
1 31 ò 1 5 Ï

2007 c 5 �

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

Vol. 31, No. 5

May, 2007

γÌÿþ¥?éÎÜ�A?�ïÄ *

±´+
1;1)

ÜÂ¬
2

Ûþu
3

ÿ�
3

��§
3

1 (²ºìÆ�ÔnX ²ºì 467000)

2 (�®éÜ�Æ)ÔzÆó§Æ� �® 100023)

3 (=²�Æy�ÔnX =² 730000)

Á� lÄ�VgÑuí�Ñ
{üPCjã!�E,PCjãÚE,PCjã�γ��?éÎÜ?

�úª, ,�^ù
úªO�
 133BaÚ 60Co�γ��?éÎÜ?�Xê, Ó��Ñ�
©z¥¤�Ñ

�?�úª�Øþ.

'�c γ�� ?éÎÜ ?�Xê PCjã

1 Úó

�XØEâ�ØäuÐ±93ó�!à�!I�

ÚI¬²LÙ¦Nõ�Ü�¥�2�A^, <�é

γ���ÿþ°ÝJÑ
�p��¦. ,, 3¢S�

γ��ÿþ¥, ��5�fØ¤uÑ�γ���õ´

k?é�. éuk?é�γË�5`, Ë�¥��^

γ���Æ·��éá, ¤±du&ÿì©E�m�

��, 3k
�¹e&ÿìØU©E?éË�ó¥�

�^γ��, l��ÿ��γ����U¸OêO

\½~�, ����ÿ�γ���'�?éó�õ

½ÿþáN����, E¤��U¸OêO\½~�

�î, ��K�
ÿþ(J�O(5. éuγ��

ÿþ¥�γ?éÎÜ?�¯K, ®kØ�©z
[1—6]

?

1L?Ø, �3©z [1, 2]¥, �?Ø
Xã1¤«�

=k3�U?�{üPCjã�γ?éÎÜ?�¯K,

�¤�Ñ�?�úª���û'; ©z [3—5]3é

Xã1¤«�=k3�U?�{üPCjã?1
?

Ø (©z [5]¥¤�Ñ�úª���û')�, ék4�

U?±þPCjã��¹, �´�Ñ��ÊH�?é

ÎÜ?�XêO�úª, ù
ÊH�?éÎÜ?�

úªq�Ø�Ó, \�Ù¥�'X4ÙE,, éu�

õê�Ø�ÆEâ<
5`, �Jn), cÙ´éu

ff�vT+��c���Æó�ö5`, Ò�Jn

). �©lÄ�VgÑu, Äkí�ÑXã1¤«�{

üPCjã�γ��?éÎÜ?�úª, ,�í�Ñ

�E,PCjã (5�U?)�γ��?éÎÜ?�ú

ª. 3dÄ:þí�ÑE,PCjã (n�U?)�γ

��?éÎÜ?�úª, ��^ù
úªO�
 60Co

Ú 133Ba�γ��?éÎÜ?�Xê.

ã 1 `²?éÎÜ�A?�XêO��n�{üPCjã

I�`²�´, 3?Øγ��?éÎÜ?��, ´

Ä�Ä?éγË���'é¯K, 8cEk�Æ
[5, 6]

.

3�©�?Ø¥, ��ÄγË���'é�A.

2 ?éÎÜ?�úª�nØí�

3í�?éÎÜ?�úª±c, Äké?éÎÜ

�¿Â9Ù?�Xê�½ÂÚ¤^��
Ônþ�

ÎÒ\±`². γ���?éÎÜ�A�©�ü«�

¹
[4]

: �´3&ÿì�©E�mS, XJ,�?éó

2006 – 09 – 11 Âv, 2006 – 11 – 16 Â?Uv

* ¥IØêâ¥%Ú²ºìÆ�p�g<â�ïéÄ²¤]Ï

1) E-mail: zfq@pdsu.edu.cn

487 — 491



488 p U Ô n � Ø Ô n ( HEP & NP ) 1 31 ò

¥�eZ^γ��3&ÿì(¯NÈ¥�Ñ
�g�

�ÜUþ, ùeZ^γ���Uþ�oÚ�Ð�,

1^γ���Uþ��, (JÒ¦T^γ����U¸

OêO\, T�A¡�?éÎÜ�O\�A; �´3

&ÿì�©E�mS, XJ,�?éó¥�,�^γ

��3&ÿì(¯NÈ¥�Ñ
gC��ÜUþ, 

Ó�?éó¥�,�^½A^γ��3&ÿì(¯N

È¥�Ñ
gC�Ü©½�ÜUþ, (J¦T^γ�

���U¸Oê~�, ¡�?éÎÜ�~��A. w

,, 3?éÎÜ�O\�A¥, ��X,�Uþγ��

�U¸Oê�O\, ÒkÓ�?éó¥�2^½A^

γ���U¸Oê�~�; 3?éÎÜ�~��A

¥, ��X,�Uþγ���U¸Oê�~�, Ø=¬

E¤Ó�?éó¥�,
Uþγ���U¸Oê�O

\, �¬E¤�.O\l¦¯õγ���U¸Oê

~�. du3?éÎÜ�A¥, Ï�?éÎÜ~�Ú

å�.O\?Úå¯õγ���U¸Oê�~�4

�, ��Ñ, �3�©?Ø?éÎÜ?�úª¥Ø�

Ä. ,	, �?Ø�B, b½�PCjã�?¿2�U

?mÑkγË�, ¿@�z�?éó¥�?�γË�

�Æ·Ñ3&ÿì�©E�mS (=@���?éÒ

�½3ÎÜ©E�m±S). ¢S�¹¿�ÑXd, ¤

±3äNO�,«��5Ø��γ?éÎÜ?�Xê

�, I�(ÜäN�jã, ¿�Ä¤^&ÿì�©E

�m, ^e>0���{í�ÑäN�O�úª.

γij L«l iU?� j U?�[�¤uÑ�γ��;

Pij , αij Úxij ©OL«γij �u�Ç (��3ü �

mSu�γij �ê8)!S=�Xê±9�γij éA�

©|'; fi L«1ØPC�fØ� iU?�©|'; εp
ij

Úεt
ij ©OL«¤^�&ÿìéγij ��U¸&ÿ�Ç

Ú�Ì&ÿ�Ç. ?éÎÜ?�XêCij �½Â�
[3]

Cij =
Sij

S′

ij

, (1)

ª¥Sij L«Ø�Ä?éÎÜ�A�γij 3&ÿì¥/

¤�U¸�nØOêÇ, S ′

ij L«�Ä?éÎÜ�A

�γij 3&ÿì¥/¤�U¸�¢SOêÇ.

2.1 {üPCjã�?éÎÜ?�úª�í�

Xã1¤«, XJØ�Ä?éÎÜ�A, Kγ20 3

&ÿì¥/¤�U¸�nØOêÇ�

S20 = Af2x20

εp
20

1+α20

= P20ε
p
20 , (2)

ª¥A����¹Ý;
1

1+α20

�γ20 �u�ÇÓ

γ20 ¤3©|�o�[Ç (γ20 1fu�Ç�S=�

Ç�Ú)�'Ç; P20 = Af2x20

1

1+α20

�γ20 �u�Ç;

ε
p

20

1+α20

�&ÿì&ÿ�γ20 �U¸�OêÇ�γ20 ¤

3©|�o�[Ç�'Ç. XJ�Ä?éÎÜ�A,

γ20 3&ÿì¥/¤�U¸�¢SOêÇ�

S′

20 = Af2x20

εp
20

1+α20

+Af2x21x10

εp
21ε

p
10

(1+α21)(1+α10)
=

P20ε
p
20 +P21ε

p
21

εp
10

1+α10

, (3)

ª¥P21 = Af2x21

1

1+α21

�γ21 �u�Ç. ª¥12�

L«3&ÿì�©E�mS, 3γ21 �γ10 �¤�?é

ó¥�γ21�γ10 3&ÿì(¯NÈ¥�Ñ
�g��

ÜUþ, (JE¤
γ20 ��U¸OêÇ�O\þ. d

d��

C20 =
S20

S′

20

=
1

1+
P21

P20

•

1

1+α10

•

εp
21ε

p
10

εp
20

. (4)

XJØ�Ä?éÎÜ�A, Kγ10 3&ÿì¥/

¤�U¸�nØOêÇ�

S10 = Af1x10

εp
10

1+α10

+Af2x21x10

εp
10

1+α10

= P10ε
p
10 ,

(5)

ª¥P10 =Af1x10

1

1+α10

+Af2x21x10

1

1+α10

�γ21 �

u�Ç.

XJ�Ä?éÎÜ�A, Kγ10 3&ÿì¥/¤

�U¸�¢SOêÇ�

S′

10 = Af1x10

εp
10

1+α10

+Af2x21

(

1−
εt
21

1+α21

)

×

x10

εp
10

1+α10

= P10ε
p
10−P21ε

t
21

εp
10

1+α10

, (6)

ª¥
εt
21

1+α21

�&ÿì&ÿ�γ21 �oOêÇ (γ21 ��

ÌOêÇ)�γ21 ¤3©|�o�[Ç�'Ç, w,

1−
εt
21

1+α21

�&ÿì&ÿØ�γ21 Ç�γ21 ¤3©|�

o�[Ç�'Ç; −P21ε
t
21

ε
p
10

1+α10

�3&ÿì�©E

�mS, 3γ21 �γ10 �¤�?éó¥�γ10 3&ÿì

�(¯NÈ¥�Ñ
gC��ÜUþ, γ21 �Ñ


gC�Ü©½�ÜUþ, (JÚåγ10 ��U¸Oê

Ç�~�þ. ¤±

C10 =
S10

S′

10

=
1

1−
P21

P10

•

εt
21

1+α10

, (7)



1 5 Ï ±´+�µγÌÿþ¥?éÎÜ�A?�ïÄ 489

Ón��

C21 =
S21

S′

21

=
1

1−
εt
10

1+α10

. (8)

2.2 �E,PCjã(5�U?)�γ��?éÎÜ

?�úª�í�

Xã2¤«, XJØ�Ä?éÎÜ�A, Kγ31 3

&ÿì¥/¤�U¸�nØOêÇ�

S31 = Af3x31

ε
p
31

1+α31

+Af4x43x31

ε
p
31

1+α31

= P31ε
p
31 ,

(9)

XJ�Ä?éÎÜ�A, γ31 3&ÿì¥/¤�U¸�

¢SOêÇ�

S′

31 = Af3x31

ε
p
31

1+α31

x10

(

1−
εt
10

1+α10

)

+Af3x32

ε
p
32

1+α32

x21

ε
p
21

1+α21

x10

(

1−
εt
10

1+α10

)

+

Af4x43

(

1−
εt
43

1+α43

)

x31

εp
31

1+α31

x10

(

1−
εt
10

1+α10

)

+

Af4x43

(

1−
εt
43

1+α43

)

x32

εp
32

1+α32

x21

εp
21

1+α21

x10

(

1−
εt
10

1+α10

)

, (10)

�

C31 =
S31

S′

31

=

(

f3x31

εp
31

1+α31

+f4x43x31

εp
31

1+α31

)/[

f3x31

εp
31

1+α31

x10

(

1−
εt
10

1+α10

)

+

f3x32

εp
32

1+α32

x21

εp
21

1+α21

x10

(

1−
εt
10

1+α10

)

+f4x43

(

1−
εt
43

1+α43

)

x31

εp
31

1+α31

×

x10

(

1−
εt
10

1+α10

)

+f4x43

(

1−
εt
43

1+α43

)

x32

ε
p
32

1+α32

x21

ε
p
21

1+α21

x10

(

1−
εt
10

1+α10

)]

. (11)

�âjãÚaq��{�í�ÑÙ¦γ���?

éÎÜ?�úª(�u�ÌÑ).

ã 2 `²?éÎÜ�A?�XêO��n��E

,PCjã

2.3 E,PCjã (n�U?)�γ��?éÎÜ?

�úª�í�

æ^�2.1Ú2.2aq��{, ØJí�ÑXã3

¤«�E,PCjã¥?�^γ���?éÎÜ?�

úª. ��~f, �í�Ù¥äN�,�^γ��γ42

�?éÎÜ?�úª.

Xã3¤«, XJØ�Ä?éÎÜ�A, Kγ42 3

&ÿì¥/¤�U¸�nØOêÇ�

S42 =P42ε
p
42 = Af4x42

εp
42

1+α42

+Af5x54x42

εp
42

1+α42

+

Af6

(

x65x54x42

εp
42

1+α42

+x64x42

εp
42

1+α42

)

+

Af7

[

x76

(

x65x54x42

εp
42

1+α42

+x64x42

εp
42

1+α42

)

+

x75x54x42

ε
p
42

1+α42

+x74x42

ε
p
42

1+α42

]

+ · · ·=

Af4a4 +Af5a5 +Af6a6 +Af7a7 + · · ·+Afnan ,

(12)

ª¥a4 = x42

εp
42

1+α42

, a5 = x54a4, a6 = x65a5 +x64a4,

a7 = x76a6 + x75a5 + x74a4, · · · , an = xnn−1an−1 +

xnn−2an−2+xnn−3an−3+· · ·+xn4a4 ©OL«1ØPC

�fØ�14!15!16!17!· · ·!1nU?�

e�[�, &ÿìÿ�γ42 �U¸Oê�VÇ. XJ�

Ä?éÎÜ�A, Kγ42 3&ÿì¥/¤�U¸�¢

SOêÇ�



490 p U Ô n � Ø Ô n ( HEP & NP ) 1 31 ò

S′

42 = Af4

{

x42

εp
42

1+α42

[

x20

(

1−
εt
20

1+α20

)

+x21

(

1−
εt
21

1+α21

)

x10

(

1−
εt
10

1+α10

)]

+

x43

ε
p
43

1+α43

x32

ε
p
32

1+α32

[

x20

(

1−
εt
20

1+α20

)

+x21

(

1−
εt
21

1+α21

)

x10

(

1−
εt
10

1+α10

)]}

+

Af5x54

(

1−
εt
54

1+α54

)

b4 +Af6

[

x65

(

1−
εt
65

1+α65

)

b5 +x64

(

1−
εt
64

1+α64

)

b4

]

+

Af7

[

x76

(

1−
εt
76

1+α76

)

b6 +x75

(

1−
εt
75

1+α75

)

b5 +x74

(

1−
εt
74

1+α74

)

b4

]

+ · · ·=

Af4b4 +Af5b5 +Af6b6 +Af7b7 + · · ·+Afnbn , (13)

ª¥,

b4 = x42

ε
p
42

1+α42

[

x20

(

1−
εt
20

1+α20

)

+x21

(

1−
εt
21

1+α21

)

x10

(

1−
εt
10

1+α10

)]

+

x43

εp
43

1+α43

x32

εp
32

1+α32

[

x20

(

1−
εt
20

1+α20

)

+x21

(

1−
εt
21

1+α21

)

x10

(

1−
εt
10

1+α10

)]

,

b5 = x54

(

1−
εt
54

1+α54

)

b4 , b6 = x65

(

1−
εt
65

1+α65

)

b5 +x64

(

1−
εt
64

1+α64

)

b4 ,

b7 = x76

(

1−
εt
76

1+α76

)

b6 +x75

(

1−
εt
75

1+α75

)

b5 +x74

(

1−
εt
74

1+α74

)

b4 · · · ,

bn = xnn−1

(

1−
εt

nn−1

1+αnn−1

)

bn−1 +xnn−2

(

1−
εt

nn−2

1+αnn−2

)

bn−2 + · · ·+xn4

(

1−
εt

n4

1+αn4

)

b4

ã 3 `²?éÎÜ�A?�XêO��n�E,PCjã



1 5 Ï ±´+�µγÌÿþ¥?éÎÜ�A?�ïÄ 491

©OL«�Ä?éÎÜ�A�1ØPC�fØ�1

4!15!16!17!· · ·!1nU?�e�[�, &ÿ

ìÿ�γ42 �U¸Oê�VÇ. ¤±

C42 =
S42

S′

42

=
f4a4 +f5a5 +f6a6 +f7a7 + · · ·+fnan

f4b4 +f5b5 +f6b6 +f7b7 + · · ·+fnbn

.

(14)

±þ¤0��O�γ���?éÎÜ?�Xê�

�{, �·^uO�γ���X��±9��>f�

v1f�?éÎÜ?�¯K, �IòÙPCjãæ^

©z [3]��{\±?U=�. ,	, ÏL±þ�©Û

�í��±éN´wÑ, ©z [1,2]Ú©z [5]¥¤�Ñ

�O�?éÎÜ?�Xê�úª�¯K�¤3.

3 133BaÚ60Co�γ?éÎÜ?�Xê

�O�

�âþ>0��í�?éÎÜ?�Xê��{,

?�
��âØÓjã�äN�¹, O�?éÎÜ?

�Xê�§S. ^d§SO�
 133BaÚ 60Co©O

�3&ÿìL¡9åL¡6cmü� �?�, §��

γ��?éÎÜ?�Xê, (J�3L1¥. 3O�¥

¤^�jã9k'ëê�g©z [7, 8], γ����

U¸�ÇÚ�Ì�Ç^=²�Æy�ÔnXÓ¶pX

÷γÌ¤XÚ�ÝÐ�¸�Ç��Ì�Çúª¦�.

L 1 133BaÚ60Co�γ��?éÎÜ?�Xê�O�(J
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γ γ��Uþ/keV γ�3 γå
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133Ba 53.16 1.13207 1.02347

160.50 1.12972 1.02139

223.10 1.06802 1.01178

276.38 1.06447 1.01117

302.71 1.00267 1.00053

356.04 0.99685 0.98967

383.83 1.00178 1.00041
60Co 1173.21 1.08968 1.01524

1332.47 1.09340 1.01582

ë�©z(References)

1 Debertin K, Shotzig U. Nucl. Instrum. Methods, 1979, 158:

471

2 TIAN Yu-Hong, CHEN Feng. Nuclear Electronics & De-

tection Technology, 1992, 12(1): 40—43 (in Chinese)

(X��, �¸. Ø>fÆ�&ÿEâ, 1992, 12(1): 40—43)

3 LUO Xiao-Bing, XIA Yi-Jun, LONG Xian-Guan. Nuclear

Techniques, 1992, 15(7): 428—434 (in Chinese)

(Û�W, g¨�, 9k/. ØEâ, 1992, 15(7): 428—434)

4 ZHENG Wei-Qiang, LEI Gui-Lin. Journal of Gansu Edu-

cation College, 1998, 11(1): 47—52 (in Chinese)

(x�r, X?�. [���Æ�Æ�, 1998, 11(1): 47—52)

5 SU Qiong. Nuclear Techniques, 2000, 23(10): 746—752 (in

Chinese)

(� . ØEâ, 2000, 23(10): 746—752)

6 Graham J, Mccallum, Graeme E Coote. Nucl. Instrum.

Methods, 1975, 130: 189

7 Michael Lederer C, Shirley V S. Table of Isotopes. New

York: John Wiley & Sons. Inc., 1978

8 Firestone R B, Shirley V S. Table of Isotopes. New York:

John Wiley & Sons. Inc., 1996

Investigation of the Correction for Cascade Radiation Coincidence

Summing in the Measurement of Gamma Spectrometry *
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Abstract The correction formulas of simple, more complex and universal decay schemes about gamma-rays cascade

radiation coincidence summing were deduced based on basal concepts. And then using them calculated the correction

coefficient of γ-rays cascade radiation coincidence summing of 133Ba and 60Co. At the same time, it was pointed out

that the correction formulas given in some literatures is improper.
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