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Á� 3ú�>fåïÄL¡�¢�¥, ��E¦^pXGe γÌ¤ÿþ�>f�võÊVÐ°UÌ,

éUÌ�©Ûæ^�/ëêS, W , ù
ëêJø�&Ek�. ~X, �>f��>f3á�¥/¤>

fó��, {ü��/ëê��ØUL�§�, �Ï§���3¦�©ÛC�E,. �ó�3éõÊ

VÐ°UÌ?1êâ?n�L§¥, Ú\��>fó�gPCrÝ I3γ ëê, ïá
lUÌ¥¼� I3γ

ëê���{. ±IO�¬�ÄO, À^AgXl�ív7�?1I3γ ëêO�, ó�L²#ëêéïÄ

0�á�9B���UJø�´L�&E.
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1 Úó

^ú�>få6ïÄá�L¡�¢�¥, ��

E¦^pXGe γÌ¤ÿþ�>f�võÊV�/ë

êS, W ©Û�{, ±ïÄ�¬¥�"��¹. 370

c�, Canter et al.
[1]

, Mills
[2]

ÚLynn
[3]

^$U�>f

\��7áÚ��NL¡, ÿþ��>fó�o-Ps

��v1f, JÑ3L¡½3L¡NCk>fó�

Ps(�)��>fó�o-Ps, Ú®�>fó�p-Ps))

¤. Lynn
[4]

ÿþ
>fó�¤©��>fUþ3Ø

Ó§Ýe�'X, 3d¢�L§¥, Ps9u��ý�

�¸¥, Ïdγ1f&ÿAÛ�JÝº. �¢�ó�

´lõÊVUÌ¥, ��o-Ps�3γ�vrÝ I3γ Ú2γ

��vrÝ I2γ '��X\��>fUþ�Cz'X,

(ÜõÊV�/ëêS, léá��L¡!.¡9

NS"�Jø��´L�&E.

o-Ps/¤�, Ù�v3γUÌl0—511keVëY©

Ù, �p-PsÚ�>fgd�v511keV¸�2γÌØÓ.

u)3γÚ2γ�v�ÌrÝ©O¡� I3γÚ I2γ, §�

��´�v¯~ê, Ø´�γ���ê8. du@

��>f�>fÌ�u)3γÚ2γ�v, Ïd I3γ Ú

I2γ÷v±e'X: I3γ +I2γ = 100%.

3¢Sÿþó�¥, ���õÊVÐ°UÌ (X

ã1¤«)´dA«γ1f�UÌU\¤, �´p-Ps

Ú�>fu)gd�vÚå�511keV γ1¸, ,	

�¹�v�)�γ1fu)xÊîÑ�/¤�ëYU

Ì, ±9��>fó�o-Psu)3γ�vu��Uþl

0—511keVëY©Ù�γ1fUÌ, ù3«UÌU\3

�å, l¦����� I3γ ëêC�(J. �
~�

511keV1¸ÚÙxÊîÑ�ëYUÌ�K�, À�U

Ì¥400—500keVÜ©5©ÛI3γ ëê, ±éõÊVÌ

S ëê©Û?1Ö¿.

ã 1 õÊVÐ°UÌ«¿ã

d¢�&ÿ���3γ�vOê´�u)3γ�v

rÝ¤�''X�, Ó�éu2γ�vrÝ5`, �´

ù«�¹, §�÷v±e'Xª

I3γ

I2γ

= η
C3γ

C2γ

, (1)

Ù¥I3γ: 3γ�vrÝ, I2γ: 2γ�vrÝ, C3γ: UÌ¥
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400—500keV�3γOê, C2γ: 511keV1¸Oê. lú

ª(1)¥, ����
Xêη, K�±��u)3γ�v,

2γ�v�k�¯~ê, =rÝ. Xêη ´�&ÿì,

&ÿAÛk'. ²Lé�«¢�Ø�?1©Û�, Ò

��²L?��Xêη.

3(½Xêη ��, ^ív7��¬éXê?

1uÿ. ®�o-Ps3��å3ív7�¥�^�e,

I3γ = 26.6%
[5]

, ¦^úå, ò�p��>f (10keV,

20keV)�\ív7�, À^®�I3γ = 0��¬���

µ�, O�ív7��¬3�Ø�µ���éZÀ�

¸/�', �®��I3γ = 26.6%?1'�.

2 ¢�9(J?Ø

31987c, ÜU�!/�%ïÄ
ÿ�À3γU

Ì©Ù
[6]

(Xã2), î�IL«3γ�v�γ1fUþ,

p�IL«z�üUγ1f��é&ÿrÝ, Ù(J

w«¢��þf>ÄåÆO�ÎÜ, Ä½
Ù¦nØ.

ã 2 ��>fó�3γ�vγUþ©Ù�nØÚ¢

�(J

Ù¥J��Ore-Powell��mýó(J, �5���

Adkins��mýO(J, ¢��þf>ÄåÆnØO

�(J, ¢%:�Ù¢�(J.

|^ã2¥�¢����À3γUÌ, �â¢S�

��ØÓUþγ1f��é1¸&ÿ�Ç, lnØþ

��Xêη, �Ä3¢Sÿþ^�e�3�Ø�, éX

êη ?1?�.

2.1 b�¢�&ÿ���3γ�v�γ1füU¸,

ÙrÝ©ÙÓã2����, ¤kγ��Ñ©O

�&ÿ�, =1¸�é&ÿ�ÇεÑ�1

½ÂC3γ, §L«u)3γ�v�Ñ�¤kγ1f

�ê8, �ã2¥����x¶¤��¡È.

C3γ =

E=511keV
∑

E=0keV

∆E×P , (2)

E: γ1fUþ, P : z�üUγ1féA�rÝ, O

��ÑC3γ = 75.31, ¤± I3γ = C3γ/3 = 25.1, b½

I2γ = 25.1, KC2γ = 2×25.1.

d
I3γ

I2γ

= η
C3γ

C2γ

, �±�Ñη = 2/3.

2.2 b½3u)�¤k�v¯~¥, u)2γ�v�

γ1fÑ�&ÿ�, 3γ�k3400—500keV�

�SâU�©O&ÿ�, ε�1

3ù«�¹e, 3γ3400—500keV��S�O

ê�

C1
3γ

=

(

A1

A

)

C3γ = 0.336C3γ ,

A1: ã2¥400—500keV«m¤��¡È; A: ��

 � ¤ � � ¡ È, I3γ = C3γ/3 = 25.1, E , b ½

I2γ = 25.1. Ó��âª(1), �±��3ù«^�

e�Xêη′ =1.984. 3��O�L§¥, k2.6%�Ø

�, ùÌ�´3éã2(��>fó�3γPC�γUþ

©Ù)�êâ?1©Û�Ú\�.

2.3 3¢S�¹¥, pXGe&ÿìé3γ�v�Ø

ÓUþ�γ1¸�é�ÇεØ��, é511keV

�γ1f, εE��1

^®�γu�rÝ� 152Eu
[7]

Ú 133Ba
[8]

���

��é1¸�Ç�Ý�·Ü, épXGe&Þ�&

ÿ�Ç?1I½. ÿþüöu��l$U (30.8keV)

�pU (1457.6keV)©Ù�γ1¸, 3¢�¥, À��

γ1¸Uþ���80.9—1212.9keV.

¦^�&ÿì�GLP44510/15pXGe&Þ, 3

&Þc¡��2mmØCg²���áÂ¡, &Þl�

��åld = 1.5cm.

ã 3 pXGe&Þ��é1¸�Ç�

¢���êP~[Ü(J.

ã 4 ü«ØÓ&ÿAÛ^�eÿ���é1¸�

Ç�

a: GLP44510/15&Þ, áÂ¡�4mmØCg²�,

d = 7cm; b: GLP44510/15&Þ, áÂ¡�2mmØ

Cg²�, d = 1.5cm.
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lã4¥�±wÑ, 3ü«ØÓ�&ÿAÛe,

3·�¤I��«m (400—500keV)&ÿ�Ç�Ä

�ÎÜ, Ïd3±��ó�¥, æ^
ã3¥��Ç

�. éã3¥�êâæ^�êP~[Ü���3

250—580keV«m, �é�Ç��§�

y = 7.666+167.65e−0.005944x , (3)

Ù¥x�1f�Uþ, y ��é&ÿ�Ç.

3O�äkA½Uþ�1f��é&ÿ�Ç��

ÿ, dué,
Uþγ���u�rÝ��, Ïd�

�380—250keV��S, ¢�Ø��O�2%, 250—

580keV�1%, 580—1200keV��S�¢�Ø��V

�2%.

3|^õ�kæ8õÊVêâ�(J¥, &ÿ�

��½Uþ�γ1féAX�½��ê. ã5�|^

152Eu
[7]

Ú 133Ba
[8]

��ÿ�UÌ¥��ê�1fU

þ�éA'X. 3ÿÁ�L§¥, z�A�Uþ�γ1

¸�oOêpu104, Ïé®�Uþ�γ1¸3Ìã¥

�éA��ê, ��ã5¤«�(J.

ã 5 γ1¸Uþ��ê�'Xã

lã¥�±wÑ, γ1¸¤3��ê�ÙUþ¤

�5'X, ��¿�²L":. �â�5¼ê[Ü

���'X¼ê, �±¦�,��eéA�Uþ.

d�§ (3)��400—511keV«m��Uþ¤é

A��é&ÿ�Ç, �511keV��é&ÿ�Ç�1,

òÙ¦Uþ¤éA��é&ÿ�Ç�511keV1¸�

�é&ÿ�Ç'���N , d�ØÓUþ�γU¸r

ÝP1 = P ×N .

3ù«�¹e, �½3γ�vOê�C2
3γ

, d�§

(2)�ÑC2
3γ

�C1
3γ

�'�

C2
3γ

C1
3γ

=

E=500keV
∑

E=400keV

∇E×P1

E=500keV
∑

E=400keV

E×1

= 1.20296 ,

d�éA�Xê�η′′, dη′′ �η′ �'Xª�Ñ

η′′ =
η′

C2
3γ

C1
3γ

=
1.984

1.20296
= 1.649 ,

ù´3n��¹e�Ñ�η �, 3¢S�UÌ¥, ¿Ø

�3üU��¸, ´¸/äk�½�Ð°, Ïd�

Iédëê?1?�.

2.4 éXêη �?�

±þ�´©Û
üU��¸, 3¢S�¹¥, ÿ

��2γUÌ¿Ø´üU�¸, 3¸�$U!pUÜ©

�3X�Ê. �éù«�¹, éXêη′′ ?1?�, ��

3¢S�¹e·^�η.

?���{3ÿ��511keV1¸¥, �ØpU�

ÊÜ©, é$U�ÊÜ©æ�ü«?n�{: 1: �

3$UÜ©, 2: �Ø$UÜ©.

²Lü«�{?n�UÌ, ^£¸��{�[3γ

�vγ1fUÌ (400—500keV), ^ü�UÌ�'�é

Xê?1?�.

À^��7�¬, ÿþ,��>fUþe�2γ�

v�)�511keV1¸, ^ 60Co�γUÌ�ØÌ¸pU

à�, �3$UÜ©�, (J��aã, ,��K´

ò$U�Ü�K�, ��bã, a, bü�2γ¸OêÑ�

106.

l511—400keVU�Uþmå10eVy©Uþ:,

©Oòa, bã�¸ £��½Uþ�γ1fUÌ¤é

A�¸ , ���=�äk,�Uþ�γ1f�UÌ;

ò511keV γ1f��é�Ç½ 1, ��Uþ�γ1

f�é1¸�Ç�511keV��é1¸�Ç�'�X

êk, ��Uþ¤éA�Ìã¦þXêk, Å�U\,

��ü«�¹e�3γ�vUÌ (400—511keV), ã6

��3511keV1¸$UÜ©����[3γ�vUÌ,

�Ø511keV1¸$UÜ©����[3γ�vUÌ�

daq.

ã 6 � [ � 3γ � v γ 1 f U Ì (400—511keV)

(�3511keV1¸�$UÜ©)

3¢Sÿ��Ìã¥, 511keV1¸�$UÜ©�

3γ�vË��1fU\3�å, Ïd½ÂXêc:

c =
��Ø$UÜ©���3γÌOê

�Ø$UÜ©���3γUÌOê
.

^ c?�Xêη, η = η′′/c = 1.60±0.5, dL§�

¢�Ø��3%, Ì�´duÌ�OêÞáE¤�.
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é(J��y: ^20keV��>få63AlÊ¥

��vUÌ���µ, ÿ�ív7�� I3γ = 28%, �

®��26.6%�', k5%� �, ù´dc¡J��

¢�Ø�, ©ÛêâÚ?�Ø�E¤�, �3��É

��S (10%)
[5]

.

éu��7�¬, 3�>fUþ�u20kV��

�S, vkPs)¤, = I3γ = 0, ÏdÀ^��7��

IO�¬, éív7�!^AgXl�ív7�?1

I3γ ëê�©Û, (JXã7¤«. ã7¥�Xl��

¬��L²: 3�¬�CL¡«)¤
�þ�Ps,

�X�>f�UþO\, \���ÝO\, Ps�êþ

�éu3L¡~�, �´EkPs)¤, ¿�Åìªu

½, (ÜXl�(J, L²á�S��Y´�p'

é� (open porous). (JL²·�ïá�3γ/2γ©Û

�{éïÄ0�á�ÚB���á�Jø
��´L

�&E.

ã 7 ív7��o-Ps�vrÝ (I3γ)��>f\

�Uþ�Cz'X
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Analysis of 3γ/2γ Ratio in the Measurement of Positron

Annihilation Doppler-Broadening Spectroscopy *

ZHOU Chun-Lan ZHANG Tian-Bao MA Chuang-Xin ZHANG Zhi-Ming

CAO Xing-Zhong WANG Bao-Yi WEI Long1)

(Laboratory of Nuclear Analytical Technology, Institute of High Energy Physics, CAS, Beijing 100049, China)

Abstract Doppler-broadening slow positron annihilation spectroscopy is used to measure the concentration, spatial

distribution, and size of open-volume defects in surface and interface of material. In this method, the quantitative

evaluation is generally carried out with the line shape parameter S and W , but sometimes the parameters provide some

finite information. For example, if positron and electron form positronium (include o-Ps and p-Ps) in material, the

parameters S and W may provide little information about positronium even complicate the analyses. A parameter I3γ,

defined as o-Ps self-decay intensity, was used to analyze Ag layer capped and non-capped silica aerogel by slow positron

annihilation Doppler -broadening spectroscopy. The result shows that I3γ can provide more information for researching

mesoporous material and nanometer film.

Key words slow positron beam, pore, positronium§mesoporous material, film
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