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Á� �âBEPC/ó§�I�, 3pUÔnïÄ¤�ï
{|ÿþ²�, éBEPC/Ü©ý�Ü�?

1p�ÍÜ{|�ÿþ. ÿþ²�ÄuÓ¶��{, ¦^HP/Agilent 8720ES�Å�ä©Û¤3ª�

?1ÿþ. 3d²�þ�±^TRL�OEâÚ��'��ü«�{ÿþý�Ü�ÍÜ{|. �©0�

BEPC/{|ÿþ²�±9épª¶-Å«+(bellows)�{|ÿþÚê�O�(J, ¿éÿþ(JÚ

ÿþ²�XÚØ�?1
©Û.

'�c \�ì å6Ø­½5 {|ÿþ Å«+ Ó¶��{

1 Úó

�®�K>féEÅU?,?ó§(BEPC/)
[1]

o 6 r Ú BEPC � ' k é � J p, 
 å ì � Ý �

1.5cm, Ïd�¦î���ý�Ü��{|, ¦�U�

O1wLÞ(�. /�I	�k?²�, BEPC/¥

¦^
Nõ²LEâU?�ý�Ü�, XÝ�>4.

å6 �&ÿì(BPM)!pª¶-Å«+(bellows)!

ÀÂ^c(slotted-pipe kicker)�
[1]

, ±¦þü$Ù{

|Úpg�(HOM)u9. ÏLê�O��±é�Ü©

ý�Ü��{|?1�Ð��O, �épª¶-Å«

+!ÀÂ^c�(��E,�ý�Ü�, ¢�ÿþU


�Ð���¢S(��{|&E. ÿþ{|´��

ý�Ü��O\óUÄ��{|���¦�­�Ã

ã. ¤±, �BEPC/�ïÿþ°Ý�p�{|ÿþ

²�´�~­��.

Ó¶�{|ÿþ
[2]

²LA�c�uÐ, 3nØþ

®ª�õ
[3]

, ÙEâuÐÌ��X¦^¤ì�UC


kU?, 8c'�¤Ù��{´¦^�Å¥þ�ä

©Û¤3ª�?1ÿþ. {|ÿþ�¡�ó�3I

S�k�õ�ïÄ
[4—6]

, 3��ÿþþuÐ'��

õ
[5]

. 3�u�Æ\�ì¢�¿®kó��Ä:þ,

·�Ü�?1
{|ÿþïÄ¿3pUÔnïÄ¤

�ï
¢�²�. ÚISÙ¦¢�²��', ù@²

�¿©|^
¥þ�ä©Û¤�`:, ´IS1�

���3ª�?1ÿþ�¢�XÚ, ÿþªÇ��3

50MHz�20GHz. Ó�, 11gò�Åÿþ¥�Ï^

TRL(Thru-Reflection-Line)�OEâ
[7]

A^u{|ÿ

þ, �±ÿ�6GHz±e�u20Ω�Ä�{|. ÚDÚ

���'��(reference line)�{'�, ¦^TRL�

OEâÿþ{|�Ø7��ÿÜ�����þ!å6

+�, ù�±�ÌÝü$ÿþ¤�. é�{|Ü�, X

ÚØ���, ¦^��'���{'�Ü·. AO´

3��ªÇ(cutoff)±þÿþ�, ��'���{U


���Ð�(J.

2 ÿþ²�0�

8 c BEPC/ { | ÿ þ ² � Ì � d � � L Þ

ã(æ^{u²�­�!dBEPC/l�.+��

N . � Þ � L Þ)
[6]
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C)!HP/Agilent8720ES�Å�ä©Û¤!�Å(ê

âæ8!êâ©Û)!GPIB k!>C�|¤(ã1).

TRL�O�nÄu�Å�änØ, A^u{|ÿþ

�, ò�ä©Û¤&ÒÑÑà����LÞã!�ÿ

Ü�(DUT, device under test)�w�Và��ä. Ï

L3 gIOÿþ(thru-reflection-line), ��Và��

äSëê(scattering parameters)��|�§|, ¿d

dO�Ñ�ÿÜ��Sëê, ?
dúª(1)O�{|

ªÌ
[8]

. ��'���{K´��ÿÜ����Ó�

Ý!à��¡�Ó�þ!+�. d�{��ÿþ�ÿ

:(�)�ÿ�!��LÞã!.;�Þ!>C�)Ú

'�:(^��'���O'�:¥��ÿ�)�Së

ê, dúª(1)O�{|ªÌ. �â�Å�änØ, ��

LÞã!.;�Þ!>C�Ú\�Ø��±gÄ�

Ø. TRL�OEâÚ��'���{Ñb�õgÿþ

¥Ø��ä(��LÞã!.;�Þ!>C�Ú\)Ø

C, �¢�¥J±î��y.

ã 1 BEPC/{|ÿþ²�

BEPC/{|ÿþ²�¦^ü���LÞã, ¤

±3��'���{¥I�üg
CXÚ, 
¦^

TRL�OEâ�XÚ��4g
C. 
C��¦.;

�Þ!Ó¶S�N�.;§Ý�kép�­E5, Ä

KØ��äØ��, ¬Ú\ÿþØ�. ùÒ�¦3


CXÚ��%ö�, ±�y��Ü�DÑA5kéÐ

�­E5. /�LBL�²�
[9]

, 3��LÞã¥��

áÂá�(Emerson & Cuming Eccosorb AN-73), �

¢�¥uy, áÂá�éTRL�OEâ�{�JØ²

w, 
é��'���{�JwÍ, U
éÐ�ü$

ÿþØ�.

�âÿþ���SëêO�{|kA«úª
[10]

,

·^uØÓa.�{|Ü�. éu�Ý�á�8o{

|Ü�, Ï~^Hahn-Pedersenúªµ

ZHP = 2Z0

(

SREF
21

SDUT
21

−1

)

, (1)

Ù¥Z0 �¹Ó¶S�N�þ!å6+�A5{|.

éBEPC/l�.ý�+�(52mm×108mm)Ú�»

3mmS�N, Z0 = 190Ω. SREF
21 ���'��(:)S21

ëê, SDUT
21 ��ÿ�(:)S21 ëê. éu�Ý���

©Ù{|Ü�, KÏ~^Walling(½log)úªµ

Zlog =−2Z0 ln

(

SDUT
21

SREF
21

)

, (2)

é{|ÌÝ��uZ0 �Ü�, U?� log úª�\

·Üµ

ZLOG=−2Z0 ln

(

SDUT
21

SREF
21

)[

1+
cj

4πfL
ln

(

SDUT
21

SREF
21

)]

,(3)

Ù¥ j =
√
−1, L��ÿ��Ý, c�ý�¥1�, f �

ªÇ, �â{|ªÌO�pd©Ùåì���ëêú

ªXe

κ
//

(σ)= 2

∫
∞

0

e−( 2πfσ
c )2

•ReZ
//

(f)df , (4)

Ù¥σ = 1.5cm�å�, ReZ
//

(f)�{|ªÌ�¢Ü.

é����õ�Ü�, �±¦^Modal Loss Factors

úªµ

κ
//

(σ)=

∞
∑

n=1

πf
n

(

Rs

Q

)

n

e−( 2πfnσ
c )2

, (5)

Ù¥f
n

�1n����ªÇ, Rs ���f�.©´{

|, Q�¬�Ïf.

3 BEPC///pª¶-Å«+0�

Å«+�Ì�õU´^uÖ�ý�Ý�9äe 

Ú3SCÚO��N�ý�Ý�î�!p�Ú� 

£. BEPC/;��ü�Å«+ê8��70�, l{

|Úå6Ø­½5�Ä, �éù
Å«+�AO�O

Úc[¶-. BEPC/pª¶-Å«+
[11]

(�Ì�d

NõÄ�–Ô�>�ÚØCg���|¤(ã2), ��

ã 2 BEPC/pª¶-Å«+(�
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�3Å«+� ��yûÐ�>�>, U
éÐ/¶

-Å«�m/¤�an(�. Å«+üà{=3ë�

�k�1.5mm�mY, ¦^���(RF rings)éÙ?

1¶-. ù�, Å«+U
3ü����ý�Ý�m

JøëY�º�9>6Ï´, ±~���å6+��

{|.

4 Å«+{|ÿþÚXÚØ�©Û

dupª¶-Å«+{|é�, ¢�¥¦^��

'���{310GHz±eéBEPC/�3�Å«+?

1ÿþ, �âúª(1)O�{|ªÌ. ¢�(Jw«¦

^���Ú���¶-�Å«+310GHz±e{|

é�. Ø¦^���¶-�, Å«+Úüàë�{=

�mmY/¤an(�, ´Ä�{|�5
.

Ó¶�{|ÿþXÚØ�Ì�kü��¡µ��

´Ó¶S�NÚ\�XÚØ�. Ó¶S�NUC�ÿ

Ü�SÜ>^|>.^�, ¦���ªÇ £. é$

¬�Ïf����ÌÝK���é��. n�^�e,

S�N�»��, Ø���. �S�NÉ¢�^��

�, J±gdÀJ. S�N�»����û½
ù«

XÚØ����, ´Ó¶��{Ø��Ñ�XÚØ�.

,��´õg
CXÚØ­EÚ\�XÚØ�. §´

�±�Ñ�, ´ïþXÚÐ��­��I. BEPC/ÿ

þ²�­:��ù«XÚØ�.

�±^ü«�{5u�­E5Ú\�XÚØ��

�. �«u�XÚØ���{´ÿþ�ÌÝ��{|

Ü�, ¿ÚnØ!ê�O�(J'�, ?
�äÿþ

Ø����. ,�«'�����{´ÿþþ!+�

�{|ªÌ. n�^�e, þ!+��ÍÜ{|�d

9>{Úå, {|ªÌ¥ÌÝA�Cu0. ¤±, �±

��rÿþ��'���{|ªÌ��õg
Cö�

Ú\�XÚØ�. ¢Sÿþ¥ÏLëYüg
C!ÿ

þ��'���Sëê, O����{|ªÌ=��

ù«XÚØ�.

Å«+{|ªÌ3�800MHz±eN´Ñy��

�D((ã3), =3ù�ªã{|Ì���, 
�õg

ÿþ­EA5Ø��, aqu�ÅØ�. ùÚÿþÀ

J�°!¢�¤ì3$ªã���5Úüg
Cö�

�XÚØ­E5�k'. ÏL5�ö��±ü$ù«

D(, �Ã{���Ñ, �U3êâ?n��â�ÿ

Ü�A:�AO©Û. 35GHz±þÑyÌÝ���

°�{|, 
�õgÿþ�Øî�­EÑy, Úê�

O�Ø�Î. ùÌ�´Ï�ÿþXÚ3��ªÇ±þ

ÿþ�, ªÇ�pØ���
[9]

. ��ªÇ±þ&Ò


ÑÑ&ÒÚÿþÜ��^��)�1ÅU
DÑ��

�LÞã�Ü�¿�?�Ú��, õg��$�¬/

¤��. �Ü�
C��­E5ØUî��y�, Ò

¬Ú\���XÚØ�. áÂá�U
ü$��LÞ

ã���, �´���n��JI�[�N�áÂá

����!�� �!þÝÚ/G. 
Cö���¦

�~�%!5�
[9]

.

ã 3 ü�.Å«+\ÚØ\���¶-p�{|¢Ü'�

¦ ^ ú ª(4)Ú(5), � â ÿ � 800MHz � 5GHz

{ | ª Ì(ã 3, 800MHz ± e X Ú Ø � � �)O �

Ø \ � � � ¶ - � � � ë ê © O � 0.026V/pC Ú

0.024V/pC, Úê�O�(J0.028V/pC�C. 
�

âúª(4)O�3�Óªã��'����ëê��

0.003V/pC. �±@�Ø\���¶-Å«+��ë

êÿþØ���10%. ù�L�
BEPC/{|ÿþ

²��oÿþØ�Y².

ã 4 ü�.Å«+\���¶-�ê�O�Úÿ

þ(J'�

\ � � � ¶ - � ü � . p ª ¶ - Å « + 3

10GHz ±eÄ�{|Ä���, Ú��'���{

|¢ÜªÌ(��Ä���(ã4). �±@�Å«+
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\���¶-��{|Ì�5gu­E5Ú\XÚØ

���z, ���kéÐ�¶-�^. {|¢Ü31—

7GHz±eÌÝ3−10—10Ω�m, ��ªÇ(BEPC/

;.l�å6+�TM���3.2GHz)±eÌÝ��.

�â1—5GHz�{|ªÌ(ã4, 1GHz±eXÚØ�

��, Úügÿþ­E5k')O�\���¶-Å

«+Ú��'����ëê, ©O�0.0030V/pCÚ

0.0026V/pC. üö��OÚê�O�(J(L1)3�

Óþ?. �±@�\���¶-��Å«+{|é�,

Ã{ÏLyk²�°(ÿþ.

L 1 BEPC/ü�.Å«+��ëêÿþÚê�

O�'� (ü : V/pC)

ÿþ MAFIAê�O�

\���¶- 0.0030±0.0026 0.00025

Ø\���¶- 0.026±0.003 0.028

5 ê�O�

Å«+����mp�¿Yé�, ��1mm, é

p�{|K��±�Ñ. ¦^MAFIA^�
[12]

ï�

�r����N��n�7á>., ��Äý�c

¿(antechamber)!{=�à¡mY!���?��

F(�1.5mm)�é{|��z(ã5). ê�O�¥¦

^åì�Ý�1.5cm. Úÿþ(J'�, üöÎÜ�

Ð(ã6). Ó¶S�N��6¦��¸�ªÇ �k

�½�O, �´Ó¶�ÿþ�{Ø��Ñ�XÚØ

�
[3]. ªÇ�p�ÿþØ�O�, p��ª�D(ù

X. \���¶-�ê�O�w«Å«+{|ÌÝé

�, ÚÿþÄ�ÎÜ.

ã 5 ü�.Å«+MAFIAï�

ã 6 ü�.Å«+Ø\���¶-ê�O�Úÿ

þ(J'�

6 o(

���Ú���¶-�±�Ìü$Å«+{|,

¢ÿ(JL²���Ú����¶-´k��, ù�

�ê�O��(J´���
[1]

.

ÿþ²�XÚØ��Ì�5
´.;�Þ!�

�LÞã�Ü�3�g
C¥�ÅDÑA5�Ø­

E5. ÿþ²��k�ªÇ��Ú�ÿÜ�à���

ªÇk'
[9]

. BEPC/;.ý�+�TM���ªÇ�

�3.2GHz, ��ªÇ±þ�{|ÿþEâ�¦�p.

8c, ¦^��'���{, ²�U
35GHz±eé

10Ω±þ�Ä�{|��°(�ÿþ. éuÄ�{|

�õ�Ü�, TRL�O�U��Ú��'��aq�

(J.

TRL�OEâ^u{|ÿþ�nØ©Û!Ú�

�'���{'�!BEPC/ÿþ²��EâU?ò

3,	�©Ù¥�?�ÚØã. (ÜBEPC/ó§?

Ð, Ù¦ý�Ü��{|ÿþ�3?1¥.
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Longitudinal Coupling Impedance Measurements and Numerical

Simulations of RF-Shielded Bellows for BEPC/// *

ZHOU De-Min1;1) WANG Jiu-Qing1 HUANG Gang2 ZHOU Li-Juan1

1 (Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China)

2 (Department of Engineer Physics, Tsinghua University, Beijing 100084, China)

Abstract An impedance measurement system has been established to measure the longitudinal coupling impedance

of vacuum components for the BEPC upgrade project(BEPC/). The measurement system is based on the traditional

coaxial wire methods. The measurements are done in frequency domain taking advantage of the HP/Agilent microwave

vector network analyzer 8720ES. Two kinds of techniques, the TRL calibration and using a reference line, were investi-

gated and applied to the practical measurements. This paper introduces this impedance measurement system and the

results of the measurements. As a comparison, we also give the numerical simulations of the RF-shielded bellows for

BEPC/.

Key words accelerator, beam instabilities, impedance measurement, bellows, coaxial wire method
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