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‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ¶·¥¤¢ ·¨É¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö μ¡· §μ¢ ´¨Ö Ô²¥±-
É·μ´´ÒÌ μ¡² ±μ¢ ¢ ±μ²² °¤¥·¥ NICA ´  μ¸´μ¢¥ ¶·μ£· ³³´μ£μ ¶ ±¥É  ECLOUD. „²Ö ¶ÊÎ±  Ö¤¥·
§μ²μÉ  μ¡¸Ê¦¤ ÕÉ¸Ö É·¥¡μ¢ ´¨Ö, ¶·¥¤ÑÖ¢²Ö¥³Ò¥ ± Ê¸±μ·¨É¥²Ó´μ° ± ³¥·¥ ±μ²² °¤¥·  NICA.

We report a previous estimation of electron clouds effect for NICA collider. The ECLOUD
simulation code was used for study of the electron cloud buildup. The NICA collider vacuum chamber
requirements for fully stripped gold ion beam are discussed.

PACS: 29.20.-c; 29.90.+r

1. Œ…•��ˆ‡Œ ��Ÿ‚‹…�ˆŸ �‹…Š’����›• ��‹�Š�‚

�²¥±É·μ´´Ò³¨ μ¡² ± ³¨ (��) ¶·¨´ÖÉμ ´ §Ò¢ ÉÓ ¶·μ¸É· ´¸É¢¥´´μ¥ ¤¨´ ³¨Î¥¸±μ¥ · ¸-
¶·¥¤¥²¥´¨¥ Ô²¥±É·μ´μ¢, μ¡· §μ¢ ´´μ¥ ¢ ¶ÊÎ±μ¢μ° ± ³¥·¥ ¨§ ¶¥·¢¨Î´ÒÌ Ô²¥±É·μ´μ¢ (¨μ-
´¨§ Í¨Ö μ¸É ÉμÎ´μ£μ £ § , ËμÉμÔ³¨¸¸¨Ö ¨ É. ¤.) ·¥§μ´ ´¸´Ò³ ¢Éμ·¨Î´μ-Ô³¨¸¸¨μ´´Ò³ · §-
³´μ¦¥´¨¥³ ¨Ì ´  ¸É¥´± Ì ± ³¥·Ò.

�¥·¢¨Î´Ò¥ Ô²¥±É·μ´Ò Ê¸±μ·ÖÕÉ¸Ö ¶μ²¥³ ¤¢¨¦ÊÐ¨Ì¸Ö ¡ ´Î¥° ¨ ¶μ¸²¥ ¤μ¸É¨¦¥´¨Ö
¸É¥´±¨ ¢Ò¡¨¢ ÕÉ Ô²¥±É·μ´Ò, ¢Ò§Ò¢ Ö, É ±¨³ μ¡· §μ³, Ô³¨¸¸¨Õ ¢Éμ·¨Î´ÒÌ Ô²¥±É·μ´μ¢
(�‚�) ¢´ÊÉ·Ó ± ³¥·Ò. ‚Éμ·¨Î´Ò¥ Ô²¥±É·μ´Ò (‚�) ¶·¨ Ê¸²μ¢¨¨ ·¥§μ´ ´¸  ³¥¦¤Ê ¢·¥-
³¥´¥³ ¶·μÌμ¦¤¥´¨Ö Ô²¥±É·μ´ ³¨ ± ³¥·Ò ¨ ¶·μ¸É· ´¸É¢¥´´Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¡ ´Î¥°
³μ£ÊÉ ¢Ò§¢ ÉÓ ·μ¸É Ô²¥±É·μ´´μ£μ § ·Ö¤  ¢ ± ³¥·¥ ¢¶²μÉÓ ¤μ ±μ³¶¥´¸ Í¨¨ ¶·μ¸É· ´¸É¢¥´-
´μ£μ § ·Ö¤  ¶ÊÎ± .

�μ¤·μ¡´μ¥ · ¸¸³μÉ·¥´¨¥ ¶·μ¡²¥³Ò �� ¢ ±μ²² °¤¥·¥, ¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó ¢²¨Ö´¨¥ ¨Ì ´ 
¤¨´ ³¨Î¥¸±¨° ¢ ±ÊÊ³, ¸¤¥² ´μ ¢ BNL ´  RHIC [1], £¤¥ ¢ 2001 £. ¶μ¶ÒÉ±  ¢¤¢μ¥ ¶μ¤´ÖÉÓ
Î¨¸²μ ¨´¦¥±É¨·Ê¥³ÒÌ ¡ ´Î¥° ¶·¨¢¥²  ± ¶μ²´μ° ¶μÉ¥·¥ ¶ÊÎ±  ¶·¨ ·¥§±μ³ ÊÌÊ¤Ï¥´¨¨
¢ ±ÊÊ³ . �¡Ï¨·´ Ö ¨´Ëμ·³ Í¨Ö ¶μ �� ¨³¥¥É¸Ö ´  ¸ °É¥ Electron Cloud in the LHC [2].

�μÉμ± Ô²¥±É·μ´μ¢ ´  ¸É¥´±¨ ¢ ±ÊÊ³´μ° ± ³¥·Ò ¨ ¶·μ¸É· ´¸É¢¥´´Ò° § ·Ö¤ Ô²¥±É·μ´-
´ÒÌ μ¡² ±μ¢ ³μ£ÊÉ ¢Ò§Ò¢ ÉÓ ´¥¦¥² É¥²Ó´Ò¥ ÔËË¥±ÉÒ, É ±¨¥ ± ±:

• ·μ¸É ¤ ¢²¥´¨Ö, ¢¶²μÉÓ ¤μ ¶μ²´μ° ¶μÉ¥·¨ ¶ÊÎ± , ¶μ ¶·¨Î¨´¥ ¤¥¸μ·¡Í¨¨ £ §μ¢ ¸
¶μ¢¥·Ì´μ¸É¨ ¸É¥´μ± ± ³¥·Ò;

• ¶ÊÎ±μ¢ÊÕ ´¥Ê¸Éμ°Î¨¢μ¸ÉÓ;
• ·μ¸É Ô³¨ÉÉ ´¸  ¶ÊÎ± ;
• É¥¶²μ¢ÊÕ ´ £·Ê§±Ê ´  ±·¨μ£¥´´Ò¥ ¶μ¢¥·Ì´μ¸É¨ ± ³¥·Ò;
• ´ ·ÊÏ¥´¨¥ · ¡μÉÒ  ¶¶ · ÉÊ·Ò ¤¨ £´μ¸É¨±¨ ¶ÊÎ± .
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�É¨ Ö¢²¥´¨Ö ´ ¡²Õ¤ ÕÉ¸Ö ´  ³´μ£¨Ì Ê¸±μ·¨É¥²ÖÌ ¨ ±μ²² °¤¥· Ì, ¨³¥ÕÐ¨Ì ¢Ò¸μ±¨¥
¨´É¥´¸¨¢´μ¸É¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ (PSR LANL, PF KEK, PEP-II SLAC, CERN ISR, PS,
SPS, RHIC ¨ É. ¤.).

	μ²¥¥ ¶μ²´μ¥ μ¶¨¸ ´¨¥ ³¥Ì ´¨§³μ¢ μ¡· §μ¢ ´¨Ö �� ¨ Ê¸²μ¢¨° ¨Ì · §¢¨É¨Ö ¤²Ö ±·Ê£-
²μ° ± ³¥·Ò ¶·¨¢¥¤¥´μ ¢ [3].

2. ���ƒ��ŒŒ�›‰ ��Š…’ ECLOUD [4]

‘ÊÐ¥¸É¢ÊÕÉ ´¥¸±μ²Ó±μ ¶·μ£· ³³ ¤²Ö · ¸Î¥É  ¤¨´ ³¨±¨ · §¢¨É¨Ö ��, ´ ¶¨¸ ´´ÒÌ
¢ · §²¨Î´ÒÌ Ê¸±μ·¨É¥²Ó´ÒÌ Í¥´É· Ì,   ¨³¥´´μ: ECLOUD Å · §· ¡μÉ±  CERN [4]
(Frank Zimmermann), COUNTRYCLOUD Å · §· ¡μÉ±  BNL (Lanfa Wang), CSEC Å
· §· ¡μÉ±  BNL (Mike Blaskiewicz) [3], PEI Å · §· ¡μÉ±  KEK (Kazuhito Ohmi) ¨
POSINST Å · §· ¡μÉ±  LBNL (Mauro Pivi, Miguel Furman).

‚ ´ Ï¥³ ¸²ÊÎ ¥ · ¸Î¥ÉÒ ¶·μ¢μ¤¨²¨¸Ó ¶μ ¸¢μ¡μ¤´μ ¤μ¸ÉÊ¶´μ° ¢¥·¸¨¨ ¶·μ£· ³³Ò
ECLOUD [4].

�·μ£· ³³´Ò° ¶ ±¥É ECLOUD ¶·¥¤´ §´ Î¥´ ¤²Ö · ¸Î¥É  μ¡· §μ¢ ´¨Ö �� ¢ ¶·μÍ¥¸¸¥
¨μ´¨§ Í¨¨ μ¸É ÉμÎ´μ£μ £ § , ËμÉμÔ²¥±É·μ´´μ° Ô³¨¸¸¨¨ ¨ �‚� ¸μ ¸É¥´μ± Ê¸±μ·¨É¥²Ó´μ°
± ³¥·Ò ¶·¨ Ê¸±μ·¥´¨¨ ¶ÊÎ±  ¶·μÉμ´μ¢ ¨ ¨§´ Î ²Ó´μ ¡Ò² · §· ¡μÉ ´ ¤²Ö LHC.

� ±¥É ¶μ§¢μ²Ö¥É ¶·μ¨§¢¥¸É¨ · ¸Î¥ÉÒ: ¶μ²´μ£μ Î¨¸²  Ô²¥±É·μ´μ¢ ´  ¥¤¨´¨ÍÊ ¤²¨´Ò;
¶²μÉ´μ¸É¨ Ô²¥±É·μ´μ¢ ¢ Í¥´É· ²Ó´μ° Î ¸É¨ ± ³¥·Ò; ¸·¥¤´¥° Ô´¥·£¨¨ Ô²¥±É·μ´μ¢,   É ±¦¥
¸·¥¤´¥£μ Éμ±  Ô²¥±É·μ´μ¢, μ¸ ¦¤ ¥³ÒÌ ´  ¸É¥´± Ì ± ³¥·Ò, ´  ¥¤¨´¨ÍÊ ¤²¨´Ò, ´  ¥¤¨´¨ÍÊ
¶²μÐ ¤¨,   É ±¦¥ ¢ § ¢¨¸¨³μ¸É¨ μÉ  §¨³ÊÉ ²Ó´μ£μ Ê£²  ¨ ¤·. 	μ²¥¥ ¶μ¤·μ¡´μ ¥£μ μ¶¨¸ ´¨¥
¶·¨¢¥¤¥´μ ¢ ¨´¸É·Ê±Í¨¨ · §· ¡μÉÎ¨±μ¢ [4].

3. ��‘’���‚Š� ‡�„�—ˆ ˆ �…‡“‹œ’�’›

�μ¸±μ²Ó±Ê ¸ÊÐ¥¸É¢ÊÕÉ μ£· ´¨Î¥´¨Ö ¢ ¢μ§³μ¦´μ¸É¨ ³¥´ÖÉÓ ¶ · ³¥É·Ò ¶ÊÎ± ,   ¨³¥´-
´μ: Î¨¸²μ ¡ ´Î¥°, Î¨¸²μ Î ¸É¨Í ¢ ¡ ´Î¥, · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¡ ´Î ³¨, RMS-· §³¥·Ò ¶ÊÎ± ,
Ô´¥·£¨Õ ¶ÊÎ± ,   É ±¦¥ ¤·Ê£¨¥, Éμ ¶μ¸É ´μ¢±  § ¤ Î¨ ¤²Ö ¶·μ¢¥¤¥´¨Ö · ¸Î¥Éμ¢ μ¡· §μ¢ -
´¨Ö �� ¡Ò²  ¸²¥¤ÊÕÐ¥°:

1) Î¨¸²μ ³ ±·μÎ ¸É¨Í ¢ ¸£Ê¸É±¥, ¢·¥³Ö ¶¥·¥¸Î¥É  ¸μ¡¸É¢¥´´μ£μ ¶μ²Ö, ÊÎ¥É ¨§μ¡· ¦¥-
´¨° § ·Ö¤μ¢,   É ±¦¥ ¤·Ê£¨¥ ¶ · ³¥É·Ò ¡Ò²¨ ¶·¨´ÖÉÒ ¸μ£² ¸´μ ·¥±μ³¥´¤ Í¨Ö³ · §· -
¡μÉÎ¨±μ¢ ¶·μ£· ³³´μ£μ ¶ ±¥É  ECLOUD [4];

2) ¶ · ³¥É·Ò Nb Å Î¨¸²μ ¡ ´Î¥°, Nppb Å Î¨¸²μ Î ¸É¨Í ¢ ¡ ´Î¥, Sb Å · ¸¸ÉμÖ´¨¥
³¥¦¤Ê ¡ ´Î ³¨, σ⊥, σ‖ Å RMS-· §³¥·Ò ¶ÊÎ±  (¶ÊÎμ± ±·Ê£²Ò°), E Å Ô´¥·£¨Ö Î ¸É¨Í ¢
¡ ´Î¥,   É ±¦¥ ¤·Ê£¨¥ §´ Î¥´¨Ö ¡Ò²¨ ¶·¨´ÖÉÒ ¤²Ö ¶ · ³¥É·μ¢ ¶ÊÎ±  ¸μ£² ¸´μ ¶μ¸²¥¤´¥°
¢¥·¸¨¨ ±μ´Í¥¶ÉÊ ²Ó´μ£μ ¶·μ¥±É  NICA [2] (¸³. É ¡². ´¨¦¥);

3) ¢ ¶·μÍ¥¸¸¥ · ¸Î¥É  ¶·¨´¨³ ²μ¸Ó, ÎÉμ Ô²¥±É·μ´Ò μ¡· §μ¢Ò¢ ²¨¸Ó ¶·¨ ¨μ´¨§ Í¨¨
¨μ´ ³¨ 197Au79+ ¶ÊÎ±   Éμ³μ¢ ¨²¨ ³μ²¥±Ê² μ¸É ÉμÎ´μ£μ £ §  (H2, CO) [5].

� ¸Î¥É ¶·μ¢μ¤¨²¸Ö ¤²Ö ¸¢μ¡μ¤´μ£μ ¶·μ³¥¦ÊÉ±  ¨ ¶·μ³¥¦ÊÉ±μ¢, ¸μ¤¥·¦ Ð¨Ì ¤¨¶μ²Ó-
´Ò° ¨ ±¢ ¤·Ê¶μ²Ó´Ò° ³ £´¨ÉÒ. „¨ ³¥É· Ê¸±μ·¨É¥²Ó´μ° ± ³¥·Ò D ¢ ·Ó¨·μ¢ ²¸Ö. �·¨
ÔÉμ³ ¶·¥¤¶μ² £ ²μ¸Ó ± ± · ¢´μ³¥·´μ¥ § ¶μ²´¥´¨¥ ±μ²ÓÍ  ±μ²² °¤¥·  ¸£Ê¸É± ³¨, É ± ¨
¸Ì¥³  Î¥·¥¤μ¢ ´¨Ö ¶Ê¸ÉÒÌ ¨ § ¶μ²´¥´´ÒÌ ¸¥¶ · É·¨¸, ¨²¨ ®mapping¯.
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� · ³¥É·Ò ¶ÊÎ±  ¨ ±μ²² °¤¥·  NICA [2]

� · ³¥É· Šμ²² °¤¥· Au79+ × Au79+

—¨¸²μ ¡ ´Î¥° 13/14/15/17/18

—¨¸²μ Î ¸É¨Í ¢ ¡ ´Î¥ 109

� ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¡ ´Î ³¨, ³ 19,31/17,93/16,73/14,77/13,94

RMS · ¤¨Ê¸ ¡ ´Î , ³ 0,0014

RMS ¤²¨´  ¡ ´Î , ³ 0,3

�¥·¨³¥É· ±μ²ÓÍ , ³ 252

�´¥·£¨Ö ¨´¦¥±Í¨¨, ƒÔ‚ 197

Œ £´¨É´μ¥ ¶μ²¥ ¤¨¶μ²¥°, ’²/£· ¤¨¥´É ±¢ ¤·Ê¶μ²Ö, ’²/³ 4,2/29

„²¨´  ¸¢μ¡μ¤´μ°/¤¨¶μ²Ó´μ°/±¢ ¤·Ê¶μ²Ó´μ° ¸¥±Í¨¨, ³ 8,8/2,8/0,4

„¨ ³¥É· Ê¸±μ·¨É¥²Ó´μ° ± ³¥·Ò, ³ 0,06/0,075

�ËË¥±É¨¢´μ¥ ¤ ¢²¥´¨¥ £ § , ¶’μ·· 100

‘¥Î¥´¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ´  μ¸É ÉμÎ´μ³ £ §¥, ¸³2 (H2 − 1,3, CO − 5,8) · 10−15

–¥²ÓÕ · ¸Î¥Éμ¢ Ö¢²Ö²¸Ö ¶μ¨¸± ¤¨ ¶ §μ´μ¢ ¤²Ö ¢¥²¨Î¨´ δmax (±μÔËË¨Í¨¥´É  ¢Éμ·¨Î-
´μ° Ô³¨¸¸¨¨), ¶·¥¤ÑÖ¢²Ö¥³ÒÌ ± ¶μ¢¥·Ì´μ¸É¨ Ê¸±μ·¨É¥²Ó´μ° ± ³¥·Ò, ¤²Ö ±μÉμ·ÒÌ ¶·¨
§ ¤ ´´ÒÌ ¶ · ³¥É· Ì ¶ÊÎ±  μ¡· §μ¢ ´¨¥ �� ´¥ Ö¢²Ö¥É¸Ö ±·¨É¨Î´Ò³, É. ¥. ¢²¨Ö´¨¥ ÔË-
Ë¥±É  Ô²¥±É·μ´´ÒÌ μ¡² ±μ¢ (���) ´  ¸É ¡¨²Ó´μ¸ÉÓ ¶ÊÎ±  ¢ Ê¸±μ·¨É¥²¥ ³ ²μ.

‚¸¥ · ¸Î¥ÉÒ ¶·μ¢¥¤¥´Ò ¤²Ö ±μÔËË¨Í¨¥´É  ¢Éμ·¨Î´μ° Ô³¨¸¸¨¨ (Š‚�) ¢ ¨´É¥·¢ ²¥
1,1−1,7. �  ·¨¸. 1Ä3 ¤ ´  § ¢¨¸¨³μ¸ÉÓ μÉ´μÏ¥´¨Ö ρe/ρb μÉ Š‚�; §¤¥¸Ó ρe Å ²¨´¥°´ Ö
§ ·Ö¤μ¢ Ö ¶²μÉ´μ¸ÉÓ ‚� ¢ ��, ρb Å ²¨´¥°´ Ö § ·Ö¤μ¢ Ö ¶²μÉ´μ¸ÉÓ ¨μ´μ¢ 197Au79+ ¢
¡ ´Î¥.

�¨¸. 1. ‡ ¢¨¸¨³μ¸ÉÓ ρe/ρb μÉ Š‚� ¤²Ö ¸¢μ¡μ¤´μ£μ ¶·μ³¥¦ÊÉ± 

�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ ρe/ρb μÉ Š‚� ¤²Ö ¶·μ³¥¦ÊÉ±  ¸ ¤¨¶μ²Ó´Ò³ ³ £´¨Éμ³



�Í¥´±  ÔËË¥±É  Ô²¥±É·μ´´ÒÌ μ¡² ±μ¢ ¤²Ö ±μ²² °¤¥·  NICA 791

�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ ρe/ρb μÉ Š‚� ¤²Ö ¶·μ³¥¦ÊÉ±  ¸ ±¢ ¤·Ê¶μ²Ó´Ò³ ³ £´¨Éμ³

�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ ρe/ρb μÉ Š‚� ¤²Ö ¸¢μ¡μ¤´μ£μ ¶·μ³¥¦ÊÉ±  (®mapping¯)

�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ ρe/ρb μÉ Š‚� ¤²Ö ¶·μ³¥¦ÊÉ±  ¸ ¤¨¶μ²Ó´Ò³ ³ £´¨Éμ³ (®mapping¯)

�  ·¨¸. 4 ¨ 5 ¶·¨¢¥¤¥´  § ¢¨¸¨³μ¸ÉÓ μÉ´μÏ¥´¨Ö ρe/ρb μÉ Š‚� ¤²Ö ¸Ì¥³Ò Î¥·¥¤μ¢ ´¨Ö
¶Ê¸ÉÒÌ ¨ § ¶μ²´¥´´ÒÌ ¸¥¶ · É·¨¸, ¨²¨ ®mapping¯.

‡�Š‹
—…�ˆ…

� · ³¥É·Ò ±μ²² °¤¥·  NICA, ¶·¨´ÖÉÒ¥ ´  ¤ ´´μ¥ ¢·¥³Ö, ¤ ÕÉ μ¸´μ¢ ´¨¥ ¤²Ö ÊÉ¢¥·-
¦¤¥´¨Ö, ÎÉμ ��� ¤²Ö ±μ²² °¤¥·  NICA ¸ÊÐ¥¸É¢Ê¥É ¨ μ´  ´¥ ³¥´¥¥ §´ Î¨É¥²Ó´ , Î¥³ ¤²Ö
RHIC.

Š ± ¸²¥¤Ê¥É ¨§ · ¸Î¥Éμ¢ ¶²μÉ´μ¸É¨ ��, ¢ ¶·Ö³μ²¨´¥°´ÒÌ ÊÎ ¸É± Ì ¢²¨Ö´¨¥³ ��
³μ¦´μ ¶·¥´¥¡·¥ÎÓ, ¶·¨´Ö¢ ¤¨ ³¥É· ¶ÊÎ±μ¢μ° ± ³¥·Ò ∼ 10−12 ¸³. � ¸Î¥ÉÒ, ¶·μ¢¥-
¤¥´´Ò¥ ¤²Ö ±¢ ¤·Ê¶μ²Ó´ÒÌ ÊÎ ¸É±μ¢, É ±¦¥ ¤ ÕÉ ´¥§´ Î¨É¥²Ó´ÊÕ ¢¥²¨Î¨´Ê ¶²μÉ´μ¸É¨
Ô²¥±É·μ´´ÒÌ μ¡² ±μ¢.

� ¨¡μ²¥¥ μ¶ ¸´Ò³¨ ÊÎ ¸É± ³¨ μ¸É ÕÉ¸Ö ¤¨¶μ²Ó´Ò¥ ÊÎ ¸É±¨, ¸μ¸É ¢²ÖÕÐ¨¥ Î¥É¢¥·ÉÓ
¤²¨´Ò ±μ²ÓÍ  ±μ²² °¤¥· . ‚ ´¨Ì ¤²Ö ¸μÌ· ´¥´¨Ö ¶μÉ¥·Ó ¶ÊÎ±  ´  Ê·μ¢´¥ ∼ 10 % §  Î ¸
³ ±¸¨³ ²Ó´Ò° Š‚� ´¥ ¤μ²¦¥´ ¶·¥¢ÒÏ ÉÓ 1,3.

�μÉ·¥¡Ê¥É¸Ö ¶·μ¢¥¤¥´¨¥ ¸¶¥Í¨ ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¶μ ¤μ¸É¨¦¥´¨Õ É·¥¡Ê¥³μ° ¢¥²¨-
Î¨´Ò ±μÔËË¨Í¨¥´É  ¢Éμ·¨Î´μ° Ô³¨¸¸¨¨ ¢ ¶ÊÎ±μ¢μ° ± ³¥·¥ ¤¨¶μ²Ó´ÒÌ ÊÎ ¸É±μ¢.
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