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1 Úó

HLS>f;��´;^�ÓÚË�C�. >f±

200MeV5\;��, 3800MeV, 100—300mA�6

re$1. Ü�1±��66m, RFªÇ�204MHz,

�Åê�45, ^±&ÿå6 �&Ò�Ü�>44�

�|�±�45◦ SC3ý�¿S. Ü�1æ^õ�

õg�åì5\�ª.

ÅåìÿþXÚ´^uÿþz�åì]� �&

Ò�. 3åì��&Ò�(uÿ�Ä:þéî�Ø

½5�?1�"³�, ¡�î��"XÚ. Ååì

�ÿþÚÅåì°��"Ú¡Bunch-by-bunch ({¡

BxB)XÚ
[1, 2]

. ã1�BxBÿþÚî��"XÚ�µ

ã (ýï), �)6�Ü©: &Ò&ÿ!&Ò?n!&Ò

æ8!�¨XÚ!ò�ÚÈÅ!�"Ü�. �±^5

�¤î�Úp����ÿþ, î�°��"?Ö. ã

¥�ÒKÜ©=�y3ÑÖuHLS�ü�BPM(å

6 �iÿì)Ååì�liÿXÚ.
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TXÚó�u3��RFªÇ, ��612MHz, X

Ú�°�102MHz. æ^Acqirisúi��±VÏ�Ó

Úæ��400MSPS�12bit ADC
[3]

, ÚMENúi�

PXIÅ�. ÓÚRF&Òë��ADC�	Ü�¨, Ó

Ú£^ªÇ&Òf0 ��ADC�	Ü>u, ¦ØÓ|

P¹�åì�±�péA, l�¤åì��liÿ.

2 BxBÿþXÚ���5�y

3BxBÿþXÚÑÖuHLS�c, ·��¤
é

TXÚ�nØ©Û
[4]

, Ú�[&Ò�y. |^3�&Ò

 (©O�: 1 ÑÑRF&Ò; 2 ÑÑóÀ&Ò; 3 ÑÑ�

�y�Ä�k^&Ò), BxB��ª�¬Ú3�V²ï

ã 2 BxBÿþXÚ��5�y¢��nµã

·ªì(DBM)�[lBPM¼��å6&Ò, éu&

Ò3�k�u�´y²BxBÿþXÚ��5�kå

yâ. T¢��O¿©/A^
V²ï·ªì�C

ª!>NP~�õU, �´�>´A^u\�ìå6

ÿþ�kÃ}Á. ã2=�T�y>´��nµã.

¢��nXe, ò�°800ps!m���5ns (d

	Ü>uRFû½)�óÀ&ÒÏLDBM�^u6�

�RF�u&Ò, �)���ÌóÀG (ã3�þÅ/

¤«, lProbe 01?ÿ�). &Ò3�)�£^ªÇ

ÓÚ��uÅ½ön�Å, ½ö,«�²ÓÚ�?

¿ªÇ��uÅ (ã3meÅ/¤«, lProbe 02?ÿ

�)5N�T�ÌóÀG. ²LN��óÀ&ÒGÒ

�±@�´�«�ý���ÿå6&Ò (ã3�eÅ

/¤«, lProbe 03?ÿ�). ù��&Ò2²LÎG

ÈÅì (ã3mþÅ/¤«, lProbe 04?ÿ�)��3

��RF·ª, ²L$Ï, ��x ADC���Ï�.

&Ò3�&Ò²Lõ©ìx ADC�,	�Ï�.

éADC�CH1ÚCH2ü´&Ò?1ÓÚ�æ�. æ

��Ýþ�4.2M/CH, é²L8�zü�Ï���¦

�þ�Ø�, Ù¥x�CH1&Ò, y�CH2&Ò; ��

MSE =
1

n

n−1∑

i=0

(xi−yi)
2 = 1.49%.

|^T@¢��´¥, ÏLUC&Ò3�ÑÑ

&Ò�ª�±©OéTXÚ��mËÄ, ªÇ©EÇ

?1ÿþ.

ã 3 ��5¢�¥«Åìæ8Å/

3 ÿþ¢�9êâ©Û

É�ADC�S����, zgæ���Ý���

4, 194, 192. ·�|^£^ªÇ5ÓÚADC�	>

u, ¦�ØÓP¹��Óåì�±éAå5, ±Bu

�l,���mÅì$1L§¤kåì�Cz9?1

�'�ïÄ.

±e�¢�êâþ5gu�g5\��xÚy �

�� �&Ò (l5\å6��~ø1��L§). ã

4, ã5(b), ã6¥�P¹?ÒéA�ÅìG��XL1

¤«. ùpk7�`²ù
P¹¿���mm��.

L 1 P¹?Ò9ÙéA�ÅìG�

P¹?Ò ÅìG�

001—046 5\(injection)

047—123 ú\�(ramping)

124—160 üª, RFªÇl204.0554MHzü�204.016MHz

161—200 4;��(correcting closed orbit)

201—267 Û{^c¿>(wiggler charging)

268—305 \�o4c(adding skew-quadrupole)

306—400 ^rø1(open for users)

3.1 Tune�¤£�ÿþ

|^BxB ÿþXÚÿ��êâ, �±á§½ö

�§�é tune�¤£?1�l, �~¥=���5
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\L§¥y ��� tune�¤£� (Xã4¤«), z

P¹�æ��Ý�45(åìoê)×2048 (zåìæ�

ê)=92160(oæ�ê). ã¥�No.12ÚNo.28P¹?

¤Ñy�ü�¸�éA�´5\L§¥Ñy�å6

â,�$; 3wiggler ¿>�L§¥, éANo.201 �

No.267P¹, duwigglerr^|�K�, tune-y ëY

O�; Czª³ÓnØO��Ó, �´Ó�ÿþ��

∆ν %�unØ�.·���±5¿�Tã¥�kA?

P¹� tune�30.55�m, ù´Ï�x�����3

y ��ÍÜ, 3y ��uÿ�
²w� tune-xªÇ©

þ, ÙÌÝ$�pu tune-y ��. lNo.306�No.400

´é^rm��ø1L§, tune-y 3TL§¥�é

½, ¤£�0.0014.

ã 4 5\�L§¥� tune-y �¤£

3.2 õåìÍÜØ½5��©Û

|^BxBÿþXÚ�¤¼��êâ�±?1õ

åìÍÜØ½5��©Û. î�Úp��Ø½

5�3ªÌþéA�©þ©OXúª1 Úúª2 ¤

«
[5, 6]

fnmp = (n+p •M) •f0+fβ+m •fs, −∞6 p 6∞, (1)

fnmp = (n+p •M) •f0 +m •fs, (2)

f0, fβ, fs ©O�£^ªÇ, β ��ªÇ, ÓÚ��ª

Ç.

M �L�Åê, 1���ªXên=�LÍÜå

ì�ª, �LXü���åì�� �∆ϕ, Ù½Â�

∆ϕ=
2 •π •n

M
, 0 6 n 6 M−1. (3)

1���ªXêmL«�´,�åìSÜ�â

f�� ��, ±î���Þ~5`, m = 0�L�´

�4��, åì3î�Ly���!:, m = 1�L�

´o4��, åìLy�ü�!:.

�Ä�ªÌC�¥k�ªÇÚKªÇ, z«ÍÜ

�ªÑ3Mf0 �«mpÑyüg. ¤±, ¤k�ªÑ

¬3pMf0 � (p+1/2)Mf0 ùã«mSÑy�g.

ã 5 (a) õåìÍÜØ½5�(6åì«¿ã);

(b) �é5\L§¥3ÒP¹¤��å6&Òª

Ì©Û

±6�åì�~, NL«�´�ªÇÜ©�ªÌ

©þ, H�L�KªÇ�ªÌ©þ, ¤|Ñy3�ãf0

�«mS (�ã5(a)). 3�ãMf0 «mS, ¤k��

ªÑÑyüg.

3 ã 5(b) ¥, � ± ² w � w � î � � õ å ì

Í Ü � ¤ é A � ª Ì © þ, 3 n × 4.533MHz �

(n + 1)× 4.533MHz �£^ªÇ¥m�±²w�*

ÿ�ü^β���Ì�, �g�No.M −1−nÚNo.n

����ª. Ød�	, ��±w�m 6= 0¤éA�Ì

�.

ã 6 õåìÍÜØ½�©Û

(a) ÍÜØ½5�©Û(x ��); (b) ÍÜØ½

5�©Û (y ��); (c) ÍÜØ½5�©Û (x��)

(No.140-No.400); (d) ÍÜØ½5�©Û (y ��)

(No.140-No.400).

ã6=�;.�Ø½5��©Û (ã6(a), (b)

üã¤«), 5\, ú\�, üª�L§¥, Ø½5�

ª��éì�. 3�¡�4;��!wiggler¿>!\

�o4cÚ�~ø1L§¥, Ø½5�´�ku),

ØLÒÙÌÝóÚc¡�kþ?þ��O (ã6(c),

(d)üã¤«). ÏL*	4Ìã, �±w�3���é

½��, �5��ì��No.32ÚNo.34®²Øw

Í, �No.44Ò����±Ù��ÌÝ¿�Ñy
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²w�P~ª³, y ��3P¹Ò300��k\r�

ª³.

4 (Ø

�©0�
�éHLS�Bunch-by-BunchÿþX

Ú�X�¢�, M#�JÑ
�«1�k���[å

6&Ò��{, �y
TBxBÿþXÚ���5.

¿òT@XÚ^uHLS�¢Sÿþ¥, éuHLS�5

\L§?1
�§��lÿþ, éÙ tune�¤£, õ

åì�ÍÜØ½5Ñ�
½5�©Û. 3Ó�®p

UÔnïÄ¤�éÜ¢�¥, T@XÚ3BEPC�Ü

�¤�þ�«^�UCé{Z�m, tune�¤£�K

�, �LyÑûÐ�5U.

�öa��®pUÔnïÄ¤�êåïÄ
, �

Ê�ïÄ
, ùï�ïÄ
éõkÃ�?ØÚÃh�

Ï, Ó�a���¬, �À, Ü[�ïÄ)��¯Ü�.
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Bunch-by-Bunch Tracing-Measurement System in HLS *

ZHENG Kai1) WANG Jun-Hua LIU Jian-Hong LIU Zu-Ping LI Wei-Min

SUN Bao-Gen ZHOU Ze-Ran YANG Yong-Liang

(National Synchrotron Radiation Laboratory,

University of Science and Technology of China, Hefei 230029, China)

Abstract In this paper, we introduce the Bunch-by-bunch tracing-measurement system in HLS, and describe some

results of experiments and analyses. Using an in-phase gate signal for simulating beam signal and a frequency divided

signal of RF for supplying external trigger of ADC, we test the reliability and the stability of this system. By this system,

we trace and record a full process of injection, ramping, RF decreasing, closed orbit correcting, wiggler charging, adding

skew-quadrupole and opening for users. The tune shift and the coupled bunch instability during the full process have

been shown in the end.

Key words Bunch-by-bunch, double balance mixer (DBM), reliability test, tune shift test, coupled bunch instability
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