
1 31 ò 1 8 Ï

2007 c 8 �

p U Ô n � Ø Ô n
HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS

Vol. 31, No. 8

Aug., 2007

�®�Æ1MeV RFQ\�ì5U`zïÄ *

4�
1)

H�x ôÆ� º�J Á& pÔw

�[Ð R.A.Jameson �Z�

(�®�ÆlfÔn��Ü:¢�¿ �® 100871)

Á� 3\�8�zþ��u�Ý�0.05mm·mrad�, �®�Æ1MeV �ªo4|\�ì ISR-1000å

6DÑ�Ç�97%. ���#�ECR�u�ÝO\�0.2mm·mrad, d�å6DÑ�Çeü�89%.

3ØUCnN(��cJe, é\�ëê94m>Ø?1
`zN�, ò�ÇJp�98%. �?1


ISR-1000é\�å6ëê�¯a5©Û, �Ñ
�ëê#N�Cz��.

'�c �N©l� �ªo4| �� þ§

1 Úó

� ª o 4 | (Radio Frequency Quadrupole,

RFQ)\�ì
[1]

´�«UÓ�^Ù�ª>|�»�

©þ?1à�Úp�©þ?1\�!·^ul�f�

flf��«$��>âf�p���\�(�. �

XlfÔnïÄÚEâA^�uÐ, Cc5lf

RFQ\�ì, AO´MeVþ?�lfRFQ\�ì,

q��×��uÐ. §ò3��Nì��ïÄ�)

�!á�U5!.5Ø 9ØàC��¡å��

��^. oÊ.RFQ3\�lf�Kw�(�

�!>½5�, Ïd�®�ÆJÑ�«#�

lfRFQ\�(�——“�N©l�. (ISR)�ªo

4| ‘RFQ’\�(�”, 3I[g,�ÆÄ7��]

Ïe, éù«\�ì(�?1
XÚ�ïÄ, ¿�U

ï¤
ü��N©l�RFQ\�ì ISR-300Ú ISR-

1000
[2—4]

. Ù¥ ISR-1000äkép�pª�Ç, �^


25kW�õÇÒUò�lf\��1MeV±þ. �


?�Ú&¢JpRFQ\�ì\��Ç��15, �

®�ÆUYmÐ
#.$U\�(��ïÄ, ò�

ïE1�©l�^RFQ\�ì (SFRFQ)¢�n
[5]

. ù

I�é ISR-1000 RFQ�lfÚ$UÑ$ã?1,

?, ±JømA?�²þ6r^uSFRFQ¢�nå6

¢�.

2 ��`z

3 \ � 8 � z þ � � u � Ý � 0.05mm·mrad

�, �®�Æ1MeV RFQ\�ì ISR-1000å6DÑ

�Ç�97%. ���#�ECR�u�ÝO\�

0.2mm·mrad, d�å6DÑ�Çü�89%. �
³�

å6Ñ$L§¥å6u�ÝO�ÚJpå6�DÑ�

Ç, 3ØUCnN(��cJe, é\�ëê?1


`z. 3PARMTEQM§S¥^10000�÷âf?1

õgDÑ�[, P¹DÑ�Ç�\�ý�ëêαÚβ

�Cz'X, �[(JXã1¤«. �\�å6u�Ý

�0.2mm·mrad, 4m>Ø�70kV�, ò\�å6�

αÚβ dÐ©�0.87Ú4.84cm/rad©ON�����

0.62Ú3.14cm/rad, �òDÑ�ÇJp�93.64%.

ã 1 DÑ�Ç�\�αÚβ Czã

2006 – 11 – 21 Âv

* I[g,�ÆÄ7(10455001, 10605003)]Ï

1) E-mail:w.liu@pku.edu.cn

783 — 786



784 p U Ô n � Ø Ô n ( HEP & NP ) 1 31 ò

éu��RFQ\�ìØ=F"¦�UØ¿�å

6, �F"ÑÑå6�¬���Ð, =�ª�u�

Ý��ε�é\���O����Ð. �Buéå6

�DÑL§?1©Û, ^pteqHI§S1) ?1
DÑ�

[. ã2�Ñ
`z�Ú��Oå6�î�8�zu

�Ý÷RFQ�Cz (ã¥matchedéA�´\�?α

Úβ �©O�0.62Ú3.14cm/rad, 4m>Ø��O�

70kV��¹), ��\���¹eRFQÑ��u�Ý

ü$
7%, l¦å6�¬�?�ÚJp.

ã 2 å6�î�u�Ý�RFQ�Cz

3 ISR-1000\�å6ëê�A©Û

éu1�RFQ\�ì5`, Åì�½5=é�

n�\�å6^��Ø¯a5�©�. du¢S

�¹¥lf½$UDÑãJø�\�å6ëê�

�O�¬k¤ �, ,	 ISR-1000�ò���®�Æ

SFRFQ�5\ì, ¤±½5©ÛcÙ�. Ïd^

PARMTEQM§Sé ISR-1000�½5?1
©Û.

�
Bu'�, ©Û�cJ^�µ�´ØUC�O�

>4(�, �´3ïÄ\�å6�,�ëêCzéD

Ñ�Ç�K��Ù¦Ð©ëê�±ð½. n�\�å

68�zu�Ý�0.2mm·mrad, αÚβ �©O�0.62

Ú3.14cm/rad, UÑ�0, 6r�5mA.

\�å6��ý��TwissëêαÚβ 3�n�

�¹�éDÑ�ÇE¤�6ÄXã3¤«. 3\�

8�zþ��u�Ý�Ï~�0.2mm·mrad�¹e,

ISR-1000���α Úβ �©O�0.62Ú3.14cm/rad.

ã 3 � Ñ � ´ α Ú β � © O 3 0.12—1.12Ú 2.14—

4.14cm/rad��Sþ!Cz20ÚéA�DÑ�ÇC

z�. dã��µISR-1000é\�å6Twissëê

αÚβ �¯aÝ$, αÚβ 3À½��SCz�DÑ�

ÇCz33%±S, = ISR-1000�å6ÄåÆ�Yé

\�å6��ý��Twissëêäk�p�½5.

\�å6ëê l�O��, å6�DÑ�ÇeüØ

²w, Ï�±�°lf����¦, �lf�

NÁ3Ñ
�2���m.

ã 3 ���TwissëêαÚβ éDÑ�Ç�K�

ã4�Ñ
\�âfUÑ∆W Ú\�u�Ýε�

DÑ�Ç�'X�. k�Ä∆W l\�âfUÑ

�0þ!Cz�±5keV�10«�¹, æ^�âf©Ù

��Å©Ù. dã��, DÑ�Çéu\�âfUÑ

Ý3�½��SØ¯a, �∆W/W 314%±SCz

��¹e, DÑ�Çþ390%±þ, �3UÑÝ�L

14%�, DÑ�Ç×�ü$, ùÒ�¦lfJø�

å6UÑÝ7I�y314%S. �e5ò\�u�Ý

�7�O�0.2mm·mrad�m�Cz10�ê�, Ú�

�0.01mm·mrad. ê�ïÄ(Jw«, 3À½��S,

DÑ�Ç�CzÌÝ�14%.

ã 4 \�âfUÑÝ�ØÓ\�u�ÝéDÑ�Ç�K�

��, ÿÁ
l0—10mAmØÓ\�å6rÝ I

éDÑ�Ç�K�, �X6r�O�DÑ�Ç1w

'��ú/eü, �´·���O:5mA u��'

�S��«�.

o�, ±þ�¤k©ÛL²�®�Æ�N©l�

.RFQ\�ì ISR-1000éu�n�\�å6^��

6´'�½�.

1) Jameson R A. LANL Technical Report LA-CP-97-54, 1997



1 8 Ï 4��µ�®�Æ1MeV RFQ\�ì5U`zïÄ 785

4 UC4m>Ø

å63î�Úp�����±^§Ý5Lãµ=

î�§ÝT =
1

5

εtn

γa
mc2 Úp�§ÝT =

1

5

εln

γ3b
mc2[6]

.

Ù¥εln Úεtn ©OL«p�Úî��8�zþ��u

�Ý, a, b©O�å6�î�Úp�å6�ä, γ ��

éØÏf. �ØÓgdÝ�m���UþØ²ï�,

Uþò3ØÓgdÝ�m?1��, ª�u“9²ï”,

¡��þ§L§
[7, 8]

. ù�L§��ØÓ��þ�$

Ä�)ÍÜ�^, (JE¤u�ÝO�Úå6¬�e

ü. 3þ§^�e, å6�DÑ�Çò²wJp.

3RFQ(�®½��¹e, ã5¤«��[O�

L²�±ÏLJp4m>Ø5Uõå6�DÑ�Ç.

�4m>ØJp�84kV�, å6�DÑ�Ç�Jp

�98%. ù´Ï��X4m>Ø�,pp�u�ÝO

�Cú, �î�à�wÍOr, î��ä~�, å6

�\ª�uþ§^�
aεln

bεtn

= 1
[7, 8]

, Xã6¤«.

ã 5 DÑ�Ç�4m>Ø�Cz

ã 6 þ§�¹

34m>ØO���½§Ý�, DÑ�Ç��


²º, UYO�>Ø�Çvk²wJp, �´O\

õÇ�Ñ. éu ISR-1000�±ò>ØJp�84kV, `

z�å6��äwÍ~�, ã7�>Ø©O��©�

70kV±9`z��84kV�å6î�9p��º�

÷RFQ�Cz, dã7�±wÑ, 34m>ØJp�

84kV��¹e, å6�î��ä²w~�, cÙ3>

Ø�70kV�å6�ä²wpu`z��å6�ä,

ùÜ©RFQ��»��, 4´E¤å6��, ��

DÑ�Çü$. ã6Úã7´^pteqHI§S?1�[

ïÄ���.

ã 7 å6�î�9p�º�Cz'�

5 (Ø

3RFQ\�ì¥, å6���´Úåu�ÝO�

Úå6�����Ï. ²Lé\�ëê�`z, �

����å6ëê, lò ISR-1000�DÑ�ÇJp

�C94%, å6�¬����
Uõ. é�~4m>

Øe�½5©ÛL², TRFQé\�å6�αÚβ

�äk�p�½5, �\�å6�UÑÝI��3

14%±S. ù� ISR-1000 RFQ\�ì�lfÚ$

UÑ$ã�,?UEJø
nØ�â. d	, ÏLO

�4m>Ø, ò ISR-1000í�þ§G�, ÙDÑ�Ç

?�ÚJp�98%, L1�Ñ
`zc�k'ëê�

é'. éu���þ§�RFQÄåÆ�O, 3?1\

�ëê��`zÚUC�O�4m>Ø�, å6�±

ªCuþ§G�, DÑ�ÇÚå6¬��±���½

�Uõ, lnØþy²
þ§nØ�±�ü$å6u

�ÝO�ÚUõ¬�Jø�Ï.

L 1 `zc�ëê'�

α/ β/ �4m> DÑ î�� Ñ�u�Ý/

(cm/rad) (cm/rad) Ø/kV �Ç ä/cm (mm·mrad)

`zc 0.87 4.84 70 89% 0.24 0.28

`z� 0.62 3.14 84 98% 0.22 0.27



786 p U Ô n � Ø Ô n ( HEP & NP ) 1 31 ò

ë�©z(References)

1 Kapchinskij I M, Tepiyakov V A. Prib. Tech. Eksp., 1970,

4: 19

2 CHEN Jia-Er, FANG Jia-Xun, LI Wei-Guo et al. Progress

in Natural Science, 1994, 4(3): 271—277 (in Chinese)

(�Z�, �[Ô, o�I�. g,�Æ?Ð, 1994, 4(3): 271—

277)

3 CHEN Jia-Er, FANG Jia-Xun, YU Jin-Xiang et al.

Progress of RFQ for Ion Implantation at Peking University.

In: Proc. of EPAC2000. Vienna, Austria, 2000. 1850—1852

4 LU Yuan-Rong, CHEN Jia-Er, FANG Jia-Xun et al. NIM,

2003, A515: 394—401

5 YAN Xue-Qing, CHEN Jia-Er, FANG Jia-Xun et al. NIM,

2005, A539(3): 606

6 Reiser M. Theory and Design of Charged Particle Beams.

New York: John Wiley & Sons, 1994

7 Jameson R A. AIP Conf. Prof., 1992, 279: 969

8 Jameson R A. IEEE Trans. Nucl. Sci., 1981, NS-28: 2408

Optimization Study of the 1MeV RFQ at Peking University *

LIU Wei1) GUO Zhi-Yu YAN Xue-Qing LU Yuan-Rong ZHU Kun GAO Shu-Li

FANG Jia-Xun R. A. Jameson CHEN Jia-Er

(MOE Key Laboratory of Heavy Ion Physics, Peking University, Beijing 100871, China)

Abstract ISR-1000 will be used as the injector of the SFRFQ, which is under development at Peking University.

The possibility to improve its transmission has been investigated. In order to get better transmission, the input beam

parameters and the vane voltage have been optimized without changing the structure of the RFQ. In addition, the

error study on input beam parameters of ISR-1000 has been carried out. The sensitivity of those parameters has been

obtained by simulation.
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