
1 29 ò 1 10 Ï

2005 c 10 �

p U Ô n � Ø Ô n
HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS

Vol. 29, No. 10

Oct., 2005

ÓÚË�MX��û�Or¸ ¤�CTïÄ *

��S �}� Á�² ��_ ÓÊ �UÌ Çg�
1)

(¥I�Æ�pUÔnïÄ¤ �® 100049)

Á� éuÌ�d���|¤�)Ô!�Æ�¬, |^û�Or¤�Eâ�±*	�~5áÂ¤�

Ã{*	��SÜ�*(�, Ï
û�Or¤�äk�p��ÝÚ�m©EÇ©À^ñG��¢�

�¬, 3�®ÓÚË�C�þÄgmÐ
û�Or¸ ¤�CT¢�©­ïÑ��¬ä��w«Ù

©EÇ��
A�µmY²©éuòû�Or¤�EâA^u)ÔÚ�Æ�+�äk­�¿Â©

'�c û�Or¤� ÓÚË� CT

1 Úó

MX��� �Ý¤�´20­V"ÅìuÐå

5�¤�Eâ, Ì�A^uïÄd���|¤�)

Ô^|��SÜ(�©�DÚX��áÂ¤��',

� �Ý¤�duäk�p��ÝÚ�m©EÇ(3

MX��Åã, ���ò�Ç¥�� �'áÂ�

p1000�±þ)
¤�ISþïÄ9:��©3MX

��� �Ý¤��{¥, û�Or¤�(Diffraction

enhanced imaging {¡DEI)�{duéC���¦

�é�$±9ÃIN�Ô�ål�A:, 
3I	Ó

ÚË�C�þ®k�õ�ïÄó�mÐ
[1—4]

©3I

S, �÷�®ÓÚË�C�4W1A1å�, �mÐ


û�Or¤�¢�9�{�ïÄó�
[5—8]

©

�,û�Or¤�¤¼��ã�äk�p��Ý

Ú�m©EÇ, �´��¤��U¼��¬þÝ��

þ­U�(�&E©éu)Ô^|��¤�
ó, (

�&E�­Uò¦T�{�¢SA^É���©DÚ

�ÄuáÂ�Ý�CT¤��,�±¼��¬�n�

�, �´Ùé)Ô^|�¤���ÝÚ�m©EÇÑ

Øp©Ïd, XÛòäkp�ÝÚp©EÇ�û�O

r¤�A^u)Ô^|�n�¤�´��½�I�)

û�¯K©�âéû�Or¤�ÔnL§�nØ©

Û, ·�3�®ÓÚË�C�þÄgmÐ
û�Or

¸ ¤�CT¢�, ¤õ­ïÑ©EÇ��A�µm�

ä��.

3é)Ô^|�¤��L§¥, ü$X���Ë

ìJþ´��ØN�À�¯K. 3û�Or¸ ¤�

¥, ��ßL�¬�X����Ç��, ¤IÍ1�

m�á, Ï
¸ ¤�CT�±k�~��¬¤ÉË

��Jþ. Ïd, �ïÄó�éu*Ðû�Or¤�

Eâ�¢SA^äk­��¿Â.

2 û�Or¸ ¤�CT�ÔnÄ:

~{­�¸ ¤�´û�Or¤��Ì��{�

�©3¸ ¤�¥, ©Û¬N�üÚì¬N�û�¡

��²1, ÏL�¬�ß�1?u~{­��¸ ,

Ù��Ç��; éu l\�1���X��, Ù�

�Ç�X l�ÝO�
:ìeü(ã1)©

ã 1 V¬~{­�«¿ã

2005 – 03 – 04 Âv

* I[g,�ÆïÄÄ7­��8(10490194), I[#Ñ�cÄ7(10125523)Ú¥I�Æ�pUÔnïÄ¤�EM#�K(U-540)]Ï

1)E-mail: wuzy@mail.ihep.ac.cn

1023 — 1026



1024 p U Ô n � Ø Ô n ( HEP & NP ) 1 29 ò

X���Ô���p�^�)ß�!áÂ!��

ZÑ�!��Ñ�Úò�(��Ñ�Úò�Ñ´�Z

Ñ��8N�A)�©3û�Or¤�¥, du©Û

¬N��Â�310−6 lÝþ?, 
éõ�¬���Ñ

��°Ý��10−3 lÝþ?. Ïd, û�Or¤�¥,

�kÑ��Ý3©Û¬N�Â���S�Ü©U
�

�&ÿì, 
Ñ��Ý3©Û¬N�Â���	�Ü

©�©Û¬NÈØ
/¤¤¢��1�Ý, Ïdû�

Or¸ ¤�´áÂ�ÝÚ�1�Ý��Ó�z©~

5áÂ¤�ØUÈØ��Ñ��Z6, 
û�Or¸

 ¤�TT�±ÈØ�Ü©��Ñ��Z6. Ïd,

�,¸ ¤�wqáÂ¤�, %'~5áÂ¤��ß

�õ©

3DÚáÂCT¤�¥, ��&ÿì�1r�

I
&ÿì

(x,y)= I
\�

exp

[

−

∫

�¬

µ
áÂP~

(x,y,z)dz

]

. (1)

�âéû�Or¤�Ôn�n�©Û
[9]

, 3¸ 

¤�¥��&ÿì�1r�

I
&ÿì

(x,y) = I
\�

exp

{

−

∫

�¬

[

µ
áÂP~

(x,y,z)+

χ
ÈØ��Ñ�

(x,y,z)
]

dz

}

, (2)

ª(2)¥, áÂP~��5gu�¬é\�X���1

>áÂ, 
ÈØ��Ñ��/¤L§´, \�X��Ä

k��¬ÛÜ|�Ñ� =, ,�2�©Û¬NÈØ.

��Ñ�5gu�ÿÔSÜ�*(�éX���ZÑ

��m�Z�, ��Ñ�Ø���ÿÔ��Ý©Ùk

', 
��ÙSÜ�*(�éX����ZÑ�rÝ

k'. �,µ
áÂP~

(x,y,z)�'u�Ý©Ù, �´DÚ

�X��¤�¿ØU��X�áÂ�Ý�, 
´��

É���Ñ�Z6�áÂ�Ý�(=�)��Ñ��

z). û�Or¸ ¤��{Ø=UÈØ��Ñ�Z

6, ��ØÉ��Ñ�Z6�áÂ�Ý�, 
�ÈØ

��Ñ���Jø
#�¤��ÝÅ�, ��¤¢�

�1�Ý�. �Ò´`, �1�Ý�±�áÂf�Ñ

�r�)Ô�¬(~X�Ñ©Ù�¬5, *Sn�Ú&

Á�fL�)?1¤�. dd��, û�Or¸ ¤�

�{�·�*	Ô��*(�Jø
#�&EÏ�,

�1�Ý´L«�ÿÔ�*(���«#�&Eþ.

�,áÂ�Ý5g1>�A, �1�Ý5g�¬

���Ñ�Ú©Û¬N�áÂ, �´ùü«�ÝÑ5

gu1rP~. Ïd, �±^aq£ãáÂ�Ý�ê

Æ5£ã�1�Ý©

ª(1)Ú(2)3êÆL�þ��, Ïd�±^DÚ

CT��{5­ïû�Or¸ ¤�CT, ù´û�O

r¤�¸ CT�ÔnÄ:.

3 ¢��{9(J

û�Or¸ ¤�¢�´3�®ÓÚË�C�

4W1A1å�/mÆ¢�Õþ?1�, æ^�¢�C

�Xã2 ¤«©Ù¥¬Nû�¡�ÓÚË�X��

� �¡R�, üÚì¬NÚ©Û¬N©O��3

BEDE300.V¶û�¤(Bede Scientific Instruments

Ltd.)�ü¶þ, ÏLÀJüÚì¬N�\�X���

Y�(Ù.��)�±ÀJ\�1�Uþ©3Ù.��

NC, ©Û¬Nû�¡�7=¶�éüÚì¬Nû�

¡=Ä���V¬�~{­�©ù@C�¥, ©Û¬

N=Ä��Ý©EÇ�0.05s, �^u¤��k�1�

º��20mm×10mm
[5]

©

ã 2 û�Or¤�CT¢�C�«¿ã

¢�¥, üÚì¬NÚ©Û¬Nþæ^Si(111)

ü¬; ²üÚìÑ��X��UþÀ�8keV; ©Û

¬N�ÝN3V¬~{­��¸ ; &ÿì�Pho-

tonic Science úi�X��CCD (X-ray FDI-18mm

camera), Ù©EÇ�10.9µm.

3?1û�Or¸ CT¤��¢�L§¥, À

^ñG��)Ô�¬�I�©¢��, �¬z^=

0.4◦ &ÿìû��Ü���, �¬�^=180◦, ù��

��450ÜñG���û�Or¸ �©�
Q�y

X���Bß5q�y^=��¬vk�é$Ä, ò

ñG�\�Î/�KNì¥¿^^| á�òñG�

½4©du�K3�±��þ�9þ���þ!á

�, �Ù|©����, ù�Q�y
X���ûÐ

Bß5qk�;�
�¬Nì�X���p�^é¤

��5�K�.

ã3(a)´û��ñGû�Or¸ �, (b)´U~

5áÂ�{û��ñG�X��áÂ�, é'�±w

Ñû�Or¸ ¤�(¢¼�
'�p��ÝÚ�m

©EÇ©



1 10 Ï ��S�µÓÚË�MX��û�Or¸ ¤�CTïÄ 1025

ã 3 ñG�û�Or¸ �(a)Ú~5áÂ�(b)

ã¥�Î/Nì��K.

|^¤û�����, ÐÚæ^ÈÅ�ÝK�{

­ï���ñGä��(CT�)Xã4¤«, lã4¥

�±�Ù/w�ñG�¼�Úïþ�Lf©|^w�

º��*	, (Jw«ñGïþLf�º�3Aµm

�A�µmþ?©âd�±�½û�Or¸ CTä

��äk�p��Ý, �m©EÇ®²��A�µm

þ?.

ã 4 ñG�¬�î�ä��Úp�ä��

mã¥�Þ?��Ùw�ñGïþ�Lf.

4 (Ø

�©0�
3�®ÓÚË�C�þÄg|^û�

Or¸ ¤�Eâ?1�O�Åä�¤�(CT)¢�,

¢�(JL²: éuÌ�d���(C, H, O)|¤�ñ

G�¬, O�Åä����m©EÇ���A�µm

�Y²; �DÚ�ÄuáÂ�Ý�CT�', û�Or

CTEâäk�ÝÚ�m©EÇp�`³, k"¤�

ïÄÌ�d���|¤�)ÔÚ�Æ�¬�kåÃ

ã©d	, U
¼��¬X�áÂ�Ý�ÚX��1

�Ý�, =ò�¬�áÂ&EÚ��Ñ�&E?1©

l�#�ïÄ�{ÚïÄ(J, ò3�Yó�¥�Ñ.

ë�©z(References)

1 Chapman L D, Thomlinson W C, Johnston R E et al. Phys.

Med. Biol., 1997, 42: 2015—2025

2 ZHONG Z, Thomlinson W, Chapman D et al. Nucl. In-

strum. Methods, 2000, A450: 556—567

3 Hasnah M, Oltulu O, ZHONG Z et al. Nucl. Instrum. Meth-

ods, 2002, A492: 236—240

4 Oltulu O, ZHONG Z, Hasnah M et al. J. Phys.D: Appl.

Phys., 2003, 36: 2152—2156

5 YUAN Qing-Xi et al. Nuclear Techniques, 2004, 27(10):

725—728 (in Chinese)

(��S�. ØEâ, 27(10): 725—728)

6 LI Gang, WANG Nan, WU Zi-Yu. Chinese Science Bul-

letin, 2004, 49: 2120—2125

7 ZHU Pei-Ping et al. Acta. Phys. Sin., 2005, 54(1): 58—63

(in Chinese)

(Á�²�. ÔnÆ�, 2005, 54(1): 58—63)

8 HUANG Wan-Xia et al. Acta. Phys. Sin., 2005, 54(2):

677—681 (in Chinese)

(��_�. ÔnÆ�, 2005, 54(2): 677—681)

9 Oral Oltulu. A Unified Approach to X-Ray Absorption-

Refraction-Extinction Contrast with Diffraction Enhanced

Imaging. Ph. D. Thesis (UMI Number: 3087854). Illinois

Institute of Technology, 2003



1026 p U Ô n � Ø Ô n ( HEP & NP ) 1 29 ò

Computerized Tomography Using Peak-Position Image of

Diffraction Enhanced Imaging *

YUAN Qing-Xi WANG Jun-Yue ZHU Pei-Ping HUANG Wan-Xia

SHU Hang HU Tian-Dou WU Zi-Yu1)

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

Abstract Using diffraction enhanced imaging (DEI), high contrast and high spatial resolution can be obtained on

biological and medical samples, which are mainly composed by light atoms such as C, H, O, etc. Experiments show

that the crystal reflectivity is the highest at the peak position of the rocking curve, determining shortest collection time

for imaging. Therefore, using the DEI technique at the peak position of the rocking curve results in a reduced dose

delivered to the sample. Although planar images of DEI exhibit high contrast and spatial resolution, the problem of

the superposition of structural information contained in thick samples can not be easily resolved. As a consequence it

is mandatory to combine DEI with a computerized tomography (CT) method. At the Beijing Synchrotron Radiation

Facility (BSRF) we selected a fly as a test sample to carry out CT experiments for the first time using the peak-position

images of DEI. Experimental data show a spatial resolution of the CT images of about tens of micrometers, which

implies possible applications of the DEI technique to image processes on biological and medical samples expanding the

fields of application of the technique such as early diagnosis of specific diseases on cells or tissues.
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