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[5]

��Ò´|^ü�ó4^c =X

ÚÚ�å63î�þ £, �|^qNî�þ�¢

� £&E?�å6×£ëê, K�Ö�qN3î�

þ�$Ä, ùÒ´�©Ö�qNî�$Ä�üÑ. �

3~5����¥ØI�Ö�qNp�þ�$ÄØ

Ó
[16]

, dulfåäkpUþ�ÈBragg¸«�A:,

7L�yTpJþ«�á3I£�$ÄqN��AN

�þ. ¦+GSI�ÓÚ\�ìSIS�lfå£J�
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[17]

, �¿

ØU��Uþ�¢�Cz, �7Læ^��Å�°

Ä�å6UþN!C� (¡�Ý×£ì, e¡�ã)5

�Ä¯�/UCå6�pJþBragg¸  �, ��

éqNp�þ$Ä�Ö�. (Üþ¡éî�9p�þ

qN$Ä�Ö�, Ò���é$ÄqN�lfå·

/ì�, �©¡ù«�{�qNn�$ÄÖ�XÚ.

�âþãÖ�üÑ�O�¢�C�Xã1¤«,

$ÄqN´�â¢��¦�O��
N�, N��$

Ä&Ed?èì5ÿþ. ?èì�ÿþ&Ò3¢�c

²L�O�=�¤ £þ, °Ý��10µm. R�å6

��qNî�þ�ü�$Ä £þDx�»×£�

�XÚ¥. ²é�»×£��XÚUE, 8cT��
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�, æ�
��|©��Y. ��[qN�p�£Ä
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U¡�þÝ, ¦��pÚ�$Uþå6�Bragg¸ 
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T»×£ì�×£��. �k�,�×£:�lf5
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ì�×£´»dGSI�lfå£�OyXÚ�â�

ì�¬5�/G9��5`z(½
[13, 17, 18]
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�ÝJþ©Ù?1ÿþ��{
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. �CYÎþiÚ

ei�����>l¿, å6�gB�1��>l¿,

�CYÎÚ1��>l¿, �CYÎ�Ñå63Y¥

ØÓ�0B�Ý, éu,�0B�Ý, 1��>l¿

Oê�1��>l¿Oê�'�Ò´T0B�Ýþ�

�éJþ�.

î�þ, Jþ©Ù�ÿþæ^X���¡ (Kodak

X-Omat V, º�24cm×30cm, þÝ182µm), �¡�

µC3üýþÝþ�250µm�;1��¥. ���«

Jþ&ÿì, �¡élfË�|��Ar��6u

lf�«aÚUþ
[21]

, AO´é·ÜlfË�|, �

¡´Ø�U��ýéJþO¦^�. �´XJË�

|�¤©9z«¤©lf��¡�A®��{, �¡

´�±p°Ý/�y��$�n�Jþ©Ù�
[22, 23]

.

3�g�15¢�¥, ØÓ�¹e�î�Jþ©Ù

´ÏL'��¡wK��1Æ�Ý?1�, �z

�Ü�¡�1Æ�ÝÑdT�¡��Ú1Æ�Ý?

18�, ù�Ò�Ø
�¡wKL§�5�Ø�. z

Ü�¡��Ú1Æ�Ý�dT�¡�¢�I½�

5¼�, äN�{ë�©z[21]. ¢��æ^wKÅ

(Kodak M35, {I)¦�¡wK (wKJDX31, ½K

JFX31), $^1�ÝO (FIPS Plus LS75, �I)ò�

¡þ�çÝêiz, ©EÇ�1mm. ¢�¥, �¡�

3à¯L(PE)�(N�)�ØÓ�Ý?5�[Éì�q

N�ØÓä�.

3 (J�?Ø

3qN�·�!î�$Ä�Ø?1»×£ìÖ�

qN$ÄÚî�$Ä¿?1»×£ìÖ�qN$Ä3

«�¹e, é���»�60mm�¥/qN¢�
%

lfå�ì�. T¥/qN�¥%?uY���Ý

50mm?, X���¡�3Y��0B�Ý�3, 55.8

Ú76.9mm�3� �þ. �éT¥/qN¢���

ä�m��2mm�Å�ì�, I�%lfå�Uþ�

��102—195MeV/u, �29�UþCz. ¢Sþ, ¥

/qN´dæÈå5�à¯L�N��[�, 3qN

î�$Ä��¹e, ¢�²��ÄqN3Y² (x)Ú

R� (y)��þ�;.��ö�á�ª�$Ä, $Ä

ÌÝ3xÚy ��þ�±12.5mm, $ÄªÇ�4—5s.

é·�qN�ì���Uì£�OyXÚTRiP98
[17]

�)�ì��Y?1, é$ÄÖ��¹e�ì�K

\\
�âqN¢� �é»×£ì×£ëê�?

�. ã2´þã3«�¹e3�ØÓ�ÝX���¡þ

�Jþ©Ù�¹, �±²ww�qNî�$Äî»

�
ì��Jþþ!5Ú·/Ý, »×£ìéqN

î�$Ä�Ö��Ñ
qN$Ä�5�K�. ã3´

3qN·�ÚqN$ÄÖ��¹e55.8mmY���

Ýä�þ, X���¡1Æ�Ý&Ò3xÚy ��þ�

½þ'�, Ù¥1Æ�Ý&Ò�þd�A�¡þ��

Ú1Æ�Ý?1
8�. �±w�ü«�¹e��¡

&Ò��éÐ, �éØ��u5.5%. l½þ'��±

��, »×£ì�â¢�qN �éå6 ��?�

éÐ/�¤
éTqNî�$Ä�Ö��^.

ã 2 é���»�60mm�¥/qN3·�!q

Nî�$Ä�ØÖ�9qNî�$Ä¿?1Ö

��¹e, 3 �ØÓ�Ý (Y���Ý 3, 55.8 Ú

76.9mm)X���¡þ&ÿ��Jþ©Ù

ã 3 � » � 60mm ¥ / q N 3 Y � � � Ý �

55.8mm ä�þ� X ���¡3 x Ú y ��þ1

Æ�Ý�½þ'�

�?�Ú�y»×£ìéE,qNî�$Ä�Ö

��^, U£�OyXÚTRiP98
[17]
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?1Ö�3«�¹e¢�ì�£�. �uà¯L�¥

�X���¡d¢�²��Ä��ö�áª�î�$

Ä, $ÄÌÝ3xÚy ��©O�±15Ú±5mm, $Ä

ªÇ�9s. ã4´þã3«�¹eqN¥m�Uþä

�X���¡þ�Jþ©Ù�¹. éù�ý¢��ö

£�Oyq«, �±w�»×£ìÓ�é§�î�$

Ä?1
éÐ/Ö�, Ö��$Ä�¹e�Jþ©Ù

9·/Ý¡E�·�qN���¹.

ã 4 U���ö¢S£�Oy3qN·�!qN

î�$Ä�ØÖ�9qNî�$Ä¿?1Ö�3

«�¹e, ¢�ì��q«¥m�Uþä�X�

��¡þ&ÿ��Jþ©Ù�¹

|^�Ý×£ìéqNp�$ÄÖ��^��

yæ^
12.1!0��|©�{. SISÓÚ\�ì

Jøå6�3«Uþ©O�320, 309Ú293MeV/u, �

Ý×£ìÐ©G��å6�þo�üU¡Y��

þÝ�56.4mm, ù�þã3«Uþ%lfå²L�

Ý×£ìÐ©G���Uþ©O�260.4, 247.7Ú

228.5MeV/u. ±247.7MeV/u�ë�Uþ, |^V>

l¿�Ü�CYÎ��{ÿþTUþ%lfå�

Bragg�, Ó�dSIS\�ìØäUCJøå6�Ð

©Uþ, ,�d�Ý×£ì¯�N!üU¡�þÝ,

¦�éë�Uþ%lfåBragg��ÿþØÉÐ©

å6UþCz�K�. ã5Ð«
ë�Uþå6Bragg

�ÿþ(J�£�OyXÚTRiP98
[17]

O�(J�

'�, �±w�üöÎÜ�éÐ. ã5Ó�Ð«
²�

Ý×£ìÐ©G�üU��Ù¦ü�Uþ%lfåd

TRiP98
[17]

O����Bragg�, §��Bragg¸ 

©O uë�Uþå6¸ �þi�ei. I�Ñ�

´, d£�OyTRiP98O�Bragg����5®²

��
Nõ¢��y¢
[17, 24]

. du�pUþ��$

Uþå6Bragg¸ ��O�27mm, ¤±�[�q

Np�$ÄÌÝ�27mm. ù�, ÏLù«m���

{y¢
�Ý×£ìéqN�p�$Äå�
Ö��

^, Ï�=¦3qNp�$Ä��¹e, �´F"ì

�å6�pJþBragg¸«á3qN�£��ä��

þ, l�yäk�=�ÝJþ©ÙA:�lfå

é$ÄqNp�þ�·/ì�.

ã 5 |^�Ý×£ìÖ�Ð©å6UþCz�,

é247.7MeV/uë�Uþ%lfåBragg�ÿ

þ��£�OyO���'�

4 (Ø

�¢�Ägy¢, 3lfåì�¥»×£ìÚ

�Ý×£ì�±©OÖ�qN�î�Úp�$Ä, ¦

lfåé$ÄqN��éÐ�·/ì�. Ï, �

©ïá�qNn�$ÄÖ�XÚ$^ulfåé$

ÄqN�·/��´�1�. �e5, AéTXÚ¥

»×£ìÚ�Ý×£ì�p�ÜÖ�qN�n�$Ä

?1ÿÁ, Ó�Imu&ÿqN$Ä��{¿¦��

�ó�¤ïá�qNn�$ÄÖ�XÚ���.
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Conformal Irradiation to Moving Targets in Heavy Ion

Radiotherapy with Raster-Scanning Beam Delivery

System: (II) Feasibility Experiments *

LI Qiang1;1) S.O.Groezinger2 T.Haberer2 G.Kraft2

1 (Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

2 (German Heavy-ion Research Center (GSI), Darmstadt 64291, Germany)

Abstract Within the framework of the pilot heavy-ion therapy facility at GSI equipped with an active beam delivery

system of advanced raster scanning technique, a feasibility study on actively conformal heavy-ion irradiation to moving

tumors has been experimentally conducted. Laterally, real-time corrections to the beam scanning parameters by the

raster scanner, leading to an active beam tracing, compensate for the lateral motion of a target volume. Longitudinally,

a mechanically driven wedge energy degrader (called depth scanner) is applied to adjust the beam energy so as to locate

the high-dose Bragg peak of heavy ion beam to the slice under treatment for the moving target volume. It has been

experimentally shown that compensations for lateral target motion by the raster scanner and longitudinal target shift

by the depth scanner are feasible.

Key words heavy-ion cancer therapy, target motion, raster-scanning beam delivery system, lateral and longitudinal

motion compensation, conformal radiotherapy

Received 17 December 2005

* Supported by One Hundred Person Project of Chinese Academy of Sciences and the WTZ Agreement between China and

Germany

1) E-mail: liqiang@impcas.ac.cn


