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�§9ÍÜXêí�ÑÚ�+|ÍÜ�Ö��{. (Ü=²e%�Ì�¢S�ü�(�, ó�:À3

å6½����NC, �[O�
e%�Ì�3>fe%ãvkÚ�+!kÚ�+ÚO\Ö�Ú�

+n«�¹e�å6u�Ý9dn«�¹ee%�Ì��ÄåÆ�». ÏL�[O���Ú�+��

3òÚåå6�Y²��ÚR���îÍÜ, duÍÜ�A, R����u�Ýò�ÑÙ�ÉÝ, �

¦å6�þ��. �éù«�¹, JÑ
3Ú�+üà�Ü· �O\�|Ö�Ú�+����Y. �

[(JL²ù«��1�k�.
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Ù¥K =
qB0

2ps

, C = cos(KL), S = sin(KL), L�Ú�

+�k��Ý. ½Â��ds= s1 �s= s2 �DÑÝ


Ms, ÷v

X(s2) =Ms(s2|s1)X(s1), (2)

Ù¥X(s) = [x(s) px(s) y(s) py(s)]
T, sL«÷å

6DÑ���´»�. ò(1)ª�\(2)ª��

2005 – 07 – 18 Âv

* I[#Ñ�c�ÆÄ7(10325522)]Ï

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

462 — 465



1 5 Ï ±Èr�µe%;��CSRm¥Ú�+|ÍÜ�AïÄ 463













x(s2)

px(s2)

y(s2)

py(s2)













=

















C2
1

K
SC SC

1

K
S2

−KSC C2 −KS2 SC

−SC −
1

K
S2 C2

1

K
SC

KS2 −SC −KSC C2





























x(s1)

px(s1)

y(s1)

py(s1)













=

















C2x(s1)+
1

K
SCpx(s1)+SCy(s1)+

1

K
S2py(s1)

−KSCx(s1)+C
2px(s1)−KS

2y(s1)+SCpy(s1)

−SCx(s1)−
1

K
S2px (s1)+C

2y (s1)+
1

K
SCpy (s1)

KS2x(s1)−SCpx (s1)−KSCy (s1)+C
2py (s1)

















,

(3)

d(3)ª�wÑÚ�+��=�ÍÜ��, du§��
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[2]
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, M0 =−
1

Bρ
Bs. (6)

ª¥x, y©OL«Y²��ÚR����;� l;

Kx (s) , Ky (s)©OL«Y²��ÚR����^à

�~ê; Bs�Ú�+|, Bρ�^fÝ.
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, (8)

βx, βy ©O�Y²ÚR�����ä¼ê; ax0, ay0

©O�Y²ÚR�����ÌXê; φx, φy ©O�Y

²ÚR����� . d(7)ª��, �

∫s
0

i

2
Fx,yds= 0

�, �5ÍÜÒ�Ö�; �Fx,y 6= 0�, �þØ´¤k

:�ÍÜÑU�Ö�, �|^��mÍÜ�A��p

-��±����ÍÜÖ�.
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[3]

©O�:

εx= εx0−(εx0−εy0)
|C|2/2

∆2 + |C|2 +∆
√

∆2 + |C|2
,

εy = εy0 +(εx0−εy0)
|C|2/2

∆2 + |C|2 +∆
√

∆2 + |C|2
,

(9)

Ù¥εx0, εy0 ©O�ÃÍÜ�Y²���R����

Ð©RMSu�Ý, |C|�ÍÜXê��, ∆=Qy+t−Qx

(Qx, Qy ©O�Y²ÚR���� tune�, t��ê,

�����Qx−Qy = t).

e¡äN?Ø������Ú�+|�ÍÜX
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)
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+
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)]
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exp{i [(µx−µy)+∆θ]}dθ, (10)

òC©�ü�Ü©, -C =Cq +Cb

Cq =
1
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Bs, R�Åì�», θ�� �, µx,y�

betatron��� . d (10), (11)Ú (12)ª��:

|C|=
√

C2
b +C2

q +CqC̄b + C̄qCb, (13)

ª¥ C̄b, C̄q ©OL«Cb, Cq ��ÝEê.
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¦�C�Ì�, �ò (10), (11), (12)ª�È
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ê��Ì���Xe:
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, (17)



464 p U Ô n � Ø Ô n ( HEP & NP ) 1 30 ò
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(14)—(19)ª¥ j = 1, · · · ,Ne, k = 1, · · · ,Nc, ljk L«
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3 �[CSRm¥Ú�+|éõâfõ�

u�Ý�ÍÜ�A9ØÓ�¹e�Ä

åÆ�»

CSRm¥e%ãÌÚ�+Ì��e%ãJøp�

^|, ^5ò>f�î�$Ä=z¤7^å��£^

$Ä. ÌÚ�+d68�Õá���|¤, ù
��G

�3�å. e%ã,	�ü��Ú�+, =>fl

«�Ú�+ÚÂ8ì«�Ú�+, Ì��^3u

¦>få =�âf;�Ú Ñâf;�. Ú�+�

p�|é;��¥;��âfå�)K�, Úåå6

�î�ÍÜ, ù«ÍÜ�^Úåå6R���u�Ý

O�, å�äO�, E¤;��¥å6��. �
��

Ú�+|éâfåE¤�ÍÜ, 3>fe%ìü>,

L 1 CSRm¥¤kÚ�+�ëê

�Ý/m M βx/m βy/m αx αy µx/(2π) µx/(2π)

ÌÚ�+-1 2.0 −0.15R/(2G) 10.060 16.799 −0.100 −0.060 0.016 0.009

�Ú�+-1 1.6 −0.0625R/(1.6G) 10.746 17.208 −0.281 −0.167 0.044 0.026

Ö�Ú�+-1 0.7 0.430R/(2×0.7G) 11.872 17.878 −0.438 −0.261 0.066 0.041

Ö�Ú�+-2 0.7 0.430R/(2×0.7G) 11.872 17.878 −0.438 −0.261 0.066 0.041

�Ú�+-2 1.6 −0.0625R/(1.6G) 10.746 17.208 −0.281 −0.167 0.044 0.026

ÌÚ�+-2 2.0 −0.15R/(2G) 10.060 16.799 −0.100 −0.060 0.016 0.009

©OCkÖ�Ú�+±��ÍÜÖ�. CSRm¥¤k

Ú�+�ëêXL1¤«.

� â ¢ S 5 \ � ¥ � â f � C6+
12 , U þ

� 7MeV/u, R = 7.6m � � L 1 ¥ ^ f ÝG =

0.764349T·m.

d (9)ª��, Y²���R����RMSu

�Ý�ÚØÉÍÜ�A�K�. 2�âCSRm�¢

S(�
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, >fe%Ü©Ø\Ú�+|�, ó�:

À3å6½���� (Qx = 3.64, Qy = 2.61)N

C, d�Bs = 0, = |C| = 0, d (9)ª�: εx = εx0,

εy = εy0. �>fe%Ü©\
Ú�+|�, ó�:£

�Qx = 3.650805, Qy = 2.624828; �\\Ö�Ú�+

|�, ó�:£�Qx = 3.698245, Qy = 2.686822, �

�Ú�+|�Ú\vk¦ó�:£����þ. òL

1¥�ëê9Ö���ó�:�\(20)ª�m>, ��

Ö���ÍÜXê��u", lnØþy²
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ÍÜÖ��k�5. 5\âfå�Y²��ÚR��

�Ð©u�Ý©O�150Ú20π·mm·mrad. CSRmn

� lattice�d16¬�4c!30¬o4c9Ú�+|

¤. ^MAD§S
[6]

�[�l3ÃÚ�+!kÚ�+

Ú\Ö�Ú�+n«�¹e5000�âf�Y²��

ÚR���� £9Äþ3100�S�Cz.

dRMSu�Ýúª, �¦ÑÃÚ�+!kÚ�+

Ú\Ö�Ú�+n«�¹eu�Ý3100�S�Cz

Xã1¤«.

ã 1 \Ú�+c��î�u�Ý�¹

ã1¥x, y3ã (a), (b), (c)¥©OL«vkÚ�

+!kÚ�+9O\Ö�Ú�+��Y²ÚR���
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�u�Ý. dã (a)��: ÃÚ�+|��î�u�Ý

�Ð©���, �[�(J�(9)ª��. '�ã (a),

(b)��: ÃÚ�+��Y²��ÚR���u�Ý

½, Ú�+�Ú\¦�Y²��ÚR����u�

Ýu)ÍÜ. '�ã (a), (c)��: Ö���Y²��

ÚR���u�Ý�ÃÚ�+���¹�Ó, `²Ö

�k�. dã1��: Y²���R����RMSu

�Ý�Ú3þã3«�¹e�±ØC, �y
(9)ªî

�u�Ý�Ú��Å5.

ã 2 \Ú�+|9Ö�c��CSRm�ÄåÆ�»

dã2�±wÑCSRm¥eØ�Ä84|���

5|, Ú�+|��3éÄåÆ�»�K�=ké�

�K�, \
Ö�Ú�+|, �,ÄåÆ�»k¤~

�, ��´���uÔn�».

4 (Ø

�©O�
Ú�+|¤Úå�Y²��ÚR

���ÍÜ, ¿�dÚ�+|�^eâf�ÍÜ$

Ä�§9ÍÜXê�Ñ^Ú�+|Ö�ÍÜ��

{. Ú�+|�Ú\¦�Y²��ÚR���u

�Ýu)ÍÜ, �Ä�=²lf\�ìe%;�

�HIRFL-CSRm3Y²��?1å6\È, Y²�

���ÉÝ�200π·mm·mrad, R�����ÉÝ�

40π·mm·mrad, duÍÜ�A, R����u�Ýò

�L40π·mm·mrad, Ïd7LéÚ�+|¤�5�Í

Ü?1Ö�, ±~�ÍÜ¤Úå�å6��. du�

ÝÚÄåÆ�»��[(J��, 3CSRm>fe%

C�üà�Ü· �O\�|Ö�Ú�+����Y

´k��.
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Coupling Effect of Solenoid in CSRm *
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Abstract The principle of particle coupling between horizontal and vertical directions in solenoid is presented. Further

more, the method of decoupling can be obtained by using the coupling dynamic equations. 5000 particles are tracked

under three conditions: CSRm doesn’t contain solenoids, contains main solenoid and toroids, contains compensating

solenoids. The results of the particle trace calculations show that the particles coupling between horizontal and vertical

is very serious because of the existence of solenoids, and lots of particals are lost. Another two solenoids which locate

in the fit place can be used to decrease the coupling intensation. The method is proved to be useful by the trace

calculations.

Key words transverse coupling, emittance, field of solenoid, compensating
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