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, JølX����ù	Åã�p�

Ý1. Ù\�ìXÚd1�100MeV���\�ì!1

��UþOrì!1�3.5GeV�;��±9ë�§

��p$UÑ$�|¤.
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. Orìæ

^FODO(�, �28�Ä�ü�, ±�180m, ­Eª

Ç2Hz. Ù�4c­Ç�»�14.515m, k�/ü$


Ä�,UL§¥�µ6�A.

2 µ6�A

SSRFOrì�5\Uþ�100MeV, éA�4c

rÝ�Bmin = 0.023T , ÚÑUþ�3.5GeV, éA�

Bmax = 0.804T. ,UL§¥, duµ6�A��3, �

4c^|�Czò3ý�ÝS�)1�N\84f|,

ÙrÝ�ý�Ý�/G!á�!å6Uþ±9�4c

^|�Cz�Ýk'. �
���Ý/~�µ6|�

rÝ, ÀJ�4c^|�þ,­��

B(t)= B0(a1−cos(ωrt)) , (1)

Ù¥a1 = (Bmax +Bmin)/(Bmax −Bmin),ωr = 2πfr �

­EªÇ, B0 = (Bmax−Bmin)/2éAN\84frÝ

�
[3]

k2 = 2Fµ0σ
hωr

gρ

sin(ωrt)

a1−cos(ωrt)
, (2)

Ù¥µ0 �ý�¥�^�Ç, σ �ý�¿á���>Ç,

h�ý�¿�9þ, g �ý�Ý�pÝ, ρ��4c­

Ç�», F �1�ý�¿/GÏf, éuSSRFOrì,

F = 1.4944. ã1�Uþ9k2 ��m�Cz­�, dã

¥�±wÑ, Uþ�200MeV�, µ6�A�r, éA

�k2 = 0.29m−3.

ã 1 Uþ9k2 ��m�Cz­�

µ6�)�N\84|òUCOrì�Ú¬,

��ÙUþ�ÉÝ�~�. O�L², Y²9R�

Ú¬�CzÚN\84|rÝk2 �m�'X©O�

∆ξx = 35.97k2,∆ξy = −47.17k2. Orì�ó�:�

(8.18, 5.23), µ6�A���, k2 = 0.29m−3, �±�

��∆P/P = 1.68%�, òB�νy = 5����.
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4c^|�þ,­�äk�Ó�/ª. ÙÚÑ��p

ªnØdpªn��p>Ø¤û½, �1.8MV. 5\

��pªnØ��û½
Orì35\��Uþ�

ÉÝ, A�U
CX��\�ìÚÑå6�Uþ«m,

Ó�5\�du>fUþé$, pªnØ�ØAL�,

ÄKòÚå�r�p����. ã2�ØÓ�Ð©n

ØÚéA�5\��UÑ�ÉÝ�m�'X, du�

�\�ì�ÚÑå6UÑ�0.5%, ¥%Uþ�Ä��

0.5%, ÏdÐ©nØA�200kV�m.

ã 2 5\���Uþ�ÉÝÚpª>Ø�m�'X

� � 
 p ª þ , ­ � �, Ò � ± ¦ � Ø Ó �

m!ØÓUþe�ÓÚ� φS!��Uþ�ÉÝ

(∆E/Es)max ±9���°�ÉÝ∆φmax
[4]

. ã3�U

þ�ÉÝÚ� �ÉÝ�Uþ�Cz­�, 5\ÚÑ

�pªnØ©O�200kVÚ1.8MV.

ã 3 Uþ�ÉÝÚ� �ÉÝ�å6Uþ�Cz

4 å6u�Ý�Cz

Orì¥, å6UÑ!å�±9î�u�Ý�U

þ�Cz�±deª¦Ñ
[5, 6]

µ

dAi

dt
=−Ai

(

Ė

E
+Ji

Pγ

E

)

+Cq

Pγγ2

E
Gi , (3)

Ù¥eI i = 1,2,3 �, Ai ©O�LUÑ (σE/E)2!

å�σ2
τ ±9Y²u�Ýεx. ª¥m>11 ��Uþ

Cz�K�, 12 ��ÓÚË��K�, ����

�þf-u�K�. Ji ©O�Jε, Jε 9Jx, �Ë�{

Z�m. Pγ �ÓÚË�õÇ. Cq = 55~/32
√

3mc �

�~ê. Gi ©O�G1 = I3/I2, G2 = αT0EG1/eV̇0,

G3 = I5/I2, Ù¥α�ÄþØ Ïf, T0 �£^±Ï,

eV̇0 = (q2
−1)1/2U0ωRF , q �LØÏf, U0 �ü�ÓÚ

Ë�Uþ��, I2,I3,I4,I5 �ÓÚË�È©. ã4�U

Ñ!å�9Y²u�Ý�Uþ�Cz­�.

ã 4 >fåUÑ!å�9Y²u�Ý�Uþ�Cz

5 Ø�K�

,UL§¥, éå6K����Ø�Ì�5g�

4c^|þ,�Ý�Cz±9o4c��4cþ,­

��m�ÓÚ5�. cöòE¤µ6�A�O�, �

â12!�©Û��, ¬��OrìUþ�ÉÝ�~

�, î­��ÏLN!84c�þ,­�5\±Ö�.

�öKÚåó�:��Ä, þ°1
Orì3,UL

§¥�¦o4c��4c�m�ÓÚ5�Ðu0.1%,

�[(JL², ó�:��Ä
√

∆ν2
x +∆ν2

y < 0.02, Ø

¬ÏLk�³����.

6 (Ø

ÏLþ¡�©ÛO��±�Ñµ

1)OrìÚÑå6Y²u�Ý�0.1mm·mrad,

UÑ�u0.1%, åì�Ý�21mm, �±÷v;��

5\�I�.

2)5\�pª>Ø200kV, éAUþ�ÉÝ�

1.5%, ÏLÜ·� twissëê��, �±���p�5

\�Ç.

3),UL§¥, o4cÚ�4crÝÓÚ5Ðu

0.1%, E¤ó�:�¤£é�, ØK�å6�N�­

½5.

4) ­ E ª Ç � 2, � � N \ 8 4 | r Ý � u

0.3m−3, éA�Uþ�ÉÝ�u1.5%.



68 p U Ô n � Ø Ô n ( HEP & NP ) 1 30 ò

ë�©z(References)

1 ZHAO Zhen-Tang, XU Hong-Jie. SSRF: A 3.5 GeV Syn-

chrotron Light Source For China. In: Leonid Rivkin ed.

Proceeding of EPAC 2004. Lucerne: EPS-AG, 2004. 2365—

2367

2 Carlo J. Bocchetta. A Full Energy Injector For ELETTRA.

In: M. Regler ed. Proceeding of EPAC 2000. Vienna: EPS-

AG, 2000. 607—609

3 Edwards D A, Syphers M J. An Introduction to the Physics

of High Energy Accelerators. New York: John Wiley and

Sons, Inc., 1993. 110—115

4 Le Duff J. Longitudinal Beam Dynamics In Circular Ac-

celerators. In: S. Turner. CAS, Fifth General Accelerator

Physics Course, I. Geneva: CERN. 1994. 289—311

5 Walker R P. Radiation Damping. In: S. Turner. CAS, Fifth

General Accelerator Physics Course, I. Geneva: CERN.

1994. 461—480

6 Walker R P. Quantum Excitation and Equilibrium Beam

Properties. In: S. Turner. CAS, Fifth General Accelerator

Physics Course, I. Geneva: CERN. 1994. 481—498

Analysis of the Ramping Process of the SSRF Booster *

LI Hao-Hu
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LIU Gui-Min
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Abstract The booster of the Shanghai Synchrotron Radiation Facility (SSRF) is designed to accelerate the electron

beam from 100MeV to 3.5GeV in 250ms, with a repetition frequency of 2Hz. Its circumference is 180m with a periodicity

of 28 FODO cell. Energy ramping in the booster synchrotron is the one of the important processes that will affect the

beam parameters, the time structure and the injection efficiency of the storage ring. In this paper, the ramping process

of the SSRF booster is described in detail, such as ramping curves of magnets and RF voltage, eddy current effect and

chromaticity correction, phase space evolution during acceleration, etc.
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