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�> �ù= ÚIÓ �Nz
1)

(¥I�Æ�þ°A^ÔnïÄ¤ þ° 201800)

Á� þ°1X��¤�1å�æ^õ4Û{ì (wiggler)��Ë�1, JÑ�«N�V�¬üÚ

ì��O�Y. O�(Jw«, �¼��½Ñ��²1üÚ1å, UþN���CX19—120keV, 3

33keV�, ÑÑ1fÏþ9Ïþ�Ý©O�1.9×1013phs/sÚ3.8×1010phs/s/mm2. ©Û
N�¬N�

à�9üÚz5U, O�
ÑÑ1fÏþ9üÚì�9K1�¹. �DÚ�V²¬�Y�', ��O3

¼�pÏþÚ)û9K1��¡k²w�`�5, ¿Uk���9/C.

'�c X��¤� ÓÚË� N�¬N üÚì�O

1 Úó

�X1n�ÓÚË�C��2�¦^, X��1

�A5��
4��Uõ, �±Jøþ!!üÚ!

p�Z5!pÏþ�X��, �#�X��¤��

{��)!uÐ9ÙA^ME
^�. 8c, ISþ

#ï�1n�ÓÚË�C�X\<�1 (CLS)!

a¬1 (SLS)!e�|æ1 (AS)ÚÜ�ß1

(ALBA)�Ñï
�^½õ^)Ô�Æ¤�1å�.

þ°1(SSRF)��3ïE�^X��¤�9)Ô

�ÆA^1å�, æ^õ4wiggler��Ë�1, ±

¼��1�º�!pÏþ�ÝÚUþN���°�ü

ÚX��, ����)�p9K1Ò¤�1å��O

¥I�)û�'�¯K. ¤�1å�Ï~ØI�3ü

Úìc\O�º, V¬üÚìXÚ=��yå��ü

Ú1(∆E/E ∼10−3)ÑÑ. �ù�¬¦Ì��9K1

á3üÚìþ, ÏdXÛü$üÚìþ�9K1�'

�. �d, �©JÑ�«N�V�¬�üÚì�O

�Y.

�DÚ�V²¬�Y2)�', æ^Øé¡���

N�.�¬Ì�kü�`:: 1)ß��ªeduû�

¡��, O\
��Ç°Ý, Jp
1Ïþ (AO3

pU��S
[1]

); 2) ¦^ß�ªN��¬k|uü$¬

Nþ�9K1, Ï�æ^�¬�\�1�pUX��,

�Ü©��²L����ßL¬N��áÂ, ù


A:é¤�1å�ék¿Â. 8c, �pUX��A

^¤�O��«VN�¬NüÚì, ®3õ�ÓÚË

�C�þÑ��
¤õA^
[2—5]

, ¿��±ÚÙ¦�

«Ó¶1Æ��|Ü¦^
[6, 7]

, ?�ÚJpå65U.

�©?Ø
N��¬�à�A5, üÚì�1

Æ�O; ©ÛO�
|ÜÈ¡9üÚìþ�9K1

9ÑÑ1Ïþ�¹; ��?Ø
üÚì�e%�Y.

(JL²: ��O3)ûp9K1�Ó�, �¼�p

Ïþ!½Ñ��²1üÚ1å, UþN���CX

19—120keV, ¿Uk���9/C.

2 1ÆXÚ�O

¤�1å��'�Ü�´üÚì, Ïd¬NüÚ

ì��O´�^1å�1Æ�O�:. À�Øé¡

���N�Si¬N��üÚì, ±[111]¬¡��û�

²¡, æ^ÎG��V¬NüÚì(�.

2.1 N��¬à��n

�¬à��n�ÊÏ1Æ��aq, Ù����

dÙ.�²¡ (��¡)û½. ÎG�¬éX���à

�kA«ØÓ�ª, éA�Ñ�1�±´¬à�½ö
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uÑ�, üÚ1½öõÚ1, äNd1Ú�:� 

�¤û½, Xã1¤«, Ù¥1å�DÂ���_. �

1 uà�� (Û=�)þ�, ��å�üÚ1¿�

±Ð©1å�uÑÝ, Xã1(a); �1 uÛ=�S

Ü,�u�¥:þ�, ��å�õÚ�²11å, X

ã1(b)¥¤«; �1 uÛ=�	Ü�, ��uÑ

1, �SÜ�)��õÚ�J�:, Xã1(c)¥¤«.

ã1¥θB �Ù.��; χ�Øé¡���, ´Ù.

�²¡�¢S¬¡�m�Y�; BP�Ù.�²¡; F1

�1�¬N�ål; F2 �¬N��:mål; ρ�

Ç�». 1ål1:S \��¬Nþ, �Ù�N�

¬NÛ=��é �u)UC�, ���ØÓ�à�

�¹. �âN��¬�à�A5, Ò��â¢��¦

�O(�ØÓ�üÚì±÷vI�.

ã 1 ÎGN��¬�X��û�

(a) 1S  uà��þ; (b) 1S  uà��Su�¥:þ; (c) 1S  uà��	.

ÎG�¬N�X��1ÆÄ�úª�

cos(χ±θB)

F1

+
cos(χ∓θB)

F2

=
2

ρ
, (1)

\�X�� uÙ.�²¡�¢S¬¡{��m�,

úª(1)¥ÎÒ�g�“+”“−”; �\�X�� u

Ù.�²¡�¢S¬¡{��	�, úª(1)¥ÎÒ�

g�“−”“+”. �X��l�¬�]¡ (à¡)\��,

¬N�Ç�»ρ���(K�).

2.2 üÚì1´�O

�éØÓ�A^I�, <�JÑ
NõØÓ�V

N��¬(�
[8]

. ��Oæ^
Øé¡���¬NSi,

±[111]¬¡��û�²¡, ü¬Næ^ÃÚÑü��

ª (Xã2¤«), 1S  u1�¬NÛ=�þ, 1�

¬N±1�¬N�J�:S’��1. 1�¬N�

Ç�»ρ1 ��30m, �ÄòÌU«��½320�

35keV, K1�¬N�Ç�»ρ2 ��66m. üÚì

��3å123m?, ü¬N°Ý�100mm, ¥%«

þÝ1mm, æ^35.26◦ �Øé¡���χ, \��¬

Nþ�1�º�É�cà«1<�ÂÝ���.

Xã2¤«, 1S  u¬N�]¡�ý, úª(1)

¥�Ç�»ρ9F1 ���, �1S  u1�¬N

Û=�þ, �¼�üÚ1. 1:S �¬NmåF1 L

÷v'X (Xã1(a)¤«): F1 = ρ1 cos(χ+θB), Ù¥ρ1

�1�¬N�Ç�», χ�ÙØé¡���, F1 �

1�1�¬N�ål. ±1�¬N�J�:S’��

1�¬N�1�, N!1�¬N�Ç�»ρ2, �

S’Ó� uÙÛ=�,�u�¥:�, ·�N!ü¬

Nmå, =����½Ñ�!Uþ�N�²1üÚ1

å, �¼�þ!½�1�Jø
�y. 3�ypÏ

þ�Ó�¢y
1��þ!5, ´��O�Ì�`:

��, AOé�¦�¬?1�rÝ©Ùþ!�¤�1

å�, �~k¿Â.

ã 2 VN��¬üÚì1´«¿ã

éu��O�Y, úª (1)¥ÎÒ�g�“+”“−”,

=:
cos(χ+θB)

F1

+
cos(χ−θB)

F2

=
2

ρ
, �ü�¬N�à�

�§. Ù¥ρ�¬N�Ç�», χ´¬N�Øé¡�

��, θB �Ù.��, F1 �1�¬N�ål, F2 �

¬N��:mål. é1�¬N, S’ u1�¬NÛ

=�,u�¥:, =S’3��±ρ2/4��»��þ,

S’�1�¬NålF1 �
ρ2

2
cos(χ+θB), F2 �Ã¡�.

ü¬NÇ�»Ø�, d1´�AÛ'XíÑρ1 , ρ2
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÷vXe'X:

ρ2

2
= [ρ1 cos(χ−θB)+L]/cos(χ+θB), (2)

Ù¥L�ü¬N�m�ål. �ü¬Nm��½p�

�40mm, KL =
0.04

sin2θB

.

üÚì�Uþ©EÇdúª(3)
[9]

�Ñ:

∆E/E = ε[1+F1/ρ1 cos(χ+θB)]cotθB, (3)

Ù¥ ε�\�1å�R�uÑ�. |^SHADOW1)

J,�±��\�1å�uÑ�, ?1Uþ©EÇ�

O�.

2.3 1å�ÙÛ

1å��oNÙÛ�ã3, �Ä3cà«S\%

�, ±~�eiÈÅì|�9K1. Ñ�op�, \γ

O�ì{	dcà«L5�Ð?>�Ë�, γO�ì

�\Ye�I�lý�Ó�åÈÅ�^. �I�æ^

ÈÅì|�È�Ø7��$UX��, ±ü$üÚì

�9K1. ÏLUCÈÅ¡þÝ9á�a.�|Ü5

ÀJØÓ�1fUþ��, ~^�áÂá�kC, Al,

Be�, ÈÅ¡þÝA�Î�½Az��Ø�. ÈÅì

|��´��BPM, Ì�^uNå. üÚìæ^VN

��¬üÚ¤, �¡¦^1f1¹, ^u	19°(

��Í1�m. X��²üÚz�\���¬.

ã 3 1å�oNÙÛ«¿ã

d?LDCM(Laue Double Crystal Monochroma-

tor)�VN��¬üÚì, ã¥��Ñ
V¬üÚì

� �, SÜ(��ØÓ�üÚì�.�ÀJN�.

3 9K1!1Ïþ©Û9e%�Y�O

3.1 9K19ÑÑ1Ïþ©Û

þ°ÓÚË�C�(SSRF)�3ï�X��¤�

9)Ô�ÆA^1å�, ±õ?Wiggler���\�,

XÛ)û9K1¯K¤��O¥�'�. �
�Ð�

±n�1ûÐ��ZA5, �����O�K´

~���ª1Æ���êþ. ¤�1å�Ï~ØI

�ÑÑ1åäkéÐ�üÚ5, ÏdØI�3üÚì

c\O�º, V¬üÚìXÚ=��yå��üÚ1

(∆E/E ∼10−3)ÑÑ. �ù�¬¦Ì��9K1á3

üÚìþ, ÏdXÛü$Ù9K1�'�.

L1�Ñ
õ4Wiggler�ëê. �
¦ÑÑ1

fUþ�±3���p�Y², ÏLN!�\�K �

5��ÙË�õÇ, ¿�±ÑÑ1fUþ�ëY5.

|^^�XOP2), æ^±eëê?1O�: ;

��>fUþ3.5GeV!6r300mA!Wiggler±Ï

�Ý14cm!^4ê16. ã4�Ñ
éAØÓK �,

31mrad��½Y²uÑ�S, 1?1Ïþ�U

þ � C z � ¹. E > 9keV � Ñ Ñ Ï þ � K � ü

NO\, �K=25.4�, E=120keV�1fÏþ�u

1012phs/s/0.1%BW.

L 1 õ4Wigglerëê

ëê ê�

^aArÝBmax 1.944 Tesla

±Ï�Ý 14cm

���.Uþ@3.5GeV 15.84keV

^4ê 16

Kmax 25.4

���oõÇ 9.84kW

���¸�õÇ�Ý 1.025MW/mm2@source point

ã 4 ØÓK �e�ü Y²uÑ�S1ÑÑÏ

þ�1fUþCz

1) M.S.del Ri, Shadow VUI 1.0 Beta 4.1 (ESRF, 2004), http://www.esrf.fr/computing/scientific/xop/

2) M. S. del Rio and R. J. Dejus, XOP2.1 Beta3 (2003), http://www.esrf.eu/computing/scientific/xop2.1/
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ØÓK �e, N!ÈÅ¡�«aÚþÝ, �±¿

©áÂØ7��$Uà1f, lk�/ü$üÚì

9K1. �O¥À�C, Al��ÈÅ¡5áÂ$Uà

1f, ©Û
ØÓK �e1Æ���9K1, ±BÀ

JÈÅ¡�«aÚþÝ, äN�þÝÀJ99K1©

ÛXL2¤«, ¿3ã5(a), (b)¥©O�Ñ
ßLü

Úìc!��1fÏþÑÑ�¹. O�¥BeI�þÝ

�0.5mm, cà«1<��ÂÝ�2.0mrad×0.3mrad.

3�OÚÀJ|ÜÈÅ¡�Ì��Ä: 1) (�éA�

ÏþÑÑp; 2) üÚì¬Nþ�9K1��.

L 2 ØÓK �e�ÈÅ¡Ú¬Nþ�õÇ©Ù

cà1< (�$áÂ BeIáÂ (AláÂ (1�¬NáÂ
K � oõÇ/W

áÂõÇ/W õÇ/þÝ)/(W/mm) õÇ/W õÇ/þÝ)/(W/mm)
ÑÑõÇ/W

õÇ/þÝ)/(W/mm)

14 2977 1206 951/2 17 280/0.5 283 128/1

18 4927 2924 1108/2.5 22 477/1 396 139/1

22 7263 4897 1175/2.5 29 732/1.6 529 138/1

25.4 9807 6956 1215/2.5 35 962/2.2 639 134/1

éA�ÏþÑÑXã5¤«, ã5(b)¥�Ñ
�

¬?�1fÏþ�UþCz�. �¬?X���1

Ïþ�d1ëê!ÈÅ¡�áÂ9üÚì¬N�

DÑ�Ç�O���. (Jw«: 1�¬¬N�9

K1ÎÜ�¦, Ø¬éüÚì�ÑÑA5E¤²w

K�, �âISþ�²��±æ�Ye�ª?1e

%. ÏLO��Ñ, �éØÓ�Uþ��, À^ØÓ

�K �ÚÈÅ¡þÝ, �±39K1Ú1fÏþþ

����²ï. �âã5�½�K �¤éA�`z

1fUþ��9ÙÏþÑÑ, üÚì�UþN��

�CX19—120keV, À^ØÓ�K �, üÚì1fU

þ���CX19—120keV, ¿(�ÑÑ1Ïþ��

6×1011phs/s±þ. ��O¥�ÑÑ1å�²1üÚ

1, 1�º��50mm×10mm, 333keV�ÑÑ1f

Ïþ�1.9×1013phs/s, Ïd��ÑÑÑ1fÏþ�Ý

�3.8×1010phs/s/mm2, �±÷v¢��¦.

ã 5 1fÏþÑÑ

(a) üÚìc, ØÓK �¤éA�1fÏþÑÑ;

(b) üÚì�1fÏþÑÑ.

3.2 e%�Y�O

XÛü$¬N�9K1, éu¤�1å�üÚì

��O�'�, �kæ^Ü·�e%�ª, âU�

y¬N�9C/v
�, Ø�K�Ù1ÆA5. y

kEâL², �õÇ�Ý�u1W/mm2 �, �±æ^

Ye, ÄK�Uæ^��e%, �o�áÂõÇþØ

U�p. þã�O�Y¥, æ�N!�\�K �!|

ÜÈ¡�a.9þÝ��{��üÚì9K1, (

JL²1�¬No�áÂõÇ�u150W. �üÚì

å130m�, O��1�¬N���õÇ�Ý�

0.4717W/mm2, ��u1W/mm2. Ïd�âISþ®

k²�, �±æ�Ye�ªé1�¬N?1e%.

ëìISþ¤õ��O²�, (Ü�O�¢SI

�, ã6¥�Ñ
üÚì1�¬N9Ùe%XÚ«¿

ã. ¬N�þeüÜ©�¥%«��þ�õ, ù��

±JpMÝ¿U�Ð��e%+�>; 20mmp�¥

%«þÝ=�1mm. �Oæ^¦¬N�ºÜÚ.Ü�

�� InGa�¬�>��{?1e%. ¬N.Ü�½

3��Ye�Ô¬þ, ¬N�Ô¬�m���é��

InGa�¬; ¬N�ºÜm��]øÓ�5\InGa�¬,

ã 6 1�¬Ne%!�Å�«¿ã

¬N�ºÜ]ø¥Ck InGaM�, Ye%+ºàÜ

©E�uM�¥.
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¿3Ø�>¬N��¹e, ò^ue%�Y+E\Ù

¥. �O¥�����K´: e%��´ü�Õ

á�XÚ, �Od��é¬N?1Ø�, æ^�5°

ÄC�é��?1��, Ùgdà�¬N�þÜ�>,

���gdà�íÄ�, �]m¬N¥%é��Ü

©�¤ÎG. Ïd, XÚ¥���^3¬Nþ�å´

d��Ú�½.Ü�YfÚå�. ù«�E�Ð´d

BrookhavenI[¢�¿JÑ�
[10]

, 1�¬N�1�

¬¬N�Ó, �´ØI�e%.

4 (Ø

�©éþ°ÓÚË�C��¤�1å��üÚ

ì�O?1
�«#�}Á, �DÚ�V²¬(�Ø

Ó, �O¥æ^N�.�¬��üÚì, 3�Ð�)

û9K1¯K�Ó�, �O\�¬?X���1Ïþ,

��rÝ©Ùþ!�1�Jø
�«#�)û�{.

319—120keVUþ��S, ���½�½Ñ�üÚ

1.

��O�Uþ©EÇ�$, ���310−3 þ?,

�Ï¤�1å���éüÚ5�¦Øp, dþ?�©

EÇ�÷v¢�I�. O�¥æ^cà«1<��Â

Ý�2.0mrad×0.3mrad, d�ÂÝ�·�*�, 7�

�$���Ø1<, äN��â¢SüÚìº�?1

N!, ±¼��p�1Ïþ. ��¼�n��üÚ1,

�I�?�Ú�ÄXÛ��Ø�Å��°Ý, ³�p

g�Å, XÛ¢ye%Å��`z�¯K.
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Double Laue-Crystal Monochromator for an X-Ray Imaging

Beamline with Synchrotron Radiation *

HU Wen XIE Hong-Lan DU Guo-Hao XIAO Ti-Qiao1)

(Shanghai Synchrotron Radiation Facility, Shanghai Institute of Applied Physics, CAS, Shanghai 201800, China)

Abstract A new optical configuration of monochromator for X-ray imaging beamline, which allows one to obtain

a parallel monochromatic beam with fixed exit by using two asymmetrically cut bent-crystals in Laue geometry, has

been proposed. Based on the W14 multi-pole wiggler at SSRF, a preliminary design for the monochromator has been

presented. The tunable photon energy range is 19—120keV, the flux output and flux density is 1.9×1013phs/s@33keV

and 3.8×1010phs/s/mm2@33keV respectively. The flux and energy resolution of the monochromator is estimated, which

indicates that the heat-load is tolerable and the design meets the demands of the X-ray imaging experiments. The results

show that the new configuration of monochromator, compared with traditional design in double flat-crystal, is more

powerful in dealing with the high flux and high heat-load.

Key words X-ray imaging, synchrotron radiation, Laue-crystal, monochromator design
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