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|^pd - ��1
�.nØ���Ì�Ý¼ê3gd�mDÑ�5Æ, ïÄ
þ°ÓÚË�C�Å�ì1

 (BL15U) ��m�Z5; ?Ø
ýà�º!üÚìé1å�m�Z5�K�; ¢�ÿþ
üÚ1d¿ S2 ?1å
�î��Z�Ý (Z ��). nØO�L², S2 ?1å�î��Z�Ý� 66.5 µm, �¢�ÿþ(J� 27 µm. nØ�
¢�������Ï´du S2 þi1Æ��ýà�º½üÚì±Ï5pª�Ä��
1å�m�Z5�òz. ¢
�(JL², þ°ÓÚË�C�Å�ì1
®k�r��m�Z5, �±÷v��ºÝ�M X ���Z5¢�.

'�c: Å�ì, pd - ��1
�., �m�Z5

PACS: 41.60.Ap, 42.25.Kb

1 Ú ó

�Z5©��m�Z5 (½¡p��Z5) �
�m�Z5 (½¡î��Z5). �m�Z5d X

���üÚ55L�. üÚzdüÚì5¢y, ù
«Eâ®²�~¤ÙÚ�õ, ¿�®����p
�°Ý. 1n�ÓÚË�C� (~X: ESRF, APS,

Spring8, SSRF �) du>f�u�Ý�, ¦�ÓÚ
Ë�1��m�Z5��Jp [1]. 
Å�ì (Undu-

lator) ��\��¦^, K?�ÚJp
ÓÚË�
1��m�'5, l
¦Nõé�m�Z5�¦p
�¢�, X X ���'1ÌÆ [2,3] � X ���Z
û�¤� [4−9] ��±¢y.

ïÄÅ�ì1
��m�Z5, éuå��O
�¢��OÑ�~­�. 8ckü«nØ�{ïÄ
Å�ì1
��m�Z5: Ù�, Äu4à�éØ
>fË�nØ�1|��ZnØ, ïÄÅ�ì¥>
fË�Ñ1|��m�Z5 [10,11]; Ù�, ÄuÚO
1ÆnØïÄË�|��m�Z5 [12−16]. =I�
A�{ü�ëê, ÚO1Æ�{ÒU£ã1
��
?¿ �?1|��m�Z5. duù�`:, Ú

O1Æ�{��
2�A^ [16−19]. �Ð�ÚO
1Æ�{b�ÓÚË�1
´d*dÕá�:1

|¤���¡1
 [12,13], �´�X1n�ÓÚ
Ë�C��ïá, cÙ´Å�ì�¦^, Tb�®
Ø2Ün. �ud, Coı̈sson Ú Marchesini[14,15] J
Ñ
Ü©�Z�pd - ��1
�. (GSM), Var-

tanyants Ú Singer[16] ?�ÚlnØþy¢
3M X

��Åã (> 3 keV) GSM 1
�k�5. �©Äk
|^pd - ��1
�.nØ���Ì�Ý¼ê3
gd�mDÑ�5Æ, nØþïÄþ°ÓÚË�C
�Å�ì1
 (BL15U) ��m�Z5; Ùg, ?Ø
ýà�º!üÚìé1å�m�Z5�K�; ��,

¢�ÿþ slit2 ?1å�î��Z�Ý (Z ��), ¿
?Ø¢��nØ(J��É.

2 pd - ��1
�.

pd - ��1
�.nØ´r¢S�Å�ì1

��u�uÅ�ì¥%� GSM ¡1
. T GSM

¡1
���Ì�Ý¼ê (CSD) � [20]

W (ρ1,ρ2) = [S(ρ1)]1/2[S(ρ2)]1/2µ(ρ2 − ρ1), (1)

* I[g,�ÆÄ7 (1OÒ: 11075200) ÚI[­:Ä:ïÄuÐOy (1OÒ: 2010CB934501) ]Ï��K.

† E-mail: wanghua@sinap.ac.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

144102-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 144102

Ù¥

S(ρ) = SxSz exp
[
− x2

2σ2
x

− z2

2σ2
z

]
, (2)

µ(ρ2 − ρ1) = exp
[
−(x2 − x1)2

2ξ2
x

− (z2 − z1)2

2ξ2
z

]
,

(3)

©O�L GSM 1
²¡S�Ì�Ý�Ì�Z
Ý, σx,z ©O�L x � z ��1
��� (�þ
�, RMS), ξx,z �L�A��þ�î��Z�Ý,

ρ1,2(x1,2, z1,2) �1
²¡S�î��I¥þ. �
1
�� σ �î��Z�Ý ξ ÷v±e�Ø�ª
�, GSM 1
uÑ�1���3��é��I/
áN��S [20], =/¤1å:

1
δ2
x,z

¿ 2π2

λ2
, (4)

Ù¥
1

δ2
x,z

=
1

4σ2
x,z

+
1

ξ2
x,z

, (5)

λ �1�Å�. 1n�ÓÚË�C�þ�Å�ì1

 δx,z Ï~3��þ?, ¤±3M X ��Åã (λ <

1 nm) (4) ª¤á.

3 pd - ��1å3gd�m�DÑ

�1å÷ y ¶l y = 0 ?²¡ (1
²¡)

� y > 0 ��mDÑ, K y ?²¡S GSM 1å�
��Ì�Ý¼ê� [20]

W (ρ1,ρ2, y)

=
(

k

2πy

)2 ∫∫
dρ′

1

∫∫
dρ′

2W
(0)(ρ′

1,ρ
′
2, 0)

× exp
(
−ik

(ρ1 − ρ′
1)2 − (ρ2 − ρ′

2)2

2y

)
, (6)

ª¥ W (0)(ρ′
1,ρ

′
2, 0) � GSM 1å3 y = 0 ?²

¡ (=1
¤3²¡) S���Ì�Ý¼ê, ρ′
1,ρ

′
2

� y = 0 ?²¡S�î��I¥þ, ρ1,ρ2 � y ?
²¡S�î��I¥þ, k = 2π/λ �Åê.

ò (1)—(5) ª�\ (6) ª¿�¤È©� [20](�
{üå�, d?=�Ñ x ���L�ª, z ��=I
�UCeI=�):

W (x1, x2, y) =
I0x

∆x(y)
eiψx(y) exp

(
−(x1 + x2)2

8σ2
x∆2

x(y)

)
× exp

(
−(x2 − x1)2

2δ2
x∆2

x(y)

)
, (7)

ª¥

∆x(y) =

[
1 +

(
y

yeff
x

)2
]1/2

(8)

�1å*ÐXê,

ψx(y) =
k(x2

2 − x2
1)

2Rx(y)
,

Rx(y) = y

[
1 +

(
yeff

x

y

)2
]

(9)

©O�pd1å�� ¼ê���¡�­Ç�»
¼ê. yeff

x = kσxδx �k�ål, =1åDÑ�Tå
l�, 1å*ÐXê ∆x(yeff

x ) =
√

2.

(7) ª¥,- x1 = x2 = x, ��1å�Ì�ZÝ

S(x, y) =
I0x

∆x(y)
exp

(
− x2

2Σ2
x(y)

)
, (10)

ª¥

Σx(y) = σx∆x(y) =
(
σ2

x + θ2
Σxy2

)1/2
, (11)

θΣx =
1

2kξx

(
4 +

(
ξx

σx

)2
)1/2

(12)

©O´1åDÑ� y ?�1å��� (RMS) �1
å�uÑ�.

d (1), (6), (10) ª�

µ(x1, x2, y) = eiψx(y) exp
[
−(x2 − x1)2

2Ξ2
x(y)

]
, (13)

ª¥

Ξx(y) = ξx∆x(y) =
(
ξ2
x + θ2

Ξxy2
)1/2

, (14)

θΞx =
1

2kσx

(
4 +

(
ξx

σx

)2
)1/2

, (15)

Ξx(y) �1åDÑ� y ?�1å�î��Z�Ý.

d (11) Ú (14) ª�

q0 =
Ξx(y)
Σx(y)

=
ξx

σx
, (16)

=ål1
?Û �, 1å�î��Z�Ý�1å
���'��~ê.

4 þ°ÓÚË�C�Å�ì1
�m
�Z5

3ÓÚË�C�¥, \�ìÜ�Ï~�Ñ�
1
ëê�1
��� σS �1
�uÑ� σ′

S

(= (11) ª¥� θΣ). d (12) ª=���1
²
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¡S�î��Z�Ý ξS. þ°ÓÚË�C�;
��>fåëê�: >fUþ 3.5 GeV, Y²u�
Ý 3.9 nm·rad−1, ÍÜXê 0.01. BL15U Å�ìSC
3$ β ���ã, Å�ì±Ï�Ý� 2.7 cm, o�
Ý� 2 m, 3^Y� 7 mm �, ¸�^|rÝ� 0.8 T.

1
ëê� (1fUþ 10 keV): σx = 158 µm, σz =
10 µm, σ′

x = 33.4 µrad, σ′
z = 8.85 µrad (êâdþ°

ÓÚË�C�\�ìÔn|Jø).

L 1 ¥O�
1åDÑ�ål1
: 33.7 m

? (slit2 ?) �, 1å�î��Z�Ý (ÿ�O\

à�º!üÚì�K�). x ���î��Z�Ý
� 4.25 µm, z ���î��Z�Ý� 66.55 µm.

L 1 þ°ÓÚË�C�Å�ì1
�ëê (1fUþ 10 keV)

�� x z

1
º� σ/µm 158 10

1
uÑ� σ′/µrad 33.4 8.85

1
?î��Z�Ý ξ/µm 0.59 2.23

ål1
 z = 33.7 m ?, 1åº� Σ(z)/mm 1.14 0.30

ål1
 z = 33.7 m, 1å�î��Z�Ý Ξ(z)/µm 4.25 66.55� � � �� � � � � � �� �� � 	 
 �� � 	 
 � � � 	 � � � 	 � �
ã 1 þ°ÓÚË�C� BL15U 1å�ÙÛ«¿ã (S2 �üÚ1d¿ 2, S3 �üÚ1d¿ 3)

ã 1 �þ°ÓÚË�C� BL15U 1å�ÙÛ
«¿ã, üÚ1d¿ S2 ål1
: 33.7 m, �¬�
ål S2 5.8 m. S2 c�1åu)�p�^�1Æ�
�=kà�º�üÚì. 1Æ��é1å�m�Z
5�K�Ì�kü�¡: L¡¡.Ø�ÚL¡o÷
Ý [21,22]. üÚì¬N Si (111) é1å�üÚzL
§´ÄuÙ.�û�, ¤±L¡¡.Ø��L¡o
÷Ýé1å��m�Z5�K��±�Ñ. þf1
Æ�*:@� [23,24] 1å�î��Z5d1fÄþ
Ø(½Ý�î�©þ ∆vz û½, 
 ∆vz �1å�
uÑ�§�5'X. ��1Æ���L¡¡.Ø�
Ì�K�1å�uÑ�. BL15U �à�ºduç�
��, ¤±é1å Z ��uÑ��K��±�Ñ.

Kewish � [22] � van Dijk � [25] �ïÄL²��º
L¡o÷Ý (à�º��à�º�Ó) E¤1å�
�¡�Û­, ��
1å��m�Z5�òz. ã 2

�º¡o÷Ýé1å �N�«¿ã.

� O :?pun�º¡ d, Kk!Ão÷Ý�
m�1§�� [21]

∆ = OA − OB ≈ 2n0d sin θ, (17)

ª¥ n0 �ý�¥�ò�Ç. O\o÷ÝÚ\��

 N��, (6) ªC� (�����¢�éA, =?
Ø Z ��)[26]

W (z1, z2, y) =
(

k

2πy

)2 ∫
dz′1

∫
dz′2W

(0)(z′1, z
′
2)

× exp
(
−ik

(z1 − z′1)
2 − (z2 − z′2)

2

2y

)
× exp (ik (rand1(d) − rand2(d))) ,

(18)

ª¥ rand (d) ��Å¼ê. ê�O�(JL²,

0.3 nm �o÷Ý (BL15U ýà�º�ÿþ�), ée
i1å�m�Z5�K��±�Ñ.

d

B

A
Oθ

ã 2 º¡o÷Ýé1å �N�«¿ã

üÚ1d¿ S2 �ål y ?&ÿ²¡þ z :N
C�r�û�ãY���Ý�

V (z) =
Smax(z) − Smin(z)
Smax(z) + Smin(z)

, (19)
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ª¥ Smax(z) Ú Smin(z) ©O� z :NC�r�û
�ãY��������.� ��

ã 3 ¢�C� üÚ1d¿�×£
¡ål 5.8 m, = S2 �
�¬��m�ål; d¿m� 62 µm, \�Ü©�ZM X 1å1
fUþ� 10 keV

ã 3 �¢�C�«¿ã. 1fUþ� 10 keV

�Ü©�ZM X 1åR�\��üÚ1d¿ S2

þ, d ¿ m � 62 µm; � 
 ¡ � u d ¿ � 5.8 m

? � � ¬ � þ, > l ¿ � u 
 ¡ � �; � ¬ �
3 Z ���$Ä°Ý�� 0.2 µm, ÏL×£

¡��d¿��r�û�ãY. ã 4 =�¢�
¥����r�û�ãY: ×£Ú�� 4 µm, z
�:�æ8�m� 0.2 s. ·���
 5 Ìû�
ãY, ÏL (19) ªO�Ñ��Ý� 0.103±0.016.

ã 5 ��r�û�ãY��Ý�üÚ1d¿ S2

? î � � Z � Ý C z � ' X. l ã ¥ � ± w
Ñ, ��Ý� 0.103±0.016 éA�î��Z�Ý
� 27±2.5 µm (1fUþ 10 keV). '�L 1 ¥�
nØ�uy, 1å��m�Z5u)
��òz.

Ì��Ï�: ÏL3�¬�þ�� X 1F1¡,

·�uy1�3 Z ��kpªËÄ (�ÄªÇ
� 42 Hz). ò S2 �m�, ËÄ�,�3, ¤±´ S2� � �� � �� � �� � �� � � �� � � �� 	
� �
��� � � � � � � � � � � � � �� � � �

ã 4 ¢�¥����Ì�r�û�ãY ×£Ú�� 4 µm,
z�:�æ8�m� 0.2 s

� � � �� � � �� � � �� � � �� � � � � � � � � � � � � � 	 �
 � �
ã 5 �r�û�ãY��Ý�üÚ1d¿ S2 ?î��Z�
ÝCz�'X d¿m� 62 µm, �r�û�ål� 5.8 m, 1
fUþ 10 keV

þi1Æ��ýà�º½üÚì��. TËÄlü
�¡��
ÿþ��m�Z5u)��òz: Ù
�, duæ^
¡×£��ª���r�û�ãY,

¤±pªËÄ¬ü$ÿþ���r�û�ãY�
��Ý; Ù�, 1Æ��pª�ÄÄ�����1
å�m�Z5�òz, ?
¦�r�û�ãY��
Ýü$ [27].

5 ( Ø

�©|^pd - ��1
�.nØ���Ì
�Ý¼ê3gd�mDÑ�5Æ, lnØþïÄ

þ°ÓÚË�C�Å�ì1
 (BL15U) ��m
�Z5, ?Ø
ýà�º!üÚìé1å�m�
Z5�K�, ¢�ÿþ
üÚ1d¿ S2 ?1å�
î��Z�Ý (Z ��). nØO�L², S2 ?1å
�î��Z�Ý� 66.5 µm, �¢�ÿþ(Jw«
� 27 µm. nØ�¢�������Ï´du S2

þi1Æ��ýà�º½üÚì±Ï5pª�Ä
��. �,þ°ÓÚË�C�Å�ì1
�m�
Z5ØX PETRA 0 (duÙY²u�Ý��, �
k 1 nm·rad−1[16]), �®k�r��m�Z5, �±
÷v��ºÝ�M X ���Z5¢�. �Y�ó�
òæ^p©E X 1F1¡�p©E��1Æw�
º, |¤p©E�¤�XÚ, ±��\ïÄ S2 �r
�û�ãY, l
�äpª�Ä�(� �; �Ø
T�Äé1å�m�Z5�K�, ±?�ÚJp1
å��m�Z5.
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Abstract

Firstly, based on the Gaussian-schell model source theory and the propagation of cross-spectral density function in free space,

the spatial coherence of undulator source (BL15U) in Shanghai Synchrotron Radiation Facility is studied. Secondly, the influences of

pre-focusing mirror and the monochromator on the beam spatial coherence are discussed. Finally, the spatial coherent length at mono

slit S2 is measured. The spatial coherent length at S2 theoretically is 66.5 µm, but experimentally is 27 µm. This difference is due to

the high frequency vibration of pre-focusing mirror or monochromato. Nevertheless, high coherent hard X ray beams can be obtained

at the location of experimental sample and many coherent experiments can be fulfilled on this beamline.

Keywords: undulator, Gaussian-schell model source, spatial coherence
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