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Á� æ^Monte Carlo�[§SMCNP4Bé>f–1f3CTqÔ�¥�ÍÜÑ$?1
�[. éA

«q�1f�ÇÚX��c�5�qþÝCz?1
O�Ú©Û. �[O�(JL², �>f\�ì

¥~^�Au, W�pZq�', CuqäkAÏ�Ë�Ôn5�: 1) 1f�ÇéCuqþÝØ¯a. Ï

~, éupZq, 1f�Ç3qþÝ�,A½�����p�, ,��qþÝO\×�~�; éu

Cuq, 1f�Ç3������, qþÝ2O\�, 1f�Ç=Ñk~�, �Czªu²�. 2) >få

ñÂCuq�, �,1f�Ç�$, �´�©ÙäkéÐ�c�5, �c�JþÇ��Auq!Wq�

�. ¢�(JL², ^Uþ�20MeV�>fñÂCuq�, c�0◦ NC�X��JþÇ��¿�L
^

Wq��(J, �JþÇ�©Ù'Wq�c�5Ð.

'�c MCNP4B Cuq 1f�Ç c�5 �©Ù

1 Úó

²\���>fåñÂq��)�X��äké

Ð�Bß5, ~�^�Ã�uÿXÚ���«¿ã

�^ã1L«. \�>fåUþ�p, �q�)�X�

��c�5�Ð, 1f�Ç (½>�Ë��Ç)��p.

�\�>fåUþ�½�, éuØÓá��q, 1f

�ÇÚX���c�5�´ØÓ�
[1]

. Ï~, pZá�

q�1f�Çp, $Zá�q�1f�Ç�$, Ïd,

��~æ^Au, WÚTa�pZá��q. 3Ã�u

ÿ½ó�CT��¥, �I�|^å6u���3

I�θ ±S�@Ü©X��, F"X��k�Ð�c

�5, I�θ ±S�Jþ¦þp, ±JpX���|^

Ç, Ó���¶-���O�5�B. Ïd, 3q��

O¥, I�nÜ�Äq�1f�ÇÚX���JþÇ

�©Ù, ¦I�θ ±S�Jþ¦þp.

�©|^Monte Carlo§SMCNP4B
[2]

é>f–

1f3q¥�ÍÜÑ$?1�[, éAu, WÚCu�

q�)�1f�ÇÚÙ�)�X��JþÇ�©Ù�

¹?1©Û. �[O�(JL²: �>f\�ì¥~

^�Au, Wq�', CuqäkAÏ�Ë�ÔnA5,

÷v
ó�CT¤Iq�)�pJþÚ�©Ù��¦.

ã 1 X��Ã�uÿXÚ«¿ã

2 �[O�

e¡éAu, W, Cuq1f�Ç�qþÝCz�J

þÇ�©Ù5Æ©O?1�[O�©Û. O�¥, q

��»�10mm, >fåå��»�1.5mm, b�\�

>få´üU�, R�\��q¡þ. Au, WÚCu�

�Ý©O�19.66g/cm3, 18.3g/cm3 Ú8.9g/cm3.

2.1 1f�Ç�qþÝCz5Æ

�Bu?Ø, IÚÑ1f�Ç�½Â, §�?�

�mSÑ�1f�Uþ�Ú�\�>f�Uþ�Ú�
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'�, �Ò´\�>fÄU¥=��Ñ�1fUþ�

°�, ÙL�ª�

fp =

m∑

i=0

Epi

nE0

×100% , (1)

ª¥n�,��mS�\�>fê, m�n�\�>

f�q�, lq¥�Ñ�1fê, E0 �\�>f�Ä

U, Ep �Ñ�1f�Uþ.

�qþØÓ�, 1f�Çfp ´ØÓ�; éuØÓ

á��q, 1f�Çfp �qþCz�5Æ�ØÓ. ±

9MeVÚ15MeV>fåñÂAu, WÚCuq�~, Ù

1f�Çfp �qþdCz�ª³, Xã2¤«.

ã 2 1f�Çfp �qþdCz

(a) \�>fåUþ�9MeV; (b) \�>fåUþ�

15MeV.

lã2�±wÑ, AuqÚWq�1f�Ç�qþ

Cz�5Æé�q: �qþÝO\�, 1f�Ç��

�O\, �qþÝ�,��, 1f�Ç���p�, d

�1f�Ç�qþÝO\×�~�. éuCuq,

31f�Ç������, qþÝ2O\�, 1f�

Ç=Ñk~�, �Czªu²�, =1f�ÇéCuq

�þÝØ¯a. ù´duCu��Ý'Au, W$�õ,

é1f�gáÂé�
[3]

¤�. Cuqù�ÔnA5, �

q��OÚ\ó�5
é���B.

2.2 X���c�5©Û

>få�q�, �)�X��¬±�½��©Ù

������, c��JþÇ�, �Ý����Jþ

Ç$, �Ò´`, X��k�½�c�5. �q>få

Uþ�p, �)�X��c�5��Ð, ,	, X��

�c�5��qá�k'. �
L�X���ù«c

�5, Ú\X��Uþc�5Xêfforward , =, 3I�

θ ±S�1f�Uþ�Ú��q�)�¤kÑ�1f

�Uþ�Ú�'�, ÙL�ª�

fforward =

l∑

i=0

Epi

m∑

i=0

Epi

×100% , (2)

ª¥ l Úm©O�n�>f�q�á3I�θ ±S�

1fêÚ�q�)�¤kÑ�1fê, Ù{ÎÒ¿Â

Óª(1). w,, fforward��, X���c�5�Ð, X

��Jþ|^Ç�p. éu9MeVÚ15MeVó�CT

XÚ, I�θ ���30◦Ú15◦.

e¡Ò±9MeVÚ15MeV>fåñÂAu, WÚ

Cuq�~, ©ÛX���c�5�qþÝCz��

¹, ¿éù3«q�)�X���c�5?1'�. �

[O�(JXã3¤«.

ã 3 X��Uþc�5Xêfforward �qþdCz

(a) \�>fåUþ�9MeV; (b) \�>fåUþ�

15MeV.

ã3L²µ�\�>fåUþ�½�, Cuq�

fforward ' Au, W q � � õ, � � X q þ Ý � O \

fforward Åì~��Czª³�'Au, Wq��
.

�Ò´`, >fåñÂCuq�, X���c�5'

Au, WqÐ�õ. ù´Cuq�q��éÐ�Ë�Ô

nA5.

c¡Q²J�, 3X��Ã�uÿ¥, o´F"

c�I�θ ±S�JþÇ¦þ�, \�>fÄU��

¿©|^, Jp�Ç. �
ïþI�θ ±S�X��J

þ���¿?�Ú`²Cuq�c�5, 2Ú\\�

>fÄU|^Çfeff , ÙL�ª�

feff =

l∑

i=0

Epi

nE0

×100% = fp×fforward , (3)
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ª¥�ÎÒ�¿Â�±þ�ª�Ó. \�>fÄU|

^Çfeff ÚX��Uþc�5Xêfforward ´ØÓ�.

fforward L«�q�)�X���Uþ�k��|^

�°�, feff L«\�>f�ÄU�k�|^�°

�. feff ��, L«c�I�θ ±SX���Jþ��

�, ù�´Ã�uÿ¥¤Ï"�. ã4�N
Au, W

ÚCuq�\�>fÄU|^Çfeff �qþÝdCz�

5Æ. lã4�±wÑ, �qþÝ�u0.3—0.4cm�,

Cuq�\�>fÄU|^Ç'AuÚWqÑp. Ï

d, �,Cuq�1f�Ç�$, �´du>fåñÂ

Cuq��)�X��äkûÐ�c�5, ÏLÀJÜ

·�qþÝ, ���±¦Ùc�I�θ ±S�X��

�Jþ�AuÚWq��, $���.

ã 4 \�>fÄU|^Çfeff �qþdCz

(a) \�>fåUþ�9MeV; (b) \�>fåUþ�

15MeV.

e¡2±X���JþÇ�©Ù5`²Cuq�

c�5. ã5�9MeVÚ15MeV>få�q��X�

��éJþÇ�©Ù. ã5(a)¥, Au, WÚCuq�þ

Ý©O�3mm, 3.5mmÚ7mm; ã5(b)¥, a�EÜq

(dW, Au, H2O, CuÚ�$|¤), b�9mm�Cuq,

c�7mm�Taq.

lã5�±wÑ: éuØÓá��q, X���J

þ�©Ù´ØÓ�; éuCuq, X��äk�~Ð�

JþÇ�©Ù. 310◦ 4� (20◦ I�)±S, �«q�

)�X���JþÇ�©ÙÄ��Ó. �34��u

10◦ �Cuq�JþÇ'~^�Au, W�pZq$, �

�4��O��5�$. ù´duCu��fSê

Z 'Au, W$éõ¦Ù3>fåñÂq�¤�)�

õgÑ���éõ¤�. Ïd, du>fåñÂCuq

�, �)�X��äkéÐ�c�5, éu10◦4��

ó�CTXÚó, ^CuqQ�æ
¤I�ó�Ë�

JþÇ, q÷v
¶-�O¤Ï"�ó�4�	�$

JþÇ�¦.

ã 5 A«~^q�X���éJþÇ�©Ù

(a) \�>fåUþ�9MeV; (b) \�>fåUþ�

15MeV.

3 ¢�(J

�
÷vpUó�CT^X����¦, éW

qÚCuq?1
¢�ïÄ. 320MeV>f7Å��

\�ìÑå�, >f²LvIÚÑ, 3I�©O��

þÝ5.5mm�WÚ10mm�Cu��q�)X��,

ÿþ
ØÓ�Ý�X��JþÇ, �éÓ�^�e�

¢��
�A��[O�, (J3ã6¥«Ñ. duÿ

þ��^���, ÿþ��.>l¿´�3÷å6�

�åq30cm?, ¿÷R�å6��£ÄÓ�Ö�ê

â. ã6¥�¢�êâ´òÜ�åq1m?�JþÇ.

ã 6 ¢ÿÚMC�[Cu, Wq�X��JþÇ�©Ù

3êâ?n¥vk�ÄüØ±�Ñ��Ï�é�/

>l¿¢�êâ�K�, Ïd¢�êâØ���. ¦

+Xd, ¢�êâEU²wLyCuq�ÔnA5, U

þ�20MeV�>fåå6ñÂCuq�, 0◦ ���J

þÇ�±��$��uWq�)�JþÇ
[4]

, ��©
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Ù'Wq��5Ð. 3d¢�Ä:þ, ^uó�CT

XÚ�15MeV\�ì�ªé^
CuEÜq, 3�W,

AuEÜq�ÓõÇ!�Óå6rÝ^�e, åq1m

?�JþÇÓ���
200Gy/min.

4 (Ø

O�Ú¢�(JL², Cuq�1f�Çéq�þ

ÝØ¯a, =31f�Ç������, qþ?�Ú

O\�, 1f�ÇØ¬wÍü$. Ó�, >fåñÂ

Cuq��)�X��JþÇäkéÐ�c�5. �

,Cuq�1f�Ç�$, �´ÏLÀJÜ·�qþ

Ý, �±¦�½I�S�JþÇ�Ù¦pZq½öE

Üq��; duCuq�)�X��äkéÐ��©

Ù, �Ý��/�Jþ�, �1¥f�AKU�p, �

A�¡é�, ù¦���¶-C�N´. d	, du

CuqäkéÐ��95
[5]

, Ïd, éu¥pU!�õ

Ç\�ìó, Cuq´���Ð�ÀJ.
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Study of X-Rays Generated by Target in CT *

LI Quan-Feng1) CHENG Cheng YAN Hui-Yong DU Tai-Bin CHEN Huai-Bi

(Department of Engineering Physics, Tsinghua University, Beijing 100084, China)

Abstract The X-rays generated and transported in target bombarded by electron beams in CT have been simulated

with Monte Carlo code MCNP4. Photon efficiencies and forward directional characteristics of X-rays for several kinds

of often-used targets were calculated and analyzed. Calculations show that as the thickness of the target increases, the

photon efficiency increases and reaches a maximum, and then drops sharply for gold and tungsten target, while drops

gently for cooper target. Also, the photon efficiency for cooper target is relatively small, but the angular distribution

shows good forward directional characteristics, with the dose rate in the forward direction equivalent to those of tungsten

or gold target. Experiment results show that the dose rate in the forward direction of a copper target is higher than that

of a tungsten target for 20MeV electrons, while the angular distribution presents better forward directional characteristics

compared with a tungsten target.

Key words MCNP4B, copper target, photon efficiency, forward directional characteristics, angular distribution
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