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1 Úó

γ����©ÙÿþÚ4zÿþéγÌÆ�ïÄ

kX��¿Â, §�´ïÄ�fØØ�á5�

�óä. éγ����©Ùÿþ�±(½γ���õ

45
[1]

, (½γ���>^5�, KI/Ïuγ�

���54zÿþ, ¿�ÏLÿþÙ�54zÝ�

±°(/�Ñ·Ü'Xêδ
[2, 3]

. nÜù
&EÒU

(½�fØl��Ø��[�,��Ø��g^Ú

�¡�Cz±9γ����[·Ü', ù���fØ

(�ïÄJø��&E. Cc5du#&ÿì�

Ñy, AO´Clover
[4]

&ÿì�Ñy¦�γ���4

zÿþC��éN´. �©0�
γ��4zÿþ

�Ä��n9¢�þ�¢y, |^ 60Co���ü

^?éγ�[é¥I�Æ�C�ÔnïÄ¤�16´

EXOGAM-Segmented-Clover
[5]

&ÿì?1
4zÿ

þ�¢�, ¿é(J?1
�[�©ÛÚ?Ø.

2 �n

2.1 γ���4z

oNäk¶�� (axially oriented)��fØu�

Ñ�γ��´�54z�, Ù�©Ùd±eúª�

Ñ
[2, 3, 6]

:

W (θ,ε) =
dΩ

8π

∑

λ=even

BλUλ

[

AλPλ(cosθ)+

2Aλ2P
(2)
λ2 (cosθ)cos2ε

]

, (1)

Ù¥Bλ ´��Ø���Üþ, Uλ ´��Ø�ò4z

Xê(deorientation coefficients), §L²u�γ���

���Ø���5�A; Aλ ´�©Ù�'�, §�6

u�½�γ���[�õ45; Aλ2 ´4z�©Ù�

'�, §�6uu�Ñ�γ���[�>^á5; θ �

��¶����γ�����m�Y�, ε���Ñ

�γ���>¥þE ����A²¡ (��¶Ú��

γ����¤|¤�²¡)�m�Y�, §��m�'

XXã1¤«.

ã 1 4zÿþ�nã
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γ����54zÝL«�
[6, 7]

P (θ) =
W (θ,ε = 0)−W (θ,ε = π/2)

W (θ,ε = 0)+W (θ,ε = π/2)
, (2)

ò (1)ª�\ (2)ª��

P (θ) =

∑

λ=even

a(2)
λ P (2)

λ2 (cosθ)

∑

λ=even

AλλPλ(cosθ)
, (3)

Ù¥a(2)
λ = BλUλAλ2 ��54z�©ÙXê, Aλλ =

BλUλAλ ��©ÙXê. ½Â·ÜXê
[8]

Hλ(LL′) =

2a(2)
λ /Aλλ, L�γ����Äþ. �θ = π/2(nØO�

d?4zÝ��), λeven 6 4, �\ (3)ª��

Pcal(π/2) =±
3A22H2(LL′)−7.5A44H4(LL′)

2−A22 +0.75A44

, (4)

+éA>�[, −éA^�[. A22, A44 ���¢��

©ÙXê
[9], ·ÜXêHλ(LL′)���dnØO��

�
[8, 10]

.

2.2 �54z�xÊîÑ�ÿþ

3¢�ÿþγ��4zÝ�¯õ�{¥, ÏxÊ

îÑ�éγ���4z��4Ù¯a, �·^γ��

�Uþ���~°, ¤±��ÑÀJxÊîÑ���

�54z�ÿþ�{. Ñ��¡dKlein-Nishina�§

�Ñ
[11]

:

dσϕ

dΩ
=

r2
0

2

(

k′

k

)2 [

k

k′
+

k′

k
−2sin2 φcos2 ϕ

]

, (5)

Ù¥k′ = k/(1+k/m0c
2(1− cosφ)), r0 �²;>f�

», k,k′ ©O�\�ÚÑ�1f�Uþ, φ�Ñ��, ϕ

�\��γ1f�4z��EÚÑ�²¡ (k,k′)�m

�Y�, �Ý'XXã1¤«. �âÑ��¡úª, 3

�4z¡ (\�1f��Ú§�4z��|¤�²¡)

R���� (ϕ = π/2)Ñ��¡��, 3��²1�

�� (ϕ = 0)�¡��, Ï|^�¡�γ1f�4z

��E �ù«�'5, Ò�±^xÊîÑ�5ÿþγ

1f��54zÝ. 3¢�þ, ÏLÿþ��A²¡

²1ÚR��xÊî¯�5(½\�1f�4zÝ.

�
¢yÿþ, ��æ^��&ÿì��Ñ�N, ^

,	ü�p�R��&ÿì5ÿþÑ�Ñ�xÊî¯

� (éAR�Ú²1¯�). ½ÂN⊥ ÚN|| ©OéA¢

�þ¤ÿ���A²¡R�Ú²1�xÊîÑ�γ1

f�Oê (�ã1), éun��Ñ�N, ÙnØ��d

±eüª�Ñ:

N|| = W (θ,ε = 90◦)
dσ

dΩ
(φ,ϕ = 90◦)+

W (θ,ε = 0◦)
dσ

dΩ
(φ,ϕ = 0◦), (6)

N⊥ = W (θ,ε = 0◦)
dσ

dΩ
(φ,ϕ = 90◦)+

W (θ,ε = 90◦)
dσ

dΩ
(φ,ϕ = 0◦), (7)

(Üúª (2)Úúª (5)��4zÝ�L�ª:

P (θ) =
a(Eγ)N⊥−N||

a(Eγ)N⊥+N||

×

dσ

dΩ
(φ,ϕ = 90◦)+

dσ

dΩ
(φ,ϕ = 0◦)

dσ

dΩ
(φ,ϕ = 90◦)−

dσ

dΩ
(φ,ϕ = 0◦)

=
A(θ)

Q(φ,Eγ)
,

(8)

Ù¥

A(θ) =
a(Eγ)N⊥−N||

a(Eγ)N⊥ +N||

,

Q(φ,Eγ) =

dσ

dΩ
(φ,ϕ = 90◦)+

dσ

dΩ
(φ,ϕ = 0◦)

dσ

dΩ
(φ,ϕ = 90◦)−

dσ

dΩ
(φ,ϕ = 0◦)

,

A(θ)¡��é¡Ý, ´¢�þ�ÿþ�þ; a(Eγ)�R

�Ú²1�ü�&ÿì��Ç�ÝXê, Ù��^�

4z�γ1f�Ý¦Ñ; Q¡�4z(¯Ý, §Ì�Ú

ü�ëêk', ��´\�γ1f�Uþ, ,���¢

�ÿþC��AÛÙØ. éu�½�¢�C�, Q�´

γ1fUþ�¼ê, �±dnØ�[�Ñ, ��3¢�

þ|^®�45�γ��[Ü�Ñ
[12]

. l (8)ª�±

�ÑA(θ)Úp(θ)��K���, ÿþA(θ)��ÒU�

Ñγ���>^á5, p(θ)��KU�Ñγ��·

Ü'Xêδ ��'&E.

2.3 EXOGAM Segmented Clover&ÿì

EXOGAM Segmented Clover ({¡Clover)&ÿ

ì
[5]

´¥I�Æ�C�ÔnïÄ¤|^¥I�Æ�

AÏC��8	ï�16´ �(¯�pX÷&ÿì.

Ù(�Xã2¤«, §d4¬Õá�¬N (A, B, C, D)

µC¤, ¬N��»�60mm, �Ý�90mm, z�

¬Nq>©�¤4�¬. z�¬N�����Õá�

&ÿì, z��¬������Õá�&ÿì, ¤±

�k20´&ÒÑÑ. �g¢��^�4�¬N�&Ò

ÑÑ. Xã2¤«, ¢��rClover&ÿì�3�å6

(½Ø��¶)R����þ (d��P (θ)k���).

γ��\��?¿��¬Nþ (XD), �����ü
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�¬N (B, C)&ÿ��xÌîÑ�1f�@�éAu

R�Ú²1�xÌî¯�. ¤±AÚB(CÚD)�m

�Ñ�¿�Ñ�Uþ\Ú�u\�γ��oUþ�´

²1�¯�, P�NAB
|| (NCD

|| ), ÓnR��Ñ�¯�

P�NAC
⊥ (NBD

⊥ ), K¢��A(θ)�é¡Ý�±L«�

A(θ) =
a(Eγ)(NAC

⊥ +NBD
⊥ )−(NAB

|| +NCD
|| )

a(Eγ)(NAC
⊥ +NBD

⊥ )+(NAB
|| +NCD

|| )
, (9)

ã 2 Clover&ÿìR�Ú²1Ñ�¯��½Â

3 ¢�(JÚ?Ø

¢�ckéClover?1�Ç�Ý, ¦Ña(Eγ)�

�. |^��Ó5�60Co��, ÏLÿþÙ1332keV

�γ�[3Clover&ÿìþu)�²1ÚR��xÌ

îÑ�¯�', ÒU(½a(Eγ)��. �Ý�r 60Co

�3lClover&ÿì¥%50cm?, ¼�üÎÜ

¯�, ÎÜ�mI�80ns. l�êâ?n�, ��²1

ÚR��Ñ�¯�©O�

N||(1332keV) = 2873225±1729,

N⊥(1332keV) = 2798319±1695,

dd��a(1332keV)=N||/N⊥ = 1.026768.

�g¢�´é 60Co���1332keV�γ�[�

>^á5?1ÿÁ. du¢S¥� 60Co��fØg

^��´��Ó5�, §�Ñ�γ��Qvk�©Ù

�Aqvk4z�A, ¤±3¢�¥|^�'é�A

?1ÿþ. ¢�ÙØXã3¤«, ~5&ÿìÚClover

&ÿì�3�pR����þ¿�y§��¥% u

Ó��²¡, Ú�ålþ�50cm. �~5&ÿì&

ÿ� 60Co�1173keV�γ�[�, K3ÎÜ�mIp

�Clover&ÿì&ÿ��?é1332keV��[äk�

©ÙÚ4z�A.

äN¢�´|^nÎÜ�{, =~5&ÿìÚ

Clover&ÿì¥�ü´�Ó�:»�, ·�â@�§

´��ÎÜ¯�, ÎÜ�mI��80ns. ·�?1


�±�ÎÜÿþ, �¼�
�6×106 �ÎÜ¯�. l

�êâ?n�, ©OJ�²1ÚR��xÌîÎÜ¯

�, �¤ü�üÌ. ã4(a)�Ñ�´90◦ ��R�Ú²

1üÌ�~��(J. ©ÛüÌ��1332keV γ��

�²1ÚR��xÌîÑ�Oê©O�

N||(1332keV) = 60570±253,

N⊥(1332keV) = 61890±285,

¤±�é¡Ý

A(θ) =
a(1332)N⊥−N||

a(1332)N⊥+N||

=

1.026768×61890−60570

1.026768×61890+60570
= 0.02396,

A(θ)���L²§´>�[. nØO��� 60Co

�?é1332keV�γ���4zÝP = 0.1667, dd

�±��Clover&ÿì�(¯Ý�

Q(1332keV) =
A

P
= 0.1438,

(¯Ý´L�4zÌ¤`����þ, é'©z [13]

�Ñ�Clover&ÿì3Uþ1368keV��(¯Ý�

0.121, 16´Clover4zÌ¤k`�5.

ã 3 ¢�&ÿìÙØ

ã 4 90◦ Ú180◦ R�~²1üÌ�'�

Uì4z�©ÙnØ, �~5&ÿìÚClover&

ÿì�Y��180◦�, 4z�A�� (R�Ú²1�

OêAT��). �
�?�Ú�y(J, ·�3180◦

����
24hÎÜÿþ, ã4(b)�Ñ
180◦ ��R

�Oê�üÌ~�²1OêüÌ¤���Ì. lã¥

�±wÑ, 390◦ ��Ú180◦ ��²wØ��, 90◦ �

�R�Oê'²1Oêõ (>�[), 180◦ ��R�

Oê'²1Oê� (da(Eγ)Úå, �Ç�Ý���),

(JÚnØÎÜ�éÐ.
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4 (Ø

�©0�
lfØ�A¥�γ��4zÿþ�

{, ?Ø
EXOGAM Segmented Clover&ÿì��

4zÌÆC��¢y, ¿^ 60Co��éC�?1


ÿÁ, nØÚ¢�ÎÜ�éÐ, �±��4zÿþ�

����C�.
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Test Experiments of Gamma-Ray Linear Polarization

Using a Clover Detector *

FANG Yong-De1,2 ZHANG Yu-Hu1;1) ZHOU Xiao-Hong1 GUO Ying-Xiang1 LEI Xiang-Guo1

GUO Song1,2 HUA Wei1,2 MA Long1 GUO Wen-Tao1

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

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

Abstract We have investigated the performance of a EXOGAM-Segmented-Clover with 16 segments as a Compton

polarimeter to measure the linear polarization of gamma rays. The polarization sensitivity of the Clover detector has

been measured at the energy of 1332keV through the coincidence measurements of cascade gamma-rays from 60Co.

Experimental values were in good accord with our expectation.

Key words linear polarization, Clover detector, polarization sensitivity, Compton polarimeter
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