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1 (¥I�Æ�pUÔnïÄ¤ �® 100049)

2 (�®óû�ÆÄ:Ü �® 100037)

Á� �®ÓÚË�C�(BSRF)#ï3B3 1å�ÏL­#SC!O�Ú3�NÁ, Ù1ÆÑÑ

A5þ��½�Ñ��O�I, 1Ïþ��7× 1010phs/s(100mAe), Uþ©E�+ (E/∆E)��

5000(3.206keV). 0�
cà«Ú1å�ÑÑ1ÆA5��ä�{Ú1å�3�NÁL§, �Ñ
ÑÑ

A5�ÿÁ(J. ©Û
BPM�F1q3NÁL§¥¤å��^9Û�5.

'�c ÓÚË� cà« 1å� ÑÑA5 �ä

1 Úó

BSRF-3B3 1å�´#ï��^ó�3¥�U

«(1.5—6keV)�üÚ!Và�X��1å�, Ì�^

uX��1Æ!áÂÌÆ9&ÿì5UI½��¡�

¢�ïÄ
[1]

, ò�uÐÚÿ°ISÓÚË�A^u�

­��^.

1å�d�®�K>féEÅ(BEPC);��3B3

�=^cÚÑ, ã1�Ñ
3B31å�1Æ�nã.

ã 1 3B31å�1´�núã

0.1
; 1.cà«¶-p; 2.BPM; 3.o
d¿; 4.²

¡º; 5.à�º; 6.%�; 7.V¬üÚì; 8.¢�Õ.

Ð\�Ye²¡º�Ø6keV±þpUÓÚ1, ^

±ü$¬N9K1Ú³�pg�Å; Ø�Î¡º¢y

1å3�¬?�Y²ÚR�V�à�; V¬üÚì|

^Si(111), InSb(111)ÚKTP(011)3é¬NCX�Ü

�OUþ��; %�^uÈØ$U,Ñ1, ?�Ú~

�¬N�9KÖ. �O�IXe:

Uþ��: 1500—6000eV;

Uþ©EÇ: (E/∆E): 1000—4000;

1�º�: 2mm(H)×1mm(V);

1Ïþ: 109phs/s—1010phs/s(100mAe);

pg�Å: < 5%.

dcdu3B3cà«Ú1å�SCO�î­ l

;���+ò���, ���U�~Ñ1
[2]

. ²L­

#O�!SC93�NÁ, 8c1å����Iþ�

�½�Ñ��O�I.

2 cà«1�5��ä

2.1 Vj1� �iÿì(BPM)ÿþR�1�9

��;��ÛÜ4;ëêN�

cÏN1�, �,3F1qY1þw�cà«°�

��1�, �du"y½þuÿÃã, Ã{�ä1�

5�, �¦s¤
�þ��mÚ°å, %���÷¿

�X1. écà«+��­#O�, ;��4;ëê

I�­#N�. �
Bu4;ëê�N!, òcà«

3¶-pÑ�?�1å�äm, O\VjBPMXÚ,

^Ye�I(þ200µm, å1
11.8m)�lý�, ±B

3�í�¸?�Úécà«Ñ�1�?1ÿþ.
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ã2 �BPM(�«¿ã, 1¯jæ^�»d =

0.1mm�Û7¾j. dGBMÚ?>ÅÏLjm°Ä

Vjþe$Ä,  �&ÒdGSC-X1»ºP¹, Ï

LGS8220FêwLÖê; 34�þ\� Ø300V, Â

81>f, 1>6&ÒÏLý�>4Ú��f>6

O(6517, Keithley, USA)ÖÑ.

ã 2 1¯jBPM(�«¿ã

Äk^üj3R���é1�&Ò×£, ��¸

�êâÚ¸� ��I; ,�òüj�3>f$Ä;

�²¡1200mmpÝ, ÏLN���^cëê, ò¸

�&ÒN�1200mm �; 2^üjÿþ1��R�

°Ý, ��R�����p�°(FWHM, Ï~L«¢

S1�º�); �E�N��^c, �ª��Ü·�&

ÒrÝÚFWHM�(�â1å��OëêO���).

du3B1Ú3B31å��^�¬��^c, �
Ó�

·Üü^å���¦, ò3B31å��1�¥% �

þ£4mm. ü«4;ëêe1�×£(JXã3(a),

(b)¤«, ã3(a)R���rÝÌÄ�¥é¡�pd©

Ù, ã3(b)FWHMk¤~�, 1å�ÑÑA5ÿþ(

Jþ3ã3(b)4;G�e���. Y²���>l¿

3�I��í�¸e�ÿþ(J, Xã3(c)¤«. ÿþ

(JL²cà«Ñp�?1�º���Oêâ�Î.

ã 3 cà«Ñp?1�º�
(a) R���(¸�1200mm); (b) R���(¸�&Ò1204.3mm); (c) Y²��.

2.2 ²1��í>l¿��cà«Ñ�?1Ïþ

eb�1fUþ�ü�Uþ, Ò�±|^²1

��í>l¿é1
Ïþ?1�½þ��. ÓÚ1

²L200µm�I����Uþe��2000eV(ßLÇ

6%), 3B31
�A�UþEc = 2288.8eV, �1ÌU

þ�þ��5Ec, �11450eV, þe�Uþ�²þ�

E = 6869eV. �½þ��Xã4¤«, � I0, I1, I2, I3

ã 4 1
Ïþ��«¿ã

©O�1
!ßL�I!\�>l¿!Ñ�>l¿

�1Ïþ�, 1ÏL�í>l¿��Ý�Y2 , �í

>l¿å�I��Ý�Y1, µ��5áÂ~ê, O�

�¿§eÏL13.5cm�í�1rÝP~�0.43336,

E = 6869eV �200µmþ��IßLÇ�0.81
[3]

, Kk

I3

I2

= e−µ×0.135 = 0.7835⇒µ = 1.807m−1 , (1)

I3

I2

= e−µY
2 ,

I2

I1

= e−µY
1 ,

I1

I0

= 0.9387 , (2)

�í�²þ>lUW0(x, r) ≈ 33.73eV
[4]

, þf�Ç

η≈ εc/W0 K>6rÝ�L«�

i = (I2−I3)×η×1.6×10−19(A) , (3)

¢Sÿ�Y2 = 0.02(m), Y1 = 0.115(m), Kd(2), (3)�

i ≈ I0 ×10−18(A). �Äd¿°Ý=�200µm, 
ÿ�

��I?1�º��64mm, ± i = 90nA(�ã3(c))�

\(3)ª, 1
¢SÏþ��

Φ=
64

0.2
×

i(A)

9.4×10−19
= 3.06×1013phs/s , (4)

��(J�nØO��3Ó�þ?, nØO�(J3

ã7(a)¥�Ñ.

2.3 cà«1�UÌ�A���ÿþ

l�IÑ��ÓÚ1²Ñ�á��Ñ��, d

Si(Li)&ÿìÿþÙUÌ�A��, Ñ�á�k�
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&!ØCg!Cu, Mo, Ti, Nb�á�. ã5´ÓÚ1

²�I�, 2ÏL70cm��í, d²¡ºº��N(á

��ØCg)Ñ��UÌ�A­�. du�IÚ�íé

$UãáÂ�K�, ã¥3.5keV±e�rÝ�f, $

U¤©&Ò(3.2keV±e)´ÓÚ1��íÔ��p�

^�(J. ã5`²cà«Ñ�1UÌ��ÎÜ3B3

�c1
��O�¦.

ã 5 cà«1��Ñ�UÌ

3 1å�ÑÑA5�ä

3.1 1å��NÁ

1å�O�E÷�cÚÑ�+�Å�¥%���

?1, �kA�Ï�\�
1å�NÁ�JÝ: 1�,

²¡ºc!à�º��kF1qé1�?1iÿ, 


vkéX��1�/G! �ÚrÝ�þziÿÃ

ã; 1�, ²¡º!à�º^�N���3ÍÜ�A;

1n, ²¡º!à�º7Y²¶(xy ´Y²¡, y ��

�1DÂ��)=Ä�, =¶Ø´���. Xã6¤«,

A, B, C 3:©Od3�>Å�Ä�,ü$Ä, ?¿�

:�$Ä, ¢SþÑ�¹
²ÄÚ=Äü«�A, ù

¦ºf�Ý�N��(J. ¤±1å��NÁÚ�ä

Eæ^Å?í?��ª, Äk3üÚì�c[�äÑ

ÑA5, ,�2ò&ÿXÚ£�¢�Õ, ÃØ=��

ã, Ñ3&ÿì��þ�I, ±B3�í¥^Ù¦Ã

ãuÿ.

ã 6 ²¡º!à�ºN�Å�«¿ã

N1L§¥�U¿©|^yk�F1q, æ^�

Ì��{´:

1) |^SHADOW^�J,1�/G, oN²¡

º!à�º^�;

2) �â²¡º!à�º�AÛº�O�ÓÚ1

ÏL�º��\�1!Ñ�1pÝ, é'^-1²�

¤ÿþY1, Y2F1qþ1�� �, oN�ºpÝ;

3) ^2µmþ%�áÂÓÚ1¥�$U¤©, é'

üÚìc�Y3, Y4F1qþ1��¢S°ÝÚO�

°Ý, oN�º��Ý;

4) 3�I�F1qþ*	Bragg�=ÄL§¥,

1�´Äþe£Ä, ±�äÓÚ1´Ä\���¬�

¥%, âd°N�º�pÝ;

5) ±O��UÌ­�(ã7(a))�ë�, �âUÌ

×£���pUà(6keVNC)&Ò�rÝ, �ä\�

1�º¡�Y�, °N�º��Ý;

6) ^-1²�¤uÿY4Ú�I��í¥�F1

qþ1�´Ä3Ó�pÝþ, dd�ä\�1´ÄY

², 2N��º��Ý;

7) 3Uþ×£L§¥, ÏL�I�F1qþ*	

1�Y²���¤£�¹N��¬�E�.

þãÚ½ÑØ´�á?1�, 3NÁL§¥�ò

ÙkÅ(Ü!�Eõg, âU��'�÷¿�(J.

3.2 1å�ÑÑA5�ä

1å�ÑÑA5Ì��)µ1Ïþ!1�º�!

Uþ��!UþI½!Uþ©EÇ!pg�Å�.

3.2.1 1Ïþ�ÿþ

¢ � Õ ^ Si 1 > � 4 + & ÿ ì(AXUV-100G,

IRD Inc. USA)3ý�¥ÿþ1fÏþ, &Òdf>

6O(6517, Keithley, USA)ÖÑ. üÚì¬NÀ^ü

¬Si(111). ëY=ÄBragg��UÌ×£, ã7(a)�

Ñ¢�Õ?1Ïþ�¢ÿ(J, L²1Ïþ®���

�O�I. ÏL°[N!�º��Ý, pUà�Ïþ

��±?�ÚJp, �3yk^�e�p°ÝN!'

�(J, Ï�3²¡º½à�º�"�XjBPMa

�½þÿþXÚ.

3.2.2 1���ÿþ

ã 7(b), (c)´ | ^ \ d ¿ � � í > l ¿ Ï L

p ° Ý w � × £ � � � ¢ � Õ ? 1 � � Y ² Ú

R�°Ý, ��1.7mm×0.7mm. Ï�à�XÚæ

^ 1:1 à � � ª, 3 � : ? � � 4 �, � 1 
 º �

1.61mm×0.51mm
[1]

Ä���, ¤���1���`

u2mm×1mm���O�I.
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3.2.3 Uþ��!UþI½9Uþ©EÇ�ÿþ

ã 7(a)� � Ñ 
 U þ � � � ÿ þ ( J, æ

^ Si(111)¬ N, U þ � � 3 2.1—6keV; � � �

KTP(011)¬N, $à�ò��1.2keV.

UþI½Ò´ÿþüÚìÑ�X1Uþ�O(

Ý, ÏLN!üÚì�'ëê, ¦Ñ�1f�I¡��

¢S�¦�U¬Ü. üÚìUþI½Ï~æ^��{

´ÿþ�N���áÂÌÚ,
®�íN�>lÌ,

|^���áÂ>5(½. |^¢�Õ�ÿÁXÚ?

1Uþ×£ÿþ, ©Oÿþ�\È1¡��1r i1 Ú

£ÑÈ1¡��1r i0. ÏLO� i1(E)/i0(E)(¤^

È1¡ßL'), ¿�È1¡á��áÂ>�nØO

�(J?1'�, �ÑüÚìI¡Uþ�Ñ�1¢S

Uþ���
[5]

. �EN!üÚì��ëê, �� �

��. �¢�©O^ArÚCa�KáÂ>?1
Uþ

I½.

Uþ©EÇ´ÿþÑ�1f��°, ¿¦Ù�

üÚìI¡Uþ�'�, ^∆E/E /ªL«½±Å�

∆λ/λL«; ½�^Ù�ê�R = E/∆E = λ/∆λL«,

R¡�Uþ©E�+. ¬NüÚìÑ�1f��°´

¬N�Darwin°Ý∆θB ÚÓÚ1�R�u�RMS�

�°Ýσ′

ph �òÈ, =: ∆θ =
√

∆θ2
B +σ

′2
ph. dÙ.�

�§2dsinθ = λ, �Uþ©EÇ∆E/E = ctgθ∆θ, Ù

¥d�¬�~ê, θ �Bragg�.

ã7(d)´dVUV/EUVDkíN>l¿
[6]

ÿþ�

��Ar�áÂÌ. ,	�©O^CaO, V2O5, Na2SO4,

NaCl®"�¬��Ca, V, SÚCl�XANESÌ. ²

O�3Ar�KáÂ>(3206eV)NCUþ©EÇ`u

5000; Ca(4038.5eV), V(5465eV), S(2472eV) KáÂ>

NCUþ©EÇ©O`u2000, 1800, 2500, ã7(e)�

ÑCa�XANESÌ�ÿþ(J.

ã 7 1å�ÑÑA5�ä(J

(a) 1Ïþ; (b) Y²��1��Ý; (c) R���1�°Ý; (d) �íáÂÌ; (e) Ca�áÂÌ.

3.2.4 pg�Å�¹

éuSi¬N(�m+Fd-3mS), (111)¡óg�Å

´�1�, 
3g±þ�Åq�²¡��º³�
, ¤

±1Ì¤©éX, ¢Sÿþ(J�d©Û´���.

^Si(Li)Ì¤éeZUþ:?1
ÿþ, þvkÑy

pg�Å; =¦3$Uà2.1keV?, 3g�Å¹þ�=

�ÄÅ�10−4. ÿþ(JXL1¤«, 3A^¥pg

�ÅK��±�Ñ.

L 1 pg�Å¹þ�ÿþ(J(Si(111)¬N)

E/keV 2.1 2.2 2.3 2.4 2.5 2.6

2nd/1st 7.16×10−6 2.86×10−6 9.50×10−6 4.38×10−6 1.48×10−5 2.20×10−5

3rd/1st 1.49×10−4 2.32×10−5 1.07×10−5 3.15×10−6 5.67×10−7 0

E/keV 2.7 2.8 3.0 3.5 4.0 6.0

2nd/1st 3.50×10−5 7.85×10−6 1.22×10−4 8.48×10−5 8.34×10−6 4.57×10−4

3rd/1st 0 0 0 0 0 0
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4 (Ø

�®ÓÚË�C�#ï3B31å�ÏL­#S

C!O�Ú3�NÁ, Ù1ÆÑÑA5þ��½�Ñ

��O�I, 1Ïþ��7×1010phs/s(100mAe), U

þ©E�+ (E/∆E)��5000(3.206keV).

du3cà«Ñ�?(¶-p�)O\
1¯j

BPMÿþXÚ, ¦�;��4;ëê�N!kâ�

�, �¦cà«ÑÑ1�A5��äU
½þz. 3

BSRF-3B31å�ÑÑA5�äÚ°N¥, å�­�

�^.
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Diagnosis of the Output Characteristics of BSRF-3B3

Front End and Beamline *

ZHAO Jia1,2 CUI Ming-Qi1;1) ZHAO Yi-Dong1 TIAN Yu-Lian1 ZHOU Ke-Jin1 ZHENG Lei1

ZHU Jie1 MA Chen-Yan1 CHEN Kai1 SUN Li-Juan1 HAN Yong1

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

2 (Fundamental Department, Beijing Technology and Business University, Beijing 100037, China)

Abstract All of the output characteristics of BSRF-3B3 beamline have achieved or surpassed the designed values after

re-aligning and re-adjusting on-line. The flux is 7×1010phs/s/100mA and the best result of energy resolution (E/∆E)is

5000@3.206keV at the station. The adjusting process, the diagnostic methods and the measured results of the output

characteristics of both the front end and beamline are introduced in detail. The functions and shortages of double-wire

BPM and fluorescence BPM for diagnosing and adjusting are analyzed.

Key words synchrotron radiation, front end, beamline, output characteristics, diagnosis
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