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�
2 � � �

2.1 V-A ��������	 β 
��
������	 Parity �����
V-A ���>�'-3�
@ β 	�
>����f�8 parity h����>8�f,�2?,@ h����GMd�T�%&���K source @ b 8
��f�$ 22Na ����f38 ��*2+ �'-
. " proton ��	�
>�'-3� β 	�
�h��N?�#�8�f,�

p → n + e+ + νe (2.1)

?%��	�
 � V-A ���,0 S�U! ��"$#
f38%�T?�#68�� v � ? � �'& � Lagrangian ��-7#98)(�*T5�T�
Lβ = −Gβ√

2
p̄(x)γλ

(

1 − gA

gV

γ5

)

n(x)ē(x)γλ (1 − γ5) ν(x) + h.c. (2.2)

$)+ b�� Gβ

� *"< �-,��!c$.7u%/ � gA

�
gV

� FW�10%��2�3�465  � � 4!5  ��c$.�u%/�/21jv �
proton @ neutron h uud @ ddu �87:9�;$<��9C,D�?,@���-'v>=�/ gA/gV h�?��T��&

eL =
1

2
(1 − γ5)e, eR =

1

2
(1 + γ5)e (2.3)

νL =
1

2
(1 − γ5)ν, νR =

1

2
(1 + γ5)ν (2.4)

@ =
�>@
γλ(1 − γ5)νR = 0 (2.5)

ēRγλ(1 − γ5) = ē
1

2
(1 − γ5)γλ(1 − γ5)

= ē
1

2
γλ(1 + γ5)(1 − γ5)

= 0 (2.6)

"�@��'-'v �
ēγλ (1 − γ5) ν = (ēL + ēR)γλ (1 − γ5) (νL + νR)

= ēLγλ (1 − γ5) νL (2.7)b $%hT#�8 �BA (2.2)
�

Lβ = −Gβ√
2
p̄(x)γλ

(

1 − gA

gV

γ5

)

n(x)ēL(x)γλ (1 − γ5) ν(x)L + h.c. (2.8)

@DCGIBE�='?2@ h�/NI3�%&
?%� Lagrangian ����f�8 � eL( F�f � ēR) �%G b 4)?��
8�f7"�f>?,@h parity �%�����IH b 82f,��&
4



2.2 positronium ��� ���
positronium @ �!R
) @�� R
) �9\��
	���/ , 
��"� ) @��,$ 3
����C2D�& positronium

�����
`���-�. � ,

R�)�� J
���>f���.,� � g�EGM ��"�f9h , ?��
���
����� ,  "!�#�Y , $&% U c(' , )) 3�c*'3"�@7��`9/�4�"�v ��+$.�/�g�E�M �G�!&-,�$ ,
���/.10�2 �,"�@3��3
�,��45$�6)77�98�:�7��f�8<; positronium h�g7ENM �T�7��.7h>1���& ?!� positronium �9\
�>=�? �A@2Y ( $�% U^� �B UDC>E � )

�
, 
���� ) � 0 )
� 6.8eV, � R�)<FWR ) ��G>H�I�J�� 0�K
� 
���� ) �L4�Y

� 0�K ��M'� 1.06Å />1,�%& positronium �'"�N�	�� � , 1 O�P�	�� 1S0(parapositronium) @
3 O�P�	�� 3S1(orthopositronium) h
1>�%& 1S0 	���@ 3S1 	��
�
=A? �Q@,Y&R � 8.4× 10−4eV/,1�v , 1S0 	��
��S�h�T,f!h , positronium �9g,E � <�UN?3�
=A? �(@,Y�V�W%hAX�Y�/�I���Z1@
�,f
=�? �[@2Y9/)�N?��!�%/ , :�E"F7s � 	
�%/ 2s+1 ��\9]GM �T��?�@W��"jv , parapositronium@ orthopositronium �9:�E"F7s
��l � 1:3 @P">�!&^,%$ , Parity ��_�`�a�4T5 , parapositronium�

2 6 )Ab�c � b , orhotpositronium
�

3 6 )Ab�c �3=��3& 8�9N`!/>� parapositronim �LdAe�
123ps, orthopositronium �&dAe � , 140ns /,1,��&

2.3 positron �gfihkjmlon �^p��
target �
@ positron � spin h parallel �q� .
� 2γ :�E
� count rate � Np

�
antiparallel �&�

.2� 2γ :�E2� count rate � Na @ b%� positron �9q�r�s
� ~Pe+

�
target �9q7r3s
� ~Pe− @d=,��@ �

Na − Np

Na + Np

=
σa − σp

σa + σp

× ~Pe+ × ~Pe− (2.9)

�[rI=�h�E vts>D�& C-Parity ��_�`�aT-
v � orthopositonium
�

2γ � � 	�
 b "�f���/ �
σa − σp

σa + σp

∼= 1 (2.10)

/,1>�!&�-�#�8 Na

�
Np

�
~Pe− �9t�u2=
��?�@���-�v �'A (2.9) -�v ~Pe+ �&u*v>��?2@ h2/�I7�!&
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�
3 � � � � �

3.1 �������
	�
3.1 �����>� ��f�$H���7��(�)'� H,=3& source @ b 8 � 22Na �
��f�$�&� �����7D�f78,��
���� b 8�f�� &

3.1.1 absorber

source ���'9
�;���6?2@��'-�v � source 4j5�����M �j� � energy � positron �����TM OG��?@dh2/TI7��&)�'K ��� Be(2×2cm,0.1mm � ) � absorber @ b 8�� � b $�& positron �3q�r�s �
β(= v/c) @�8�O���$�v � absorber �����W?2@W�'-
v � ��q�r,� positron � slow positron � ��!=
�2?2@ h#"%$���">��&
3.1.2 Tungsten moderator

moderator
� �>K��6����/'&G@W"2� O�),"9)��7/21��%& moderator �!(�( � � 3.2 � H b $�&*)+�b $ positron
�

Tungsten `!/
(�^>� , � (#-/.�� 0G�%& Tungsten
�

positron �9H b 8�1>�2�3 r /'�9C2D�$�v � (#4#.>�'-7#98 Tungsten ��8�:/5�6>��$ @jv87�f�$ positron
� 2�3 r /

)
�9=*? �(@,Y��9CG#68'9#�:��M � �%&�9/�;��M ��$ positron � slow positron @�<�=�&L8�:>5
6>��$�@Tv?7,42"�4�#9$ positron

�L��� `6/
H b�c =
��&I(�4#.>�@0 5BA � �[=A? �>@,Y��*,�,
moderator �9<#C,=
� positron ;7`/D2=
�%& moderator � absorber ������]��3=
��?2@��'-'v �
/>E eV � fast positron � / eV � slow positron ����!2=
��?�@ h�/�I3�%&B�
K � moderator

�
E K 0.02mm � Tungsten � wire �GF�1 C%H 	>� b $ 2cm×2cm �*;����
��f�$�& mesh �AV
W�

1mm I�J�/
1,�3& mesh 	>� b $	��J � positron �9H2=�����D�:>K���/�I7��+2�@LjI;� ='�$�v�/21,�%&[,3$ � slow positron M>���'!�D�s'���@N��%$�v�� moderator ���	�2Y � ( 8
9N`6/� OGI9"(, b ) �QP b $�&@R��Gp%"��	�
Y �[S#S @ b 8 ��� ,TA � Tungsten mesh ��� U  �U �V'W )�I�J#X b 8'Y�Z b $@, �Q[ 7��'��� ��f�8"8"9N` 1600 \�/ 18 )(V��	�,Y ���! ,f�]#^�3��_Q` b $7&,?%�@, ��a �<,�/�b�=/c�� moderator h ;@d:� ",�%���fe�*
��$�v�� 5 )(V%42��8
1200 \ ,6/���J�� + N � 15 )(V 1200 \
��_G#9$@, � 5 )QV%4,��8 a �<,�/�b b $�&

6



NaI+PMT

target(Cu)

Eintzel2

Eintzel1

chamber

Wien filter

absorber

Tungsten moderator

source

CHA(concentric hemispherical analyzer)

�
3.1: set up

�
3.2: moderator �%(#( �
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�
3.3: eintzellens � R ��)��

3.1.3 eintzellenz�
3.3 � eintzellenz � R ��)��'� H2=3& eintzellens @ ���%R ��� �,f78�� R��
) ��X�Y�Z,�%[\GM O���$�v��	����/>1,�%& R��Np�� ����� �,`	�>��
���1�f�$ R r,� � 3.3 ��-'. " R
� �%4� � `	�#5�6'���*vDS�H�� R ���	��f�8>X�Y�Z2��[7\TMWO���& � 3.3 ��-�. ��`	�
� R r
� R��h����
� R r>� R�� �7l���8 LjI!f�� . � ) +��
) (

R � � 1 @ =
� )
��� v��/� b D�D7[�\ b3�n/, � ��� b "%h 5 [7\,=
��?,@W��">��&��
�>`	�>� R r
� R�� ��S�h��
f�� . ��� v ��� b DD3[7\ b�� n#,���� b D�D3[7\�=>��?2@W��",���%/ � ?!�&��.>�qS�h R�� @ b 8 ��� MG� 8�����&b $%h�#68 �j�W� `	�,� R r,� R�� h����T-�v T � ">��-�. " eintzellens � �2f>�%&[,%$ *2+ �� �'�,-�. � R r
� / � einztel1 / � � D � einztel2 / � 4 D�� b $�&�?d� � einztel2 ��S�h"!f�#"$&%('�)�*�+�,.-
/0+213+"4�5�v�68789�:

3.1.4 wien filter

wien filter ;.<�=�� E ;?>�� B %(@A4"B�C6E�B�DA,�9	E2F�6�789�: wien filter G�H/( � % �
3.4 BJI
K�:8LJG(EAF�< slow positron G spin G"M8NJ%Q��OA9"L�;.%QP(R
;J*�S�4
9�:.EAF�%(T�C
K&9'c�B�>�UAG�V�WABYX&Z positron G�[
\�]�G
M�N_^>�8O`1a-`9	^Ab�c�B�b B = πvγ2/µ0gL d
γ = 1/

√

1 + β2, β = v/c) GY;�N positron G"[�\�]�G"MANJ<�>�U0e&X?f#��g"hAM�B�C&i�+�hAM�B
90 j �8Ok1a-k9�:0l�5�b positron < �km v = E/B %�n�5�K�o�EQF"%�i(p2*�b�q.-�r�s�GQ;�N�<
h0M"%.t�Ou1v-0S�*"lYwx:�y0l2Zzb wien filter <J{"g�|�}�~k;3+0�_S�4
9�: wien filter B�y"4�S�<�&�J���z� y��"��6��"�u�	SA*�l���5":��8�`;��_���
g0G P2 G�hk�	B��0�0��]��0*�S�4�5��QN

8



�
3.4: wien filter

5�4�:

3.1.5 CHA

CHA(concentric hemispherical analyzer) ;(<"b���������G�@�4�B��
	AG��A+09 2 y
G�
����
8 �0G 1 �8B�@84�B��0+09_=
��%(D0,�b.="U�BAX��	S8q�G���%(T��8K09	c���G energy G positron

G�p
�"hAM"% 90 j t
OA90;���o�B
�
���
% ��!km#"Y9	EYF�68789�: � 3.5 ^ CHA G�H�$ � 687
9�: CHA G(=�%&��'
% r ;�*�b�=�%(��B�)�*�=�U E ^8���Y�.S
4�52;	KA9�; CHA %JT
�2*�S
90◦ M
N ^�t��Q9#+�=�,�-�G energy <"b/.�0"+�1�2uX�Z eEr

2
;3+09J:"*(��*�b/354�B�<J="U0G��

-�6"=�%7��GJ=�UAG 8�)�*�90+;:.^A7
9�5�<"b&LJG>=`;	<��A+09�:�*�5�^k�.S CHA B��8,�9@?A +J=
�8<"b/B
CQRJ+D=��u1 AFE B scan mG"
S>H���K�9�*(��+�4":�l�5 set up
� d � 3.1 I(B"e

,09�J�K"C&i.hAM�B&�������
%D��!km#"Q9�L
; ^
6YN�9�:

3.2
LNMPORQTS

L -8�`1VU
W&9/3
X�G�H5Y�<�bD3�X�G ?
��Z7[8l.60G�\u9@B�CQR�+�]5^�687
9
L8;J%8L
; �u�
S�e � :

source(22Na) �`1 β _�`AB&X��(S�a&b
9@c
%&*�5 positron % absorber b Tungsten moderator

B�T
K&L
;	B&XAZed
c�% slow positron %/a
f
K�9�: moderator B&X�9 slow positron G a�f rate

< 10−4 g g86�7 Zzb�h�Z G positron < moderator i�6
j�k�l0K&90��Gk;md7n�oDp(qr�"G&l�l
moderator %	T���K09��	G�^87
9�L�;(%/s�t&*(S"e � : source b absorber b moderator %/u�=�v
B
*�b/%�w (eintzellenz) B�jA*JS�d04J=�v8B
*(S"e � L�;3BAX�Zxb�5��5x�B slow positron %�y�{2m
"Q9�: eintzellenz B&XAZ positron beam %D��!kmG"�5�z8b wien filter B&X��(S positron G�[�\�]
G�M8N�% 90 j t
OA9�: wien filter <�{�g�|�}"~8G�{�|&%�K�9�G���^�b moderator %�d5n�o�prq;�

9



�
3.5: CHA(concentric hemispherical analyzer)

G�l"l3T
�2*�SQNJ5 positron < wien filter BYX��(S�{�g"|�}Q*
N -��8B slow positron B��Fb��
SA*
l�4"b background G�����B�+A9�:AL?-����&,�9�5�<�b CHA BYX��(S slow positron G
	�^
90 j M
N��Jt�O�9�X�waB8*JS�d�n
o/p5q���G positron ��� Z�
�N(b
m�13B�b target(Cu) � source

�`1��
�
��-A5DvAF�B�F � L
;	BAXAZxb noize �J6QN�9�� Z�� 1?KYXAw B0*�5�:
c�%&*�5 target B slow positron � E S
b parapositronium GD_�`�BAXAZea b�9 2γ � back-to-

back B��&F"*�5 PMT B&X�Z����
K�9�L�;3BYX0Zxb positron GDc�%
�����5<89�L
;��&P �k;�*�S
489�:

10



�
4 � � � � � � � � 	 
 � �

22Na G source ��
k�	S�3;X ���A+ w��8B8b��"]��0[��&]���������]�� � 1(G! �=�- �#"%$�S
Eintzel1 b CHA b Eintzel2 G'&�(5�
����)�*�+0G�,�- � �/.&�'0#1
4.1 243656798;:=<


��6���>@? �/y� 8K�A%B.b�q#C'D
K
��E�F�-"^@GIH�mKJ�A�1�GIH�m�JL0�F�-�C�LMB��N @F�-BO$ wP1�

�%C�Q"g�^�R'S8K�A/B(bUT'VWF�-�CYXMZ�n�o�p5q;�J^�[�yL\�b�

�@D�K�C�]@^`_Oa �b OcAMB	b'd E a%C�F�-�^�a meV ��E�a�e meV C�n
o/prq��
�'fQ�.S!D�K���E�g"f
��K�1� �F

-ih�j@Fik%CYl�m�rMn�Cpov������q@r�] - sutWv�w#x8]!C�l�(�y
OUEzJuA�1
J = AT 2 exp{− φ

kT
} (4.1)

L"LO(
b A:constant T: Q"g φ: ]�^L_Oa�(%{/A�1
 �F�-�GIH?^�|%}i.�F
% �@~ %�B�\�b&�Yw )�h�CYF�%�����%�B�\�S�b��@F
%7�#��F
���i��yL\0�Ui������O�A�1��@F
��C��@�M(�m� �F�-ih�j@Fik@�"g�^��(�NF�+i� �NFik��"g��@R8l_�`�3S�$A�C!(��@y�F
�%��jc\�S 3/2 �%���#�
K�AOFik�^ik#JuA'1�F
��^�RJ^IA%B	b'�(�NF�+i� �'Fik@�
g�^@ @F�-�h�j@F�k@��g �#R
l_� ZzbY @F�-�h@j#F�k@��gM�AX��_S#� �0m�Jc0'F@kL\(�#k!J�.@$#1���%C��@� �O�(�NF�+i� ���@��bDz�� �NQ"g�� ������B�� wD 4.1 m���.���

��C��i�8b��i�
��^ 1.3 × 10−3Pa ��.%A%B�N'C�Q
g Tp b�]@^`_Oa�bYX�m'C� a φ/Tp �YD`\#0&�'C!(/{MA!1�)#�%�"b�

��C��i�@�%m! c~ %�C��i�%��iN�I_Y�M �A!0�<"b!hj@�i����^ ×10−3Pa rMR��i./AOQ"gi(@
�"@ �A#C@m!¡&l@\ � .�$�1M\#0J^k�	S#]@^`_Oa φ B¢�����^ ×10−3Pa BY.%AOQ"g Tp C!� φ/Tp ��X�m'C � a�B�\#0@1�£�C�=�^i¤umY$i¥�:N �~ %�¦�§� A \�S�$/A�B��"OcA�1 �A� CD3�X�(Mm��#¨2R � �!© Ze6/  � b�X�m�C � ak�ª¤kmN$���]!�
[#�
]@��������]L� �Y c~ %�¦�§%�#"�$/AM£MBO�/\#0@1%��]!��[��0]������M��]I�Km�b�«i¬%C#­!F��

®@¯ �i� (K) Tp(K) ]@^`_Wa φ(eV) X�m�C � a φ/Tp(eV/K)

C 4130 2270 4.6 2.03×10−3

W 3650 2840 4.52 1.59×10−3

Re 3453 2650 4.96 1.87×10−3

D 4.1: ��

�/CN�M�8b��i���8b!]#^`_Oa�b�e&X?f`X�mNC � a
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C5i��!©u�	Si$/A8�NC ��"M$i0@1;i!CM�������J]I� ��� EO.�$AX&wª��b��&]J��(i­#F���C��c��[
��| ZzbLr��Lt%�¢�Am!\���	
�i1M�����%��]I�¢����
/AWF
��C'F
�%m 2.5V g g/�/\!0@1
4.2 ���������������
 �F�-�Fik ���@�������! c���! �A#C@�!"/�$#!�&%&��'`t)( ��"M$i0#1�£ªJ�m+*�w���EOCD)�,

- �NFik
1 (IWATSU Multimeter, range mA) ��yi.!-
"�*�w/� E 0���0Y iF�- �NFik�B�\/.#Fk
1�(�0`HN �A
�NC#(/{/A�1�Fik�1���EOCA�Yw )21%C�,
-%m ground ��y�.�$�(�3 � 1
4.3 46587
�$#!�&%&��'Lt)(!92:/�!"� @F�-�Fik ���! c�D�! �A!C��+;�<�w���"M$�0�1 5cm× 5cm C
=$>o p�w�C@R@�
=��#p/s@?�q��BADCE" ZnS( F!G�H�I ) C�J2K �#R�L�E�M�N@ !1 ZnS C�O$P��'a�e eV

LuE a KeV CNF�-!Q2R�©�SM /A%BT"TU!V�WM���2<M %A�C�(X"�£KJ �'"�$�.! @F�-5���>�iC���	�6
������C;i�Y�v[Z ��\2]#(�,�-� cAM£/B)RM(�^�A#1i0�_%\2"+;!<�w�L�EYC�<�m!`�$iC�( Einzel1C�a!b�C�,i-M��3�$�.Mm/��������c`�dL�EOC�<!R!e
fi(�;�<
w%C�<%m+gXh�.ji .[kl.%\
Mnm 1/\0�Rokl.X"+;2<
w�(/C2�! c����m CHA " Einzel2 C/a!b%C�,�-/C 	i��"M$�0�1
4.4 prqts uwvyx�� 798;:=<
z[{ 
M"�\�0�|@�~}@��cl���
��� 4.1 ���I\#0@1 L �
��C/�i��c��iC���C����%m���C�:c\Y|�}��.[kT.�$%A�1+}[��c&���#C��%C��
��B L �!�%C���CB�X�%��|����+��>@�)R$�i$+.�3�C�"�£�£TLEKF
�@�N>i©�(�^#A~�[mK��.@kB.i$/A!1$M!0+}[��c&���#C���C/�
��C���l����X� 4.2 ���/ �1
Einzellens � CHA ��C����
�/m��#C/�X [¡ ( ¢�£@m�¤)¥~��$�./$/A ) �X¦T§�C+*!¨@F
©%C~ª+«C�¬/��­L\+"/��C/�
�XL�E+®�C¢n�¯LAT§M($°/±L\#0!1�\�Lc\+"�£¢J�_IB²���
�@��}���c³���#C@n´ C�µ
¶�c2�2L�E·�DCd_�¸³ !¹%.IE²º!"�»
¼
½�¾i(/{@k'0@1�£¢J�m�¿�ÀYC�¢!Á!Â
Ã@�'��n$¸³Ä�0Å ��C�Æ�Ç�ÈM{/A�É

4.5 prq8ÊÌË8ÍÏÎÑÐÓÒÕÔÖ
energy × positron ��Ø
Ù2.�¢�ÁXÚ$Û�Ü!Ý+Þ�CE"lß�|�à~á+½�â
ã�ä/å!æ�È�Ý�Û/É z${ "T|�à�çè�é[ê@ë�ì�í�î ��ïX��ð!ï�c�ñ���Ø�Ù!Þ
É@ò�×�óX|[��� 4.3 Ü�� ì Þ�É î ��ïX�!ð�ô@c/ñ~Ü!á+õö ô�clñ ë/ì�í$÷ � î�ø �Bô�c�ñ+R
�!Ù í�ù Cûú³» è ��Loü 15Pa MlÈXá ÷ � î�ø �Bô[clñ�È+ç èì ú/ý+×�þ î �Bï!�+ð!ô@clñ��Bÿ���¸)Ä[Û������2Ü�ä~k í ÙXÛ/É î �Tï!��ð!ô$c�ñ
×	��»�
��!��


á 1.0×10−7Pa È�Ý~Û�É ì��$ì ú²¢$£2Ü�¿�À���
�� ì Þ��2»!��
�á 1.0×10−5Pa ���
È
Ý
kBÞ�É��
Þ�úB|+à��Xá�» è � � ü 1.0×10−1Pa �TÈXá��X¶��2|�à��$��Ø
Ù�ú 1.0×10−1Pa

� ü 1.0×10−6Pa

�BÈ�á$�2�	����� ��� �&|�à!�@�/Ø�Ù í ú�|�à��[�#"�� î � ì Þ�É
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� 4.1: |�àX}@���T���

      

� � �

� � �

� 	 �

� 4.2: }[�
�³����×��$×��X��×������
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� 4.3:
î �/ïX��ð
ô ��ñ

4.6
�������	�
����
����

�lº�� 4.4 ×���ä set up È����
ð���������×��
±��! �ä#"/Þ!É�$&% 9cm ×�'!¨�×)(+*�Ü,$-%
2cm ×/¬$�Bà,.�ú�ý�×�¬�Ü�/��10$× �32)4�5&��¸ ì ò��!ú��32)4�5 � ü³×-687$×39!ð@�l¬ ë �32)4
5)×�:�È�á@¸��[ò8;�É
ý ì�í ú �32<4=5 � ül×?>A@B6C7 � üB×-9!ð ë '�¨ � ü�D�Þ&9!ð ë ×�:�Ü
È��CE[����äCF!úCG1H2Ü�µ)I�¶�J �<5 ë '!¨��!���CK~Ü�ä~ÛX�?@ Ü - ×+�!�[� � .!Þ�É$ò/×�H!��E
Ü#>L�
�@� ��� " í Ù~Û2×+È1M ü³ä!Ù@�#@²Ü�N�Â �CO�ÆXÈ$Ý~Û�É
ò�×��!±�×�P�Q[�X� 4.5 Ü��$Ú+É A1 á HV ��R$×���� "�� î ��×&S~È�ú A2 á~µ=T+¶VU[���W4
ñ!È~×&���!"�� î ��×�SXÈ~Ý~Û�É
� 4.5 �)X�ú A1 ú A2

ë > HV=-200V Y�ZXÈ1�C�!ðC�C�����C��Ú�Û
ò ë ��[ � "/Þ�É

4.7 Einzel1

]\	^_
a`cb

d Ü Einzel1 ×-eCQ@×&f�g��! $ä?"�Þ�É~� 4.6 ×@�#@²Ü�ú&�!©$áXýVh)i�hW$-% 9cm È#(3j~Ü�$
% 2cm ×�¦³§@×/¬���à=.�Þ?>B×!�+ØXÙ�Þ!É Å8k)l ×!�!©$á�µ,I�¶=J �W5·Ü&�!�@� � .~Û�Þ8m
×)>
×�ÈXú l � üon kqp ëor ksp ×!�!©�á&t1uXØ�È�Ý~Û/É2ý2×Cv�× r �
×-�!©�á Eintzel w �!x
Ü�ä="í!ù Xûú3y19~á ground Ü ì�í |�zA(�×!�!©$×!����{�.
��¼�|�Û
�#@�Ü ì Þ2É Å8k v�á�µ�T�¶}U@�
�#4)ñ~×&�
©�Ü!ä?" í Ù$Û�É
µ�IB¶=J �#5 � üT×3��� A1 á 600 ~ A ���!ÈXÝ�"lÞ+É V2 ×&S$� scan ¸&Ä í Ù,"lÞ ë8� ×�µCT
¶�UA���W4)ñ�È~×-����×&S (A1 ×�S
È����C� ì Þ?>/× ) ��� 4.7 Ü�� ì Þ�É
� 4.7 �,Xûú V2 � -600V Y�Z!È8���~×+e�Q���f1g2È � Þ2É d Ü$ò�×�H�×+�8�2ð~×+��� simulation
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A

9cm

A2

  firament A1 1cm

2.5V

� 4.4: �C�!ð��C�����C��±�×�� 4,5��A4)ñ

0
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0 50 100 150 200 250 300
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)

HV(-V)
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� 4.5: �C�!ð��C�8����×&�!±
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1cm

3cm

2cm A1

2cm

�����

Einzellens

������	�

�

0V

V2

0V

-500V

A

� 4.6: einzel1 ×&eCQ�×�f�g~×!Þ1m
× set up

0

0.02

0.04

0.06

0.08

0.1

0 100 200 300 400 500 600 700 800 900

A
2/

A
1

-V2(V)

� 4.7: einzel1 ×-U#� î
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×���ð#��� 4.8 Ü&��Ú+É

0
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8

-1.5 -1 -0.5 0 0.5 1 1.5

(c
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� 4.8: Einzel1 È~×+��� simulation ×!�!ð
��� ����ð�×����������+á 100meV ú ��� K ê ×
	
á���I�
,J �W5·×�� ��� �
��| í 2mm ú ���� �$á y �~Ü�� ì�í ±90◦

ë�ì Þ�� y � 5cm �~ü³Ù�× ë ò
���C���@×!e�Q �Cf�g�� � Û�� ì��ì ú$ò�× simulation ÜA�2Û ë ��� �1�!ð$á�Ú�� í ��T�
�UA���#4·ñ�Ü��,m�ü hoÛ ë Ù @�ò ë Ü!ä
XEú��=T�
3U#���A4)ñ ë � ��!�Ü)D2Þ����
ð@á
",|oüoh�ä
Ù ë Ú@Û ë ú&���
ð[×�����e�#�á 0.5

� �~Ü!ä�Û���$�à (��~×�%'&'(�×�)+*#���8|~Þ ë�ì�í >�ú@ò h[á��',�×-S ë � äsX.-@ä$Û��#�1"í ú A1 ×+S�á-���!ð$×0/���1?�02 ì/í Ù�Û3[).���á�ä�Ù ë �8|oü hnÛ�� ì	�[ì A1 ×+S#�+�C�C�
×3�=T�4 î � ë�ì�í Ø�Ù$Û
ò ë ��5'�76�ä&�C�!ð@×�1[×�8�9$á�â�:��$ÝXÛ ë�ì Þ��

4.8 CHA

 \	^�
]`cb

d Ü!ú CHA ×-eCQ@×&f�g)�! $ä?"�Þ��@ò�×��<4=5��A4)ñ=��� 4.9 Ü-�~Ú��
Eintzel1 × d Ü�;�< ì Þ&��=?� ê,� ú�ý�×�v�Ü CHA �0> X Y).!Þ���?@;�M�A�B�á ��4 ø ��C?�
ØXÙ í /�D ì Þ��FE�ý ì/í ú CHA ×�þ7��ÜG��T�
VU#���#4)ñ�Ø~×-��=?� ê=� ú-�C�!ð$×�1#� "��î � ì Þ�� V2,V3,V4 ×&S?��HC� � I Þ�H�× A2/A1 ×�S?�C� 4.10 Ü��~Ú��J v�á V2=-543V,V4=200V Ü ì�í V3 � scan

ì Þ ë�� ×!U)� î �~Ý�Û�� V3=-200V ×�H�ú	�
�Ce'# 0.0015

ë ä#"/Þ���K)v�á V2=-543V,V3=-200V Ü ì�í V4 � scan
� I Þ�H�×&U#� î �~Ý

Û�� V4=220V ×CH
ú#�'�Ce'# 0.012
ë ä?"�Þ�� J l á V2=-543V,V4=0V Ü ì�í V3 � scan

�
I Þ�H�×!U<� î �$Ý$Û�� V3=-327V ���'�Ce'# 0.032

ë ä#"/Þ��
K l á V3=-330V,V4=0V Ü ìí
V2 � scan

� I Þ1H
×!UA� î �$Ý$Û�� V2=-570V ×CH��'�Ce'# 0.026
ë ä#"/Þ��

ò}hjül×&U)� î�� üTú
1. V3 Ü -,V4 Ü + ×+�3L#� � .!ÞCH!ú �'�Ce'# ë ä�Û�H
× CHA ×-��=?:!×&��K'M$á 400V �
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� 4.9: CHA ×&eCQ�×�f�g�× set up
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� 4.10:
J v�� V2=-543V,V4=200V Ü ì�í V3 � scan

ì Þ#>B×���K)v�� V2=-543V,V3=-200V

Ü ì/í V4 � scan
ì Þ)>�×�� J l � V2=-543V,V4=0V Ü ì�í V3 � scan

ì Þ)>l×���K l � V3=-

330V,V4=0V Ü ì�í V2 � scan
ì Þ?>B×
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�+��Ý�Û���ú V4 � 0V Ü ì ÞCH!×-��K�M$á 300V � ���~Ý$Û��
2. V4 � 0V Ü ì Þ�H�×!7 � V4 Ü + ×+�+L?� � .
ÞCH)�)X e�# � �lÙ��
ë Ùs@�ò ë ��[ � "�Þ��
ò hjü&á�, � 6/Ü�á�� l ×��#@ Ü���� � hoÛ0� V3 Ü -,V4 Ü + ×+��L?� � .�Þ�H2á&�'=~×�(�j~×

A�B$×���K~á��
	 0V ����,+�$ÝqX�ú$ò�×�A�B?��
�Û��!ð�Ü�� ì�í á8���@×!e�Q�á�� � ä
Ù�� ì�@ì ú V4 � 0V Ü�Ú�Û ë ú-��=�×�(+j$× ��� Y8Z ë D � Y�Z�×-��K�á��
	 0V �~Ý~Û���ú�$CzA(
Y8Z+��á + ×3��K�Ü�ä~Û�Þ�m�ú~ò/×0A'B?��
�Û���ð~Ü�� ì/í �1��×!e�Q �����+>�× ë �8|nü hoÛ��
ò�×�ò ë ��� 4.11 Ü�� ì Þ
�

0

0
-HV

+HV

0

0

0

0V

-HV

� 4.11:
J ×���á V3 Ü - ú V4 Ü + × HV � � .2ÞCH2× CHA ��×-�2ð�×+�1�)��2
Ú
� K~×���á V3

Ü - × HV � � .�ú V4 � 0V Ü ì Þ ë�� × CHA ��×+�
ð$×-�1�#� 2�Ú
� J K$×�� ë > $�zA(�×��� á���K$×��
�A�+� ì�í Ù$Û��
d Ü V3=-320V,V4=0V

ë+ì Þ�H!× CHA ��×����
ð[×���� simulation ×-��ðW��� 4.12 Ü��
Ú
�!����ð$× �'� energy á 500eV ú ��� K ê ×�	!á 1cm ú ����� �~á��#$!7��+Ü�� ì/í ±10◦
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� 4.12: CHA �~×&�C� simulation ×���ð�����=$×!K ê > � ì�í Ý$Û��

�C� ���1� ì�� � 90◦ ! � " í Ù�Û���ð ��[ � Û��
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V1(V) V2(V) V3(V) V5(V) V6(V) A2/A1

-500 -594 -305 -402 -375 0.014

-1000 -1275 -572 -795 -790 0.047

-1500 -1774 -825 -1195 -1100 0.09

-2000 -2316 -1015 -1440 -1400 0.11

-2500 -2840 -1275 -1816 -1700 0.13

2 4.2: Eitzel2 ×&eCQ�×!f�g

4.9 Einzel2

]\	^_
a`cb

d Ü!ú Eintzel2 ×-eCQ@×!f�g)�! ~ä#"�Þ���ò�×1H
× set up �C� 4.13 Ü&� ì Þ�� CHA × d Ü��

0V

V2

A1

-500V

0V
V4

A2

1.5cm

3cm

2cm

1cm

V3

V5 0V V6

Eintzel1

�����

Eintzel2

�������
	��

0V

3cm 6cm 3cm 6cm

3cm

1cm

2cm

� 4.13: Einztel2 ×-eCQ�×-f�g$× set up

4
� ×�
������'=)��> X Y=.�ú�n ksp ë�� ksp ×3��=�á�;�< ì/í ú ��� × Einzellens ��� XEú��!þ
Ü3�CT�
LU)���=4dñ!Ø
×!��==� ê�� ú ����ð$×01)��"�� î � ì Þ�� V4=0V

ë/ì Þ �s@ �1e�#�� �
� ä�Û�ò ë ��[ � "�Þ
×
��ú V4=0V Ü���, ì ú V1 ×�S?� -500V,-1000V,-1500V,-2000V,-2500Vë HC� � I~í Ù � ú A2/A1 ×�S�� �'� ë ä?"�ÞCH!× V2,V3,V4,V5,V6 ×-S ë ý�× ë8� × A2/A1

×�S?�02 4.2 Ü��XÚ��
��Þ�ú V1 ×-S�Ü�� ì/í e'#�� ��� ë ä="�Þ�H�× A2/A1 ×�S)� plot

ì Þ)>/×��C� 4.14 Ü-�~Ú
�
� 4.14 Ü�á-U?� î ��$��'� fit

ì Þ)>l×#>l× I
í Ý�Û��Xò h �)XûúVt�u��'L~×!S V1
ë ����ð��� ×�5��1e�#�×!S A2/A1 á���	'8��XÚ~Û
ò ë ��[ � Û0� V1 ×-S���� � �dä�Û ë A2/A1 ×-S<> �� � ä�Û/×�á!ú}t1u8�'L�×!S���� � ��ä�Û ë �8��ð~×��+� �3��� ��� � �dä XEúL�1�2ð �"!X×3�$#
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� 4.14: V1 ×&S$Ü���Ú�Û A1/A2 ×-S ë fit
ì Þ�$��

Ü)��Û ��� ��� � � ä�" í�� ����×�%������ � � äXÛ/Þ1m ë ��|�ü h�Û ����Þ+ú V5=-1816V,V6=-

1700V × ë8� × Eintzel2 ��×!����ð�×!���	��

��w-����� ��×&�2ð#�C� 4.15 Ü-��Ú
� ��� ����ð
× energy á 2500eV,

��� K ê ×�	!á 1cm,
����� �~á � ���
�$Ü�� ì�í ±10◦
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�
5 � slow positron � � � � �

5.1 energy calibration

slow positron ���
	 í���
�������� ú��&���s4�5��&K�� � 22Na � source ��� � ú 511KeV �
γ ������� ����4�����	�� energy calibration �+ � =""!���#���H$� set up �C� 5.1

�$%
daq �'&( �1��� 5.2

� �*)�!��
PMT

source

chamber

� 5.1: energy calibration � set up

threshold � 13mV + 46mV
� )�!�H'� energy spectrum ��� 5.3

� �,)�!���v l ����-
.+h
i�h0/ � � PMT

�21 � signal ��3 � � th � 13mV,46mV 4 � ADC ��5 � 5�� 1300,1400 �76
� 511keV �8�C� �C��4��$9C� � h:!��
5.2 threshold


<;��
threshold �>=�, ��� !�m ��%"?A@ � 4.13 +VGV�
� �)485 ��4CB
�3�CI 
�JEDA5F� A�B 22Na �8�

source
� HC| % .��1v � tungsten moderator ��� �>% n$G
�+��=���- � z'� source + moderator

�$��,*)�!���? � 5.4 E.�)8� % �1�IHJ�CHI�8K'='C��+�+L��&S#�"LG� �$% V1=2500V,V2=2840V,V3=V4=0V,

V5=1816V,V6=1700V
�$M ,,)�� % threshold �&S<� 13mV + 46mV ��n 
 X � 511keV2γ �

count rate + energy specturm �+��,*)�!�� CHA �+��L$N 0V �
3 � ��� % #���+ � � signal -
slow positron +E-7OQP�R��)>7�
��3 � � ( #7� signal � background +�S�TQ#
+ �$��� � ) � 5.5-�.���H$�-U?�
� ��3 � ��.+h�i�hJ��� ��U 	���V���W ��- 511keV � energy

� �IXJ) %�J !$N
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PMT1 PMT2

Disc Disc

Coin

Gate

ADC

Delay DelayW:1micros

th:16mV th:16mV

HV:-1236V HV:-1237V

200ns 200ns

PC

� 5.2: energy calibration ��& ( �

� 5.3:
J
� th=13mV, K � th=46mV ��H$� 511keV2γ � energy spectrum �
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source

moderator

bolt

� 5.4: moderator � ��,C7��
V3 1300V 1250V 1200V 1150V 1100V 0V

count � /50000s 1368 1309 1604 1409 1445 1023

2 5.1: V3 ��S?�0H�|
!�H$� count � /50000s ��HC�
th=13mV, K�!$N th=46mV �CH$�)>�����3 � �? ! % count rate - th=13mV �&H 0.22counts/s ,th=46mV ��H 0.02counts/s �83�" !�� th=13mV��H$� spectrum - 511keV � l ��� energy ��� ��� " �'	 � #
+�N�[
	 � ��# h�- �*+ z�� or-

thopositronium 	 1 � 3γ � @�
�� 2γ + �!| 1 h � � �&7 th=46mV �8H�� specturm �$- 511keV�"�1���8��4AN��1| � �7#"������-![�	��A�I	� �	"N % threshold46mV �8H$� count rate - 13mV��H�� 1/10
�  �� �'	 � �C>�
��Vz threshold �8v�� � + slow positron � signal � ��A?� cut )��) ? @"#'+ �  � N % background ��� 1A� #
+-��� � � �1|$����&�- threshold �� #� 46mV��M ,*)�!��

5.3 slow positron ! energy spectrum
dI��%

V1=2500V,V2=2840V,V4=0V,V5=1816V,V6=1700V
��M ,�) ( "�#�H
��$��% :+'&�(
E

V3 �� #� 1300V,1250V,1200V,1150V,1100V + H�� � I !)$�� energy spectrum �,� 5.6 	 1
5.10

� �*)7!��%*���+-,�.���� �0/ �'	 � histgram - background(V3=0V) ��1����
332 % . /4 / ���7�65J+'7�-'. / 4 / / � � PMT 	 1 � signal �
3 � � ? ! % V��"W$����8���- 511keV� energy
� �IX ��� ��)�!�N9�"�7V*�8W$����8J� � �6:�4EN�3 /�; 511keV � 2γ ��3 � +E	�<� �'	 @�/ �,���=1 % histgram �)�):�4���8*��-�>)?6@�M*��ACB
�$V �J�D8J�*+���E,)�!'� 2

5.1 - V3 �� �F�H
<
!
$$� count �J��H�G�F�2:)���	 � ��H
I76 � background
� � ��� signal� excess NKJL	$N�< � � V3 �� � �:)8� count � (V3=1200V)/count � (V3=0V E��� (=R)

F plot )�!C1���F�M 5.11
��N
� �
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$�� energy specrum �
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M 5.11: V3 �� � � ��� R �� �� plot

M 5.11
��U 	���@�M�-D>�?�@�M�����F����*)8�'	 � ��	 @�/ ��#�L��� � �J)�� 1 % R - 1 �

2.��� �F 2 % V3=1200V �*+�� R=1.49±0.082 ���'� +E ���!��Q#�� signal � excess - slow

popsitron
� � � 1���	,+ ��< 1 / � �

5.4 moderator

��

!�
�� ! energy spectrum
���'%

5.3 �+� N )�! signal � excess N moderator
����� 1"����3 � #�+�F��)	�� � !�� �'%

moderator F > 2��Q) % 5.3 � ��U 	7� R �� $N��=1 ���'	��"!�#'L��% V1=2500V,V2=2840V,

V3=1200V,V4=0V,V5=1816V,V6=1700V
�7M ,Q)�� 511keV2γ � energy spectrum + count

��F���,J)7!�� ? ! V1,V2,V4,V5,V6 �� �-I.�� ?�? � V3=0V
��� )�� background ����,-1�� ���!'�I.��)$I� energy spectrum F)M 5.12

��N�� �7V��7W$�
- 511keV � energy
� �IX ��� �

*I�%+�, .�- background �61 ����3 � � ? ! % V3=1200V ��$7� count �'- 829counts/50000s
%

background � count �J- 843counts/50000s ��3��8!'� count ��- 5.3 �J�
$ � 2 H�I 6 � �� )��'	 � N % # / - moderator F > 2"! � !�� � chamber ��# 2F�%$���&J��F H
<�!$!��Q+ �D<10/2� ��)�	*) signal + background +���8�F��
	���')( �*� #�+ � % count ����H)I76� ��* -�+�, �  1  $	*+0�D<
!�� moderator  �)��Q+-�"� R �� �- 1.02±0.06 +E 2 % >
?6@�M���A
B�� 1

�  ���!���# /.� 2 % 5.3 �'� N )�! signal � excess - moderator
�%/ � ��� 1"����3 �#
+ N�0)	 � �
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�
6 � � � � � �

6.1 slow positron ! count rate��� ���
	CF8�
	����

��7 �')(�F��� J�� ?E@$%�� 5.1
� 2 % V3=1200V ��$'� count �)	1

background � count �CF��*)���	8� slow positron � count ��- 581±51counts/50000s +> )�!
� ( @���-D>
?�@������)F���� ) # / N
>
?���� 1��'� ��� �
��- 10−44 �! +E 2 % �"0 ���"�# 	$�
6.2 slow positron ! energy
���

slow positron � energy F estimate
�J� � V3=1200V �
$ � � 1 slow positron � yieldN!%���&F ���!I�(' slow positron � energy - CHA

��U 	�� V3=1200V,V4=0V +8)�!Q+-���)+*�, �IN)�31-%��.&  �*� J  energy '�3 � - @ 	$��#8� energy F simulation
� � �"��=!���� �

M 6.1 � � J ��% CHA ��#!/�F V3=1200V,V4=0V
�7M �J) % #!0
�21�3�	 1 positron F54�6#�7 � (x 8 4.25 '�� y 9!: )-4.25 �� (≡ ∆y)

� � ��� CHA '�� )+*�, � F<;
=2>@?(��M 6.2- positron ��4�6 energy F 2000eV 	 1 2600eV
? ' 50eV

@+A(B G #�7
% . / 4 / � ∆y �� 
F plot )�!C1��<'�3C?��

0 4.25

4.25

X(cm)

Y(cm)

DFE

V3=0V
V4=1200V

1.5cm

M 6.1: simulation G � ? slow positron H energy estimate �7VIH�J�- positron H�K$L F � )�MN ?(�
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M 6.2: positron H(4
6 energy G��C>@? ∆y H� @H plot ��* H<J�� CHA H�#20@H�8��
F ��� MN ?(�

M 6.2
� 2�� E=2300eV H6$ �91 ∆y N "�# &
	C?���
 N)06	 ?�� ?�� M 6.2 G U N MD* H5J��

∆y=0.75 � A�? 2 CHA H�#+0@H�8��6F ��� M U 2�� E=2000eV � 2600eV H6$�� CHA H�#$02G
� � ��M �I? ��M N ?���
�N)0
	 ?<������G�� CHA H�!��-G����2> ? �$G CHA H%#$0 G � � �
M �
? J�1�H�1�!@?�H�'�� V3=1200V,V4=0V H)$�� CHA G � � M�"��$# / ? positron H��$%
H energy F E=2500eV 
 estimate >I?(� CHA H�4%�-'CH�#
8�� simulation G � ?�
 200V �
 '�� moderator G�	
	.?'#+/�� 2500V 	 � � H�'�� CHA H�4%��G U N M positron � 2300eV
�! �&�' #�/ M N ?���
 G�	@?���� / � 2�� moderator 	(#%! � slow positron H energy ���!%
'91 200eV �$ '�! 2�� E=2300eV H positron N�� 1 CHA G)� � M sensitive '�!�� � �*
�F
��<I?*
�� slow positron H energy �8L@��(�+ H� +'�!C? 2eV 
 consistent '*!2?�
-,6<I?��

6.3 moderator !
.0/

� G�� moderator H , � (Emod) F<;
=+>@?(������' moderator H , �1
2� moderator G(4�6
>@? positron G3�2>@? slow positron H�4657
 � M���8 #�/ ?<� E H� *� ��9 	(#
: �@?6�*
�N
' �
?<�

(slowpositronrate) = (source ;  ) × Emod × (slowpositron H )+*�, � )

×(parapositronium H fraction) × (detector H acceptance)

< 7���K�=CG A N M�>�?�>@?��
• slow positron rate � 6.1 '�: � � � J G�� 581±51counts/50000s 
�>@?��
• source ;  ���3@
��A�F(��� � M�� 100µCi/2 
�>@?��
• slow positron H )+*�, ��� 4.2 G U6B ? V1=2500V 'CH� �F�C N ?�����H� ���"6#�D )+*

30



H���� , ����H�1 H
F ��� M N ?"0 B '���	 N�� ����:	�):����<H% (
 B 01# 	 N 
�
)0 /
?<� ��� � �5M Emod H�;!=�����:
��:<;
=CG�
���� ?<�

• parapositronium H fraction 
���� � 0IH elctron 
 positron
�

positronium F	� ?�$$G
parapositronium F���? ���$'*� spin H ��F���� ��� 
 � �25�� spin ���CH�������� para-

positronium � orthopositronium 8 1:3 	$H�'�����H��
��� 1

4
'�!C?��

• dectector H accpetance �6� target HC153��(# 2γ
��� ! #�/ ?�
�> ?�
2� 1/ 6 
 ?�� # /

?�� � � � �D��� slow positron
�

target G � � � � �*
��	�6: � M N 	 N � �6����HD 
�	���$'*�6	 N � � �5M Emod H
��:
��:<;
=(
-, J �"!<' � H� �F3C N ?��

< 5
H� �F$#
4$>@?*
�� Emod = 1.2× 10−6 
 	�� � ��% ��(�+ H� 10−4 
'&�($M���	 2 "�#N 
 ,6<I?<� moderator H , �CF�5�).?�*�+CG A N M �
� ')')(2>@?��
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�
7 � � �

��H � '*��� moderator H , �CG�� � M
1. ���):
	��  
2. 
��  
3. reflection moderator H���C

H 3
A G A N MC���C>@?���
7.1 G���� � ��	�� � ����:�	IH�����F���
�� � �� 	 � ���  �����CG � � M ; # A � � ! � �6� �*� � 7.1 G6� mesh H21<3"!$# H��  F N��� �

7.1 %'&)(+*-,/.10325476
�98��$�:��:9	;�  G)�C> ? slow positron H yield H�<$:1
2	 ?�
IH��>=�F N����"? @"A � �

M 7.1 '�! ?<�
���<'�� R -parameter 
�� slow positron H � ! 4�5=F N >CB�H
'�� Ps fraction 
 � slow

positron H moderator
��D�E H�F�G�H  5 N H�I >JB�H�'�!LK � N 8�M H�
LB moderator H, � H ��# H � >NB5H�'�!+?(��O � KP���;Q9	��  � R�� ?>S�T moderator H , �CB-%VU.&
	C?

��
 � 0 �I?<�2���$����QW	$�  
 � M6� 2000  NX # N$�"Y�Z H>[(
 # M M N ?��$� � �\����Q	��  � 1000  <�] H�^�� parameter H�[��;T�_�#:B�S\` 0 '�!C?(H�'*� slow positron a�� H��b G����\��Q9	��\c:d�e$'�!C?�
-,"fI?����g�5H
h�	�� � ����Q9	 '*����#$i"j H�#$/lk�m:no H �:b Gqp�r ?$s\t r�u:nwv$x�G>y$#*	�#�z H z+>��*
 � 'NUP86�:����QW	��  B|{q} # M � �
mesh H�~q��� H "�# & >9M����W��� � ".# &
	���M6�\����QW	$�  H:R )I?6�6
 � 'NU(?Wd;���� ! ?<�

�  (  ) 
��  (Pa) ����Q>	�^$� ( # ) ���q^$� ( # )

1500 1.5 × 10−3 20 60

�
7.1: ���;Q�	"�$�
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O 7.1: ����Q
	��  G)�2>@? slow positron H yield
H
I ���:? @\A �

7.2 ���7.10325476
%@����+ H>
"�  H�[�� 10−6Pa 
 N����
	 
��2'�! � � �������:M
�:M H"�\��Q9	
� �<'*�
�<H>[���c�d;��'*!2? � 2

A H�~qr���	 G�� ��H�#"z H z+>��*
 � 'NU�?\����Q9	�����H9�65��:pr ?�s\t r�� K��
� ��� > N���� '�!C?���	 �>�"!�# H%$ *@H�~�r%��	�&�Q o G*��U�� p\r ?�st r�����Q
	IH��2G���	'�>�(!)#2H
* H 1000  JX # N '��\� Q�	@> ?*��
5G*��K � chamber +
G�,V� M N ?-�
. H
/%0 #�7 ?6�*
 � ' U�?�� � � � ��H�*�+$' T9M &�# N 
"�  �qR�� ?��*�
� �(# 	 N �

7.3 reflction moderator 132�4
�C� � refection moderator ' B ��5 H h*	 � �6
 H ��f6�Ck6&Nr��CH;p�r ?$s\t r5';����QW	H h�	N� � �Lk7& r�� H;p"r ?�s:t r)� mesh � H B�H*� K ��� � " # N H�'*�����;Q�	��  H

2000  �8:9 �5' R )�?<; � 'NU � � � � � �
��� ^$� ��= ��� ����b ���)> K<? ��� ^
G%&"@�&
@�G6	�� M � � N ����C$>@?���
 � ' U 	�� � � �����q^$� H)A & � M�BV�.&�K7C��CG�D2>*� �
G�>>M;�7��H�E��:F�GIH�JC> ?*�*
 � ' U�?�
�

�:M ?��q� � �
K<� H	*�+��6�;O 7.2 HL� � GM*N H�>�U\��G k�&Nr H)O*P � � 	
*�+ H �\f!M N � � ���PMRQ 
�k7& r�G�S�� � ���LK��Lk�&r �UT�V >@?�W:M � !C?�� �*�5'��;O 7.3 HR� � G�XUY H�ZCG k�&Nr�H
["�qK\G � %CU b H�] H
4�M��%]2G k7&qr H #���^%_ ':Z@H
!"#CG�#�`$�CH%a�b ( c�d Q s o 	�T )

H aV��M k7&Nr H K<�
>@?$*�+�	�T ��e�f # M ?��
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�J� � slow positron
H C N M Parity H T M H����2H ��5 H h*	;� � �:�w86��p�r ?"s�t r A��
@u�r o �(# H��
#�D H C N M��	�"Q:# )+*�
 H��	� H h�	 N � Y B
�6#�D���Q:# )+*�, � � �I&

	@?�^!H��6#!0@H�#$/CH
[ H�� ( � ��� G�������Q�	 ��� p\r ?$s:t r u:nwv�x H C N M6� CHA

H�#!/2H�[ H B f�	 � # � slow positron H��*? H h�	;� � �
��H���	*� CHA HR+PjCH�#!02H�#!/H
0V ���"jCH%#+0 H�#!/ H 1200V G ��� ^�� slow positron H signal

�"Y B-F &���� # M ����H^
H signal 
 background 
5H�&�� R=1.49±0.082 
�	 � � ��� � � moderator 	 � H"^�� CHA

H�#$/ H�[ H B f!MVB slow positron H signal ����� # M�	��J� � ���PM�� K�� slow positron H
signal � moderator GL��?�B H('�!2?���
 � ��� ? ����� # M � slow positron H count rate

H CN M�� moderator H , � H�� � ��� 
)���3� Emod = 1.2× 10−6 �� 
 	�� � �6� M���%C����+CH[ ��K���� S$T " # N �"���;Q�	 *�+ H�H�J � � reflection moderator H��6C+G*� K � moderator

H , � H�R )I?��*
 � ' U�?�
5�\f7# M ?��
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