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Á� éHIRFLf�¬5£�ªàJø�%lfå�ÔnA5?1
Ägÿþ. (Jw«, Uþ�

80.55MeV/u � 12Clfå, Ùå6rÝ30.001—0.1nA���, �»50mmì���þ!5�73.48%,

å6rÝ3�ã�mS�­½5�80.87%. ÿ�
å63£�C��¥%?��ÝJþ©Ù, ÙpJ

þ�Bragg¸ ?313.866mm�Y���Ý, �íÑ%lfå3�¥%?éA�Uþ�71.71MeV/u,

�O��Ä�¬Ü. égd�í>l¿�Öê?1
áÂJþ�I½. ÿþ(Jw«, HIRFLf�¬

5£�C�5U��K£���¦�'�k�å, �
��£�ªà?1�KÁ���¦, Lé£J

C�5U�?�Ú�`z.
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mÐ�K£�Á�, 7LÄkéHIRFLf�¬5£

�C�5UÚªàå6ÔnA5?1ÿÁ.

ì��þ!5´��£�¥�yì�Jþ�?�

Jþ�����­��Ônþ, ��K�X��£�

���. 3­lf£�¥, du­lfåAk�Ôn

A5, �¦ì��þ!5Ðu90%. ®kïÄL²: ì

��Øþ!�, [��¹Ç�'þ!ì���/e�

[��¹Ç�. �é{`, ì���Øþ!, é¬5[

�àú�åÒ��
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^)Ô|���á��[<N|���{�2�$
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½öò>l¿�uN�SØÓ�ÝÚ ��ÿþ

:
[5]

, ,�?1�ÝJþ©Ù�°(ÿþ. lfår

Ý�­½5�´µ½£J\�ì5U���­��

I. 3HIRFLf�¬5£�ªà, £Jå63�ã�

mS�ØÓ��å6rÝ�¶Â�� ��¦��3

10%±S, =å6rÝ­½5�¦Ðu90%. �©�

�
éHIRFLf�¬5£�ªàJø�£J%lf

å3þãÔnA5?1�ÿþ.

2 á�Ú�{

2.1 ì��þ!5�ÿþ

Ï~æ^�NØ»,&ÿì5ÿþ­lfåì

��Sü ¡Èþ0Blfê�©Ù, ?
(½ì�

�þ!5
[6]

. HIRFLJø�f�¬5£�ªàUþ

�80.55MeV/u� 12Clfå²ý�+��lIÚ\

�í, ²£Jªà^c×£C�òå63R�uå6

$Ä��þ?1�� (xÚy ��)*Ð, éxÚy ��

×£^c©O�\n�Å>6 (×£ªÇþ�15Hz),

3ì�C��¥%/¤50mm×50mm�ì��. du

å6²Lgd�í>l¿�â-��¥%, 
gd�

í>l¿��»�45mm, ��¥%?ì�����

��»45mm. £Jªà9å6×£C���[0�

ë�©z [7—9]. æ^�NØ»,&ÿìCR39(þÝ

600µm)éì���þ!Ý?1ÿþ. Ëì��CR39

�¡²zÆ¡�3w�ºe*	0Blf�»,©Ù

�¹, ¡�J�NaOHM�, ßÝ�6.25mol/L, ¡�

§Ý�70◦, ¡��m�24h. ò¡���CR39�¡

ì�«��Åy©�eZ��«, z��«31Æw

�º (���ê10×10)e?�3�À� (φ462µm), 3

�À�S¡��ê�²þ��å6ÏLT�«�lf

0Bê, ù��±��ØÓ�«S�lf0Bê, K

î�¡þì���þ!ÝH ½Â
[6]

�

H =
(

1−
σ

M

)

×100%, (1)

Ù¥M �ùeZ��«Slf0Bê�²þ�, σ �

²þ�M �IO �.

2.2 Bragg­��ÿ½

�¢�æ^�?�LÈì
[10]

�>l¿�Ü��

{5?1å6�ÝJþ©Ù�ÿþ. �?�LÈìd

10�ØÓþÝ�|���á� (PMMA, Mylar�Ú

Kapton�)üU¡|¤, ÙY��þÝ©O�0.052,

0.104, 0.182, 0.340, 0.930, 1.420, 2.970, 6.910, 12.780

Ú25.810mm, dù10�üU¡�ØÓ|Ü�±��

1024�ØÓ�0B�Ý, �Ý©EÇ���üU¡

Y��þÝ0.052mm. ÷å6���g��gd�

í>l¿!�?�LÈìÚ��IO>l¿ (�I

PTW/Markus23343, 0.055cc²1�>l¿), (�g

d�í>l¿¥%�IO>l¿¥%3å6¶�þ.

ÿþ�, ±gd�í>l¿Oê�ÄO5Ö�IO>

l¿�Öê, z�0B�Ý?­Eÿþ3g. d�?�

LÈì�ÑØÓ�0B�Ý, ���%lfå3£J

C��¥%?��ÝJþ©Ù.

2.3 gd�í>l¿�I½

�¢�¦^�IO>l¿ (�IPTW/Markus-

23343, 0.055cc ² 1 � > l ¿) Ú J þ O (� I

PTW/UNIDOS)3IO 60Co-γ��
þ?1
�O,

(ÜIS�fUÅ�398ÒEâ�w
[11]

, ïá
£J

ªà­lfå3Y¥áÂJþ�ÿ½�{
[5]

. ù�Ò

�¦^TIO>l¿é·�kc��Ôn9��)

ÔÆ¢�¥?1å6Ïþiÿ�gd�í>l¿?

1I½, l
dgd�í>l¿�Öê�Ñå6ì�

�ýéáÂJþ. I½�gd�í>l¿ uå6Ñ

��e��0.5m?, gd�í>l¿¥% uå6¶

�þ; ²1�IO>l¿ uå6Ñ��e��1.0m

?, N�Ù �¦å6¶�²LIO>l¿(¯NÈ

¥%. ±²1�IO>l¿Oê=UNIDOSIOJþ

OÖê�ÄO5I½gd�í>l¿�Oê, �I½

´3��£�!��Ôn9��)ÔÆïÄa,��

Jþ��S?1�. �IO>l¿�Öê�0.5, 1.0,

1.5, 2.0, 3.0Ú5.0Gy�, ©OÖ�gd�í>l¿Ö

ê. 3z�Jþ�©Oÿþgd�í>l¿Öê3g.

2.4 å6rÝ­½5�ÿþ

ÏLÿþ�ã�mSØÓ��å6�Ïþ5(½

å6rÝ�­½5. ?1å6Ïþÿþ�&ÿì��

�ðcN (BC-418), T&ÿìþÝ�50µm, �A�m

�¯, u1�Ç�p, ÿþ��Ü±.Ò�2083�1

>�O+, ¿ó�3ü¯��ª. å6²ý�+��

lIÚÑ, ²Lgd�í>l¿ì��ðcN&ÿì

þ. ÿþ�m½�1min, z¦¨O�gå6Ïþ. &

ÿìêâ¼�XÚP¹z¦¨�å6ÏþOê, ¿�

�ÑOê­�. å6rÝ�­½5S ½Â�
[6]

S =
(

1−
σ

I

)

×100%, (2)

Ù¥ I �1minS60�å6ÏþOê�²þ�, σ �²

þ�I �IO �.
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3 (J�?Ø

3.1 ì��þ!5

å6d£�ªàå6×£C�V�*Ð, ²g

d�í>l¿�/¤�»�45mm�ì��, 3Tì

��SéCR39?1ØÓ�m�ì�, éù
ì�L

�CR39?1zÆ¡�, dì��m�20s�CR39ÿ

þ���ì��þ!5�73.48%, Ù¦ì��m�

CR39ÿþ(J�T���. �´, ì��þ!5��

�90%�K£�5��k�
`zó���. Ï
,

7Léå6þ!z×£C��5U�?�Ú��õ,

±÷vÐÏf�¬5�KÁ���¦. �©@�E¤

ì��þ!5�Øép��ÏÌ�k±en�¡:

(1) × £ C � x Ú y � � þ � × £ ª Ç � $ (þ �

15Hz), �ü���þ×£ªÇê�¤�ê'X, E

¤×£å63,�«�­E×L, 
,	�
«�×

£å6�U²L; (2) å6?\£�ªàc�ü�à

�^céå6�à��¹Øn�, 'Xå6�U²1

?\à�«�, å6î�¡Slfå�Ý¿�¥��

©Ù
[9]

; (3) à���å63?\×£C�c¿�3å

6¶�þ. Ïd, �Uõf�¬5£�ªàå6ì�

�þ!5, Ll±þn�¡�?�ÚU?.

3.2 �=��ÝJþ©Ù

¢�ÿþ���%lfå�ÝJþ©ÙXã1¤

«, Bragg¸ Ñy3Y��þÝ�13.866��Ýþ.

HIRFL\�ìJø
Ð©Uþ�80.55MeV/u� 12C

lfå, �´å6²L
Ñ$´»þ�üU¡!ý�

�lI
[9]

±9���¥%?o�2530mm��í�,

¤±å63�¥%?�Uþ�éHIRFLJøå6�

Ð©Uþk�½§Ý�P~. |^F�NIRS�­l

få£�OyXÚJø�%lfåBragg¸ �\�

å6Uþ�m�'X
[12]

, �±���g¢�%lfå

3£�C��¥%?�Uþ�71.71MeV/u. T£�

OyXÚ|^F�NIRSÚ�IGSIu1993céÜM

ï�£JU«­lfå�ÝJþ©ÙO��.
[13]

5

�ÑBragg¸ �å6Uþ�'X, ù��.3¢S

£JA^¥®�y²´��¤õ�
[14 ]

. �©$^T�

.é71.71MeV/u 12Clfå�Bragg­�?1
O

�, (J�Ð«3ã1¥, �±w�¢�ÿþ����

ÝJþ©Ù�TO�­�ÎÜ�éÐ.

¢�ÚO�¤�Bragg­�3¸��ÜÑy
�

���O. ¢�ÿ���ÜJþ�±�½ê�, ¿�

XË�¿��|���á���{�. �O�3��

ÏÌ�kü�: (1) 12Clf�|���á��Ø�A

�5�g?�¡âfcÙ´¥féBragg­���Ü

k����z; (2) å6rÝØ­½, ÃÄ��ÿþÊ

���3���ò´, E¤Jþ{þ.

ã 1 £JC��¥%?ÿþ����ÝJþ©Ù

�71.71MeV/u 12Clfåd£�OyXÚO�

���Bragg­��'�

|^þãF�NIRS­lfå£�OyXÚJ

ø�O�§S, é¢�å63å6Ñ$�¥²L

�lI!>l¿!�í�0�Uþ?1
nØO

�. (Jw«, å6²L20µmØCg�lI!50µm

ØCg�lI!20µm Mylar�Úo�2530.00mm�

í��, ��£�ªà�¥% (iso-center)?Uþ�

72.35MeV/u. ù�(J�²dBragg¸ �í���

�¥%?Uþ71.71MeV/uÄ�¬Ü. ±eA:�Ñ

y�O��Ï: (1) �lI!Mylar�!�í�þÝ�

Ø�; (2) ØCgá�AÏ, O�¥À^c�á�ëê,

ddE¤Ø�.

3.3 gd�í>l¿�I½

|^IO>l¿ïá
Y¥áÂJþ�ÿþ�

{, égd�í>l¿?1
I½, I½(JXã2¤

«. �â¢�ÿþêâ, Y¥áÂJþD �gd�í

>l¿ÖêN �[Ü'X�:

N = 2263.08×D. (3)

lã2�±wÑ, gd�í>l¿�5�AÄ�

þ�áÂJþ¤�'. du>l¿�Eó²±9�

�A5�K�, ¢Sþ�áÂJþ���, gd�í

>l¿Öê� ��Ò��. ÿþ�æ^ÃÄ?1�

�, �UNIDOSJþOáÂJþÖê��ý½��Ã

ÄÊ�gd�í>l¿Oê, ù�L§�¦gd�í

>l¿Oê'ýÏOê��, �I½�5
�NØ�.

gd�í>l¿²I½�, �±O�IOJþO?1

ì�Jþ�iÿ, 
Ø7kO�å6�LET�, ,�

ÏLgd�í>l¿Oêm�O�ì�Jþ, l
´
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·��uÿÃã, �±�­lf£J!­lfË
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�B.

ã 2 gd�í>l¿Oê�áÂJþ�m�'X

3.4 å6rÝ�­½5

�â¢�ÿþ, HIRFLf�¬5£�ªà£Jå

6rÝ30.001—0.1nA, =1×106—1×108 particles/s

�m�, |^��ðcN&ÿìÿ��å6rÝ­½

5�80.87%, �C�K£��¦�90%�å6rÝ­

½5.

¬5ì�£��, I�3ØÓp��Ý!ØÓ/

G�î�¡þ¼�þ!­½�å6ì�, ´��I�

°(���L§. Åä�×£ì�£��, Ø­½�

å6ò¦�ä�ì�Jþ��­É�K�, ?
K�

£�°Ý. Jp£Jå6rÝ­½5kÏu~�d«

K�.

4 (Ø

HIRFL f � ¬ 5 £ � ª à J ø 
 U þ �

80.55MeV/u � £ J 12C l f å, å 6 r Ý � ± 3

0.001—0.1nA(=1× 106—1× 108 particles/s)�, d

å 6 × £ C � / ¤ � » 45mm ì � � � þ ! 5 �

73.48%; å6rÝ3�ã�mS­½5�80.87%;

å63£�C��¥%�, ÙBragg¸ 3��Y�

Ý13.866mm?, Ï
£�C��¥%?éA�å6

Uþ�71.71MeV/u.

�
Jpì��þ!5Úå6rÝ­½5, ��

HIRFLf�¬5£�ªà�K£���ª5U�¦,

÷v­lfåËì)Ô�A!Ë��«�ïÄó��

I�, Ié\�ì>
|!å6Ñ$�!å6�xX

Ú±9å6×£C���?�Ú�5U`z.
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Physical Property Measurement of Therapeutic Carbon Ion Beam

in the Shallow-Seated Tumor Therapy Terminal at HIRFL *

DAI Zhong-Ying1 LI Qiang1;1) YAN Zheng1,2 JIN Xiao-Dong1 HU Zheng-Guo1 XIAO Guo-Qing1

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

2 (Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract For the first time the physical properties of therapeutic carbon-ion beam supplied by the shallow-seated

tumor therapy terminal at the Heavy Ion Research Facility in Lanzhou (HIRFL) are measured. For a 80.55MeV/u 12C

ion beam delivered to the therapy terminal, the homogeneity of irradiation fields is 73.48%, when the beam intensity

varied in the range of 0.001—0.1nA (i.e. 1× 106—1× 108 particles per second). The stability of the beam intensity

within a few minutes is estimated to be 80.87%. The depth-dose distribution of the beam at the isocenter of the therapy

facility is measured, and the position of the high-dose Bragg peak is found to be located at the water-equivalent depth of

13.866mm. Based on the relationship between beam energy and Bragg peak position, the corresponding beam energy at

the isocenter of the therapy terminal is evaluated to be 71.71MeV/u for the original 80.55MeV/u 12C ion beam, which

consisted basically with calculation. The readout of the previously-used air-free ionization chamber regarding absorbed

dose is calibrated as well in this experiment. The results indicate that the performance of the therapy facility should

be optimized further to meet the requirements of clinical trial.

Key words heavy ion cancer therapy, homogeneity of irradiation field, stability of beam intensity, depth-dose distri-

bution, Bragg peak
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