
1 30 ò 1 1 Ï

2006 c 1 �

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

Vol. 30, No. 1

Jan., 2006

HIRFL-CSRXÚ¥RIBLL///þ¥fp

�O��[O� *

Mu�
1,2;1)

M�é
1

o©�
3

É©9
1

�I�
1

���
1

H§ó
1

ot�
1

ã|¯
1

�÷�
1

��f
1

�©Æ
1

oÒ
1,2

�eL
1,2

ÜÈF
1,2

_�
1,2

�Uï
1,2

1 (¥I�Æ�C�ÔnïÄ¤ =² 730000)

2 (¥I�Æ�ïÄ)� �® 100049)

3 (H®�ÆÔnX)ÔÔnïÄ¤ H® 210008)

Á� HIRFL-CSRXÚ¥RIBLL/ 	q¢�ªàþ�¥f&ÿC�´^5mÐ��5åÔn±9|

^��5åmÐ�é¡ØÔ�5��ïÄ���­��&ÿC�. 0�
3RIBLL/þOyïE�¥

fp�&ÿ�n±9ÄuGeant4éÙ¤?1��AkÛ�[, �Ñ
¥fp��O�Y!`z��O

ëê±9¥f&ÿ�5U�I.

'�c HIRFL-CSR RIBLL/ ¥fp Geant4

1 Úó

��5Øå (RNB)�¦^�ïÄ�lβ­½�

��fØ�5
�U. �mÐ¿�\ïÄù
ÛÉ

Ø�A5, ISþ��ØÔn¢�¿Ñ�UïE


�äAÚ���5å6ïÄC�
[1—4]

. ¥I�Æ�

C�ÔnïÄ¤u1997cï¤
IS1�^ó�3

¤�U«��Ø�� (PF).­lf��5å6�

)C�——=²��5å6� (RIBLL)
[5, 6]

, ÙÐ?

å´d=²­lf\�ìXÚ�©l÷£^\�ì

(HIRFL-SSC)Jø�üØfUþ3A��100MeV±

þ�­lfå. 3ï�=²­lf\�ìe%;��

(HIRFL-CSR)XÚ¥, Ì�(CSRm)Ú¢��(CSRe)

�mq�3ïE�^|^CSRmJø�üØfUþ

�p�1GeV�­lfå��Ø��ÚqØ��Å�

�)��5å�12^��5å6�RIBLL/. ¥f

p´RIBLL/ 	q¢�ªà¥^5mÐ��5åÔ

n, ±9|^��5åmÐ�é¡ØÔ�5��ïÄ

���­��¢���, ^u&ÿUþp�1GeV�

¥f.

�1�m{´¥fUþÿþ��Ð�{��
[7]

,

�
¢yé¥f�p�Ç&ÿ, 3RIBLL/ 	q¢�

ªà¥, [æ^þUì�.�¥f&ÿp��¥f�

1�mÿþ�Ê��m&ÿì, �1�mÿþ�å©

�m&Òd u�Aqc��m&ÿì�Ñ.

��O¥fp��5U�IÚ`z�Oëê,

mÐXÚ�O�Å�[ïÄ´�~7��. �©0

�
RIBLL/ 	q¢�ªàþOyïE�¥fp9

Ù&ÿ�n, ±9éT�O¤?1�ÄuGeant4
[8]

�

Monte Carlo�[O�, �Ñ
¥fp��O�Y!�

`z��Oëê9¥f&ÿì¤U���5U�I.

2 ¥fp&ÿ�n9�OÀ.

2.1 ¥fp&ÿ�n

Ò¥fÿþ
ó, �Ä�ü��Ä�¯KÒ´&
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ÿ�ÇÚUþ©E. ¥fØ�>, ²L0��ØÉ0

��fØ�¥Õ|�^, �ÏL��fØ��-E


��Uþ, Ïd, Bß�+r. ØÓUþ�¥f�0

��^�äNL§´ØÓ�, Uþ$�´±Ø�A!

Ø�ÀL§�Ì, 
pU�K±rfq��Ì. Ïd,

�¢yéØÓUþ¥f�p�Ç&ÿ, I�ØÓ�&

ÿ�{. ��é$U¥f (En < 20MeV), Øæ^��

¡�Ø�AL§	, ~|^Ù�þ��f���A:

æ�Ø�À�{?1ÿþ. =¥f��f-E¦��

f�ÀÑ5, �À�fÚå0�>l½-u, ÏLÿ

þ0���À�f>l½-u�¤�)�>Ö½ðc

1&Ò (Ï~´ðc1)
¢yé¥f�&ÿ. Ïd,

L¹��f�kÅðcá�¤
¥f&ÿ�~^á

�. épU¥f, Ì�´ÏLÿþÙ3&ÿ0�¥u

)q��)��>g?rfÚå0�>l½-u, �

)�>Ö½ò-��)�ðc1&Ò
5¢yéÙ&

ÿ�. dupU¥f�ðcá��Ø�p�^�Ý�

(λint = 80cm)
[9]

, �¦ý�Ü©q�{�3ðcá�

¥, I�éþ�&ÿ0�. �~�&ÿì�NÈ, 2�

æ^��.þUì
[10—12]

. ��þUì�(�A:´

3ðcNá���m\\
�p�^�Ýá�áÂá

�, pU¥f3áÂá�¥u)rfq�, �)�g

?�>rf��ðcNá���)ðc1&Ò, l


¢yéÙ&ÿ.

éUþ©E5`, l�1�m{��, ¥f�U

þ©E�ûu¥f�1ål�Ø�Ú�1�m�©

E
[7]

.

t

L
=

3.336
[

1−(939.6/(En+939.6))2
]1/2

(ns

m

)

(1)

Uþ©Edeªû½

δEn/En = γ(γ +1)
[

(δL/L)2+(δt/t)2
]1/2

(2)

ª¥γ ´âÔ[Ïf, L´¥f��1ål, t´¥f

��1�m, δLÚδt©O´�g�©E. ��m©

EýéÐ (= δt=0)�, Uþ©EÒ��ûu�1å

l�©EδL, ùd&ÿì�k�þÝ (∆L)û½, =

δL = ∆L. �¥f��1ål�(½��, I�¦^

�é��&ÿì5Jp�1ål�©E. Ïd, éu

Uþp�1GeV�¥f, Q��yp�&ÿ�Ç, ��

kÐ��m©E, ��þUì�.��1�m¥f&

ÿp¤�ÀJ. Ó�, 3�yp�&ÿ�Ç�cJe,

�~��1ål�©EéUþ&ÿ©E�K�ÚJp

&ÿì«Épõ­5, &ÿìIæ^©��¬z�..

2.2 ¥fp�OÀ.

3RIBLL/ 	q¢�ªàþ, Äu�|^��m

�Ä, ¥f��1ål��15m, ¥fp�k�¡È

�1.44m×1.44m. �Ä�¥fpé¥fÿþ¤U�

�� �©EY²±9éõ�¥f\��©EUå,

&ÿì�kv
�&ÿü�ê, ùÒI�æ^�¬

z�O. Ï~�¬�/Gkü«: �¥f�1��²

1�“©G”.Ú�¥f�1��R��“÷G”.
[13]

.

“©G”�¬�`³3u, ¥f3�¬pÚårfq�

¤�)��>âfÑò�¹3��“©G”�¬p, �

¬�c¡Èû½
�Ý©E±9éõ¥f\��©E

Uå. ù«�.�":´: 1)´I�¦^é��1�

÷X“©”��éðc1&Ò?1Â8, ðc1Â8�

Ç$. 2)�,�±l1��üà&ÿ1&Ò, �Ù�

m©E�. ù�“©G”.�¬Ø��Ä. “÷G”�¬

�`:3uðcN�±k��1�, ðc1d1�÷

XR�u¥f\����DÑÂ8, üà&Ò��m

��±�Ñ¥f\�� �. �¬ü�ü�¤�, �

���m��¬R���, ù�z��¬�þÝÒé

Auc¡?Ø�∆L.

�é¤I&ÿ�¥fUþ��, ¥fp��OI

�o�pU¥fÚ$U¥f�&ÿ. ù�¥fpÌN

düÜ©|¤, =é$U¥f?1&ÿ�ðcN&ÿ

ìÚépU¥f&ÿ���.þUì. 3Ä��.�

(½�, I�^�[O�é�.?1½.Ú`z.

3 ¥fp�O��[ïÄ

Geant4[8]
´î³Øf¥% (CERN)mu�^u�

[���&ÿìÔ��p�^�óä�. ·�|^

Geant4Jø�rfÔnL§^��é¥fp��.

�&ÿ�Ç!õ­5?1��[ïÄ, �Ñ
¥fp

�ÌN�O�YÚ`z��Oëê.

3.1 ¥fp�.�&ÿ�Ç��[

\�¥f�&ÿ�Ç�ûu\�¥f3¥fpþ

�ÈUþ���Ú�)�ðc1�õ�, Ïd¥fp

¤^áÂ�á�Ú���ðcá��5U±9á�

þÝ�À�¤�'�. �u¥f3cÚY¥Ø�p�

^�Ý�Øõ, �X5d'p��K, þUìáÂ�

ÀJcá�
[9]

. ���Ì�´�Ñ�m&Ò, �
¼

�¯��m&Ò, á�À^Bicronúi)��BC408

¯��ðcN. ¥fp�cà^uJp$U¥f&ÿ

�Ç�XðcNü�&ÿì�À^
�Ó�á�. Ä
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uGeant4�§S�, ·�ÄkïÄ
&ÿá�±c

ÚðcN|¤�“Y%”�.&ÿìéü�¥fR�

\���&ÿ�Ç. �ïÄ&ÿ�Ç���gê�

Cz, Äk�O
��¡È�1.44m×1.44m!þÝ�

20cm��.&ÿì. ã1�Ñ
T�.&ÿìØÓ�

�gê (ü«á��þÝo´À¤�Ó�,±dL«,=

d
c

= d
ðcN

)þÝ|Ü�&ÿ�Ç�¥fUþCz�­

�. �[¥&ÿK��10MeV(=3ðcNþ�È


10MeV�Uþ¤�)�1²LDÑ�Â8àâU�

&ÿ�). �±wÑ�Xd�~�½=��gê�O

õ, &ÿ�ÇÅìJp. �?1'�, ã¥��Ñ


XðcN��&ÿìá���&ÿ�Ç, ��3¥f

Uþ�u200MeV�, ü�ðcá��&ÿ�Ç�p

u“Y%”�., ù�´·�3c¡\þXðcNá�

&ÿü��Ñu:.

ã 1 ØÓþÝ|Ü�&ÿ�Ç�¥fUþCz�­�

�
¼�p�¥f&ÿ�Ç, I�4\�¥f�

A�Ur�õUþ�È3¥fp¥, ù�¥fp�

oþÝA�u\�¥f3Ù¥Ø�p�^�Ý�2

�
[14]

, ²��¥fp�oþÝ(½�1m. o�é$

U¥f�&ÿ, ¥fp�cà�16cmþ�ðcN&

ÿì, dü�R����ðcNü��¤. éØÓá

�þÝ�.eþUìé¥f�&ÿ�Ç?1
ïÄ,

ÀJ(½
�«é¥f&ÿ�Çp�Ün(�. ã2

ã 2 ØÓ�.e&ÿ�Ç'�, &ÿK�2MeV

�Ñ
õ«ØÓþÝ�.e&ÿ�Ç�¥fUþC

z�­�. 3o�5d'Ú&ÿ�Ç�cJe, ·

�û½À^16cm(ðcN)+(4mm(c)+10mm(ðc

N))×60(�)��..

3.2 ¥fpõ­5

¥fpæ^�¬z�OØ=Jp
¥f�1ål

�©E, Ó�q�±¢yéõ�¥f\���O. �

ü�pU¥f\��¥fp�,��¬ü�þ�¬

Úårfq�, �)�g?rfq¬�)#�ØL§,


�g?rf¬������¬ü�þ
�)&Ò.

ù�, ��\�¥fÒ�UÚå���¬�¡¥õ�

ØÓ��¬ü�:», =õ�ü�ÑU&ÿ�&Ò,

ù«dü�¥f\�Úå:»��¬ü�ê¡�¥f

p�õ­5. w,, ù«õ­5��¬ü�����

��' (�¦�¬°Ý�
). ,	du�¬ü��°

Ýq��K�¥fpéõ�¥f\��©EUå (�

¦�¬°Ý�
). Ïd�¬ü�I���`z�º

���, ±Ïéõ�¥f\�kp�©EUå�Úå

�õ­5Øp. ·�éØÓ����¬ü��¤�¥

fpõ­5?1
ïÄ. 3o�5d'�cJe, �

ªÀJ��¬º��144cm(�)×8cm(°)×7cm(þ).

Tº��¬ü�|¤�¥fp, ü�¥f\�Úå�

õ­5dã3�Ñ, î¶�¥f\����¥:»�

�¬ü�ê, p¶L«:»�AÇ. (JL², �X¥

fUþ�Op, z�:»��¬ü�êl1—3ÅìO

\, :»AÇ©ÙC°.

ã 3 ü�¥fÚå����¬�¡þ�¬ü�:»�AÇ

3.3 ¥fp�O½.

ã4�Ñ
ÄuGeant4é&ÿ�Ç±9õ­5

��[���¥fpÌN��ª�O�.«¿ã

Ú÷Gü��.«¿ã. ¥fp�ÌNÜ©º�

�1.44m×1.44m×1m(þ), �)üÜ©, cà´16cm

þ�ðcN&ÿì, dü���ðc“�”|¤, z
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��)18�º��144cm(�)×8cm(°)×8cm(þ)�

ðc“�”, ü�ðc“�”�pR�. �¡���þU

ì, �d216����144cm(�)×8cm(°)×7cm(þ)

�“Y%”�.�“÷G”�¬|¤, oþÝ�84cm, d

12�R���¬�ü�
¤. ¥f\���R�u

z�¤3²¡. “÷G”�¬ü�d6�c (�	ü�´

2mm, Ù{4��4mm)Ú5�10mm�ðcN�m�

¤, 1&Ò²1�DÑ�üà�1>�O+ÖÑ.

ã 4 ¥ f p Ì N Ü © ( �(Ø � ) & Ò Ö Ñ Ü

©)(þ)Úü�“÷G”�¬(�(e)«¿ã

4 ¥fp5U

4.1 &ÿ�Ç

þã�.�¥fp, é¥f�&ÿ�Ç�¥fU

þCz­���[(JXã5¤«. lã¥�±wÑ,

3¤I&ÿ�¥fUþ��S, ¥fpé¥f�&ÿ

�ÇÅìO�, é$U¥f�&ÿ�Ç��
70%±

þ, éUþ�C1GeV�¥fÙ�Ç�L
90%. ù÷

v¢�ÿþ¥é¥fÿþ��¦, �L²
¥fp�

ù«�O´Ün�.

ã 5 ¥fp&ÿ�Ç

4.2 �m©E

�m©E�Ð���K�¥f�Uþ©E. æ^

�¬z�O�, ¥fp��m©E=ü��¬��m

©E. l1��/G!�Ý±91>�O+�5U�

Ä, �[ïÄ
ü�÷G�¬��m5U. ÷G�¬

ü��1�/GÀJ�N(�, �¬ü��5���

��1&Ò^7hÍÜ©OÚÑ�1��ÍÜàd�

�1>�O+ÖÑ (�ã4(e)). 1�/Gd��¬�

���/Â ðC��1>�O+1Ò4º����

��/. ·��[ïÄ
±Hamamatsu�R77241

>�O+�&ÒÖÑ�÷Gü���m©E. 1��

Ý�24cm, ÷Gü�üàÖÑ�m©E (c÷þO)�

�450ps(FWHM), ã6w«
1��Ý�24cm�O

����÷G�¬ü��m©E.

ã 6 æ^R7724ÖÑ, �¬ü�üàÖÑ�mÌ

dd, (Ü�1�m{�Ñ�¥fÿþUþ©E

úª (2), �±ÐÚ��Ñ¥fpéØÓUþ¥f&

ÿU���Uþ©EY². ¥f��1ål�15m,

�1ål�©Ed¥fpü�º�û½, �1�m

©Edå©�m&ÿì (å©�m&ÿì©E½�

140ps[15])Ú÷Gü��Ñ, ù�¥fpéØÓUþ¥

f�&ÿ�Uþ©EXL1¤«.

L 1 ØÓUþ¥f&ÿ�Uþ©E

En/ Uþ©E Uþ©E

MeV (FWHM)/%
En/MeV

(FWHM)/%

50 1.07 500 2.68

100 1.28 700 3.47

200 1.59 1000 4.80

300 1.95

5 (Ø

ÄuGeant4��[O�, �Ñ
é¥fp��ª

�O�Y¿�Ñ
`z��Oëê±9é¥f&ÿ
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¤U���5U�I, �[(JL²Äu��þUì

�.�¥fp��O´Ün�, &ÿ5U÷v¢�ÿ

þ��¦, ù�¥fp�Å��O!\óJø
�â.

�Oó�L§¥vk�ü��¬¢�ïÄ, ùò´e

�Úó��­:, �)é�¬ü��5UïÄÚ1>

�O+5UïÄ�.
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Monte Carlo Simulation of the Neutron Detection Wall at
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Abstract With the construction of the new Radioactive Ion Beam Line in Lanzhou (RIBLL/) which connects the

CSRm and the CSRe, an experimental setup for physics research is highly required. A large area neutron detection

wall is the main part of the setup. This paper introduced the detection principle of the neutron detection wall and the

Monte-Carlo simulation of its design under the environment of the Geant4 toolkit. We presented the final design with

the optimized parameters and the performance of the wall.
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