
1 28 ò Or

2004 c 12 �

p U Ô n � Ø Ô n

HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS

Vol.28, Supp.

Dec., 2004

^u��5å6�RFQe%àåì
∗

�©Æ
1)

�T M�é ��� �I� É©9

(¥I�Æ�C�ÔnïÄ¤ =² 730000)

Á� {�VãRFQe%àåì�Ä��n, ¿�Ñ
|^SIMION§S�[�Ü©(J. �O¥

�RFQe%àåì�ISþÙ§Óa���', äkA��»�!\�âf�#NUþþ��pÚ

±ííØp�A:, Ïd�©��éI��Ñ�(J�
��{���ã.

'�c ��5å6 �ªo4ßº �ÀíN e% àå

1 RFQe%àåì��n{0

�5�õ�é�lβ­½�ÛÉØ�Ø(�ÚØ

PC5��°[ïÄ, ÃX°[�âfÌÆ!�'é

ÿþÚ-1ÌÆ��, ±9é�­ØD��­���

&¢Ñ½�I�$Uþ!p¬����5å6. ,


, ý�õê��5Ø�Ñ´ÏLØ�A�)�, /

¤���5å6äkUþ©Ñ�!u�Ý�Úå6

�:��":, ÏdùÒI�éØ�A�)�pU

þ!$¬��g?å6?1?�Ú�öp, �)éâ

f�e%Úàå��. �,kÃõ�¢�Eâ�ø¦

^
[1]

, �´RFQ (Radiofrequency Quadrupole)e%à

åì´·Üù�?Ö��ZÀJ. RFQe%àåì�

Ì�8�Ò´~�å6�UþÚÄþ©Ñ, l
~�

å6�u�ÝÚå�, ¿�¢yå6�óÀz.

ã1´RFQe % à å ì � ( � « ¿ ã, U õ U

y©, Ì�dÊÜ©|¤, =: (1)\�lf�~�,

ã 1 RFQe%àåì(�«¿ã

(2)RFQ�å, (3)�ÀíNe%, (4)Paul²àå, (5)e

å6J�. du±�f�1�>lU(24.6 eV)�~p,

lfòØ¬Ï�¥5z
��, ÏdRFQSÏ~¦^

±í���ÀíN.

Ø�A�)��A�ÔÑäkép�Uþ, 
U


�RFQe%àåì�Â�å6Uþ�$, �Uþ�

�k�, Ïd, ?\RFQ�Ð©å67L�~�, 'X

¦^�NüU¡. Ï��A�Ô�Uþ�3�½�

�É, ¤±¦^,«�½�~��{Ø�Ur¤k�

�A�Ô��{�, @o�{�Uþ��ò3�Àí

N——±í¥�ÑÑK. 3ØäCz�RF>|¥, â

fòÉ���Ó>|FÝ�����À{å. ��

lRFQ¥%,>|FÝÒ��, lf¤É���Ù$Ä

�����{åÒ�r, l
lf$Ä�Ý~ú,±�

uÊ�, 3²þå��^e, lfqm©�RFQ¥%

$Ä, l
±
E©, lf��åuRFQ¥. ¿�, d

u���ÀíN�±í�~��^, lf�ÄUòÅ

ìü$, �����±�f�9$Ä²ï, lf��

à8�RFQ�¥%. 3vk¶�>|��¹e, lf

3¶�ò�Ã5K$Ä. �
\¯lf3RFQS�D

Ñ, ·�ÏL>4©ã��{�RFQ\þ¶�>|.

ã1�w«
¶�>|�(�. lf$Ä�RFQ�"

à�ò�Paul²�;å5. ²L�ã�m�, ÏLü

$RFQ"à>4�>Ø, Paul²��, lf�º�Ñ

5, l
¢y
å6�óÀz.

* ¥I�Æ�z<Oy�8, �EÜ­��8cÏïÄ;�Ä7�8(2001CCB01200)Ú¥I�Æ��£M#ó§­����

8(CKJCX2-SW-N04)]Ï

1) E-mail: huangwx@impcas.ac.cn

90 — 92



Or �©Æ�µ^u��5å6�RFQe%àåì 91

2 SIMION�[

·�élf3RFQe%àåìS���$Ä;,

?1
�[. ¤¦^�§S�SIMION
[2]

. �[¥�)


âf$Ä��L§. �´du��L§'�E,,

�É�Ì���, ·�3dÒØ?1�[�?Ø
, =

=�Ñ�Ü©�[(J.

ã2w«�´lf3�O¥�RFQe%àåì¥

�$Ä;,. d�[¥=�Ä
RFQ�åÚ�Àí

N±íe%ü�Ü©. L1Û�
d�[�^���

ÚÜ©(J. �[(Jw«µ²LRFQe%àåì

�, uÑ�å6(¢�à8�é����, å6�:

��d�5�80mm×40mm ~���»3mm. å6

�Uþ�ü�0.4±0.1 eV. eØ�Älf3RFQ¥d

u±í¥�,����>Ö¥Ú
Úå���, ÙD

Ñ�Ç�95%. ÏLdXÚ�DÑ�m�=�2.2ms.

éRFQe%àåì"à�Paul²��[�L²ù@�

��±¢yé��5âf�àåÚº�, l
¢yå

6�óÀz. �´, ��5¿�´:¤kù
(JÑ´

nØO��Ñ�, �7L�Ñ¢�Eâþ�Ãõ(J.

ã 2 lf3RFQe%àåì¥�$Ä;,

L 1 SIMION�[�^���ÚÜ©(J

RFQ \�å6 Ñ�å6

A��»/mm 60 �þ 238 �:�»/mm Φ3

�Ý/mm 1400 >Ö 1+ Uþ/eV 0.4±0.1

Mathieu q� 0.45 Uþ/MeV 2×(1±60%)

RFªÇ/kHz 150 u�Ý ±3◦ �Ç(%) 95

¶�>|/V/cm 0.2 �:/mm 80×40 DÑ�m/ms 2.2±0.4

±ííØ/mbar 8

3 A:ÚJ:

�
UõRIBLL
[3]

�g?å6�þ±9$^u

�O¥��­ØïÄÌ¤, �O¥�RFQe%àå

ì � I S þ Ó a � �
[4—6]

� ' � � ä k n � � w

Í�A�µ(1)A��»r0�. �O¥�RFQe%à

å ì � A � � » �60mm,´ I S þ ® k Ú � O ¥

�Óa��(r0 6 20mm) ¥�»�����; (2)?

\RFQ�\�å6�#NUþ�p. ·���O�

31—10MeV�m, 
Ù¦���#N�=�100—

200eV; (3)RFQ¥��ÀíN——±ííØ�p. ·

���O��5—10mbar, 
Ù¦���ó�íØþ

�u0.1mbar. Ïd, �����A�)�å6²üU

¡üU�ò��?\RFQ¥, l
~�
lf²ý5

íN{��23>|�Ú�e
?\RFQ��!. n

Øþù, ù«�Oò��/Jp��XÚ��Ç.

�´, �´du�O¥�RFQe%àåìäk±

þ�A:, ·�Ø�Ø�Ñ3Ù¦Óa��þØI�

c[�Ä�, ½ö�±�Ñ�Eâþ�JK. �
J

pRFQe%àåì�ó�G�Úó��Ç, ·���

��Ñ±en�p�'é�(Jµ

(1)pØÂB�'�>Ø¯K. RFQe%àåì¥

¿÷
mbarþ?�±í, ý�Ý�~$. 
d��´

�N´u)íN�>�«�, l
>4m>ØØ�U

\��~p. íN�>¯K´·�7Ié��î­¯

K.

(2)±íXÝ¯K. �O¥�RFQe%àåì�

�1.6�,¿÷
A�mbar�±í, ¿�3"à�I�

rlf�;å5, Ïdlf3e%àåìS�DÑ�

m�~�. 
lf��Ð¼>f¥5z, lfò�¿

�, l
ü$
e%àåì�DÑ�Ç, Ïde%àå

ìS�±íXÝI��~p, ��0.1ppm,$��p.

·�éRFQe%àåì��Oæ^
�pý��O�

�{, ¿�é	ï�pXÝ±íò�?�Ú�Xz.

(3)Ü��\óÚ���C�¯K. Ñu�pý

���¦, dRFQe%àåì���Ü�òÄ�þ�

æ^ØCg�E. ��RFQe%àåìÜ��êþé

�, ÏdÜ��\ó°Ý�¦ép, ¿�o­þò�

�600kg, é�����C��´·�7L¡é�J

:.

4 �(

o�, |^SIMION§Sé�O¥�RFQe%à

åì��[L²µdRFQe%àåì(¢U
±ép

��Çe%å6, 4�/~�å6�:, �p©E�â

fÌÆÚ°[�-1¢��Jøp¬��¢�Ä:.



92 p U Ô n � Ø Ô n ( HEP & NP ) 1 28 ò

�´Ï��O¥�RFQe%àåìäk�ÕAA:,

·�ò¡�ÃXpØÂB!±íXÝ!°�Ü��\

óÚ���C��(J. y3·�®²?\Å��O

�ã, 3ØÈ�ò5Ò�±ïá�@����.Å, l


m©[�ÿÁ©¥J��EâJ:Ú·��)û�

Y.

ë�©z(References)

1 Itano W M, Bergquist J C, Bollinger J J et al. Physica

Scripta., 1995, T59: 106

2 Dahl D A, Delmore J E and Appelhans A D. Review of

Scientific Instruments, 1990, 61: 607

3 SUN Z, ZHAN W L, GUO Z Y et al. Nucl. Instr. Meth.,

2003, A503: 496

4 Nieminen A, Huikari J, Jokinen A et al. Nucl. Instr.

Meth., 2001, A469: 244

5 Herfurth F, Dilling J, Kellerbauer A et al. Nucl. Instr.

Meth., 2001, A469: 254

6 LIU Y, LIANG J F, Alton G D et al. Nucl. Instr. Meth.,

2002, B187: 117

RFQ Cooler and Buncher for Radioactive Ion Beam∗

HUANG Wen-Xue1) WANG Yue XU Hu-Shan SUN Zhi-Yu XIAO Guo-Qing ZHAN Wen-Long

(Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract The principle of RFQ (Radiofrequency Quadrupole) cooler and buncher is briefly introduced

and some results of simulation by using the SIMION code are given. Compared to the other similar devices

around the world, the being designed RFQ cooler and buncher has the following characteristics: much larger

characteristic radius, much higher kinetic energy to be allowed to inject in and much higher helium buffer

gas, so the difficulties to be overcome are listed.
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