨´μËμ·¥ Š7. �±· Ï¨¢ ´¨¥ ¸¢¥Éμ¢μ¤  μ¸ÊÐ¥¸É¢²Ö²μ¸Ó ³¥Éμ¤μ³
¶μ¢¥·Ì´μ¸É´μ° ¤¨ËËÊ§¨¨ ¸¶¨·Éμ¢μ£μ · ¸É¢μ·  Š7 ¢ μ·£¸É¥±²μ ¨ ¢Ò¶μ²´Ö-
²μ¸Ó ¸ ¶¥·¥³¥´´μ° Éμ²Ð¨´μ° (5Ä20 ³±³) ¶μ ¤²¨´¥ ¸¢¥Éμ¢μ¤  ¤²Ö ±μ³¶¥´¸ -
Í¨¨ ¸¢¥Éμ¶μ£²μÐ¥´¨Ö [2]. �¥·¥¨§²ÊÎ¥´´Ò° ¸¢¥É (¸¶¥±É· Ô³¨¸¸¨¨ Š7 ¸μ¸É -
¢²Ö¥É 520 ´³) ¶μ¶ ¤ ² ´  ËμÉμ± Éμ¤Ò ”
“, ±μÉμ·Ò¥ ¶μ¤¡¨· ²¨¸Ó ¶μ ±¢ ´Éμ-
¢μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ 12Ä15% ¤²Ö ÔÉ¨Ì ¤²¨´ ¢μ²´. ‘Í¨´É¨²²ÖÉμ· ¨§£μÉμ¢²¥´
¨§ ¶μ²¨¸É¨·μ²  �‘Œ-115 ¸μ ¸Í¨´É¨²²ÖÍ¨μ´´Ò³¨ ¤μ¡ ¢± ³¨ 		� (1,5 %),
	�	�	 (0,05 %) ³¥Éμ¤μ³ ²¨ÉÓÖ ¶μ¤ ¤ ¢²¥´¨¥³ [3].

‚Ò¸μ±μ¢μ²ÓÉ´ Ö ¡ §  ”
“ ¢Ò¶μ²´¥´  ¢ ¢¨¤¥ Ê³´μ¦¨É¥²Ö ´ ¶·Ö¦¥´¨Ö [4]
¨ ¶μ± § ´  ´  ·¨¸. 2. �  Ê³´μ¦¨É¥²Ó ´ ¶·Ö¦¥´¨Ö ¶μ¤ ¥É¸Ö ¡ §μ¢μ¥ ¶¨É ´¨¥
+100 ‚,   +/−6 ‚ Å ´  ¸Ì¥³Ê Ê¶· ¢²¥´¨Ö ¸ 10-¡¨É´Ò³ –�� É¨¶  Œ�•-515.
“¶· ¢²¥´¨¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶¥·¥¤ Î¥° ¶μ¸²¥¤μ¢ É¥²Ó´μ£μ ±μ¤  ¶μ Ï¨´¥ 	2-7.
Œ ±¸¨³ ²Ó´μ¥ ´ ¶·Ö¦¥´¨¥ 1700 ‚ μ¡· §Ê¥É¸Ö ´  17 ± ¸± ¤ Ì Ê³´μ¦¥´¨Ö ¨
¸É ¡¨²¨§¨·Ê¥É¸Ö ¸ ÉμÎ´μ¸ÉÓÕ 1,7 ‚. �¢Éμ³ É¨Î¥¸± Ö μ¡· É´ Ö ¸¢Ö§Ó μ¡¥¸-
¶¥Î¨¢ ¥É Ê± § ´´ÊÕ ¸É ¡¨²Ó´μ¸ÉÓ ¶·¨ Éμ±¥ 2 ³� ´  ¶μ¸²¥¤´¥³ ¤¨´μ¤¥, ÎÉμ
¶μ§¢μ²Ö¥É · ¡μÉ ÉÓ ¶·¨ § £·Ê§± Ì ∼ 105 Î ¸É¨Í/¸ ¡¥§ ¤μ¶μ²´¨É¥²Ó´μ° ¶μ¤-
¶¨É±¨ ¤¨´μ¤μ¢.
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Œ É¥³ É¨Î¥¸±μ¥ μ¡¥¸¶¥Î¥´¨¥ ¸¨¸É¥³Ò ¸¡μ·  ¤ ´´ÒÌ ¨ ³μ´¨Éμ·¨´£  ¢Ò-
¶μ²´¥´μ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³´μ£μ ¶ ±¥É  MIDAS [5], Ö¢²ÖÕÐ¥£μ¸Ö
¸¢μ¡μ¤´μ · ¸¶·μ¸É· ´Ö¥³Ò³ ¶·μ£· ³³´Ò³ ¶·μ¤Ê±Éμ³.

	¨¸. 1. Šμ´¸É·Ê±Í¨Ö ³μ¤Ê²Ö  ¤·μ´´μ£μ ± ²μ·¨³¥É· : 1 Å ¸Í¨´É¨²²ÖÉμ·; 2 Å ¸É ²Ó;
3 Å ¸¢¥Éμ¢μ¤-¸³¥¸É¨É¥²Ó ¸¶¥±É· ; 4 Å ¸É ²Ó´μ° ±μ·¶Ê¸; 5 Å ”
“-84; 6 Å ³ £´¨É´Ò°
Ô±· ´; 7 Å ¢Ò¸μ±μ¢μ²ÓÉ´Ò° Ê³´μ¦¨É¥²Ó ´ ¶·Ö¦¥´¨Ö; 8 Å · §Ñ¥³ ¤²Ö μ¶Éμ¢μ²μ±´ 
μÉ ¸¢¥Éμ¤¨μ¤ 

	¨¸. 2. ‘Ì¥³  ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ Ê³´μ¦¨É¥²Ö ´ ¶·Ö¦¥´¨Ö ”
“-84. � §´ Î¥´¨¥ · §Ñ-
¥³μ¢: 	2-1 Ä6 ‚, 	2-3 +6 ‚, 	2-5 +100 ‚ Å ¡ §μ¢μ¥ ´ ¶·Ö¦¥´¨¥; 	2-7,9 Å ±μ¤Ò
Ê¶· ¢²¥´¨Ö; 	1-1 Å ¸¨£´ ² ¸É·μ¡ 
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2. ˆ‡Œ…�…�ˆ… ��…�ƒ…’ˆ—…‘Š�ƒ� ��‡�…˜…�ˆŸ

„²Ö ¨§³¥·¥´¨° ´  ¶ÊÎ±¥ Ö¤¥· ¡Ò²  ¶μ¤£μÉμ¢²¥´  ¸¡μ·±  ¨§ ¤¥¢ÖÉ¨ ³μ¤Ê²¥°
¢ ¢¨¤¥ ³ É·¨ÍÒ 3×3, ¶μ¶¥·¥Î´Ò° · §³¥· ±μÉμ·μ° ¸μ¸É ¢²Ö² 45×45 ¸³. ‘Ì¥³ 
¨§³¥·¥´¨° ¶μ± § ´  ´  ·¨¸. 3. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¢ §μ´¥ ¸¶¥±É·μ³¥É· 
�ˆ‘-ƒˆ�‘.

	¨¸. 3. ‘Ì¥³  ¨§³¥·¥´¨° Ì · ±É¥·¨¸É¨± ± ²μ·¨³¥É·  ´  ¶ÊÎ±¥6Li ´Ê±²μÉ·μ´ : 1 Å
Ê£²¥·μ¤´ Ö ³¨Ï¥´Ó; 2 Å ¢Éμ·¨Î´Ò° ¶ÊÎμ±; 3 Å ³ £´¨É ¸¶¥±É·μ³¥É·  �ˆ‘-ƒˆ�‘;
4 Å É·¨££¥·´Ò° ¸Î¥ÉÎ¨± S1 · §³¥·μ³ 100 × 100 × 8 ³³; 5 Å ± ²μ·¨³¥É·

�ÊÎμ± Ö¤¥· 6Li, Ê¸±μ·¥´´ÒÌ ¤μ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ 2,3 ƒÔ‚/´Ê±²μ´
¸ ¨´É¥´¸¨¢´μ¸ÉÓÕ 2−3 · 104 ¢ ¸¥±Ê´¤Ê ¶ ¤ ² ´  Ê£²¥·μ¤´ÊÕ ³¨Ï¥´Ó Éμ²Ð¨-
´μ° 20 £/¸³2, · ¸¶μ²μ¦¥´´ÊÕ ¶¥·¥¤  ´ ²¨§¨·ÊÕÐ¨³ ³ £´¨Éμ³. �μ¸²¥ ¶·μ-
Ìμ¦¤¥´¨Ö ³¨Ï¥´¨ ¶¥·¢¨Î´Ò° ¶ÊÎμ± Ö¤¥· ²¨É¨Ö,   É ±¦¥ Ö¤·  Ë· £³¥´É Í¨¨
¸ ³ £´¨É´μ° ¦¥¸É±μ¸ÉÓÕ p/z = 6, 2 ƒÔ‚/c ¢Ò¤¥²Ö²¨¸Ó É·¨££¥·´Ò³ ¸Í¨´É¨²-
²ÖÍ¨μ´´Ò³ ¸Î¥ÉÎ¨±μ³ S1, Ê¸É ´μ¢²¥´´Ò³ ¶μ Í¥´É·Ê ± ²μ·¨³¥É· . ’μ²Ó±μ
¤¥°É·μ´Ò ¨ Ö¤·  4He ¨ 6Li ¶μ¶ ¤ ²¨ ¢ ± ²μ·¨³¥É· (É ¡²¨Í ).

p/z ¶¥·¢¨Î´μ£μ ¶ÊÎ±  ¨ Ö¤¥· Ë· £³¥´É Í¨¨ 6Li

”· £³¥´ÉÒ ¶ÊÎ±  p d t 3He 4He 6Li

p/z, ƒÔ‚/c 3,1 6,2 9,3 4,65 6,2 6,2

�μ ¢¥·É¨± ²¨ ¶ÊÎμ± ¶·μÌμ¤¨² ¶ · ²²¥²Ó´μ μ¸¨ ± ²μ·¨³¥É· ,   ¶μ £μ·¨-
§μ´É ²¨ Ê£μ² ¢Ìμ¤  ¶ÊÎ±  ¡Ò² ∼ 4◦.

	 §¤¥²¥´¨¥ Ö¤¥· ¶μ É¨¶Ê μ¸ÊÐ¥¸É¢²Ö²μ¸Ó ¸ ¶·¨³¥´¥´¨¥³  ´ ²¨§  dE/dx-
Ô´¥·£μ¢Ò¤¥²¥´¨Ö μÉ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸Î¥ÉÎ¨±  S1. �  ·¨¸. 4 ¶μ± § ´
¸¶¥±É· ¸¨£´ ²μ¢ ¸μ ¸Î¥ÉÎ¨±  S1. 	 §¤¥²Ó´Ò¥ ¶¨±¨ μÉ Ë· £³¥´Éμ¢ ¶ÊÎ±  ¶μ-
§¢μ²ÖÕÉ ¨¤¥´É¨Ë¨Í¨·μ¢ ÉÓ Ö¤·  Li-6, He-4 ¨ ¤¥°É·μ´Ò.

�É¡μ· Î ¸É¨Í ¶μ ±μμ·¤¨´ É¥ μ¸ÊÐ¥¸É¢²Ö²¸Ö ¸ ¶μ³μÐÓÕ ± ²μ·¨³¥É·  ¶μ
· ¤¨Ê¸Ê ²¨¢´Ö (R), ±μÉμ·Ò° μ¶·¥¤¥²Ö¥É¸Ö ¨§ · ¸¶·¥¤¥²¥´¨Ö  ³¶²¨ÉÊ¤ ¸¨£´ -
²μ¢ ¢ ³ É·¨Î´μ° ¸¡μ·±¥ ± ²μ·¨³¥É·  [6]. �  ·¨¸. 5 ¶μ± § ´μ · ¸¶·¥¤¥²¥´¨¥
¸μ¡ÒÉ¨° ± ± ËÊ´±Í¨Ö · ¤¨Ê¸  ²¨¢´Ö, § ÏÉ·¨Ìμ¢ ´´ Ö Î ¸ÉÓ (R < 30 ³³)
¸μμÉ¢¥É¸É¢Ê¥É μÉμ¡· ´´Ò³ ¸μ¡ÒÉ¨Ö³.
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	¨¸. 4. ‘¶¥±É· ¸¨£´ ²μ¢ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸Î¥ÉÎ¨±  S1 μÉ Ö¤¥·: 1 Å ¤¥°É¥·¨Ö, 2 Å
4�¥, 3 Å 6He, Z Å § ·Ö¤ Ö¤¥·

	¨¸. 5. 	 ¸¶·¥¤¥²¥´¨¥ ¸μ¡ÒÉ¨° ¶μ · ¤¨Ê¸Ê (R)  ¤·μ´´ÒÌ ²¨¢´¥° ¢ ± ²μ·¨³¥É·¥

�μ¸²¥ ´ ¡μ·  ¤ ´´ÒÌ ¶·μ¢μ¤¨²¸Ö  ´ ²¨§ ¸¨£´ ²μ¢ ¸ ¤¥¢ÖÉ¨ ³μ¤Ê²¥° ± -
²μ·¨³¥É· . �μ²´μ¥ Ô´¥·£¥É¨Î¥¸±μ¥ ¢Ò¤¥²¥´¨¥ ¢ ± ²μ·¨³¥É·¥ μ¶·¥¤¥²Ö²μ¸Ó
± ± ¸Ê³³  ¸¨£´ ²μ¢ μÉ¤¥²Ó´ÒÌ ³μ¤Ê²¥°, Ê³´μ¦¥´´ÒÌ ´  ± ²¨¡·μ¢μÎ´Ò¥ ±μ-
ÔËË¨Í¨¥´ÉÒ. Œμ¤Ê²¨ ± ²μ·¨³¥É·  ´¥ ± ²¨¡·μ¢ ²¨¸Ó ´  ¶·¥¤³¥É ¢Ò· ¢´¨¢ -
´¨Ö  ³¶²¨ÉÊ¤, ¶μÔÉμ³Ê ± ²¨¡·μ¢μÎ´Ò¥ ±μÔËË¨Í¨¥´ÉÒ ´ Ìμ¤¨²¨¸Ó ¨§ Ê¸²μ¢¨Ö
³¨´¨³¨§ Í¨¨ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ¸Ê³³Ò ¸¨£´ ²μ¢ μÉ ¢¸¥Ì ³μ¤Ê²¥°.
�·¨ ¶μ¶ ¤ ´¨¨ Ö¤¥· ¶ÊÎ±  ¢ ¶·¥¤¥²Ò μ¤´μ£μ ³μ¤Ê²Ö ± ²μ·¨³¥É·  ´ ¡²Õ¤ -
¥³Ò¥ ¸¨£´ ²Ò ¢ μ¸É ²Ó´ÒÌ ³μ¤Ê²ÖÌ ¸μ¸É ¢²ÖÕÉ ∼ 20 %. ‚ ´ Ï¥³ ¸²ÊÎ ¥
¶ÊÎμ± Ö¤¥· ¶·μÌμ¤¨² ¶μ¤ Ê£²μ³ ∼ 4◦ ¢ £μ·¨§μ´É ²Ó´μ° ¶²μ¸±μ¸É¨ ¨ ¢ÒÌμ¤¨²
§  ¶·¥¤¥²Ò Í¥´É· ²Ó´μ£μ ³μ¤Ê²Ö ¨ ¸¡μ·±¨ ¢ Í¥²μ³, ¥¸²¨ ÊÎ¥¸ÉÓ, ÎÉμ · §³¥·
¸Î¥ÉÎ¨±  S1 · ¢¥´ 100× 100× 8 ³³. 
Éμ ¶·¨¢μ¤¨É ± ÊÌÊ¤Ï¥´¨Õ · §·¥Ï¥´¨Ö
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± ²μ·¨³¥É· , μ¸μ¡¥´´μ ¢ μ¡² ¸É¨ ¡μ²ÓÏ¨Ì Ô´¥·£¨° ¨§-§  Ë²Ê±ÉÊ Í¨° ²¨¢´¥°,
¢Ò²¥É ÕÐ¨Ì §  ¶·¥¤¥²Ò ± ²μ·¨³¥É· .

�  ·¨¸. 6 ¶μ± § ´Ò Ô´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ¤²Ö Ö¤¥· ¤¥°É¥·¨Ö, £¥²¨Ö-4 ¨
²¨É¨Ö-6 ¸ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¥° 2,3 ƒÔ‚/´Ê±²μ´ ¢ ± ²μ·¨³¥É·¥ ¨§ ¤¥¢ÖÉ¨ ³μ-
¤Ê²¥°. ‹¨´¨Ö³¨ ¶μ± § ´Ò ËÊ´±Í¨¨ ƒ Ê¸¸ , ¸μ£² ¸´μ ±μÉμ·Ò³ Ë¨É¨·μ¢ ²¨¸Ó
¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¸¶¥±É·Ò. 
´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ± ²μ·¨³¥É·  ¤²Ö Ö¤¥·
¤¥°É¥·¨Ö, £¥²¨Ö ¨ ²¨É¨Ö ¸μ¸É ¢¨²μ 0,43; 0,27 ¨ 0,22 ¸μμÉ¢¥É¸É¢¥´´μ.

	¨¸. 6. 
´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ¸¨£´ ²μ¢ ¸ ± ²μ·¨³¥É·  ¤²Ö Ö¤¥·:   Å ¤¥°É¥·¨Ö; ¡ Å
£¥²¨Ö-4; ¢ Å ²¨É¨Ö-6

�μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 7 ¸μ¢³¥¸É´μ ¸ ¶¨μ´´Ò³¨ ¤ ´´Ò³¨,
¶μ²ÊÎ¥´´Ò³¨ ¶·¨ ± ²¨¡·μ¢±¥ ± ²μ·¨³¥É·  HCAL1[4] Ê¸É ´μ¢±¨ COMPASS,
¸μ¸ÉμÖÐ¥£μ ¨§  ´ ²μ£¨Î´ÒÌ ³μ¤Ê²¥°. � Ï¨ ¤ ´´Ò¥ ´ Ìμ¤ÖÉ¸Ö ¢ Ìμ·μÏ¥³ ¸μ-
£² ¸¨¨ ¸ ¶¨μ´´Ò³¨ ¤ ´´Ò³¨ ¨ μ¶¨¸Ò¢ ÕÉ¸Ö ±·¨¢μ°

σπ(E)
E [ƒÔ‚]

=
59, 4 ± 2, 9√

E
⊕ (7, 6 ± 0, 4)%,

±μÉμ· Ö Ö¢²Ö¥É¸Ö Ë¨Éμ³ ¶¨μ´´ÒÌ ¤ ´´ÒÌ ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° ¤μ 100 ƒÔ‚.
	 ¸Î¥É ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ ¤²Ö ¶·μÉμ´μ¢ (ÏÉ·¨Ìμ¢ Ö ²¨´¨Ö ´  ·¨¸. 7)

¶·¥¤¸É ¢²¥´ ¢ ¢¨¤¥ ËÊ´±Í¨¨ σE/E = (a2 + b2/E)1/2, £¤¥ a = (6, 8 ± 0, 6)%;
b = (59, 9 ± 1, 0)%.

Š ± ¢¨¤´μ ¨§ ·¨¸. 7, ¢¸¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¨¤ÊÉ ¢ÒÏ¥ · ¸Î¥É ,
¨ ¶μÔÉμ³Ê ´¥μ¡Ìμ¤¨³Ò ´μ¢Ò¥ ¨§³¥·¥´¨Ö ´  ¶ÊÎ±¥ ¶·μÉμ´μ¢.
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	¨¸. 7. 
´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ± ²μ·¨³¥É·  σE/E ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨
Ö¤¥· ¶ÊÎ± . ‘¶²μÏ´ Ö ±·¨¢ Ö Å Ë¨É ¶¨μ´´ÒÌ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ´  Ê¸É ´μ¢±¥
COMPASS; ÏÉ·¨Ìμ¢ Ö ²¨´¨Ö Å ³μ´É¥-± ·²μ-· ¸Î¥É ¤²Ö ¶·μÉμ´μ¢

‚§ ¨³μ¤¥°¸É¢¨¥ Ö¤¥· ¸ ¢¥Ð¥¸É¢μ³ ± ²μ·¨³¥É· , ¶μ-¢¨¤¨³μ³Ê, ¶·μ¨¸Ìμ¤¨É
¸²¥¤ÊÕÐ¨³ μ¡· §μ³: ¢´ Î ²¥ ¨¤¥É ¶·μÍ¥¸¸ Ë· £³¥´É Í¨¨ Ö¤· . �¡· §μ¢ ¢-
Ï¨¥¸Ö Ë· £³¥´ÉÒ Ë· £³¥´É¨·ÊÕÉ ¤ ²¥¥, ¨ ¢ ±μ´¥Î´μ³ ·¥§Ê²ÓÉ É¥ μ¡· §ÊÕÉ¸Ö
´Ê±²μ´Ò, ±μÉμ·Ò¥ ¢§ ¨³μ¤¥°¸É¢ÊÕÉ ¸ ¢¥Ð¥¸É¢μ³ ± ²μ·¨³¥É· . ‚ ÔÉμ³ ¸²ÊÎ ¥

Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ± ²μ·¨³¥É·  ¤²Ö Ö¤· 
σA

EA
¸ Î¨¸²μ³ ´Ê±²μ´μ¢ A

¸¢Ö§ ´μ ¸ Ô´¥·£¥É¨Î¥¸±¨³ · §·¥Ï¥´¨¥³ ± ²μ·¨³¥É·  ¤²Ö ´Ê±²μ´ 
σN

EN
¸²¥¤Ê-

ÕÐ¨³ μ¡· §μ³:

σA

EA
=

√
A · σ2

N

A · EN
=

σN

EN

1√
A

.

“± § ´´ Ö Ëμ·³Ê²  ¤ ¥É ¶·¥±· ¸´μ¥ ¸μ£² ¸¨¥ ¶·¨ ¸· ¢´¥´¨¨ Ô´¥·£¥É¨Î¥¸±¨Ì
· §·¥Ï¥´¨° ± ²μ·¨³¥É·  ¤²Ö Ö¤¥· £¥²¨Ö ¨ ²¨É¨Ö. ‚ ´ Ï¥³ Ô±¸¶¥·¨³¥´É¥
μÉ´μÏ¥´¨¥ · ¢´μ 0, 27/0, 22 = 1, 23,   ¶μ Ëμ·³Ê²¥

( σ

E

)
4He

/
( σ

E

)
6Li

=
√

6√
4

= 1, 22.


´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ± ²μ·¨³¥É·  ¶·¨ ¥£μ ¨¸¶μ²Ó§μ¢ ´¨¨ ¢ ± Î¥¸É¢¥
ZDC(FZDC)-± ²μ·¨³¥É·μ¢ ¤²Ö Ê¸É ´μ¢±¨ MPD/NICA ¤²Ö Ö¤¥· Ê· ´  ¶·¨
Ô´¥·£¨¨ 4,39 ƒÔ‚/´Ê±²μ´ ¸μ¸É ¢¨É 2,3%.
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�·¥¤¸É ¢²¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶μ± §Ò¢ ÕÉ Ìμ·μÏ¥¥ ¸μ£² -
¸¨¥ ¸ · ¸Î¥É´Ò³¨ ¨ ¶μ§¢μ²ÖÕÉ ¸¤¥² ÉÓ ¢Ò¢μ¤ μ ¶·¨£μ¤´μ¸É¨ ± ²μ·¨³¥É·μ¢
É ±μ£μ É¨¶  ¤²Ö Ô±¸¶¥·¨³¥´Éμ¢ ´  ´Ê±²μÉ·μ´¥ ‹”‚
 �ˆŸˆ. ’¥¸ÉÒ  ¤·μ´-
´ÒÌ ®¸Ô³¶²¨´£¯-± ²μ·¨³¥É·μ¢ ´  ¶ÊÎ± Ì Ö¤¥· ´Ê±²μÉ·μ´  ¶·μ¢μ¤¨²¨¸Ó ¢¶¥·-
¢Ò¥. „²Ö ¡μ²¥¥ ¶μ¤·μ¡´μ£μ ¨ ± Î¥¸É¢¥´´μ£μ  ´ ²¨§  É·¥¡ÊÕÉ¸Ö ´μ¢Ò¥ ¨§³¥-
·¥´¨Ö ¤²Ö Ö¤¥· ¸ ¡μ²ÓÏ¨³¨ Ô´¥·£¨Ö³¨ ¨ ¶·μÉμ´ ³¨ ¸·¥¤´¨Ì Ô´¥·£¨°. �¥μ¡-
Ìμ¤¨³μ É ±¦¥ μ¶É¨³¨§¨·μ¢ ÉÓ ®¸Ô³¶²¨´£¯-¸É·Ê±ÉÊ·Ê ± ²μ·¨³¥É·  ¤²Ö ¤¨ ¶ -
§μ´  Ô´¥·£¨° 2Ä10 ƒÔ‚/´Ê±²μ´.

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶² ´¨·Ê¥É¸Ö ¶·¨³¥´¨ÉÓ ¶μ¤μ¡´Ò° ± ²μ·¨³¥É· ´  ¶μ-
²Ö·¨³¥É·¥ �‹��Œ ¤²Ö ¶μ¤ ¢²¥´¨Ö ·¥£¨¸É· Í¨¨ Î ¸É¨Í ¸ ³ ²Ò³¨ Ô´¥·£¨Ö³¨
¢ ¶·μÉμ´-¶μ²¨ÔÉ¨²¥´μ¢μ³ · ¸¸¥Ö´¨¨. ŸÎ¥¨¸ÉÒ°  ¤·μ´´Ò° ± ²μ·¨³¥É· ³μ¦¥É
¡ÒÉÓ É ±¦¥ ¨¸¶μ²Ó§μ¢ ´ ¢ ¶μ·μ£μ¢ÒÌ ¸¨¸É¥³ Ì É·¨££¥·  ¤²Ö ·¥£¨¸É· Í¨¨ Î -
¸É¨Í ¸ Ô´¥·£¨¥° ¢ÒÏ¥ 2Ä3 ƒÔ‚ ¸ § ¤ ´´μ° ³´μ¦¥¸É¢¥´´μ¸ÉÓÕ,   É ±¦¥ ³μ¦¥É
¤ ¢ ÉÓ ¢·¥³¥´´ÊÕ μÉ³¥É±Ê ¸μ¡ÒÉ¨Ö.

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ �.�.�¥ÉÊÌμ¢Ê §  ²Õ¡¥§´μ ¶·¥¤μ¸É -
¢²¥´´Ò¥ ³μ´É¥-± ·²μ-· ¸Î¥ÉÒ, ±μ²²¥±É¨¢Ê Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ³ ¸É¥·¸±¨Ì
‘�
� §  ¸¢μ¥¢·¥³¥´´ÊÕ ¨ ± Î¥¸É¢¥´´ÊÕ · ¡μÉÊ ¶·¨ ¸¡μ·±¥ ³μ¤Ê²¥°,
…. ‚.Šμ¸ÉÕÌμ¢Ê §  ¡μ²ÓÏÊÕ ¶μ³μÐÓ ¶·¨ ¶μ¤£μÉμ¢±¥ ± ¨§³¥·¥´¨Ö³, �.�.Œμ-
·μ§μ¢Ê ¨ 	. �.˜¨´¤¨´Ê §  ¶·¥¤μ¸É ¢²¥´´ÊÕ  ¶¶ · ÉÊ·Ê ¨ μ¡μ·Ê¤μ¢ ´¨¥,
�. ‹Ê±¸É¨´ÓÏÊ, ‘.�.�¢· ³¥´±μ ¨ �.ˆ. ƒμ²μÌ¢ ¸Éμ¢Ê §  ¶·¥¤μ¸É ¢²¥´¨¥ ´¥-
μ¡Ìμ¤¨³μ° ¨´Ëμ·³ Í¨¨ μ ¶ · ³¥É· Ì ¶ÊÎ±  ¢μ ¢·¥³Ö ¶·μ¢¥¤¥´¨Ö ¨§³¥·¥´¨°.

�¢Éμ·Ò É ±¦¥ ¡² £μ¤ ·´Ò ·Ê±μ¢μ¤¸É¢Ê ‹”‚
 §  ¶μ¤¤¥·¦±Ê ¤ ´´μ° · -
¡μÉÒ, ¢ μ¸μ¡¥´´μ¸É¨ …. �. ‘É·μ±μ¢¸±μ³Ê §  ¶·¥¤μ¸É ¢²¥´´ÊÕ ¢μ§³μ¦´μ¸ÉÓ
· §³¥Ð¥´¨Ö ± ²μ·¨³¥É·  ¢ §μ´¥ Ê¸É ´μ¢±¨ �ˆ‘-ƒˆ�‘, ÎÉμ, ¢ ±μ´¥Î´μ³ ¸Î¥É¥,
¨ ¶μ§¢μ²¨²μ ¶·μ¢¥¸É¨ ÔÉ¨ ¨§³¥·¥´¨Ö.
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