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�·¨¢μ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±  ¨μ´μ¢ §μ²μÉ  ¨§
¨¸ÉμÎ´¨±  ESIS ¢ ´ Î ²Ó´ÊÕ Î ¸ÉÓ ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö Å RFQ. �´ ²¨§¨·ÊÕÉ¸Ö μ¸μ¡¥´´μ¸É¨
¤¢ÊÌ ¢ ·¨ ´Éμ¢ ± ´ ² : ¡¥§ · §¤¥²¥´¨Ö ¨ ¸ · §¤¥²¥´¨¥³ § ·Ö¤μ¢.

Results of numerical simulation of gold ion beam transportation from ESIS source to an initial part
of the linear accelerator Å RFQ are given. Features of two variants of the channel (without separation
and with separation of charges) are analyzed.

PACS: 29.20.-c; 29.90.+r
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‘μ£² ¸´μ ¶·μ¥±ÉÊ NICA/MPD [1] ¨´¦¥±Éμ· ÉÖ¦¥²ÒÌ ¨μ´μ¢ Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸ 
NICA ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ´μ¢Ò° ¨¸ÉμÎ´¨± Ô²¥±É·μ´´μ-¸É·Ê´´μ£μ É¨¶  (ESIS) ®Š·¨μ´-6’¯,
±μÉμ·Ò° ¶·μ¨§¢μ¤¨É ¨μ´Ò Au32+ ¸ ¨´É¥´¸¨¢´μ¸ÉÓÕ ´  Ê·μ¢´¥ 2 · 109 Î ¸É¨Í §  ¨³¶Ê²Ó¸,
¤²¨É¥²Ó´μ¸ÉÓÕ 6Ä8 ³±¸ ¨ Î ¸ÉμÉμ° ¶μ¢Éμ·¥´¨Ö ¤μ 50 ƒÍ, ¨ ²¨´¥°´Ò° Ê¸±μ·¨É¥²Ó ¸ ¢Ò¸μ-
±μÎ ¸ÉμÉ´μ° ±¢ ¤·Ê¶μ²Ó´μ° Ëμ±Ê¸¨·μ¢±μ° (RFQ), ¶·¥¤´ §´ Î¥´´Ò° ¤²Ö Ê¸±μ·¥´¨Ö ¨μ´μ¢
¸ μÉ´μÏ¥´¨¥³ ³ ¸¸Ò ± § ·Ö¤Ê A/q � 8 ¤μ Ô´¥·£¨¨ 6,2 ŒÔ‚/´Ê±²μ´ ¨ ÔËË¥±É¨¢´μ¸ÉÓÕ ´¥
³¥´¥¥ 80%.

Š ´ ² É· ´¸¶μ·É¨·μ¢±¨ ¨μ´μ¢ ´¨§±μ° Ô´¥·£¨¨ (Low Energy Beam Transfer, LEBT)
¶¥·¥¢μ¤¨É ¶ÊÎμ± ¨§ ¨¸ÉμÎ´¨±  ESIS, · ¸¶μ²μ¦¥´´μ£μ ´  ¶² ÉËμ·³¥ ¶μ¤ ¶μÉ¥´Í¨ ²μ³
200 ±‚, ¢ RFQ-Ê¸±μ·¨É¥²Ó. ˆ¸ÉμÎ´¨± § ± ´Î¨¢ ¥É¸Ö ¸¨¸É¥³μ° ¶·¥¤¢ ·¨É¥²Ó´μ£μ Ê¸±μ·¥-
´¨Ö (´  ·¨¸. 1 ¨ 2 μ¡μ§´ Î¥´  ± ± AG).

� ¸¸³ É·¨¢ ²¨¸Ó ¤¢  ¢ ·¨ ´É  ± ´ ² :
Å ¢ ·¨ ´É 1 ¸ ¸¥¶ · Í¨¥° ±μ³¶μ´¥´É ¶ÊÎ± , É. ¥. ¸ ¢Ò¤¥²¥´¨¥³ μ¤´μ° § ·Ö¤´μ¸É¨;
Å ¢ ·¨ ´É 2 ¡¥§ ¸¥¶ · Í¨¨, É. ¥. ¸ ¶¥·¥¢μ¤μ³ ¢ RFQ ¢¸¥Ì § ·Ö¤´μ¸É¥° ¶ÊÎ± .
� ¸Î¥ÉÒ ± ´ ²  ¶·μ¢μ¤¨²¨¸Ó ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò MAD [2]. �¥§Ê²ÓÉ ÉÒ ¶·μ¢¥·Ö-

²¨¸Ó ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò MCIB04 [3], ÊÎ¨ÉÒ¢ ÕÐ¥° ÔËË¥±ÉÒ ¸μ¡¸É¢¥´´μ£μ § ·Ö¤ 
¶ÊÎ± .

‚��ˆ��’ 1 Å Š���‹ ‘ ��‡„…‹…�ˆ…Œ Š�Œ���…�’

Š ´ ² (·¨¸. 1) ¸μ¸Éμ¨É ¨§ ¶μ¢μ·μÉ´μ£μ ³ £´¨É -¸¶¥±É·μ³¥É·  ¨ Ëμ±Ê¸¨·ÊÕÐ¥° ¸¨-
¸É¥³Ò ¤²Ö ¸μ£² ¸μ¢ ´¨Ö Ô³¨ÉÉ ´¸  ¶ÊÎ±  ¸  ±¸¥¶É ´¸μ³ Ê¸±μ·¨É¥²Ö RFQ. ”μ±Ê¸¨·ÊÕÐ Ö
¸¨¸É¥³  ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¤¢¥ ¸μ²¥´μ¨¤ ²Ó´Ò¥ ³ £´¨É´Ò¥ ²¨´§Ò (S1, S2), É·¨¶²¥É (Q3Ä
Q5), ¢μ§¢· Ð ÕÐ¨° ¶ÊÎ±Ê  ±¸¨ ²Ó´ÊÕ ¸¨³³¥É·¨Õ, ¨ μ¤´Ê ¨²¨ ¤¢¥ ±¢ ¤·Ê¶μ²Ó´Ò¥ ²¨´§Ò
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�¨¸. 1. ‘Ì¥³  LEBT (¢ ·¨ ´É 1). FCT Å

É· ´¸Ëμ·³ Éμ· Éμ± ; DB1 ¨ DB2 Å ¨§³¥-

·¨É¥²Ó´Ò¥ ¡μ±¸Ò; HV Å ±μ··¥±É¨·ÊÕÐ¨¥
³ £´¨ÉÒ

�¨¸. 2. ‘Ì¥³  LEBT (¢ ·¨ ´É 2). �¡μ§´ Î¥-

´¨Ö É¥ ¦¥, ÎÉμ ¨ ´  ·¨¸. 1

(Q1, Q2). 135◦-¸¶¥±É·μ³¥É· ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ 67,5◦ ¶·Ö³μÊ£μ²Ó´ÒÌ ³ £´¨Éμ¢ BM1 ¨ BM2,
¨³¥ÕÐ¨Ì Ê£²Ò ³¥¦¤Ê ¶μ²Õ¸μ³ ¨ · ¤¨Ê¸μ³ ¶μ 25◦ ¤²Ö Ëμ±Ê¸¨·μ¢±¨ ¢ ¢¥·É¨± ²Ó´μ°
¶²μ¸±μ¸É¨.

�¸´μ¢´ Ö μ¸μ¡¥´´μ¸ÉÓ ± ´ ²  É· ´¸¶μ·É¨·μ¢±¨ ¨μ´μ¢ ´¨§±μ° Ô´¥·£¨¨ ¸ · §¤¥²¥´¨¥³
±μ³¶μ´¥´É Å ®· §´Ê²¥´¨¥¯ ¤¨¸¶¥·¸¨μ´´μ° ËÊ´±Í¨¨ ¢ ¸¶¥±É·μ³¥É·¥. …¸²¨ ´¥ ¶·¨³¥-
´ÖÉÓ ¸¶¥Í¨ ²Ó´ÒÌ ³¥·, Éμ ÔËË¥±É¨¢´Ò° ¶μ¶¥·¥Î´Ò° Ô³¨ÉÉ ´¸ ¶ÊÎ±  ¶·¨ ÔÉμ³ ³μ¦¥É
Ê¢¥²¨Î¨¢ ÉÓ¸Ö ¤μ ´¥¶·¨¥³²¥³ÒÌ §´ Î¥´¨° ¢ ±μ´Í¥ ± ´ ² .

„²Ö ¶ÊÎ± , ¸μ£² ¸μ¢ ´´μ£μ ¸  ±¸¥¶É ´¸μ³ RFQ ¢ É·¥¡Ê¥³μ° § ·Ö¤´μ¸É¨ (·¨¸. 3), §´ -
Î¥´¨Ö ¤¨¸¶¥·¸¨μ´´ÒÌ ËÊ´±Í¨° Dx, Dy ¨ ¨Ì ¶·μ¨§¢μ¤´ÒÌ D′

x, D′
y ´  ¢Ìμ¤¥ ¢ RFQ

¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥.
�·¨ Ô´¥·£¥É¨Î¥¸±μ³ · §¡·μ¸¥ ¢ ¶ÊÎ±¥ ¨¸ÉμÎ´¨±  ®Š·¨μ´-6’¯ ±0,75q ±Ô‚

ÔËË¥±É¨¢´Ò° ¸·¥¤´¥±¢ ¤· É¨Î´Ò° ´¥´μ·³ ²¨§μ¢ ´´Ò° Ô³¨ÉÉ ´¸ ³μ¦¥É ¤μ¸É¨£ ÉÓ
∼ 190 π ·³³ ·³· ¤ ¢ ±μ´Í¥ ± ´ ²  (¶·¨ 11,9 π ·³³ ·³· ¤ ¢ ¥£μ ´ Î ²¥).

�¨¸. 3. ” §μ¢Ò° Ô²²¨¶¸ ¨ ¸¥Î¥´¨¥ ¶ÊÎ±  §μ²μÉ  ´  ¢Ìμ¤¥ ¢ RFQ
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”Ê´±Í¨¨ ¨
‚Ìμ¤ ¢ RFQ

¨Ì ¶·μ¨§¢μ¤´Ò¥

Dx, ³ Ä8
D′

x 2,8
Dy , ³ 6
D′

y Ä2

� ¸¸³μÉ·¥´Ò ¤¢  ¢ ·¨ ´É  ¶μ¤ ¢²¥´¨Ö ÔÉμ£μ ÔËË¥±É : Ê¸É ´μ¢±  ³¥¦¤Ê ¶μ²μ¢¨´± ³¨
¸¶¥±É·μ³¥É·  ¤μ¶μ²´¨É¥²Ó´μ£μ ³ £´¨É  ¸ ¶μ²¥³ μ¡· É´μ£μ §´ ±  ¨²¨ ±¢ ¤·Ê¶μ²Ö Q2.

1.1. „μ¶μ²´¨É¥²Ó´Ò° ¤¨¶μ²Ó. „²Ö ¶μ¤ ¢²¥´¨Ö ÔËË¥±É  Ê¢¥²¨Î¥´¨Ö Ô³¨ÉÉ ´¸  ¨¸¶μ²Ó-
§μ¢ ²¸Ö (± ± ¶·¥¤²μ¦¥´μ ¢ [4]) ¶·Ö³μÊ£μ²Ó´Ò° ¤¨¶μ²Ó ‚Œ3 ¸ μ¡· É´Ò³ ¶μ²¥³, · ¸¶μ²μ-
¦¥´´Ò° ³¥¦¤Ê ¶μ²μ¢¨´± ³¨ ¸¶¥±É·μ³¥É·  (·¨¸. 4). �·¨ ÔÉμ³ ± ¦¤Ò° ¤¨¶μ²Ó ¸¶¥±É·μ-
³¥É·  μÉ±²μ´Ö¥É ¶ÊÎμ± ´  Ê£μ², ¡μ²ÓÏ¨° · ¸Î¥É´μ£μ 67,5◦.

�¨¸. 4

�¨¸. 5. ‘É·Ê±ÉÊ·  ± ´ ²  (¢¢¥·ÌÊ) ¨ £· Ë¨±¨ ¤¨¸¶¥·¸¨μ´´ÒÌ ËÊ´±Í¨°. ‘μ²¥´μ¨¤Ò S1 ¨ S2 ´¥

¶μ± § ´Ò
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�  ·¨¸. 5 ¶·¨¢¥¤¥´ £· Ë¨± ¤¨¸¶¥·¸¨° ¤²Ö ¸²ÊÎ Ö, ±μ£¤  ¤¨¸¶¥·¸¨¨ ¨ ¨Ì ¶·μ¨§¢μ¤´Ò¥
³¨´¨³¨§¨·μ¢ ´Ò ¶μ ¨Ì ¸Ê³³ ·´μ³Ê ¢±² ¤Ê ¢ Ê¢¥²¨Î¥´¨¥ Ô³¨ÉÉ ´¸ .

’ ±¨³ ¸¶μ¸μ¡μ³ ³μ¦´μ Ê³¥´ÓÏ¨ÉÓ ¢±² ¤ μÉ ¤¨¸¶¥·¸¨¨ ¨ ¥¥ ¶·μ¨§¢μ¤´μ° ¢ Ê¢¥²¨Î¥´¨¥
Ô³¨ÉÉ ´¸  ¤μ ¶·¨¥³²¥³μ° ¢¥²¨Î¨´Ò (∼ 10 %).

1.2. „μ¶μ²´¨É¥²Ó´Ò° ±¢ ¤·Ê¶μ²Ó. �¥§Ê²ÓÉ ÉÒ ¤²Ö ¸²ÊÎ Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ±¢ ¤·Ê¶μ²Ö
Q2 ¤²Ö ®§ ´Ê²¥´¨Ö¯ ¤¨¸¶¥·¸¨¨ ¨ ¥¥ ¶·μ¨§¢μ¤´μ° ¶·¨¢¥¤¥´Ò ´  ·¨¸. 6.

�¨¸. 6. ‘É·Ê±ÉÊ·  ± ´ ²  (¢¢¥·ÌÊ) ¨ £· Ë¨±¨ ¤¨¸¶¥·¸¨μ´´ÒÌ ËÊ´±Í¨°

Š ± ¢¨¤´μ ¨§ ·¨¸. 6, ¨¸¶μ²Ó§μ¢ ´¨¥ ±¢ ¤·Ê¶μ²Ö ¶μ§¢μ²Ö¥É ¶μ²´μ¸ÉÓÕ § ´Ê²¨ÉÓ ¤¨¸-
¶¥·¸¨¨ ¨ ¨Ì ¶·μ¨§¢μ¤´Ò¥.
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‚ ¢ ·¨ ´É¥ 2 (·¨¸. 2) μÉ¸ÊÉ¸É¢ÊÕÉ ±¢ ¤·Ê¶μ²Ó´Ò¥ ²¨´§Ò ¨ ¸¶¥±É·μ³¥É·, ¢³¥¸Éμ ±μÉμ-
·μ£μ Ê¸É ´ ¢²¨¢ ¥É¸Ö  ´ ²¨§¨·ÊÕÐ¨° ³ £´¨É (AM). �¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö ¸ Ê¸±μ·¥-

�¨¸. 7. ’· ¥±Éμ·¨¨ ¨μ´μ¢ ¶ÊÎ±  Au32+ ¶·¨ ¶μ²´μ³ Éμ±¥ ¶ÊÎ±  3 ³�
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�¨¸. 8. ” §μ¢Ò° Ô²²¨¶¸ ¨ ¸¥Î¥´¨¥ μ¸´μ¢´μ° § ·Ö¤´μ¸É¨ ¶ÊÎ±  Au32+ ´  ¢Ìμ¤¥ ¢ RFQ

´¨¥³ ¢ AG ¨ É· ´¸¶μ·É¨·μ¢±μ° ¤μ ¢Ìμ¤  ¢ RFQ (¢¥¸Ó ± ´ ²) ¸ ¶μ³μÐÓÕ MCIB04-±μ¤ 
¤²Ö ¶ÊÎ±μ¢ ¸ Éμ±μ³ 3 ³� ¶μ± § ´Ò ´  ·¨¸. 7 ¨ 8.

‚  ±¸¥¶É ´¸¥ RFQ 99,9 % ¨μ´μ¢ μ¸´μ¢´μ° § ·Ö¤´μ¸É¨ ¸ Ô³¨ÉÉ ´¸μ³ 4 rms εun =
48 π ·³³ ·³· ¤. �³¨ÉÉ ´¸ ¢¸¥£μ ¶ÊÎ±  4 rms εun = 52 π ·³³ ·³· ¤.

‡�Š‹	—…�ˆ…

1. �¡  ¢ ·¨ ´É  ± ´ ²  (¡¥§ · §¤¥²¥´¨Ö ¨ ¸ · §¤¥²¥´¨¥³ § ·Ö¤´μ¸É¥°) ¶μ§¢μ²ÖÕÉ ¶·μ-
¢μ¤¨ÉÓ ¨ ¸μ£² ¸μ¢Ò¢ ÉÓ ¸  ±¸¥¶É ´¸μ³ RFQ ¶· ±É¨Î¥¸±¨ 100% ¨μ´μ¢ μ¸´μ¢´μ° § ·Ö¤´μ-
¸É¨, ¥¸²¨ ¤¨¸¶¥·¸¨Ö ¨ ¥¥ ¶·μ¨§¢μ¤´ Ö · ¢´Ò ´Ê²Õ.

2. �³¨ÉÉ ´¸ ¶ÊÎ±  ¨μ´μ¢ μ¸´μ¢´μ° § ·Ö¤´μ¸É¨ ¢ ±μ´Í¥ ± ´ ²  4 rms εun = 48 π ·³³×
×³· ¤. �³¨ÉÉ ´¸ ¢¸¥£μ ¶ÊÎ±  (¤²Ö ¢ ·¨ ´É  ¡¥§ · §¤¥²¥´¨Ö § ·Ö¤´μ¸É¥°) 4 rms εun =
52 π ·³³ ·³· ¤.

3. „¨ ¶ §μ´ ¸Ê³³ ·´μ£μ Éμ±  ¶ÊÎ±  μÉ 0 ¤μ 3 ³�.
4. ‚ ¢ ·¨ ´É¥ ¸ · §¤¥²¥´¨¥³ § ·Ö¤´μ¸É¥° ¶·¨³¥´¥´¨¥ ¤¨¶μ²Ö ¸ μ¡· É´Ò³ ¶μ²¥³ ¶μ-

§¢μ²Ö¥É ¶μ¤ ¢¨ÉÓ ¢±² ¤ μÉ ¤¨¸¶¥·¸¨¨ ¨ ¥¥ ¶·μ¨§¢μ¤´μ° ¢ Ê¢¥²¨Î¥´¨¥ Ô³¨ÉÉ ´¸  ¤μ ¶·¨-
¥³²¥³μ° ¢¥²¨Î¨´Ò (∼ 10 %), ¨¸¶μ²Ó§μ¢ ´¨¥ ±¢ ¤·Ê¶μ²Ö ¶μ§¢μ²Ö¥É ¶μ²´μ¸ÉÓÕ ®§ ´Ê²¨ÉÓ¯
¤¨¸¶¥·¸¨¨ ¨ ¨Ì ¶·μ¨§¢μ¤´Ò¥.

�¨¸. 9. �¦¨¤ ¥³Ò° § ·Ö¤μ¢Ò° ¸¶¥±É· ¶ÊÎ±  §μ²μÉ 
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5. 	μ²¥¥ ¸²μ¦´Ò° ± ´ ² ¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ ¶ÊÎ±¨ ¸ ¡μ²ÓÏ¨³ Éμ±μ³ (∼ 6 ³�), ÎÉμ
³μ¦¥É μ± § ÉÓ¸Ö ¢ ¦´Ò³ ¶·¨ μ¦¨¤ ¥³μ³ · ¢´μ³¥·´μ³ § ·Ö¤μ¢μ³ ¸¶¥±É·¥ ¶ÊÎ±  ¨μ´μ¢
§μ²μÉ  (·¨¸. 9). ‚ ¢ ·¨ ´É¥ 2 ´ ¸É·μ°±  ± ´ ²  ´  ´Ê¦´ÊÕ § ·Ö¤´μ¸ÉÓ ¸μ¶·Ö¦¥´  ¸
μ¶·¥¤¥²¥´´Ò³¨ É·Ê¤´μ¸ÉÖ³¨.
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