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���ª.

'�c ÓÚË� �=^c 1å� DÑ�Ç ÑÑA5

1 Úó

�®ÓÚË�C�(BSRF)#ï3B31å�´8

c I S � � � ^ ó � 3 ¥ � U «(1.2—6keV)� ü

Ú!V�à�X��1å�, Ì�^uX��1Æ!

áÂÌÆ9&ÿì5UI½��¡�¢�ïÄ
[1]

.

ã 1 3B31å�1´�nã

1å�d�®�K>féEÅ(BEPC);��1

0 «3B3�=^cÚÑ, ²cà«ü��½1<�å

�, 1å���Â�5mrad(H)×0.34mrad(V)�1å,

±Ð\��α= 0.55◦ \��²¡º. ã1´3B31å

�1´�nã, Ù1´�O�n´: (a) Ye²¡º

500mm×150mm)©�ü���«�, ��Siº(7Ä

., ÃÛ�), ��Niº(7Ä.ÛNi), ©O�ØÓ�

üÚì¬N|Ü, Ù�^´�Ø6keV±þpUÓÚ

1, ü$¬N9K1Ú³�pg�Å; (b) ��¡º

(850mm×100mm)�Î¡ºØ�, ÛNi,  �'�1:1,

¢y1å3�¬?�Y²ÚR�V�à�; (c) V¬

üÚì, [À^3é¬NCX�Ü�OUþ��; (d)

C�^uÈØ$U,Ñ1, ?�Ú~�¬N�9KÖ.

L1�Ñ1
ëêÚ1å��Oëê.

�â>f÷�/;�²L�=^c�Ë���

©Ù5Æ
[2]

9BSRF-3B31
ëê, O���BSRF-

3B31
A5Xã2¤«. lL1Úã2¥�±w�,

A�Uþ32.28keV, 1.5—6keV��OUþ«mT3

Ù�ZUþ��S.

ã 2 ;^�ªe3B31
ÏþÌ9õÇÌ­�

¢��ÏþÌ, :��õÇÌ.
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L 1 ;^�ªe3B31
ëê91å��Oëê

1
ëê �Oëê

>fUþ/å6 Ee =2.2GeV Ie = 100mA 1fUþ�� 1500—6000eV

^|rÝ 0.7T Uþ©EÇ 1000—4000

>fåuÑÝ σx = 0.69mm σ
′

x = 0.31mrad ÑÑÏþ 109—1010phs/s/100mA

σx, σy , σ
′

x, σ
′

y σy = 0.22mm σ
′

y = 0.057mrad �Â� 5mrad(H)×0.34mrad(V)

A�Uþ 2.28keV 1�º� 2mm(H)×1mm(V)

2 DÑ�Ç�O�

ü�1Æ���DÑ�Ç´Ù��(½ß�)�Ç

�R��Â�Ç�¦È, ±e©OO������Ç,

?
¦�1å��oDÑ�Ç.

2.1 ²¡º��Ç

2.1.1 ���Ç

c�à�ü��²¡ºÚà�º´Ì�����

�. 5g1
:�1�>¥þ��©OR�/²1u

\�¡�S1/P1, Ù��Ç©O�
[3]
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(1)

Ù¥φ�\��,n�á��ò�Xê. (1)ª´��¡

�n��¹e�O�'X, ¢SA^��A�ÄL¡

o÷Ý�K�
[4]

R=R0 exp

{

−

(

4πσ cosφ

λ

)2
}

, (2)

ù p, R, R0 © O ´ o ÷ L ¡ Ú n � 1 w L ¡ �

� � Ç; λ´ \ � 1 Å �; σ´ o ÷ Ý � þ � �  

�(rms)�, O���0.5nm. ¤±, ²¡º���

�Ç�

εPM-ref =RS exp

{

−

(

4πσ cosφ

λ

)2
}

. (3)

2.1.2 ²¡º�R��Â�Ç

�ã3, S�1
, R1 ´²¡º¥%�1
�Y

²ål, 2W0 ´ºf��Ý, K²¡º�R��Â�

2ψPM-acc =2W0 sinα/R1, ²¡º��Â�Çε
PM-acc

^

Ø�¼êerfL«�

ε
PM-acc

= erf

(

ψPM-acc√
2σ′

ph

)

, (4)

�â(2), (3), (4)����²¡º�DÑ�Ç:

ε
PM

=RS exp

{

−

(

4πσ cosφ

λ

)2
}

×erf

(

ψPM-acc√
2σ′

ph

)

.

(5)

ã 3 ²¡ºR��Â�«¿ã

2.2 ��¡à�º��Ç

ÛNi��¡º���Ç�O�Óþ.

à�º�R��Â�Ç��âXe©Û�Ñµn

��à�º¡/A�ý¥¡, 1
Ú�:� uý¥

�ü��:þ, �Ï�E(J, ±��¡�Oý¥¡.

=|^Ø�à�Å�, �ò��Î¡Ø�aqÓ�S

L¡���¡
[5]

. Xã4¤«, �a, d©O�ý¥¡�

��¶Úá�¶, w, h©O�l¥¡Sà�º]ø�

°ÝÚpÝ. Ï�à�ºæ^1:1�à��ª, ¤±1


�º¡¥%�ål�a(a = 14.25m). º¡�Ýd

L1 ÚL2 üÜ©|¤, L1 �dR��Â�θ (3A�U

þ:θ = 0.34mrad)û½��Â�Ý, L2 �dY²�

Â�ψ(ψ= 5mrad)û½��Â�Ý. dAÛ'X��

L1 = (a×θ)/sinα= (14.25×0.34)/sin0.55◦ = 505mm,

(6)

L2 = h/tgα, h= d−

√

d2−
w2

4
, d= asinα, w= a •ψ,

∴ L2 =
a

tgα
×

[

sinα−

√

sin2α−
ψ2

4

]

= 492mm.

(7)

O��º¡o�997mm. �¦Ø�ºJp�Ç, �y

º¡¬�, ¿~�ý�Kú, ü$Ed, Ø�º�Ý�

�âL2<L6L1+L2 �'X(½. duà�º��Ý

�udR��Â�θû½��ÝL1, �ÙR��Â�

Ç�1. =à�º��ÇÒ´NiÛ�����Ç.
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ã 4 ��¡ºà�XÚ

(a) 1´«¿ã; (b) ýÀ{ã; (c) �À{ã.

2.3 ¬NüÚì�û��Ç

Ón, ¬N�º�v
�, R��Â�Ç��1.

3ÓÚ1uÑÝ�½�^�e, ¬N�û��

ÇdÙ��©°Ý(Darwin Width)∆θB û½, ∆θB 3

µradþ?, �Å�λÚ¬N���¡[hkl]k', ��

\��k'. dSHADOW^�O�ÑA�:�Dar-

win Width�, [ÜÑ∆θB �UþECz�¼ê'X

­�(ã5¢�), K¬N�û��Ç^Ø�¼êerfL

«�

ε
DCM-diff

= erf

(

∆θB√
2σ′

ph

)

. (8)

ã 5 ü¬Si(111)∆θB-E 'X­�

2.4 C��ß�rÝ

X��BL���, rÝP~�¤KË½n:

I = I0e
−ρµr ⇒ ε

C-trans
=
I

I0
, (9)

Ù¥µ = µ(E), ´(�þ)áÂXê; ρ��þ�Ý,

ρc = 3.51g/cm3; r���þÝ, rC = 0.002mm.

2.5 oDÑ�Ç

d±þ©Û��, c�²¡ºû½
R��Â�

Ç, à�ºû½
Y²�Â�Ç. ã6�Ñ
üÚì�

Si(111)¬N��1Æ���DÑ�Ç�O�(J. 1

å�oDÑ�Ç�

ε
total

= ε
PM

×ε
TM-ref

×ε
DCM-diff

×ε
C-trans

, (10)

Ù¥ε
PM

�²¡º�DÑ�Ç, ε
TM-ref

�à�º��

�Ç, ε
DCM-diff

�üÚì�û��Ç, ε
C-trans

�%��

ßLÇ.

ã 6 üÚìÀ^ Si(111) ¬N�1å��1Æ�

��DÑ�Ç

3 �¬?1ÆÑÑA5©Û

3.1 Uþ©EÇ

Uþ©EÇÒ´üÚì3,�U:eÑ�1f

��°�TU:�'�, ^∆E/E/ªL«½±Å�

∆λ/λL«; ½�^Ù�ê�R = E/∆E = λ/∆λL

«, R¡�Uþ©E�+. ¬NüÚìÑ�1f��

°´¬N�Darwin Width ∆θB ÚÓÚ1�R�u�

RMS��°Ýσ′

ph �òÈ, =: ∆θ=
√

∆θ2
B +σ

′2
ph. d

Ù.��§2dsinθ = λ (d�¬�~ê, θ´Bragg�),

�Uþ©EÇ:

∆E/E= ctgθ∆θ. (11)

3.2 ÑÑÏþ

(10)ª´ü>fË�é1å�DÑ�Ç��z,


ã2�Ñ�´d1
ÑÑ�0.1%BWS�1fÏþ

Nsrc, Ó�du1å��©E�+�K�, �¬?�Ñ

ÑÏþNsam �Xe?�:

Nsam =Nsrc×εtotal
×

∆E

0.1%E
[phs/s]. (12)

4 (J�?Ø

�âþãnØ©Û, éBSRF-3B31å�3¦^

ØÓ�üÚì¬Ne�ÑÑA5?1
O�, (JX

ã7¤«.

4.1 c�²¡ºÛ��ÀJ

üÚì�Bragg�Å�=Ä���19◦—75◦. |

^Braggúª���¬N�UþCX��(�L2). �

²¡ºL¡o÷Ý�0.5nm, Ù��Ç�UþCz­
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�Xã7(a)¤«. Ni31—6keVUãJø
p�²"

���Ç; Ó��Ø6.0keV±þ�MX��; 3400—

1800eV��S, Siº���ÇÄ����þ!�²

�. �â¬NCX�U«��, KTP(011), InSb(111)

ÚSi(111)A�Niº|Ü, beryl(101̄0)�Siº|Ü, �

�Ç'�n�. �KTP(011), InSb(111)e�Niº|,

pg�Å¬'�î­, XKTP(011)31200—1500eV

��S�2, 3, 4 g�ÅÑ�3. ¤±, KTP(011),

InSb(111), beryl(101̄0)¬N�´�Siº|Ü, k|u

1ÌXÝ�Uõ. Si(111)¬N�Niº|Üén�, Ï

�Si(111)¡óg�Å´�1�, 
3g±þ�Å�±

�Niº³�, 1Ì¤©éX.

ã 7 1å�ÑÑA5O�(J

(a) ²¡º��Ç­�; (b) ÑÑÏþ; (c) Uþ©E

�+.

4.2 Uþ���ÀJ

3÷vBragg^��Ä:þ, Uþ���ÀJ�

��Äá�S�5��K�, ¦þ3ÀJ�Uþ��

SÏþ­�'�1w, &Ò�'�r. Ü·�U«�

�©ÛXe(ë�ã7(b))µ

Si´�~n��©1¬N. 3UþCX��SQ

vkpg�Å�Ãg�(��K�, ¤±Ü·�U«

��: 2.05—6.0keV.

InSb¬NÃØ�Niº|Ü�´�Siº|Ü, Ù

pUàÏþ­�ÑØ1w, ù´d In�áÂ> (L3-

3.73keV, L2-3.938keV, L1-4.238keV)ÚSb�áÂ>

(L3-4.132keV, L2-4.38keV)Úå�. duSi²¡º3

3keV���Çb~, ¤±dáÂ>Úå�Ïþ­��

aC'�Niº|Ü��f�
, ��Ü·�U«��

�1.75—3.7keV. �I5¿3d��S, Si�k>¦r

Ýb~; Si>�­����ËÄ(ã¥[¢�)©O´

In�L3 >!L2 >9Sb�L3 >!L2 >��g�Å�

K�.

Beryl ¬ N © f ª � Be3Al2[Si6O18]. Beryl Ú

KTP ü«¬N�Ì��^´�)$UüÚ1. d

uà�ºÛNi, ÉNi�(L3-0.852keV, L2-0.87keV) á

Â>�K�, å©���lNi�>�m©; pUà�

InSb¬N�$Uàq�. =U«���0.9—1.75keV.

3d��S�kAl, Si�káÂ>érÝ�K�ØN

�À.

KTP¬NU«���1.2—1.74keV. e*�Uþ

��K�3dP, KÚTi�káÂ>��g�ÅÚå

�¬NáÂOr. ù®d¢�(Jy¢.

L2�Ñ
¤^üÚì¬Nëê(berylÚKTP¬

N�J�)!þã©Û(J9z�¬Nk�U«��

S�­����áÂ>.

4.3 ÑÑÏþ

ã7(b)¤«ÑÑÏþdp�$éA¬N�^S

´ InSb, Si, Beryl, �±@�û�rÝ´�á��f

Sê�O�
Or�. ù�LNLS^X��ÌÆ1

å��ÿþ(J´���
[6]

. UVSOR-BL7AéBeryl

ÚKTP31.2—1.7keV��SÏþ�ÿþ(J���

�
[7]

. BSRF-3B3éSi(111)¬N�üÚì�ÑÑÏþ

�ÿþ(J�O�(JÄ�¬Ü
[7]

.

L 2 üÚì¬Nëê

¬N �m+ ¬�~ê/(2d/nm) CXU«/keV k�U«/keV Bragg�/deg Ì���áÂ>

beryl(101̄0) P6/mcc 1.595 0.82—2.35 0.90—1.75 66.1—31.2 Na-k Mg-k Cu-L Zn-L

KTP(011) Pn21a 1.095 1.2—3.4 1.2—1.75 70.6—32.6 Mg-k Al-k

InSb(111) F -43m 0.748 1.75—5.0 1.75—3.7 72.3—26.6 P-k S-k Cl-k K-k

P-k S-k Cl-k K-k Ca-k Ti-k
Si(111) Fd−3m 0.6271 2.05—6.0 2.05—6.0 70.3—19.2

V-k Mo-L Pd-L Ag-L
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4.4 Uþ©EÇ

ã7(c)�ÑUþ©EÇdp�$éA¬N�^

S´Si, InSb, Beryl, Ù¥Beryl´U,)�¬N, �

�©´òBerylÀ��{¬NO��. Ï�Beryl¬

N���{§Ý�)�^�!)��¸���', Ó

�Beryl¬N�9�Ç$, FËì5U�, ¤±¢S

�©E�+�$uO��. 3BSRF-3B31å�þé

Si (111)¬N©E�+�ÿþ(J�O�(JÄ�¬

Ü
[8]

.

nþ¤ã, 32.05—3.7keV, eI�pÏþ, ÒÀ

^ InSb(111)¬N; e�¦1å��©EÇp, Ò^

Si(111) ¬ N. KTP ¬ N Ú Beryl ¬ N � � k ` ³:

KTP´<ó¬N, 3�{5Ú9­½5�¡'Beryl

¬NÐ, 3üö�ÓCX�U«, KTP �ÄÀ; 


Beryl�¬�~ê��, �±òUþ��$�U«

*Ð.

5 (Ø

¥UX��kX2��A^cµ, I	®�


Nõó�
[9—12]

, �é1å�ÑÑA5�nØ©Û

�����, Ï~´�Ñ¢�ÿþ�eZU:�(

J
[6,13—18]

. �©l©Û3B3 =^c1
�Ë�A5

\Ã, O�
�¹cà«3S���1å�XÚ�Ñ

ÑA5, �1å��NÁÚ�äJø
nØ�â. Ó

����c1
1å��ÑÑA5�O�, Jø
�

«O��{.
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Calculation of Transmission Efficiency and Output Characteristics

for Beijing Synchrotron Radiation Facility (BSRF) 3B3 Beamline *

ZHAO Jia1,2 CUI Ming-Qi1;1) ZHAO Yi-Dong1

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 Based on the radiation characteristics of the bend magnet source, the output characteristics of the BSRF-

3B3 beamline was analyzed and discussed. The result is the foundation of adjustment and diagnosis of the beamline.

A calculation model is provided to analyze characteristics of beamlines attached to bend magnet sources.

Key words synchrotron radiation, bend magnet, beamline, transmission efficiency, output characteristics
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