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�«Äu 4He íðcN��C¥f&ÿì
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ï�
�«#¥f&ÿì, §± 235UO2 �Cq��=�q, 4He íN��ðcN. T&ÿì¿©(Ü
 235U

Ú 4He ü«Ø��A:, l
äk¥fUþ�A²"!¥f(¯Ý�p!n/γ ©E�+p�`:, UéÐ/3·Ü
óÀ�CË�|¥ÿþ¥f. �©é&ÿì��nÚ(��O?1
0�, O�
ØÓUþ¥f!γ ��3&ÿì
¥�Uþ�È, ¿lnØÚ¢�þé&ÿì�¥f(¯Ý!γ ��(¯Ý!n/γ ©E�+Ú�m�A?1
ïÄ.

(JL²&ÿì�¥f(¯Ý� 10−15 C·cm2, γ (¯Ý� 10−17 C·cm2, �m�A� 33.1 ns.

'�c: ¥f&ÿì, 4He ðcN, �C�¡, (¯Ý

PACS: 25.85.Ec, 29.30.Hs, 29.40.Mc

1 Ú ó

¥f&ÿEâ´ïÄá��Æ!)·�Æ±
9UNÔn�c÷Ä:Æ��­�Ãã, éíÄÔ
nÆ��uÐå�
ã��^. 
ÿþóÀË�|
e�¥fëê´¥f&ÿ�­�SN, Ùÿþ(J
é@£Ú
)óÀË�
�1�A�äk�©­
��¿Â. ù
óÀË�|�)óÀ�C�Aæ!
\�ì¥f
��, §�äk¥fUþ��°, ó
À±Y�má, ¥f!γ ��·Üî­�A: [1].

���°(/ÿþóÀË�
�¥fëê, I�
&ÿìäk�p�¥f(¯Ý!�²"�UÌ�
A!�¯��m�A±9�p� n/γ ©EUå.

8c, ^uóÀ·ÜË�|¥få6�&ÿì
Ì�k PIN ¥f&ÿì!kÅðc¥f&ÿì!
íN>l&ÿì��, §��3¥fUÌ�AØ

n�!n/γ ©EUåØ
p�": [2,3]. ��Öy
k¥f&ÿì�Øv, ¿ï�U�Ð÷vóÀË�
|�¦�&ÿì, ·�&¢
�«Äu 4He ðcN
�#.�C¥f&ÿì [4]. T&ÿìæ^ 235UO2

��=�q,4He íN��ðcN. 235UO2 �Cq
äkéõ`:, ~X 235U �C�¡�¥fUþ

Cz²" [5], �C�¡�Uþ�� [6], �C�¡
3 4He íN��§á, Bu¢y��Uþ�È. ù
U�y&ÿìäk�p�¥f(¯Ý!�²"�
UÌ�A�A:. 
 4He íðcN�äk1���
Uþ�È¤�' [7−9], u1�Ç��>âf�a.
Ã' [7−9], � γ ����^�¡� [10] �A:. ù

A:¦ 4He íðcN'�NÚ�NðcN�·
Ü3�CË�|¥&ÿ�C�¡�­�>âf [10].

¿� 4He Ø�¥fÑ��¡� 235U ��C�¡U

pÖ, ¦�&ÿìé¥f�Uþ�A�\²".

�©0�
�âT�nï�� 4He íðc�C¥
f&ÿì, ¿é&ÿì�5U?1ïÄ.

2 &ÿì��nÚ(�

4He íðc�C¥f&ÿì��n´¥f�
�Cá�!4He �fØ�A�)��>âf?\
�íN¥¿-uíNu1, ,�^1>�O+�Â
íN¤u�1, ¿^>6O½«ÅìP¹1>�O
+�ÑÑ&Ò, l
¢yé¥f�ÿþ. �=\�
¥f3&ÿì¥�)�&ÒdüÜ©|¤: 1) ¥f
\���Cqþ� 235U u)�C�A [11], �C�
)��¡?\�íN¥¿-uíNu1¤�)�
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&Ò; 2) ¥f� 4He �fØu)�5Ñ��)��
À 4He Ø-u 4He íu1¤�)�&Ò. T&ÿì
�|¤Ì��): 4He íðcN!235UO2 �Cq!
1>�O+, Ù(�Xã 1 ¤«. 3T&ÿì¥, í
N��µ3Nì¥, 1>�O+�uNì�ý¡,

¿3ý¡SC�=I±Bu1fUß�Ñ5. ü¡
�Cq¡é¡/²1��31>�O+�üý, ù
���OØ=�±Jp¥f(¯Ý, ���ýü¡
�Cq�	� 4He íu1, ±~� γ ���)�&
Ò, ¿Jp&ÿì� n/γ ©E�+.

ã 1 &ÿì(�«¿ã

3 &ÿì�5U

�â&ÿì��OnØ, ï�
�@ 4He íð
c�C¥f&ÿì, Ù¢Ôì¡Xã 2 ¤« [4]. 3
&ÿì¥¦^� 4He ííØ� 1.013×105 Pa; æ^

ü¡þ 1.0 mg/cm2, �»� Φ 4.0 cm � 235UO2

�Cq, du�C�¡3 1.013×105 Pa 4He í¥²
þ�§�� 10.2 cm[4], �Bu�C�¡3 4He í
¥Uþ�È��, ùü¡�Cq�å� 10.2 cm �
�31>�O+üý. ^1>�O+ SB9215 &ÿ
íNu1¿ÑÑ&Ò (ó�>Ø� –1100 V), 1>
�O+�1Ò4ålq¿¥%�� 8 cm.

3.1 ¥f(¯Ý

¥f��Cq�A�)��C�¡?\ 4He

í�¬-u 4He íu1, 
¥f� 4He �fØu)
�5Ñ��)��À 4He Ø�¬-u 4He íu1,

ÏL1>�O+Â81f=���\��T&ÿ
ì�¥frÝ&Ò. @oT&ÿì�¥f(¯Ý�

Sn =
(Ef + Eα) G

In
, (1)

ã 2 &ÿì¢Ôã

ª¥, Sn �¥f(¯Ý (C·cm2); Ef �¥f\��
Cq�)��¡3 4He íN¥�Uþ�È (MeV);

Eα ��À±Ø3 4He íN¥�Uþ�È (MeV);

G �z�Èü Uþ-uíNu131>�O+
þ�)�>Öþ (C·MeV−1); In �\���Cq�
¥fÏþ (cm−2).

æ^�AkÛ�{?��§S�[O�
¥
f3&ÿìS�Uþ�È (�[�[L§ë�©
z [4], 235U ¥f�C�¡Ú 4He ¥f�5Ñ��
¡d©z [12] ��), �\�¥fÏþ In = 1 cm−2

�, �O��� 0.1—15 MeV ¥f3&ÿì�Uþ
�È, O�(JXã 3 ¤«. lã 3 ¥�±w�,

�C�¡��À 4He Ø�Uþ�È3ØÓ�¥f
U«U
pÖ, @oòüö�Uþ�È�\, �¦
�oUþ�ÈC��²". d©z [4] ��, �¤
¿ 4He í� 1.013×105 Pa, 1>�O+ó�>Ø
� –1100 V �, 3 4He ¥z�Èü Uþ¤�)�
&Ò� 5.48×10−13 C·MeV−1, @o|^ (1) ª�O
���T&ÿì�¥f(¯Ý, (JXã 4 ¤«.

lã 4 ��, &ÿì�¥f(¯Ý�� 10−15 C·cm2

þ?, Ùé¥fUþ�A'�²". ~X, �¥fU
þ� 1—15 MeV �, &ÿì�¥f(¯ÝÄ� 
u 4.5×10−15 C·cm2—5.0×10−15 C·cm2 �m.

&ÿì�¥f(¯ÝI½¢�´3�fU�
Æ� K600 pØ�\ìþ?1�, |^ D-T �A¼
��­�¥f��ÿþ¥f
, �)�¥fUþ�
� 14.9 MeV. ��&ÿXÚ�\¥f¶-NS, ¥
få\��{����Ù\���¤ 0◦ ��Cq

232502-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 23 (2012) 232502

þ. l¢�(J��, &ÿìé 14.9 MeV ¥f(¯
Ý�� 4.60×10−15 C·cm2, ¢��éIOØ(½Ý
�� 8.70%[4]. òT¢���nØO��?1'�,

üö��� 4.8%, ùL²nØO���¢��'�
��.

ã 3 ¥f3 4He ¥�)�Uþ�È

ã 4 &ÿì�¥f(¯ÝnØO�(J

3.2 γ (¯ÝÚ n/γ ©E

γ ����Cq9 4He íN�p�^�)�
g?>f�¬¦íN-uu1, l
3&ÿì¥
�)&Ò. T&ÿXÚ� γ (¯Ý�^e¡�ú
ªO�

Sγ = Eγ · G/Iγ, (2)

ª¥, Eγ � γ ��3íN¥�È�Uþ (MeV); G

�z�Èü Uþ-uíNu131>�O+þ
�)�>Öþ (C·MeV−1); Iγ �\���Cq� γ

��Ïþ (cm−2). d©z [10] ��, 4He íu1�
���>âf«aÃ', ��âfUþ�Èk',

Ïd (2) ª¥� G �� (1) ª¥� G �´���.

� Iγ = 1 cm−2 �, æ ^ MCNP § S � [
O��� γ ��3&ÿì�Uþ�È, O�(

JXã 5 ¤«. d©z [4] ��, �¤¿ 4He í
� 1.013×105 Pa, 1>�O+ó�>Ø� –1100 V

�, 3 4He ¥ z � È ü   U þ ¤ � ) � & Ò
� 5.48×10−13 C·MeV−1, @o|^ (2) ª�O�
��T&ÿì� γ (¯Ý, (JXã 6 ¤«. lã
¥��, &ÿì� γ (¯Ý�� 10−17 C·cm2, Ù
¥ 1.25 MeV γ (¯Ý�� 5.68×10−17 C·cm2.

ã 5 γ ��3 4He ¥�)�Uþ�È

ã 6 γ ��(¯ÝnØO�(J

é&ÿì� 1.25 MeV γ ��(¯Ý¢�I½
´3Ü�ØEâïÄ¤� 8000 Ci60Co 
þ?1
�. 3¢�¥Ié1>�O+?1ûÐ�¶-±
~�Ñ� γ ���Z6, Ïd3&ÿì±�^þv

�Yp±¶-Ñ�� γ ��, ¢�y|Xã 7 ¤
«. ¢�(JL²&ÿìé 1.25 MeV γ ���(
¯Ý�� 5.50×10−17 C·cm2, ¢��éIOØ(½
Ý�� 2.86%[4], nØO�� 5.68×10−17 C·cm2 (�
ã 6) �¢��Ä�¬Ü.

&ÿì� n/γ ©E´&ÿì5U���­�
�I, §���û½
&ÿìUÄ3¥f!γ ·Ü
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î­�Ë�|¥ÿþ¥f. ò&ÿì�¥f(¯
Ý� γ (¯Ý�'=�¦�&ÿì� n/γ ©E�
+. Ï~ÀJ 1.25 MeV γ (¯Ý��&ÿì n/γ ©
E�'�é�. &ÿì� n/γ1.25 ©EO�(JX
ã 8 ¤«, lãþ�±w�, &ÿì� n/γ1.25 ©E
Ñ3 25 �±þ, Ù¥ 1—15 MeV ¥f� n/γ1.25 Ñ
3 70 �±þ. l¢�(J��, &ÿì� 14.9 MeV

¥f(¯Ý' 1.25 MeV γ ��(¯Ýp 80 õ�,

ùL²&ÿìäkéÐ� n/γ1.25 ©EUå.

ã 7 γ (¯Ý¢�y|ã

ã 8 &ÿì� n/γ1.25 ©E

3.3 �m�A

&ÿì��m�A¢�´3 DPF C� 14 MeV

óÀ¥fu)ìþ?1�, ¢�y|Xã 9 ¤«.

TC�|^�lfà�¦��Øu)àC�A�
) 14 MeV óÀ¥f, ÙóÀ°Ý�� 10 ns[13]. T
&ÿìÿ�� DPF óÀ¥fÅ/Xã 10 ¤« (®
8�z), lãþ��Å/þ,�m� 21.6 ns, �p
°�� 34.5 ns. ò¤ÿÅ/�m�p°� DPF ó
À°Ý�òÈ��&ÿì��m�A� 33.1 ns.

²©Û��, �C�¡3 4He í¥��1�m
é&ÿì��m�AK���. XJ~�ü¡�C
q�m���ål, @o�C�¡3 4He í¥��
1�m¬ á, &ÿì��m�A�¬ü$ [4].

ã 9 DPF ¢�y|ã

ã 10 &ÿìé DPF ��m�AÅ/

4 ( Ø

� © J Ñ � « # � ¥ f & ÿ ì, Ï L ï Ä
¥ f � 4He í ! � C á � � � ^ A :, � O
¿ ï � 
 Ä u 4He í ð c N � � C ¥ f & ÿ
ì. n Ø ï Ä ( J L ² & ÿ ì � ¥ f ( ¯ Ý
� 10−15 C·cm2, γ (¯Ý� 10−17 C·cm2, n/γ ©
E�A��. ¢�(JL²&ÿì� 14.9 MeV ¥
f(¯Ý� 4.60×10−15 C·cm2, 1.25 MeV γ ��(
¯Ý� 5.50×10−17, �m�A� 33.1 ns. nØO�
��¢��'���. ùL²&ÿì��n�O´
�1�, &ÿìU(Ü 4He íðcNÚ�Cá��
`:, äkUþ�A²"!n/γ ©E�+p�`:,

�A^u¥f!γ ·ÜË�|�¥fÿþ, ò�ó
À�CË�|�¥fÿþJø�«#�ÀJ.
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A fission neutron detector based on helium scintillator
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Abstract

A new neutron detector is designed. Two 235UO2 target foils are used as radiators, and the 4He gas is used as scintillator in the

detector. The detector combines the features of 235U and 4He fully, so it has some excellent performances, such as flat energy response

to neutrons, better n/γ discrimination, etc. It can be used well to detect neutrons in a pulsed mixture radiation field. In this paper,

the principle and structure of the detector are introduced. The energy depositions of different energies of neutrons and γ-rays in 4He

gas are calculated. The neutron sensitivity, γ ray sensitivity, n/γ discrimination, and time response of the detector are investigated

theoretically and experimentally. The neutron sensitivity is about 10−15 C·cm2, γ ray sensitivity is about 10−17 C·cm2, and time

response is about 33.1 ns.

Keywords: neutron detector, 4He scintillator, fission fragments, sensitivity
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