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1.1 deep-hole
� � �

(p,2p) � �� M��p= deep-hole )+ ( �
	����)+ ) o������
� -*/21,3 1s ���$���1= 1p ��� =������� �"! ��M$#�%.1�& )�+&a(',3*)  = )�++� (p,2p) � (e,e′p) = , -.��/10*7EJ�K2�3�"=d;E< -,.\4��M�57628�/:9  (o -$,<;*=?>hk�9$3F 
o@#�a28*3*)7�2Aha(=���M�B�C.=�D�E(��F���G�HI a(=KJ2�7L
M�N(O�-<P�9$3 %& #  = ;�<Q5SR(O 0T=KU$V!1=W8:&K)
#�&KF�X.� � M�� -�/F��= ��FWY�=C) +Z5T�1�1��[ 1a$�Z-C#Z\^]
_.a38<��. boT#<` !

!�=�/H\aF$Y !�#"�"= , -.�9j�bQ5Sc$d
= � � � M���e�f.-�/F13Tg$h��$��i(j?k�= (1d�a('
37)<X ���p=�l
m(F deep-hole ),+ �n! =dm�n3�:o?p�m�n+#<q��?)+Y�=
&�r m�n�L�M"5"|�st9
32 (o*a<F � M��1=9j�b -<P�9$3vu�w"5Tx 32 (o.#�aW8�3�)y(z:y�{ ��e�f�%�&$|pTY%:j } TYRv~$�(F��HG��&T3a(��F (p,2p) ;E<loWm�n�L�M.= '<�*�|
-$,�;�=KX$�7�1= deep-hole )+
F�� - 1s � � =?��MQ5 1 d�628Q/>0*& s-hole )+ -<P�9$3 %
&$#�U�V�!�=�/H\aF�9�aF- 11B(s-hole) F 15N(s-hole) -:d��=(�
YE= m�n����$#��H0 \��(� ! !=�F3 [1, 2] )����ba(��F 7Li(p,2p) ;�< -$,.\�>hk"� !$3vF 7Li

�Z! ��M�5 1 d�628�/>0*& 6He
= s-hole )+.-0/21,33m�n��
� o j�b -<d,��=K_$��3�)

1.2 � � � � � � � � � � �� ���W� Mayer F Jensen
! -*�ErZ� !�=����
F � M��>= )+�5.]�_$9$3 j�b ��E'hA o0T=��� �1�*��� oT�(;*=�F3*)F#?&�F � M�� #�n\�d � =���M.= � &,# \ ( F �QCt�:j ) # + #�;=�a+8*=�F3go 9�3�F ��Ct�:j���� [ � M��Q5S¡�¢$9�3 �E'hA o0S=�£.-vs�¤H0S=�F3*)7� -¥ L�M (4He

� M�� ) ��YE=�¦�m>=�J3� �Z! F � M�� I a F �QCt�:j(5T§�k$0 �19¨\aF�©�- q�r
)�+ -�/��= ¥ F ��Ct�:j j�bQ5Sc$d � M��W��X$� � M�� �Z! ��� � M�� # a u�qª\4` ! !�=
�23 [3, 4] )?X � � M�� a��&F��QC2�<j9j
b"5([*dK«W¬�#�J\®F������+� )+ o F��YC+�<j��� � )+ #K¯�°$9$3�)  =t,t-S�*�1=7F���� q�rg?�@�A>B�j�= discrete ��)+.-:d,��=��*���� o F��QC+�<j*���1=�±�� �²!�³ �²��!
=,�23K# [5, 6, 7, 8] F�´�� q�r�)+.-0/,��=�� ¥ F��
C+�<j*���t#µ,W\ )+Q5S]�_ 9$3.o �?V!
=,�23 [7, 8] )

7Li =(F��YC+�<j*���µ��F1©$- ¥ +t ( ¶�� �YM
F triton) =9j�b a:]�_²��!
=,� 3K#<F n+6Li �
d+5He (d+n+ ¥ ) (d:deuteron F<�$�QM ) =�·�¸2��¯�° [º¹�»Z� !
=�F3 [9] ) 6He -:d��=1[ F I
7�M
¼W�?j�� o0S=�½¿¾<� !�=�F3F 
oY[7'1;*=:FKÀEz�M�Á�Â(�3�"=1ÃTÄ$�(��Å�Æ��,-:P�9�3
%�&+��U�V�!�=�F3�# [10] FKÇ�È �F-�YE=�´�qEr�)�+.= ��Ä$�1� j�bQ5�o<p �F-��(�$& %�&2�
#?[ �2� �:)�É3ÊK� 6He = s-hole )�+.= m�n�L�M.=9|�sQ5SËH0S=:F$YE= j�bQ57Ì ! � -K9�32 
o�5 ¾T�2-�F�Ç�È"5 ��Íl0�&K)
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m�n$�(j U � 4
t + t 12.3[MeV]

5He + n 1.77[MeV]¥ + 2n 0.973[MeV]

¡ 1.1: m�n$�(j U o�� 4

1.3 � � � � � ��� � � 	



1.1 F<¡ 1.1 - 6He ��/��� F�����1j������1Y������ �"!$# [11] %K¡ 1.1 �&��')(+*��,�
�-���&. t+t .0/2143�´65+* ¥ +2n 7�8:9<;>=�%�?0@-7>A0B�C2DE,FHGJI�KL�M�,�&� Q �&.ON
3 t+t .0P Q&5+*�R +2n 7�8�9�S TU=�%�VWAOBUX,Y4ZO[H\]�,� �_^�`$a��b* t+t �,�&.cEed>(�3
5,5+*fR +2n �,��7�8:9hgi5kj2lWQMm�a$dn��7�o,p�QOm�aO%


1.2 .�q$r$s�\2t�3�u =�@�* 6He(s-hole FJG ) ��DnEwvyx z�{}|w3�~�#wa0�$�n�J�&�>�
a [12] %y'w�-� 15MeV �]���w3��4���4=-�e�-�-72�$`�aU% 7Li �v��n�����i�h���-. 3

2
− Z

��� 7Li(p,2p) 3J��a 6He(s-hole F,G ) �-v>�H�e�����b����. 1− � @,. 2− �n�W(+*���mJ��m$��,� 7W�-9�3M�WQMm2BH=$aO%� @ 
 1.3 .U�W����3c� � m�aL�,�n J3�'n¡Ha_��,¢2£�¤n�c�c¥ � �y�n�yaU7�*¦dLmn.M�,�
¢,£4�O§¨¦�_�$#U% dLmJ3J��a>�b* 5He .O©ª,«��#�¬�3�R +n 3c�,�J#�andn�U�_^,$#,m$®O*
8¯�°yZOF2Gf��?_B�j2lWQMm�a]±,.

R +2n 7 76% * t+t 7 24%

�$��(+*H²�.�(kj2lWQMm�a]±,.wR +2n ±,³ ´h7�gi5hZJA0BH=JaO%

1.4 µ ¶ · ¸ ¹ º » ¼ ½ 6He ¾ ¿ À Á Â
6He ±MD�EF2G43�Ã�#�a_8�Ä&±cÅ,Æ�Ç]?"B�* Akimune K_±MÈ�ÉJ7n�Ha [13] %UÊËK_.MÌHÍ�Î]ÏÐ]Ñ 6Li(7Li,7Be)6He 3$��AcB 6He ±cD�EF,Gw�cÒ � ?b*n��±c���Ó,Ôw�"l�«)?M@0%]Õ 1.4 3LÖ× �"!y#U% (b) ±��cØ&3U�H`yaMÙy=nÚ�Û�Ü-vH. t+t Ý�Þw�"!e?�B2=yaM% � @M* t+t Ý�Þ �ßE:d"#�F
G4.-'&��� 18MeV ±0DE�àyá�|4â]Û$���U�fÇß#�aM�>±0��=Uã,ä�30�:���2�LåJæ�d$Ç�7 � I>A
@ ( Õ (c)) % t+t Ý2Þ�7wdcmJçH¡Mg65èjHl�QOmJ@>d$ÇM. 6He ±0D,E2FHG&±Oé2êW�L�ë�#>aLì��-*
3 æn±Oí2Ô�I�K_Z$a triton zî�v>ï�Û]7�ð,ñ4Z0ò,ó¦�_ô�´�dnÇU�L!Hõ:?LBH=JaO%¦dLm � ��z,î
v�ï�ÛMé,ê�3-'H=�Bn.wRöÓHÔJ7]Ù$=Jzî�v>ï�Ûn�_÷ � #>a>Çø^�`¦Kßm2B4T�@�dnÇ��"ù>ú$a>Çb*
dLm$.Mû�ü"#ý�TßþJ�2�n�$A�@�%ÿ ÈÉ4±����J°yZ����&.�d,dU3�yaM% (p,2p)

Ð�Ñ	��
� ?"B 6He ± s-hole F2G � Ò � #,m$®
zî�v�ï�ÛMé,ê ��� #�Ý,Þ�7&�4(Lz����3���a$dnÇ�7,�4T]a>Çøo,p�QMm�aO%
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Õ 1.1: 6He ±]àyá�|4â]Û���� [11]
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Õ 1.2: s-hole FHG4±U����� ( �2�,�2� ) [12]

0

2

4

6

8

10
6He(s-hole)

Shell-Model

14.90 MeV 16.92 MeV 14.81 MeV 15.95 MeV
(1-) (1-) (2-) (2-)

5He+n
4He+(2n)
t+t

Pa
rt

ia
l w

id
th

 (
M

eV
)

Õ 1.3: �����]±O� �,� 3�'$¡Ha_Ý,Þ��yÛ���¤nÇc±M¥ � � [12]
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2

2.1
� � ¾ � �

È]É>. 2003 � 11 � 13 � 19 �M3	�n@¦( *0S�
�S��í�]��ÅÆ��&��ï�Û (RCNP) �0� �� �nz
Ú){bÚJ� WS ��Û]v�����2mn@�% 392MeV ±�������Ô���Û
� � � =�* 7Li(p,2p)6He

ÐÑ 3�'$¡
a 2 æy±������Ô)Çø*�Ò � QLmn@ 6He(s-hole) I¦K_±LÝÞÌHÍ�Ó,Ô � l]«)?c@U%�� ����Ô>±cl�«
. 2 !$±]v�x�z){bÚ"]Û$ï Grand Raiden (GR) [14] Ç Large Acceptance Spctrometer (LAS) [15]��� =]B	��=0*MÝ�ÞÓÔ�±Ml]«>. 15 #�±	$&% ' (*)�+ ∆E-E SSD telescope I¦K�ZHa SSD-array� � =�B��WA�@�%
ï�Û , � { 3. 7Li -�. ��� =y@�% � @�d�±0/�30* contamination

� �&1 a�@2�345�-.�367*8 î�v (SiO2) -9�3;: �0�n�<-. � � =�B�=nÛ$ï �?> A�@�@

2.2 A B C
2.2.1 (p,2p) DFE
Õ 2.1 GMÈ]ÉIH Jy�H± (p,2p)

Ð]Ñ ±�Õ��H�Ha�@ 4 �&K � L (T0 + mp ,P0) ±0MON���ÔQP (mt ,0) ±
ï�Û , �w{ íËÇ Ð,Ñ ?R3�¯2FHGfÇ?LB 2 æn±S�I�T��ÔËÇVUIW,í�± 4 �XK �IL�PJ��mJ��m (T1 +

mp,P1) 3 (T2 +mp,P2) 3 (T3 +m3
∗,P3) �H�Ha�Ç<Y�a�ÇV3 (p,2p)

Ð�Ñ ±�K ���ZG03SK � LfÇßàHáU|
â]Û,±S[�\JI�K �,£J���WQMm�aS@

0 = P1 sinθ1 +P2 sinθ2 +P3 sinθ3 (2.1)

P0 = P1 cosθ1 +P2 cosθ2 +P3 cosθ3 (2.2)

√

P0
2 +m0

2 +mt =

√

P1
2 +m1

2 +

√

P2
2 +m2

2 +

√

P3
2 +m3

∗2 (2.3)

ddL� θ G2��m$��m$±cÓ,Ô4±���I]$�y�HaS@ � @S3 m3
∗ GMD�E�àHáU|4â-Û�^h�T2,@�UIW�í4±�_

L��n��`a3DE�àná�|4â]Û Ex Ç uIbFHG;cO~�Y�a ÐÑ ± Q d Q ( e�f Ð,Ñ ±0g�h �ji ÇkY�a )� � =�B��,£J���WQMm�aS@
m3

∗ = mt −mp −Q+Ex (2.4)

ï�ÛX, �&{�í*G�lQmW?"B2=$a�Ç"ú2Zon�a-±-�o3 Ð p ��Ô>±nï�ÛX, �&{�írq-�y± Fermi K ��L
G ÐÑ P�X,Y4Z �tsOu����� distortion effect P�vIwZx*yOz>Ç{Y�|$® −P3 Ç }j~;�	�&@
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Õ 2.1: (p,2p)
ÐÑ ±0K��Q�

Q Esep (s-hole) θ1 T1 θ2 T2

[MeV] [MeV] [deg] [MeV] [deg] [MeV]

−9.98 25 25.5 280 54.2 88

�
2.1: ÈÉ&±0K��Q�y°����Q@ Esep G�����àyá�	4â]ÛXx&3 Esep = Ex −Q x�
tzS@

È�É�xtG 2 æ�����Z��Ô��0K ��L P1 3 P2 P�������|Tz0@����SM N�àyá�	>â]Û T0 Ç ��Z��Ô� ���ZYTz�]�� θ1 3 θ2 G�����x�
tz��Xx&3 UIWí�� Ðp K ��L P3
��� ��YTz �nÇkP�x*yOzS@! cS3 P3 3 m3

∗ Ç θ1
�#"%$ c�&Jý(' 3����)�)� �#� 2�z(� *kPIx;y z	@�+�,Tx�G ���T�.-

c � � }���@
• /10(243 ÚO"�Ûyï�� momentum acceptance

�6587 } (GR:5% , LAS:30%) 3 GR
� ��89�:

����; �.< =?>�x;��; � � mZ2Qz�*oy&c�@���A�B�CED�FHG��S]�� (25.5◦) cI@�� }j~ GR
x�Jr�EK��L?MONQP.R�zS@

• LAS �S])�S*UT./80�2V3XW)Y�; Z1��[�g GE\ s-hole ])^�_�`��1a?b�c�d?DHef*QC�zQ�.-g \ s-hole ]h^���i4=j>���k�lm�8nHo?	�p�; g1q �~ Fermi r)s)t −P3 d 0MeV/c *IC
zQ��- g @��(uTzEv

�
2.1
g�w +�,Tx���r)s�xHy?���zNQ{ u�v1|)} 1 \ 2 ~h�o|(�&| GR \ LAS

g���� }j~t��z�v
+�� g ~j/10�243�W8Y?;HZ�~I���h�Q�8����N����h��� P3 ~ FWHM x 60MeV/c ���.���mN����
~?���(uTz�v

2.2.2 ���S�S�
(p,2p) � ��g�qh� z��8�1���#���h�?�1]�^�~� j¡ g�¢�£1¤ ]8^Qx)
O¥¦\6§8M1¨8©Hu ª ( « 2.4) v
��¬�r8s8t d 0MeV/c *�Chª�� -6CI�8� ��8� }k~��Hªj�?�\Q�����m~E_j`�® g#¯h° }k~��HªIv
2 ��¨�©���±�²H\8r�s�t³*�nHo�	mp�;���´�µ·¶m¥¸\
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residual nucleus

m ma

a

b

bP P
decay

« 2.2: �)������§)M�¨�©

Pa +Pb = 0 (2.5)

|Esep| = Ta +Tb (2.6)

H
hª�vh����� Esep ~I���8�(d���� a * b
g ¨�© u.ª.*������8��nho�	mp1;jH
hª�v��
	 ���

y g� -8*

|Esep| =
Pa

2

2ma
+

Pb
2

2mb
=

Pa
2

2ma
(1+

ma

mb
) = Ta

ma +mb

ma
(2.7)

� ���
Ta =

mb

ma +mb
|Esep| (2.8)

���%g

Tb =
ma

ma +mb
|Esep| (2.9)

*QC4¥¸\8¨�©�§)M���r�s.nHo��mp�;����m~���t�� !�� *QC�ª�v

2.3
� � ! " # $

%'& L�M�~�(�)�*�M�+�,�-
.�/10 =32(j_1`54�6j\ AVF 78/:98W<;�W ==�I[8±�k�l g?>:@BA
G�CED %�& 4�6j\ 64.2MeV (E�F
F�G8JH4�6�ª�v)�
��IKJ�=1L�78/:98W<;UW =��M g 392MeV
(��G8JE4�61\�N�O
PRQ WS S?;�TR�IK�U�9�V���Z?;'WYX�;[Z]\ %�& 4�6�ª�v�D
I g8^ ;'_H~
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Zj;
W5X ; � 4 [mg/cm2]
7Li 1.47

( ��� 99.9%) 1.37

C 1.1

SiO2 1.98

Si 2.42

�
2.2: Zj;�W5X ; � � 4

K�U��	��
����b ^�� _�<	��� g�� C�6j\�������� ��� X��� ° (�ª�v�������� ��� X��BV�° (��� jL?M���!#"�$8tON �&% �5;'�)(hZ�/�*mN,+<� ��T�- � � g ¶�¥'.�/�0 � \ %�& L�M��
!1. g213 u.ª�v

2.4
4 5 6 7 8 9 :

Beam Line Polarimeter
:

w O
P :� ^;� _)~ up (� 8~ down �<
-�. N8� �1=�ªIv�-�.(L�M ^;� _���-�.���~ ^�� _
�B/>� A � Beam Line Polarimeter (BLP) N?�=
��@�A]4=6.ª�v BLP ~=N�O�PRQ g 2 B�CHª�d?\
2 B \�DFE�G g�H ª���~�I�-�.�tzNJ@�A(u.ª#±�²�#C·¥¸\LKNM ��<�-�.���@�A�H~ 1 BhLOLP
#CHªL ���\
N�O�P:Q V;Q A 
�� BLP1

g ¶8����-�.��ONJ@z�R �v
(R �\ ^;� _R� -
.�]�^ (up (� 8~ down) ~�/�ST�5;VU g /10T� 2:Z ��-
.�W�X�Y[Z�\ input

register \^] �?�1� � Z g_ ¥a`cb:���1�-�.���d ��\JP � ��e�f(u.ª)g \�d����ª�v
BLP H~ 1H(p,p) ��h�i�j�U�� coincidence @�Ak\,l%����=�ª�v)m � W�X�; g ~�n]J n�o % �

( (CH2)n ) p�qk\�?)=�r�j�UNs�t�~ ^�� _;u g�� � � 17◦ \ 69.7◦ ����� gv1w �� 2 �:�[�1�
T�o X�9Lx��Jo %^� m�CED H ª 2 y�� ��z �Rm � �{N|�ª�v}g���~ g _���ª^�1��� �cz �Rm �gjq � ª��L.���� ��� � C]D�r ^�� _:�=-�.��k\��(��ª)g \�d)���ª�v

2.5 � � � � �
w O�P.L?N=	 �m � W5X ;F\ � 2.2

g (�\I� ªEv 7Li p1q%~;���T��¶������[� ��r��:/ 91�� � m �  � 4�\@&�R �� Li ���	�}���	0 �,�#�#= �L�Lr��	� � ´)µT���T��
[�#���	�1 )�
��¡£¢ ��lc=�r�j�U���V�� v1w �N¤ @�¥ �[� % 0��J��¦�§£¢� ��T¢ C�¢���0T\�¨�©}��ª£«;g:\
��¬#L®N�#C°¯±rY(� �
��	�T���1 )�²�p1q���³1´µ¢�¶�·�¸N�)�1C#¤�²�¹&¤L 1º�r O(p,2p) \
C(p,2p) »'T�¼ 9 ;±½[² 7Li(p,2p) »'T�¼ 9 ;±½N�J¾£���¶�¢�(�¿À�cg;» contamination \^ÁÂ¢ÃÄ  Lº���� O(p,2p) \ C(p,2p) »'TL¼ 9 ;±½�\^Å>� _ ¤^E1G)²	C[¤���Æ�»� �º;r C r SiO2 r Si \
m � W5X ;���?N=1¶R@1A�\Jl��R R� O(p,2p) »�T�¼�9 ;Ç½�� SiO2(p,2p) C D Si(p,2p) \�Áµ¢;ÃÄ g \,��È D 6c¤��
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�
2.3: RCNP J��BL=7��89�� ; ��� N�O�P:Q WS S � T
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L
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R
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beam

( CH  )   target2 n

�
2.4: BLP »�� � � L-L’ \ R-R’ �����T� coincidence @�AN² H��	� ¤��

�
2.5: 
����;?�=[ 7Li p�q
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���������
	
3m

©��>d� 162◦� M���� a -4◦ � 90◦� �1¸�@�A���� pmax/pmin 5%� �1¸�P�j 15.45m� �1¸�P1e1® (p/∆ p) 37000����� ��� 45◦�������
120cm�����! �" i 5.4T·m������#

(D1 r D2) 1.8T$�%�&
5.98' %�&
−0.417(!)+*-,

acceptance ±20mr.�/ *-,
acceptance ±70mr��� ��0!� 4.3msr����1!2 �

20m

3
2.3: GR 4�5

aGR 687:9<;>=@?BADC@E@F8G8HJILK:M>N8ODP<Q�RTSVUDWYX 25.5◦ Z 90◦

2.6 [ \ ] ^`_ a b c d Grand Raiden & LAS de 
+f}�N� 2 g>»!h[¼jilk � �!mon Grand Raiden (GR) p Large Acceptance Spectrometer
(LAS) �-q�¤ coincidence r�sjt-q�u;¶Jv�w�x�y>» � �1¸!z�{}|�~ ¿ �

GR � 2 �c»������ ��� D1 � D2 � 2 �c»��J���+� ��� Q1 � Q2 �J�
����� ��� SX ������+����
MP �}���!� � � ¶��£¯L���!z��1®�» � �1¸�r�s�²LL®)���[¤��Jv�w-x�yo� MP »����-�$ *-, tY���£¢8� ����� �J�!� $ *-, p ' *-, t��
���!� ��¤�� Q1 � Q2 t�q�u;¶ acceptance| ,�¡ �Y¢o£�¤ p,²��¦¥ £ �¨§�©�� �+ª
« t��
h¦¬�B®�~1¸�r�s}»�©�º1» DSR(Dipole magnet

for Spin Rotation) ²�� £ ²���¯�°���±-²!³��ou�©J�
LAS � 1 �N»����
��� ��� p 1 �c»D���!� ��� �´�>� ¯L� ��� 20msr » �¦µ 	 p pmax/pmin '

1.3 t�¶¨·J¸�² ��¹�º r�s�����»�¼�½���� £ �3
2.3 � 2.4 t�Æ �-¾�� ¿ 4�5´|:À ���

2.7 Á Â Ã Ä Å Æ
GR � LAS Ç�h
È-iÉkVÊ�Ë m+n ¿ ���
� ����Ì ��¾ � 2 Í ¿ multi-wire drift chamber (MWDC)t q
u�Î�Ï�Ð�Ñ�y ¿ ���ÒpV���Ó|:r�s � £ � ¤¿ MWDC ��Ô
ÕÓ8Ö��
yÓ|�×oØ mÚÙ ) � t ./ t Ù�ÛYÜ k �Y¢o£�¿ � vertical drift chamber (VDC) p<Ý�Þ �¨£ [16] �Ñ!y�ß!à¦� VDC á * ¿�â�ã h�ä´åJi�æ�Däèç m n�é � ¿�ê�ëJì¦í m�î!ï �ð��~òñó�oæ¨Däç m n �ð� ¿ æ�ôõ ì �lk Û÷ö!m p�ø:Îjù<±-² £ �
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é�� �����
	
1.75m� � , � 70◦� °���� b 0◦ � 130◦��¹�º r�s���� pmax/pmin 30%��¹�º z���� (p/∆ p) 4980����� ��� � 57◦�������
170cm�����! �"��
3.2T·m������#

(D) 1.6T$�%�&
−7.3' %�&
−0.40(!)+*-,

acceptance ±60mr.�/ *-,
acceptance ±100mr����� 0!� 20msré�� 1!2 �

6.2m

3
2.4: LAS 4�5

bLAS 6 7:9<;>=@? ADC E@F8G8HJILK�M�N8ODP<Q�RTS�UDW�X 25.5◦ Z 130◦

Q1
SX

Q2
Q

D

D1

MPD2

DSR

Grand Raiden (GR)

Large Acceptance Spectrometer
                   (LAS)

Focal Plane Detectors

Focal Plane Detectors

beam

target

	
2.6: Grand Raiden p LAS
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2.7: X−

) � ¿ ���Úp Ù�ÛYÜ kL��y ¿���� 	
2.7.1 VDC

GR �lp LAS � ¿ VDC
¿ 4�5´|�Ì�� ¾ � 3 2.5 � 2.6 t�À ���

GR � ¿ VDC � p�ù�t X � U
¿

2 Í ¿�	�
 mÚÙ ) � pYÌ��ð��|����� 3 Í ¿ ×oØ mÚÙ ) � ���������Î���� ���-�Dt 	�
 mÚÙ ) � �!æ!ô�õ ì |����������jDh���Ô��}pB� # |���5 t�� £©! ¿#"!$ Jæ�% ì �Ô#�!�ð�:³ £ � LAS � ¿ VDC ù ¤ �ðp'&�5�� � £ »�� 3 Í ¿�	(
 mòÙ) �
X � U � V |+ùDÍ
��©!)oø V

) � t�Í!²�Î+���*���oø�Î!²�³�²�� 	 2.7 � VDC
¿

1
) � ¿

�+�ÒpB��y ¿ Ù�ÛDÜ k<ø�Î!²-, 5�y ¿���� 	 �+� £ � X-
) � �+�.��Ô����'/ / *�, t10É�2��Î² £ »J� U � V-

) � �+�'354JÎ60É�2��Î!² £ � 	�
 mÒÙ ) ��7 �5��Ô��+� 2mm 8�pYt�0è�9��Î² £ �!×oØ mÚÙ ) � � 10µm : ¿�;+<=	�ã?> ÙA@ ��� GR ���+� −5.6kV � LAS ���+� −5.4kV¿ �+�6B |�C4<���jYh���Ô�����D�E�� £ � "!$ �æ�% ì �Ô�� t�� /�F t q
u�Î�G�H�³J�#B|�4 £ � VDC
7 � 71%

¿�	ì=I +p 29%
¿ Ô¦Ø�J n  ��� qLK*�Ô6� ¿�M ÖÓ|LNPO÷©! ¿
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���������
45◦

�Ô6� ¿ 3ð¥ X : 0◦(
.�/

), U : 48.2◦��� ��	 

1150mm �-� 120mm

�ÓYh5�Ô6� ¿�� 192(X) , 208(U)×¦Ø mlÙ -
	(
 mlÙ���

10mm	(
 mlÙ �Ô6� �� 2mm
�ÓYh5�Ô6� �� 6mm(X) , 4mm(U)
�ÓYh5�Ô6� 20µmφ Au-W"!$ Jæ�% ì �Ô6� 50µmφ Au-Cu/Be×¦Ø mlÙ 10µm : ;!< 	!ã.> ÙBÜ�� ì��
�ÓYh5�Ô6���#B 0V(ground)"!$ Jæ�% ì �#B −350V(X) , −500V(U)×¦Ø mlÙ �#B −5.6kVö h Ar(71.4%) Iso-butane(28.6%) Iso-propyl-alcohol(2◦C ��������B )
VDC

����
250mm

3
2.5: GR-VDC 4�5

2◦C ��������B ¿ Ô¦Ø â Ê�¬ ì*	ì�� m ì t-q�uÎ��� ��� £ �! ��Ñ�y » VDC |#"�$ ø�©�% ö h 7 t��o¥ £ Ô�ÕÓ8Ö!�
yo����5+�'& é |�¦qJÌ 50mm/µs¿ ÙÛDÜ k)( � � 	�
 mÚÙ � t , �-u�Î ÙÛDÜ k�øB�!�jDh���Ô����
�
y¨³�)��¨|+* ø�Î æ!ôõ ì |#,.-!� £ � ¤¿ æ!ô�õ ì p k Û ö�m æ-:äÉç m+n ¿ æ!ô�õ ì |+/10 ¢ Î ÙÛDÜ k2%  |
TDC(Time to Digital Converter) t�q�u:Î�r�s�� £+¤ p÷�J�YÑ�y ¿ "1$����j|#3 £+¤ p÷»��¨¥ £ �¤ � t q�u�Î54`� � £765	�
 mÚÙ98 ��7 ¿ Ñ�y ¿ "�$���� �}�V��Ñ�y ¿;:�< |÷���!�èø�Î ���� � ¿ ���>= Ï�Ð ��� |+?�@-� £ �

2.7.2 ACB.DFEHGJILK M.EON
VDC á.PRQ�S 2

� ¿ æ�:äÉç+T�U PS1 V PS2 »XW�Y ����Î�² £�Z GR �\[.S�:���»�Ì�� ¾ �
3mm(PS1) V 10mm(PS2) [ 
 1200mm ] � 120mm

¿ æ_^:äÉç#T�U�» 1 `�a�Í5Ycb+��Î�d�e�»5V
LAS � ¿�6 � S�/�f�P_g�Q 3 ` ¿ æR^:äèç#TcU1h+icjck�l!��Q�mcn�Î�oP�pV 1 ` ¿ æR^:äèç+T
U'S1:�� 6mm V 
 2000mm V1]-� 150mm [�q.e Z6 æc^:äÉç#T�U ¿;r�s Ç1tuQ1Swv�x�y�z�{�|X} ��~�4u�2��Î�d
Î�V ! x�Ñ��c|X"�$ ø�k�%��æ_^:äÉç#T!æu�w^�vuh#���oøæ!ô�õ ì h#,.-��Re Z�� �!æ!ô�õ ì h��cd��O� Û8ö T�æ!ô�õ ì |� � �\e Z

2.8 SSD-array
s-hole ���_b������������LS 15 �L� ∆E-E SSD telescope [���@_�\e Z SSD telescope S����� �.�1�c^X�1Q�}O��~�4�e � =��'[���e 2 �c���w�¡ £¢1¤��_Q'¥L¦�^§�+¨+�L©XT �wª h+«R¬w8 m 8 ��® [5���L¯X°��X±H�#Q;²�Yc�\e Z �������L��³_h7´\µce�k�¶XV¡©5T�·X¸�P\Q¹YOº ( »
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���������
−54◦�	��
 ���� X : 0◦( ��f ), U : 31◦, V : −31◦��� ��� �

1700mm ]�� 350mm� ^�� �	��
 �� 272(X) , 256(U,V)��� T�� - ���'T��! �" 10mm
���'T�� �	��
  �" 2mm� ^�� �	��
  �" 6mm� ^�� �	��
 20µmφ Au-W#�$ ^&%('�� �	��
 50µmφ Au-Cu/Be��� T�� 10µm )+*�,C���R -� ��.���·� ^�� �	��
 x0/ 0V(ground)#�$ ^&%('���x0/ −300V��� T�� x0/ −5.4kV1 � Ar(71.4%) Iso-butane(28.6%) Iso-propyl-alcohol(2◦C 2�3�465�/ )
VDC  87�9 164mm

:
2.6: LAS-VDC ;�<

VDC1

VDC2
PS2

PS1

PS1-up

        PS1-middle

PS1-down

PS2-up

PS2-middle

PS2-down

side view of trigger scintilators

1m0

scattered
particle

PS1-up

PS1-middle

PS1-down

» 2.8:
����� �>=?u�@6A_» (LAS �CB�D )
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» 2.9: SSD-array �����
2.9 V 2.10 ��� )

Z U�T��
	L� b¡� ∆E
� ¦�^'U��X[.�709LS 252mm [�VL©wT�· ª h�¯w°�Q r�s�� Q 10◦  " [ 5◦ � 85◦ � ��� Q SSD telescope h i�jRe � � |1[\��e Z k��\¨����_[ Sc©XT
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2.9
� � ��� �

2.9.1 ���
	 ����
GR
�

LAS n������TÌ����:N�� 2.11 (��#¤aC��?Ls  � 9 1�jO°sn��=¼���¾ 0! �" 2 ª (�#3r
°%$�4'&)( 0 FERA(Fast Encoding and Readout ADC(Analog-to-Digital Converter))

P�*)+-, $=�
�a¾W�).0/132�� ¬54-6879&:(8; CFD(Constant Fraction Discriminator)

P�<�=>, $lV0? CFD n
���Tn�& ª@; TFC(Time-to-FERA Converter) 2 FERA j °s�#V TDC(Time-to-Digital Converter)
�BADC�E@F�GK°H$8xI�JK/D1L2��@M�?�gan�N�7s� TDC �BAC:E�O�P?mQM�n:; FERA RQA�O�P
mTS�U3mVQ.8W *�+ O'XY7ZS:[D\ f M�? CFD n = n����];�4_^a`b�_c'  � .8W�n�d�eTjo°'n
�G¼��6¾f2 coincidence O_2�k�xD&hg
n!��c�  � .QW)nT�G¼��6¾f26Ì�xhP?mQM�? coincidence �
¼��6¾�; Mean Timer \bi-M�nh\B4Dj8�3n�kl�m � F8NhM!WKnpoc�¼hqDr/°iª Ë ;�s�tuF��]v
°w$_M�? LAS \@; , °�F up 4 middle 4 down q OR O_2bx�y)&)zuq!�G¼���¾f2i¤_M�?hs{aF�|
$ °�q!� ¼���¾T} °~i °H$]M PS1 2 PS2 q coincidence �G¼���¾pO GR 4 LAS �B$8�B$8q��b�� .!�G¼��6¾f2i¤_M�?

VDC q��]c�A��'n��)}:°�qD��¼Z��¾T; pre-amplifier/discriminator �).��~O�� ÌHy LeCroy3377
TDC (common stop) q)A_WB.��9�G¼��6¾f2Z�@M�?
�b� � .��p; FPGA(Field Programmable Gate Array) F�NDx�yh�  $]M�? FPGA ;D�Q.K�].� V8�@W'¾h� + �b��O�:�G¼�KE�_MQ|Q2�qh\ Ë M IC \h4_���p;���u��T.�� �b�pq�É  >¡

\!¢!M CLB(Configurable Logic Block) 2���:£D��EB¤h¥_�0¦§Y��¨�.BAD}�©~ª ¡ 4��:mD� + �
�pq CLB O�«b¬F�:®��_M8|@2�\K¯:°�2D±'yK²:³aq0� + �b��O'��´a|@2 � \pµ)M�?h¦�§�/:1
;@¶Tc)·B¸b.QW�\�i8�¹±0S_6�qTO:¶TcHº8nK»�±�4 IC �:q RAM FZ¼�µH½�¾D\b¿�7 ?�¼�µH½_�!;À�Á 6wXÂ7B|Q2 � \pµ)M�?T� 2.12

� ��� � .��]q�Ã�Ä��:\Q¢TM�?Å��� � .DÆT.Â��2±'y GR 4
LAS �K$��K$8q!�_cB£�»@Æ@.��02 GR

⊗

LAS q coincidence ÆT.Â��O <]Ç |@2 � \pµ)M�?]�_c
£�»!Æ!.L�Èq�ÉÊ]nBË¹c-��Ì�.L� ��Í_Î qB\hÏ>c��a��cK£O�¤h¥uF_±�yT¢!M0?�Ð8�Tq0ÑDÒ8\T;Ó F coincidence ÆT.��Ô\KÕÖ>O�X Î 4 GR

⊗

LAS O×hnuc>��� � .a2D±�SK?
GR 4 LAS �b$@�b$@q ADC ��.L�Ø�:£��h»)4@�Qc'ÙÚÌ�.@WKq TFC ÛQqhA8WK.L�ÝÜ_Þ VDC q

TDC ÛTqKAÂ��ß'�h�£0�B»8Fh; GR 4 LAS ��$T��$!q3�0� � .:�£��h»_O'P Î 4 data acquisition
system (DAQ) ;T×hnuc>��� � .h\�A_WB.�� ,�à M�?
&D(h4 SSD qZ���:�_±����];K� 2.13 qQNQ7�Fh��x'y Î M�? SSD }>©'q:�:£0�h»Q;ZáDâDã-ä)�
c��)q�åpF�æDçè±�ybéQ}D$@S0ê:éDë!ìhí8\�ë!ì , $@S�{ 2 î@F�#8}D$B4)&(8; S-Amp(Shaping
Amplifier) \bï!ð , $!y ADC \ *�+Ú, $)4Dd@(_; TFA(Timing Filter Amplifier) O'�3±Zy CFD
ÛhGÂ©�$]M�? CFD }Ú©0q��bñuqK&@î8; TFC+FERA TDC �hA�C!E:\ *�+Ú, $)4ò6�7w&@îQ;Y�
� � .p2D±�yhP Î M�?a|�q���� � .:F8N ¡ ¯8y@q SSD q OR O_2�x0y SSD OR ��� � .p2D±�4, ©0F SSD OR 2 GR

⊗

LAS q coincidence �T£��»aO SSD q ADC �@.��02��_M�? TFC qDA
WB.��9�!£��D»_F; GR ��� � .@O�P Î M�?

2.9.2 DAQ

DAQ 2h±�y!; Í U *D+ � ¤B¥�� UchiDAQ system O'P Î S�?b� 2.14 ;�)qZóDôQ�D\T¢�M�?Zõ
Æ8�!¸h.K»]q�ö�÷¹; CAMAC function F�NDx�yBX8ø!$uM � 4QV8.8W�ù!úa; CAMAC R8A_OZû,0" X8ø�$)4 VME qbRfßbä_ü�×KÆ��'F�¦�G , $]M�?Rfßbä_ü�; 2 îbýuv>©�$!y:þ ¡ 4!&�(_q
Ròß�ä8üH\:VT.@WBq�ÿG � X@ø:$�y Î MbJT;�d@(8q�Ròß�ä8üH\V@.@WDO�ùúQ�_M0?  S VDC 4
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� 2.14: V@.QW�ù:úpq0ó:ô��
SSD 4u��cZÙfÌ�.QWZP_q VME Rfß�ä_ü�O����uF���é�±w4 Í U��aO��¹x�y Î M�?hÑÒ
	@}ò©��� ö:÷
	�b\@qhV@.QW�ÿ:Gp; Gigabit Ethernet O��è±'ybXÂ7 ?

VDC 4 SSD 4��8c�ÙÚÌ�.@W�}>©'qBVT.@Wb;�����±0S�ðQ\�� � öD÷�	_FZGL©���MhqB\K4�{8\!n
Ë-c����Q20F��������_M��� � ¢@M�? FCET(Flow Controlling Event Tagger) ;��:q:S:[!q�/:1
O�V@.@WhF�!�"@�_MKÆ@��¸B.�»T\T¢ ¡ 4QnhË-c-�$#-ß&% 4QnhË¹c>�$'¹c�R�.)(]q�/D1>O�"_vDy
VME Rfßbä_ü0F�ÿ:G8�_M�?
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3 �
�

3.1 (p,2p) � � � � � � � 	 
 � � ��
3.1.1 �����������
����� �9�×����! #"�$�±#%0áâ'&)(+*L��� � ���-,'ÙÚÌ.���0/21432546�»+72�#8)9: <;!=>@?BADC ��E#F �G����H �:×����'I��)Jè±#%LKNM2&B(+*PO2Q'R)S p TUM�K z 3#V p/z

� (�±PW
�<XLY:Z<E[&N(\1^]`_)a)bådcdegf�é-1ih � C � > ±&^jkF)lBmGO Bethe-Bloch 3�Ä^ \;2E:T
KBM!&)(+3#nNo</2143!5N6�»+72�#8)9�*Kþþ @p� Î = > mz2/E  qV)r4s\E#F+t't[1 m O E *u �-v �0&B(:3@o2SNOG"G$\546b»:72�21@¢NELFwt@3�t4T@Iyx Î E+TzO p/z { (f±\| > ].o2Sd3
Y+Z4E.&B(+*#}:WNE�t4T~{)1]µ2E ( 546�»+72�L8)9�* m2(z/p)2  yV)r4s�E�t4Ty GZ���O2r-�NX
Q)R)Sd3)(�± ÎG� (BO'� � (BOB�G� � (:30É:Ê�546b»:7��L8B9:*hþd; u 1:4:9  GZ�E ) F
�\,ZÙfÌ.�����0,~��*#&B(:3P"G$Bf:é-pò©q3L�'�^ L�f±U� ���&�\� ZL�)�DI#��W`O

I = I0 exp
(

−x
l

)

(3.1)

3@��S\12�NMhë)�N�: #�-s�ELF I0 *P"'$Bf:é-1�3L�4��SNO l *#�)�N�-1��4ELFG"'$Bf:é-pò©��� @1�3#�'��I x1 O x2 O �\,'ÙfÌ`�<�i3#� C I L T�s���X x1 +x2 = L( lhÖ ) �2p�©�� � p�©q3
��ñ�� Í 3#�B )¡'¢d*

√
I1 · I2 = I0 exp

(

−x1 + x2

2l

)

= I0 exp

(

− L
2l

)

(3.2)

 #VBr¤£gO)"G$Bf)¥d -;-¦[Z'§!F¨
3.1  GR PS1 � � 3#�B B¡'¢d3�© ��Hgª'«i¬ I[<s0F�®)¯d )*POB�BM�°)�4�+±@²+3 gain³

offset { u0´ v ´ Y:Z4E<t4T ³ O�"G$)f)¥: -;�= > 5460µ+7��!{0Y:Z4E<t4TqZw¶PI[·'¸�£ >¹Bº £LZ4W ´ X)ZD¦qZ)§'{2O ¨ 3.1 3wT.»��¼O � (�Tz� � (d*L½w 0¾G}<¿4p ´ > §-E ( ÀBÁ^*
log scale 1��4E<t�T# yÂ)Ã ) FDt@3\© ��HUª)«i¬ 3 100 Ä 400channel I � (�TG£ >0Å�Æ �0F

LAS 3 PS1  L�¤£ > ]PcLÇd3�È4� H I@p<W >iÉ'Ê I.ËÌ=!%0F

3.1.2 Í ÎDÏ�ÐÒÑÔÓÒÕ ÖL×�Ø^Ù Ú Û
Ü � ¬ *iÝ�Þ �)ß�Hgß ,#12à)á C ´ E'%Bâ0OBã¤,#äiåNæ�I<]�= > §\E (60ns ç'è ) F u 3N%

âPO ADé 3@ã�,[ä)10ê�ëi%PìGí:3#î)ï)&)(-{ GR T LAS 1ið��D¦ ´ OGñ)òd coincidence ó ªô µwI�±�sDt<T[{-��E@F GR T LAS 3 coincidence 3B/4 B*:t03+;�jqZ accidental coincidence
{2ã¤õ �)ª'«<ö ,D÷yTG£ >iøwù ´Bú §<ELF
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3.1: ó��yä������	��
Nµ�0�����L�N B¡)¢�	��������0{ ����� O���������0{!� �����

�'í<s����
¨

3.2  GR ! LAS �#"%$'&(�Bó ª ô µ���)(*�+,�-©-�." ªG«i¬ � �/�-�10 Æ�2 �3��§,�1�
�P{ true ! accidental �L� coincidence 4 ø-Æ � »��65 u �37����1�8�� accidental coincidence� �9���:���8�	��)�*(*	;� @ã<�qä0å)æ=4qì�> £ ú » �?5 60ns

� �9���
ã¤õ�� ªB«�ö ��÷@ dt��+©��A" ªB«�¬ � accidental �	���/4 1 B ø,C�D,E (

¨ �1F/G/H )
�

È��#"I4�J8K ú ÉGÊL �9M9! �ON�P ´ �3� ù	Q 0 Æ�2 ���1�9�R4 ø�C�D�E ( S:4%J9K Q H�T )
�

È8�U"V4�J�K ú É)Ê £'5Bã¤õ�� ª)«-ö �Ì÷W �X�ÇU!z·,Y ú + £�Z\[1M! � true coincidence �](^ 4�_ Q �
ãDõ-� ªG«4ö �w÷a`:! ´ �9bc � 5 coincidence

� JRJ�¿���"�$'&��Bó ª ô µ���)(*�d� P¾	Te [0£ ú »N§ Q �

3.1.3 fhgji Ö'kmlÒ×�n.o
îGï�p � � VDC q�r���÷ ¡�s�t(�-u'¥� ¨ 2.7 � di−1 5 di 5 di+1 JÌ¦Iv<â9�-�0ãÌõ�� ªG«�ö
��÷w!�x8� X G ³ γ G�`d©Nõ�" L �8yPÞ�z8 1 {�x(� � 5�|�q/r���÷}s � 2 {�~����-©Nõ�"�4� v L �M8! � M ´ 41�O� � ëO��� GR �-�(�(� ^�� �3�=41�N§ ú  Q § ú §/�3�(�)î)ï�p �
 3 {(~�� ©�õ:" L ��� |di| `����,� ÷1$3��"����#! L �,!�q9r�� ÷�s,t���u)¥ p  

p = pi + lWS
di−1 +di+1

di−1 −di+1
,(di−1 > 0,di+1 < 0) (3.3)

!�x8�-� pi  i ���-��yLÞ	z8��u'¥�5 lWS  	���3��yPÞ�z�	*�; �9� �-� i−1 ����! i+1 ���
��yPÞ	z �  ÷1$3��"?���O`���x�� � 5 di−1 4 º 5 di+1 4�� � !�� ú � ������ �3�R� L �	�� GÞ� ¡�V¢�£ � ��÷%$w�\"¤)(* �9� �-�Ô÷%$w�j" á(¥, �¦�§1X � !�·�Y ú
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3.2: GR ! LAS �U"1$ &��Nó ª ô µ���)�*�+

bL§	`�5����w��yLÞ�z ��� �  1£���`��wë�[���¢ L ��� � ÷%$w�\"¤)(*=!d÷%$w�\"}�R�� 	��
� x'§����M � M ´ ¦%4�����b�c ��� º L � (x-t calibration) ���� L ���2ê����� ���������4 ø8C � � 5D÷-$ �<"6)R*( yyÞ1z/�wu�� ( ÷3$ �<" �	� =0mm 5
)(*���� ) J! #"%$%��÷'&�s ( ÷%$w��"}�R� =10mm)

ù � ��* � &( � T�) L ����M%�-T�)�J* 
)�*+�,� T0 4�-:â8� ( . 3.3(a) ) ��� � 5 residual

Res =
di−1 +di+1

2
−di (3.4)

` 0 4 20/ � �21�3�4�d � T�) L � x-t curve 4-v-â8� ( . 3.3(a) ) �
.(J* WT�J��8b�c � 5 ÷1$-��"���� 2mm ~,t�� D�E 41�54 ú ÷1$3��" á�¥� (¦�! Æ ¶'X ���6

48µm
�8� ���

M1� x-t curve 4�784 ú TDC �	9�:=4�÷1$3��"���� � ��; L ��`�5<yLÞ	z ��� �  =<9X�>8£
� �	? L ��@�A`�B	T � x�4 Q â%5DCBõ�" � � � Q yLÞ�z L�E ú 4F7G4 Q �(�IH+J�K � b���"L õ1����M�G=��Ngõ�"  	OQP,R�5�S � ��T�U(u��, =V (3.3) J! Iv8W9��� 2 B9�8CIX�" � J/x�4
�(�� 

p = pi + lWS
di

di −di+1
(3.5)

� v8W8���
|jyZY	z�	[D\	]�^� 

εi =
Ni−1⊗i⊗i+1

Ni−1⊗i+1
(3.6)
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� bR� ú N	P  �����`O5�|9sU!�1 L,E ú ��y�YRz � ¦/§ 100%
��� � (Ni−1⊗i⊗i+1  i− 1 5 i 5

i + 1 � ��� L�E ú �,y0YOz,4QCQX¡" � Q Y��=� "��/5 Ni−1⊗i+1  i−1 5 i + 1 � �%��y0YOz� � R CQX¡" ��� 4��Y	��
="�� ) �

3.1.4 	������������������ b�c�� ��� vGW Q 4 B � q/r! 
}sR� � T�U(u��J! @5#"%$�p'& �)( L X+*!,1X!-.�
-�/1032465

2 7 �38�9;:=<�> Y?0@2(X(�A,�B��C* (ED1F  ?G �%H / < T�0 ( L X#*��@I=� � z J <KML 5ON �P,�q/r' 
'&�s���QIMA� z’ J < K 0 ( . 3.4 R1S ) 2M/ Q 5 z’ JT� ? ��� x’ J 5 y’ J< !�PU!� X &(s � yZYOzR���;�VQGM 5 &�O=� KPL 5 U &(s � y0YOzR���6�@QGMW� u’ J < K0@2 z JT� ? ��� 1+X	>AY � 0 ( . 3.5 RZS ) 2 x-z
5

x’-z’ &(sC,�B �C* ([D1F  ?G �%H / s?Y �
032�/ Q X1 &(s �%H / <�\18%9;:C� �,� K L 032�"1$�p'& � X1 &(s � T�U�u,� (x′0,y

′
0,u

′
0)
5] ¥ θ ′

x

5
θ ′

y (
Q%^ �

tanθ ′
x = dx′/dz′

5
tanθ ′

y = dy′/dz′) , 5 V (3.3) J! _( _�A0 px1
5

pu1
5

px2
5

pu2
< 784 �

tanθ ′
x =

px2 − px1

lDC
(3.7)

tanθ ′
u =

pu2 − pu1

lDC
(3.8)

tanθ ′
y =

tanθ ′
x

tanψ
− tanθ ′

u

sinψ
(3.9)

x′0 = px1 (3.10)

u′0 = pu1 − z′u1 tanθ ′
u (3.11)

y′0 =
x′0

tanψ
− u′0

sinψ
(3.12)

KE`ba �C0O2 lDC , 2 7 � VDC c � ��� 5 ψ , U &�s�y�YOz �+d F ] Y � 0 (
`

2.5
5

2.6 R
S ) 2=M �e( L X#* �+f ��s � T�U�u���J* g"1$�p'& ��h;i ��j� < - WM032

x’y’z’
8�9 J* xyz

8�9Pk , 5
(

x0

y0

)

=

(

cosΘV DC −sinΘV DC

sinΘV DC cosΘV DC

)(

x′0
y′0

)

(3.13)

θx = θ ′
x −ΘV DC (3.14)

θy = (cosΘ+ tanθx sinΘ) tanθ ′
y (3.15)
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. 3.4: VDC
�38�9;:

��bR� � ��;AY���032
M � b�c�� ��� vGW Q ( L X3* <�5 LAS

� Y;, ion-optical matrix �b�� � (��  !B��!X+* �� "1$ ]����	� x�
 <�� 032 GR .,����	�	� 5��	��� Y��;0���W 5 <����%"%$���� �� "!W�
B��C* ( � <�# � ����< @�A%$W032&('�)  
+*	, � [D\	]�^T,�- �/./0 ��1�243 �W032

εX1 =
Nx1⊗u1⊗x2⊗u2⊗

Nu1⊗x2⊗u2⊗
(3.16)

εU1 =
Nx1⊗u1⊗x2⊗u2⊗

Nx1⊗x2⊗u2⊗
(3.17)

εX2 =
Nx1⊗u1⊗x2⊗u2⊗

Nx1⊗u1⊗u2⊗
(3.18)

εU2 =
Nx1⊗u1⊗x2⊗u2⊗

Nx1⊗u1⊗x2⊗
(3.19)

565 Y Nx1⊗u1⊗x2⊗u2⊗ , X1
5

U1
5

X2
5

U2 $ E � � *7,MY987: <<; W60 5 K>= Y?�9��Y!�=
 (� � 5 Nu1⊗x2⊗u2⊗ ,�@A�CB KED X1 F	G � U1
5

X2
5

U2
� *7,?Y;,�8	: <<; W;0 5 K>= YA���

Y!��
 (g� �AY�� L 5/H%�VN D X=>AY��;0@27$I�+PAJ 1 7 � *7, � ]�^�, 5!NT� 3 *	,I$ E �
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y’y’

x’ x’

X-plane U-plane

u’

z’z’

6mm
s

spacing
 s = 4mm(GR)
       6mm(LAS)

tilting angle
48.19 (GR)

       31.00 (LAS)

�
3.5: X

5
U *	, ��� Y�� �����

�	A
	��P* L BWG! = �!�� true event
K 	 5�H%� *	, = 5 � 0 J � � � ^�� < [D\�	 � �P0� Y����
	 � �?032

2 7 � VDC ��� K 	 � � [D\	]�^T, 5 � 3 � 2 (εX1 × εU1 × εX2 × εU2)
K �M032  ���< T�	� 5

VDC
� [D\	]�^T, GR WY�� .�H 99%

5
LAS WY�� .9H 94% YI�����#2C/�� 5 (�� �  ! 
#" �  PG � [ \=],^., 100%

K >%$ � . � � Y VDC
� [ \=],^ = f�& ,�[ \('���� � [

\	]�^ K �M032

3.1.5 7Li(p,2p) )+*-,/.�0
1�2 � 3,�
3.6(a) � GR

5
LAS

H �PU'�ZY54 $ �76'& ��h;i ��j� � 2 -98�: D X ( <<; $#2 &�=�>? 8T�A@I$W0 D  �B�B =5C � � �?032�D � (b) ,  �! � GR
5

LAS Y5E�FG	��IH6& �IJ�K�L �
3NM (2.1) O (2.3)

<IP � ��QSR 	�� Ex
� B�TC* (VU Y%�;0+2 5#W , (a)

H6�;D  �B%BM�@QYX/�J kW�AZ\[ K >�$�]�. �	2 D  �B1B?��@�^G	 ] =�>\? 8 �A_ �a`! ?* Kcb ��d �E�fe�: = 1$ 032
� ^ 	 5 � BSTC* (gU �%, 5 2.5

� Y Dih�j � ./0 � 5 O(p,2p)
K

C(p,2p)
� BSTC* (gU =�kl � ] �?0+2 Ex =5 O 10MeV

� �	� L � 1 $S] �?0m� BE7 � �(_ �%`' M*	, 5 � D�nAY%�;0325 �
contamination

< 1 2 06��oM� 5 C
5

SiO2
5

Si G� Sprq ( <IP ���AE�F �Ss  AG < ��tu	
�+2 H���v�w6� 3 W �	B7TA* (xU = � 3.7(c) O (e) Y��60@2 O(p,2p) , (e) y�`�z6*my��-{ <3|�}~������ ]

(d)
� 3<� B 5 K Y � 3 W 5 5#W = (b) YI�M032 5#W K X l ./0 ~ (b)

K
(c) y�`5z� y��f{ <<|�} ~I����� ] (a)

� 33�9� ]���� � 7Li(p,2p) yS��T ��� U����r� (
�

3.8) �r�A������5� y bin y b�� 0.1MeV �I� � ��
3.8
~ �9� ]�� � .�H 15MeV y =�>��Y� Ua� z ������� $ � b y d �m��em: = s-hole �� ~ @S^I$ � � 5 yA�-e�: � �� (3 � ���-q ���S�Y¡ er¢ ~ y\� ] � ���N£ � W � ym� � Ex=3

O 10MeV y�¤S¥ ~ 0#¦ B<§�¨�q � $ �©|%} ��ª�«��m�¬q ���7�Y¡ e¢ �©® 	 � 5©W � � 	��S�
�In�� � s-hole � � y�¯7° Lu� 	����
�� �	 ��±�& ,�²a³I'ay(´�µ ��¶�¶ acceptance

=�· @ $ � ��o � � 3.6(a) y Ep(GR) y ���¸�¹
(274.25 O 286.75MeV) yIº�» ~ pYz � � � � ��� ¦ �7�ST �
�½¼�¾ z�¿ ~ � � � q � �À W ] �"���Yy7� � LAS �5²�³�	 �76�Áay(Â\Ã\Ä�y b ~7Å � ] � ±2.0◦

~7Æ � ]5Ç �\Ä � ;o � ��tG	��5� � 3.8
� $\� ~ 5#W 3�y7pYz � � � � ] � � � � 3.6 � � E�F�	�� s z�¿ � $j ]�P � ] � � �
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3.6: (a)GR

�
LAS

H W��mW �m4 $ �76mÁay �Y� Ua� z�y 2 -Y8a: ¼ q � � (b)6He y =�> �
T �
� U � (a)

� y���� ¼ z�BS� = (b)
� y�`�z � ~ @�^%$ � �
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3.8:

��� � 7Li(p,2p) y �9� U�� z7�ST �
� U ��
	� � n"� � s-hole y�¯S° L � 	 ]��L-�Q7R $ � ���	� � =�>��9� U�� z 0.1MeV �	��� y Q «��I� � �
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3.9: SSD y TDC �ST �
� U

�7� � �ST �
� U�� 6He y������ � y b�� FWHM � 0.412MeV �I��� ���

3.2
� � � �

3.2.1 �
	������)+*-,/.�0 � 6He �����/)+*-,/.�0
������� H�Á�y s z�¿���� � � SSD-array y! �" (∆E:500µm # � E:300µm # )

�#P � ]%$ �& � ¦ &(' �*),+ yIH�Á � SSD telescope y ∆E B ¡ e�¿A�7$ j ] y J�K �Y� U�� z �!- � ]. ¦ � � E B ¡ e�¿ ~ �AÀ � ] 50/ � � & y7� � ∆E B ¡ e�¿my21%3�t�	 & �
SSD

~5Å � ] D 3.1.2 4 �65!7 ~ �¬q ���S�9¡ er¢ � 192 � � � 3.9
�

SSD y TDC �7T � �U ��8 � �%9 )�� y!:%��`�z �0; true+accidenatal y�`�z � � �=< y!> ; accidental y?1�y�`�z� �@8 � ; � 9 )\� y�`�z � yBA �DC y�`�z � ~ � /FE ]�G � �2HJI H�Á � accidental
�LK0M

�ON / I � <QP � �=R yJSQT ~ 2
Å y�`mz � �!UQV SQT /�W z � �YXFZ7] 3�t\[ � accidental�6] [I�_^ PY� � true `Dare �   Z9�*b ³dc � �� q ������¡ e-¢ � [ ] � � GR
�

LAS
�

SSD y%e � y accidental coincidence fhg P �2T �; �
GR

�
LAS y accidental

�
1% i2j9� � SSD y Q «%y*k ] S �!fml�{ I y�� P W �6n2o [ & ����qp Áay ��� Ua� z � 6He y%r�g ���ds � z\y0t�ª �!u c (

R
3.10) �?v�w�y &�x0yqz ~

6He∗ y��?{ �
� s �}|Q~ & � ��� yD�%� � α + 2n
;

0.973MeV
�

5He + n
;

1.77MeV
�

t + t
;

12.3MeV �=8 � � RY��� s-hole � �O� ¤�¥�� � ¼���� � ; 1 �a  Zd�@~�� � P!� � t + t
� �

� X����J�d��IY� &?x P � ¼D�2� � � triton
X�� / ��� w ~��h��� � P � ¼D�2� � � �%� (2.8)

�!��T �¦ & ��P � z������ � �q��¼F�a� � ' �}),+ / I �0> �D� � ¢��FS � s-hole � � X�� � ���p Á ;%���,� � & / �*�25�7 � � (2.8)
�%�d� � ® � ��� ¼D�2� � (2 � ��� )

� 8 � I � P �%�
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3.10: 6He

� r�g �9� s � � � �����@�Dp Á �S�9� s � � � 2
��� ��¼Q�� ����� ��� � �� � � ¢ � �Y� �6u c��

�J��� �
	 ; � ��� (3 � �2y )
; P � ¤�¥O� ���h��� �� ��8������ E � SSD ��� ~ � P9� �� N & p Á � c�� � triton �@8�� � w ~�� PL��� f E �Yp Á � 5���� [ & �

[ X [ / ; ��� P � P�� � g P �DT!� ��� � ��" ; t + t
� 1�#�8$� P���� ��% �!&('?c)�@f� # � / I ��*�+-, � ��� #JN / I ��. & �%� (2.8) �@S �@��� 5He

�!/�0)1$20s�3 � �
4 � �G S < 1/6 (5He+n)
� � � � PL� ; α+n � ��� c �@� α

�
5 ^ ��6 E ��7�8 #Of 1/6×4/5=2/159 j � /;: �=< � W �?> � *-# 8 N�^ 1�2 s@3 � �!- E � �q� � � / IBA-C + ; 8��D� t+t EF � �$G-H ; +�� ' + � / � � X�I � &�x � � � ~ & trion
��JLK ��M x / Z �=� / � / I �

3.2.2 NPO triton QSRUTWV?X
R

3.11
�$Y �?��Z �![ ��\�] ��^qc(� 2

�$� � Y ��>
(
R

3.10)
�
_�` #�a����cb �$d ��Y ��-Z?egf ��_�` #�a�� ; � P � b ��d ��hLi �jY ���-Z � k c triton

� W �U> � cl���R
3.8 �D^ [ ��P � W �m> �%XFZn�SY ���-Z � triton

� � ~$o `?aqp >sr Z�� tO�$u [ olvZw>yx-z�{ �0R
3.12 � u c�� PL��� t+t

Y ����Z � � ] (Ex) | �
_�` #�a$��� R * ��} p � �6 � [ � , ~ u [ o triton
��JLK � [ o �

3.2.3 t+t NPOWQ?�m������ #��(� o s-hole ��� ��� k��U� ~ u [ o triton
��JLK X_���

s-hole ��� X_� � E F �q�% �
t+t
� �U" � �$G-H ��M x ���
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�
3.11:

Y ����Z ��_�` ����� ����� �
	 �U> �%X=Z ���
SSD angle 15◦ 25◦ 35◦ 45◦ 55◦ 65◦ 75◦ 85◦ total

75◦ alive 159 164 194 152 194 133 170 170 1336
75◦ dead 113 107 143 118 127 105 - 105 818

Yt+t 2.98×105 ±6.43×103

�
3.1: � SSD #�~ u [ o triton

��K �
Yt+t
� �

�� * � 7Li
< � 	 �?> ��� j������ o � ��G-H ��M x � y # �c< � 	 �?> � ��� e � � `�=���F~ \���� �?< � 	 �?> ��� ��� � SSD-array � � � ��!#" � 2 $�% � ∆E

�'& p < (75◦)��(�) � �+* ����� � � � ��, ��\ "'- o � # � triton
��JLK ��M x �2� . - ���(< � 	 �?>� ��� �0/ � �21;� � 1 � �43 �65�7q�98 - o �

SSD # � � #4:��<;���= ��> ���q� � � � # � triton
��J�K ��4 ;���= 4π

� ���@?�A���BC � a�� � � E F � =@D �L� � � 3.13
� �9E : ��FU�}� ��� � � # � ;���= � H r 3 #6�@?

Al�HG � � #4:-��� . o�� t+t E F 1 IKJ
L4: 2 LKM triton
�-� k �ON ��M�#ca�� "QP � t+t EF M JLK � triton

K M 1 K #�a����R� o � - �B� t+t E F M JLK Yt+t
�

Yt+t =

(

(
�21 M triton)× 4π

8×∆Ω
+(
� 1 M triton)× 4π

7×∆Ω

)

× 1
2

(3.20)

SSD telescope 1 L�a o : M<;���= ∆Ω = 5.97msr #$a����<� SSD #�M!~ u K � Yt+t M<S �T� 3.1
J$. �<U ���

Yt+t
�

3.1.5
� M s-hole M J�K M�V �(� N�WYX % J<Z G V �9[ �
� * M<\ ] � 6He M s-hole �� "RP M�E F M ��% � t+t ^2_ " MOZ G V �

72.1±1.56%
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�
3.13: E F M�= Z�� � � FP����� P N � � G M � � 75◦ M SSD � , � � � o�� M
	���2_ <

M��2J� � � M���a�� �
Yt+t Ys−hole Z G V

2.98×105 ±6.43×103 4.13×105 ±6.43×102 72.1±1.56%

�
3.2: Z G V

��a - o � Yt+t � Ys−hole M�S���� � J � � 3.2 J$.�� U � �

3.3
� � � � �

3.3.1 �����mQ! #"�$
%�& � M 5�7 � 8 � o�U J � .('!)�_ { M %�& D*� MHU�o �
) _ { M %+& D-, BLP �(	��/. N � (2.4

�+0�1
)
� )Y_ { M %�& M�2K:3� * N54�N ↑ � ↓ � �

A6� � %�& D P↑ � P↓ � %�& Z 5LC (analyzing power) Ay ,
798�M
:�;��<6. N � �

L↑ =
dσ
dΩL

(1+AyP↑)B↑ΩLnεL (3.21)

L↓ =
dσ
dΩL

(1+AyP↓)B↓ΩLnεL (3.22)

R↑ =
dσ
dΩR

(1−AyP↑)B↑ΩRnεR (3.23)
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R↓ =
dσ
dΩR

(1−AyP↓)B↓ΩRnεR (3.24)

G�G � � L↑(↓) � R↑(↓) , %3& � � 2�: ( 892K: ) M � :YM0����M�� & p < �@M�� K � dσ
dΩ L(R)

, L(R)
� & p < ��~ u . N � (p,p) ��	�
�+M��@Z������ � B↑(↓) ,�� _���� M��� � Ω ,�� & p�� M
;�� = � n , (CH2)n �6_
	! #"%$ M�&'����@a o)( M�*�+, � M�� � ε ,�� & p-� M
~ u�./
��a�� �10 o � P↑ ,�2 � P↓ ,�3��a���� A�� �

(CH2)n � _�	4 5" � , � o (p,p) 
� M AyBLP �768#��� � : (3.21) 9 (3.24) � P↑ � P↓ J
L� � 5;: �

P↑ =
2B− (L+R)

AyBLP(L−R)
(3.25)

P↓ =
2B−1 − (L−1 +R−1)

AyBLP(L−1 −R−1)
(3.26)

� \ � � o r � � L =
L↓
L↑ � R =

R↓
R↑ � B =

B↓
B↑
�ca�� � AyBLP ,�<�=#M @� "QP 0.45± 0.02 � Z"'- � � � �> ��?A@ ,�B�:� �)C N � � AyBLP M�?A@ ,�D > ?A@ ��� �FE � �

∆p↑ =
2

AyBLP

LR
(L−R)2

[

(

B
R
−1

)2( 1
L↓

+
1
L↑

)

+

(

B
L
−1

)2( 1
R↓

+
1

R↑

)

]1/2

(3.27)

∆p↓ =
2

AyBLP

L−1R−1

(L−1 −R−1)2

[

(

B−1

R−1 −1

)2(
1
L↓

+
1
L↑

)

+

(

B−1

L−1 −1

)2(
1

R↓
+

1
R↑

)

]1/2

(3.28)

�
3.14 J�GKA!� � J � %�& D ,�H 	+� �7IKJ �MLAN � ���MO ( � P↑ ≈ 0.68 � P↓ ≈−0.64 �

O --P �

3.3.2 7Li(p,2p) QSRUT5VXWZY\[^] _� #"XWX`ba
c�d �-e U P )Y_-f@M %�& D!� , � � 7Li(p,2p) g�h'Mi��ZM�j����� %�& Z 5�k �ie U � � �

Z������ d4σ
dΩ1dΩ2dE1dE2

� %�& Z 5k Ay J+,�B�:+M�l�m�n�O�� �

Y↑ =
d4σ

dΩ1dΩ2dE1dE2
(1+P↑Ay)B↑nε↑l↑∆Ω1∆Ω2∆E1∆E2 (3.29)

Y↓ =
d4σ

dΩ1dΩ2dE1dE2
(1+P↓Ay)B↓nε↓l↓∆Ω1∆Ω2∆E1∆E2 (3.30)

c�dpo�F
↑ � ↓ , %+& Mjq2 �7r\s � B ,���t ��� M���u � n ,M�6_�v! #"xw � M�&'����1O P( M�� � ε ,�y�z���{1|�}�H��#~�{1| ./ (εGR ×εLAS) � l , DAQ ~ live time � ∆Ω ,������^"��� _M��~����A� � ∆E ,������\" ��� _M�
�;	��Ks P���� �p� _�~j�9��O � ����� 1 � 2 ,A�
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�
3.14: )�_�f�~ %�&��

� 4 �
GR � LAS ���h�� � � Y , ∆E1 ×∆E2 ~
	������~
�u-��O � � l , ���� "������

~����
������������������� P �! "� " ~
#%$'&MO ()( ε , 3.1.4
d &�*,+ P�-�. ( &MO0/�1

(3.29)
(

(3.30) 2436587 (

d4σ
dΩ1dΩ2dE1dE2

=
1

∆Ω1∆Ω2∆E1∆E2

P↑Z↓−P↓Z↑
n(P↑−P↓)

(3.31)

Ay =
Z↑−Z↓

P↑Z↓−P↓Z↑
(3.32)

P�9 s (

Z↑ =
Y↑

B↑ε↑l↑
, Z↓ =

Y↓
B↓ε↓l↓

(3.33)

&MO0/
1> ��?A@ ,A� � 4 �

∆
d4σ

dΩ1dΩ2dE1dE2
=

d4σ
dΩ1dΩ2dE1dE2

1
P↑−P↓

1
ZP↑−P↓

×
[

(1−Z)2{(P↓∆P↑)
2 +(P↓∆P↑)

2}+(P↑−P↓)
2

(

P2
↑

Y↑
+Z2

P2
↑

Y↓

)]1/2

(3.34)

∆Ay =
1

(ZP↑−P↓)2

[

(1−Z)2(Z2∆P2
↑ +∆P2

↓ )+Z2(P↓−P↑)
2
(

1
Y↑

+
1
Y↓

)]1/2

(3.35)
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�
3.15: ��� � 2 up

-
down ����� P �����\"��%1�z	�1~�
��,&���1~���������n����0/�� -

������1

P�9 s (

Z =
Z↓
Z↑

(3.36)

- r�� � /
1
�������	 

��� � 2 up
-

down �!��� P�- ��~ 7Li(p,2p) ~����p�\"��2 � 3.15 ��G,� 1 ��"$# � " /%'& � ( ��� � ~)('� � %	* 7����p�^"�� ~,+)-���. 50/)� " * P 1 up
(

down 1 ���p�^"2�
~43 bin 5!~ �u (/ 0.1MeV) 2 Y↑

(
Y↓
- s 7 ()6 (3.31)

(
(3.36) �!7 * 7-g�h1~48��:9<;)= 2>)? ��� � � �!5��je:@�/
1

GR &�{!|�&�%/i��A�� ∆Ω1 / 4.30msr &�O�/�1�B P LAS &�{!|8&�8/i��A���/ 20msr &
O * P n ( 3)C�/!D�E�; �A~�� � � ± 2.0 ◦ ~�v0�GF 2 " � P ~!& ∆Ω2 = 13.96msr &MO0/
1

GR ~ �� � � ���:/ 3.1.5
d ~-v��HF%~JILK (274.25 M 286.75MeV)

"N#
∆E1=12.5MeV

- s (
LAS ~ ��� � � �j�O/����p�PF�� ~ bin ~j� � $LQ�R ∆E2=0.1MeV

- s P 1
3.2.3

d & *�+ P- .PS (�T ��v�U�FV/�W ��XZY s 7�5�/ 1 1 [P\�~4]N�^/ 1.47mg/cm2
(

2 [
\�~,]_�</ 1.37mg/cm2 &MO0/�1�8`�:9<;)=�/ T ��vNUaFb5��Fe:@ ()c�6 ��7 5,d�e1~4f�g�2h � 7<E)i�j σmean

- ��~!d�e ∆σmean 2lk#|1s P 1
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E

E
2

1

274.25 286.75 E  (MeV)

E
  

(M
e
V

)

1

2

�
3.16:

��� � � �j��1����'&�K�� 9 	����
���6/J8��:9<;)= 2�e:@�/ (
�

3.6(a) ~�� 6 � ) 1

σmean =
σ1/∆σ2

1 +σ2/∆σ2
2

1/∆σ 2
1 +1/∆σ 2

2

(3.37)

∆σmean =
1

√

1/∆σ 2
1 +1/∆σ 2

2

(3.38)

σ1
(

σ2 /�� �	��� 1 [ \ ( 2 [ \i~ T ��v:ULF 2�
05��������� T "N# e0@��J8	�094;Z= ( ∆σ1
(

∆σ2 /A��~!d�e�&��0/
1�
3.17 �:� � 2��,� 1:B�� ( 3 >	? ��� � � ��� . ��/l8��L9^;)=1~�j 2���� A ���LR6/ 1

��� & ( ∆Ω2 /����	;1~�� � (200msr)× D`E�;1~�� � ( v0� F � % S 4◦)
"$# e:@���n ( �

��U�F n`�%5��8$#~������ F ��� � T ~���t���/� \s 5"!�qZ+,&`�85A~ & ( ��~$#<=&% S /�'( �) ^s 5*%j~!&�/)�%5 1N� � n^8��:9<;	=#~!j���+-,,�6/�. � n���/
1�Wq (�/ *#~ recoil
momentum �-0#~"�� � . 587L/ LAS 1 �� �2 ����AA� n<� " * 7�5�/�� ��UaF ( D�E ±50◦

�3� ±45◦) 2)� � �A~�& ( 54.2◦ � . �0/)-��4�5 -76-8 s"� 1��~�4�5 ( s-hole 	���9�A!~
8��L9^;	=1~�j�n^1�:,&	; - ��<>=\s " * ���	@ ( �)A�p~�?�@�~�.65�/�8���9^;)=�	/�+�,
s47�5��%5 -7A Q � /
1
B-C �-D-E

6He ~!3 >)? ��� � � ��� � s 7GF-H��%3�I Ay 2)JL@-� 1 Ay ~,�k�	/ T ��v U�F ~4]_�
/�K�L s��%5A~ & ( 3)C�/ 2 [#~ T ��v U F � h 5�7'B - @�7GM * � 1ZZk������ * 7 ($N 
2�OQP 7^d�e"2�R_�TS �6/��)@�� ( �u Y↑

(
Y↓ 2 >)? ��� � � � 1MeV U - � - * ��1
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�
3.17: 7Li(p,2p) ~ 8)��9�;�=�1 T ��v�U'F%~!]a�j~������ � % /�� N d)eO/ 10% � � &���/ 1
�

3.18 ���~�4�5"2 �,� 1 s-hole -��#~ 	��'&
	 # " ������47�5,/L� -�� Q " /
1
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3.18:

>)? ��� � � � - Ay 1 s-hole ~ 	��'& Ay
� 	 # " ������47�5,/
1
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4

4.1 (p,2p) � �
4.1.1 recoil momentum ���

DWIA(Distorted Wave Impulse Approximation, ���	� �6��
 ������ ) � % /�Zk ->6�8 � 7� ��� �
s-hole - �'&���/:� - 2��"���6/���@ (���� &L/ recoil momentum �-0 % -� �"��1

2.2.1 �������"� -�. S (� "!$# " # recoil momentum P3 2&% /L� -�� &�8/ � ( ��')(HF+*,.- T 20/01$��R07 �32 �.465�7 ��0 2 -98$: (<; 8 �=8 4�5�7 �6>�? ��� P3 ��>@�6/ �-0
2 - /L� - ���0/
1����<Q�ACB"D=E 4 Fermi

 �!�F ��0HGJI@K�LL�M ��N)O L	P �RQ �)/6BZ1��'�( FS* ,�- T 4CT �UM GR
4	5�7 /CV�W�X�EYM 4 ��ZZ  4 Z[M&�<\ j]�_^�� �+B LAS

45�7 GJ`)a�b 30◦ B 35◦ B 40◦ B 45◦ B 50◦ B 55◦ B 65◦ B 70◦ B 75◦
4

9 c N ������0Pd
4.1 � �e2 �f4 8�g`9�;�= 4J5�7 g$0<G ���fPih F / 6He

4 ><?j�k	l$m - � h.n b 12.5MeV
M 30MeV

4 IOK)GJ=Rg��_b n L 4 N 8Rg'9�;)= 4 j@k=l]m -0o)p GR � hn b 4 g0q)a�b nL	P'B �6r 4.1 �)������ LAS
4	5�7 �=s$t"L recoil momentum

4�u O�v
P3 G �@�fP���w �+B

GR M LAS
N -���<L_xRy�D�E 4 j$k�l]m -"p=o G_z{A	B v)| � s-hole } � p�~"� } � N.��$� b n L 4 N B P3

p	� r�c EGR = 280MeV B ELAS = 88MeV (
d

3.6
4

s-hole * -.� � 4.��� )�6>@��LJj N �L6P
LAS angle P3 [MeV/c]

30 178
35 142
40 105
45 68.4
50 31.8

54.2 0
65 79.3
70 116
75 152

r 4.1: LAS
465�7 M recoil momentum

4 j
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4.1: s-hole }�� 4 recoil momentum g�0

4.1.2 DWIA ��� �����	�
DWIA 
	ke� p���-	 THREEDEE [17] G�
 n �0P THREEDEE

N p�� ?e��K��<Lf��Kb 4� E{��� n b spin-orbit distortion G6q�� �6b n L=P���� factrization �@� GG
 n b n L0P��$B
A(a,cd)B M n�� � ?HGJq�a@L6P a

p ��� D=E"B c B d
p x�y D=E<�6>�? �+B���� �� D0EHG b M

�&b A=b+B
N�! L6P#" 4 M O B%$'& ��x�y 4)( g�*,+�- p/.%0 N r v	8 L6P

d3σ
dΩcdΩddE

=
2π
h̄v

ωBC2S

× ∑
ρaρ ′

cρ ′′
d JM

∣

∣

∣∑σaσ ′
cσ ′′

d Λσb
(2L+1)1/2(LΛSbσb|JM)T LΛ

σaσ ′
cσ ′′

d ρaρ ′
cρ ′′

d
< σ ′

cσ ′′
d |t|σaσb >

∣

∣

∣

2

(2J +1)(2Sa +1)
(4.1)

T LΛ
σaσ ′

cσ ′′
d ρaρ ′

cρ ′′
d

= (2L+1)−1/2
∫

χ(−)
σ ′

cρ ′
c

∗
(r′)χ(−)

σ ′′
d ρ ′′

d

∗
(r′′)φLΛ(r)χ(+)

σaρa

∗
(γr)dr (4.2)

"�" N Sa = Sb = 1/2
p

a B b
4 �21 2 B v

p/3 ��4 7 B ωB
p

phase space factor B C2S
p

spectro-
scopic factor

N5! L	P J B M B L B Λ p b
476 �21 2 M ; 4 z 8�g�B�9;:)<�= 5  �>�F M ; 4 z 8�gN5! LCP spin-orbit distortion

47?�@ p
T LΛ

σaσ ′
cσ ′′

d ρaρ ′
cρ ′′

d
�7AB� 8 b n L	P t CED p factrization ���]�F�G

T LΛ
σaσ ′

cσ ′′
d ρaρ ′

cρ ′′
d
MIH 8 b n L6P T LΛ

σaσ ′
cσ ′′

d ρaρ ′
cρ ′′

d

pKJ=-�L�MON
A
 �=s$tRL b

4 �)�  %>�F g�PN�! G B χ
p ��1 2RQ'S N 4 �<�6� NK! L6P φ

p
A
 N 4

b M B
4/T >  E> � >2UWV NK! L6P

THREEDEE
p

t C5D]� Arndt � F LYX T5Z%[%\;] |I^ | 8 �B_,` Q�S N 4 NN(
� E -

� E )t C
D�G7a n b n L6P
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(s-factor = 1.96)
+ b.g.

d
4.2:
����� M DWIA 
�� 4���� P	��
 O 4 c� DWIA 
��e� F L � * M�N P � M (������2  M��@L���� M B s-factor=1

4���� G�M�������0P
THREEDEE � F L DWIA 
�� p spectroscopic factor G 1 M! &b,C � b n L6P�����"�#$� FL s-hole %�& 4 h F p s-hole }('()�*,+�- M�. ����0/  GYA21�bW-Rg3 &b n L�P54�+E��1fB
- M�. ����(/  ��6�7 N�! L)MSq�a$L)M98�:�;$� F�G ^ |�< � ( g�*,+�- M p
(

dσ
dΩ1dΩ2dE1

)

experiment
= (spectroscopic factor)×

(

dσ
dΩ1dΩ2dE1

)

THREEDEE
+background

(4.3)

+ U>= � ! L_P?4K" N 8A@!B0C�D?EF� F2G :�;G ^ |H< � recoil momentum g�P,� THREEDEE
+AI @$J�K�L M�N vAM�N spectroscopic factor OP- MA. ���Q�!/  JAR 1���S d 4.2 ���0�	O�s G 8
:�;�I @ O DWIA 
?� p F5T !"�UN nQV S'� � spectroscopic factor

p
1.96 G ! G 8�W�X!YF�=st V 1s1/2 Z�[ + spectroscopic factor 2 ��\�]!^ n S>)!_ ] | 8 6He +�`�a . Ncb � 8ed!f5g0hb,i�j�k

15MeV
J?l>m �Un < V -o/ep�q�r ] � s-hole s('F��t�u3 N0v V "wOx�e] ]2y ��S

- M>. ���w�(/  q 11.2µb /sr2MeV G ! y ���?8 " < qUz�{2|�}�
�",+�~�#�OA|F� recoil 0
+ 54.2◦ �e�w� V *W+�-,+ 3.2% G ! V S?6���8�z�{2|?}�
�"2+ [�\ G!�W- y ��- M�. �!���/

( � 3.8 �(� ) q s-hole %�& 6�� + 15.46% G ! G 8�- M�. �����/  q��21(�e�,- y N0v V S
">+%��1>8!z�{F+�]0�2��q 10% �(�,+���#(��� ! V O9�'� < V S
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Yt+t Ys−hole ]0���
1.73×105 ±4.16×102 1.88×105 ±4.91×103 92.3±2.62%

�
4.2: 16.6MeV )�_F+ t+t ]0���

4.2
� � � �

4.2.1 �	��
������� � triton

g0h b2i�j ��� v ��� �Az�{�� [ � J�j�LBM�N ]���� N " � < � v "QO ����� � < V S�z�{
+ ���5�"!U� F y N @o�Ug0h b2i�j$# `!� V ���	J ��%w� V O 8�&(' triton � SSD �*),+ G.-V F0/ �>d(f2gwh b$i!j Ex q 16.6MeV )�_5G(1 V S�2 � � SSD ��� v�N �x8 �43 +��45(%
&�G76.8 y N  *8 / ��+�q:9 � G.->� v  H8*;0< �  ��e� v�N discriminator +7= � (300keV >
^ ) )4?�+ ��+!qe��@ NBADC  N  *8 y N(v V S(4!+�E�1�8�g0h b2i�j � F y N q triton

J V �F O! N0v V S
40G�G�8�]Q���F+ Ex H$I � JKJ @ V E�1�8 triton +0L�` N ���7M�� 3.12 +�N V J �4@ N +

d(f2gh b$i�j �7O0E y N7P$Q � �0] �BR0�� 8(- /�p ]S� - M�. ��� �Q/UT J7Z  WV v E
s-hole +0L�` N ���,M OX�(@ N <YE ( � 4.3) SQ� ]Z� ] ] V F0/ ��8 17MeV )�_$+�%(&5Gq 2[ +(LU` N ���*M0q F5T 1 y N�v V S�6!��4 < )4?�+�%!&GQq t+t z�{2+(L�` N ����M(q s-hole
s�'5+\L�` N �!��M0+>67]���^� F"_ E F\/ ���4� V �e8`G�+,^ F ]�],�!q�g0h b2i�j$# `7a
discriminator +b= � �\c`dfe0"F�hg4g �Ki g y E triton j,kl8 < V OH�YO < V So �g  �^ F ]
]\j���@ N triton Gm1 V g�! / gwq n�o�Gp- i v S
�(G�:q\@\E$O ��d Ex j 16.6MeV )�_5Gm1 <\r triton j.s j�tlu�v Jxw4y\z V +${>\�] G

1Zdc8"8�E�� 3.10 c`d discriminator +b=,|5G,} � <QNQv V GOb~ i v OH�mO < V +�G�8 Ex ≥
16.6MeV + ����Ge]0��� J�R 14E�S54�+�I4�(8UG>+�%�& Gw+ t+t z�{F+�]0���,q

92.3±2.62%

Gm1 y E�S

4.2.2 t+t ��������� �
t+t )�*+:� i z?{Y� j T O�� N q 5He+n 8,� +2n( z?{�+W=:|�q�4 <4��< 1.771MeV 8 0.973MeV)

j7�.� � < V S 5He+n +B�$�Y� 5He �B�4�,gwh bFi�j q�z0{"�>]D�2gh b$i!j � 1/6 G\1 V S� � { 5He q unbound Gm1 V ED� z�� { 5He ��� +n {�]�� z V S s-hole s4� JK� � � Nb�Z�
pb�D�D� l>m 15.0MeV

J 6He ��d�f5gQh b,i�j Ex O�� N O V OX���K� �D�5gwh b,i�j Eα q�4  G"~ Eα = 3.06MeV O i d¡�ps jht"u"v lJ�¢ � ].£(� w�y � E$O z�¤ r � w�y�¥ ��gQhb2i�j q 0.67MeV ¦m1Y§ ¨lG�G:g � � � { SSD ����5�©Dª\¦(gQh b2i�jm«K¬ / Gm « �0�(§
®� discriminator �,=W| «°¯ �Y§m~B�!q��p²±l! i v P�4O ¤ §:¨�³4�4{\GB�K´�µ\¶ i z�{2q �·$¸ {:¹U-Bº"~»e4¼ � ¤mi v ¨
� +2n � 3

� z!{.�:���Z~»�l� q #7½�¾h¿\« i � 'W��ÀhÁ i �D mÂ4Ã*Ä0Å ½ �*?\{KÆ�Ç z §:¨
Ex = 15.0MeV ¦q Eα ≤ (15.0− 0.973)× (2/6) = 4.68MeV ¦(1m§��b¦ ÂmÃ,Ä`Å ½ �   - i �/ {KÆ�ÇÈ�xº v §m~W��qms ½ht`upv l � Â4Ã*Ä.Å ½$#�¿\« ��%S�xº`~°É7Æ�eD¼ � ¤ §�q,'D¦Y1
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� 4.3:
� u�������� � T «	� �BV v E41� � s-hole

�Z� pp P4Q � �4Æ"{ R�
��WE��D¹ Â(ÃÄpÅ ½� :� triton ����� ( � � >�- ) ¨
§ (7Li s ½bt�u�v��m« 1.47mg/cm2 £�� wDy � E ¥ � ÂYÃ*ÄpÅ ½�� 3.2MeV) ¨�{�~KgDg�O � '
G ¤ j�e4¼�� ¤mi g��7E0Gm°g � � 6He � s-hole �4�\g ����� � +2n  3 !�"�# z §,� ½ T �$&% { ¹ÈG'�Wº)( i ( �*(O ¤ §W¨p8�E*� 2+ ���D¹��$�0jZ� +2n  �"�# z §:�4�Y���:� �m Â4ÃWÄ0Å ½+�

(1.793-0.973)×(2/6)=0.273MeV � �D �,+- � 0.145mg/cm2 ¦$14§hEb�B�ms ½7t.uv�� ¦b6p8ldfe4¼�� ¤mi (7¨.0/ cpd � s-hole �4�\g � � t+t
.�1 ��� i "�#0� ½ T:���º,�0� � ¤ §b� �

6He � 5He+n � � +2n

¦m1Y§B¨

4.3 2 3 4 5 6 7 89
1 :\¦"~»q(@(E"<;�d �'=�> i@? N'"�#\¦ � � +2n �b� ½ TfjA"�#`�h=�|\j�BDC �0E0Fp�

Q |0j  HG C i §'ID�*��¹ d a z ( �KJ ¦)LY§W¨NM'I�O"{ t+t � ½QPR��S |�jUT�V`{XWDC¡��¹
d°{�CY(l[Z�\^] ¤ I�¨
�_K`�j ·0a �@b4�4� 6He(s-hole) ��"�#"{K;c(�º7� 2 dm� triton  �"�# z §7� ½QP j�ep��º fG i Æ�g+h «0i �Y§j_Y°j'k$gl�UI*¨N��]:{`� +2n � ½QP�� ÉhÆ�eD¼^� ¤ §nm0o�¦cL)��I4{

~Kg�g'kp] J�q CfeD¼^� ¤mi gl��I*¨&_*�l_Y � 6He(s-hole)
�Xr�s0t

(t+t "0# � 24%) £��7¦�Hu MHCwvDq�¦ G i (N_m «yxlz ��º{((§B¨|0} � �+��¿ s ½�~+� �X���)��] � ���.��� u {X�0�(¦ G § ( � 4.5 ��� ) ¨)M J � 7Li �X���
�4����;{(�º � � +t � ���7¿��h½@���l� �&C��D�����Wºc((§p�Z�\�] ¤ § [9] ¨^_�� 7Li

� �� ��]��U� « 1 d0� G���� IX�D� � � r0s�t ¦�( u K_K`h� s-hole �4�N���0F)��§ ¨�_� X�4�
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� 4.4: �D¼^� ¤ I����&��� ¤���¤  X"0#��
	���� �
 ��� ½�¾b¿ ¨�I�� ��� � +2n
� � ½�¾b¿

� �� ] J Æ�Ç��0§B¨
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� 4.5:
�0�,¿��7½@~��

�
2 dc  triton � ]  § ”di-triton

�0��¿��7½X���
”
«�� dcI�� � t+t "�# � T�VN�j�NCw�D¼����

§B¨NM'I 7Li
�   t � ] �U� « 1 d�� GU�N� I���� ��r�s�t   p �
	l�U� ��� �0I���� (p-hole

��� ) �@�0F � � ¿��� ���+�Wº 6He  ����0����� 2+  @���&� �� [Z�\^]�� ���

4.4 Ay � � �
4.4.1 �����! #"%$'&(*),+   ( �.-0/�132�4 ��506�7 -98 �;: ��<�( ��� �+ �=
>�  1 d?8 � < � (�),+   ( �-A@�BDC�E
F&  Ay

��5�6�7 -j�@� � <�G
H � <{( � 8n( uJI�K)� L � [18]
�,L ] ��M�N   (O

(6Li
�

12C
�

16O
�

40Ca) P ��Q,R�S�T ��4.U�I (p,2p) E+FN�)���V��	�W3X�Y3Z 0
� X3Y�ZN ;[\�]

0   1s1/2 �U�� �@�B,C3E�F!P<�
^ ��� Ay
�%506�7 -c  (p,p) E
FN  Ay ���VG�H � <�U �

_�80P`_ �N� I �%a ]X� Ay b�c�d (�e
f �@� � =�g&��G
H � <�; � � _h�*P�i�� (�)  ;jlkm�n  �ol� + L � 8 � < I�K � <�U ���
�'  |+} + � (p)q+   ( ����r,-A�� `kAZ � b �3s N  hG3H ut �)� � /��,vlw  m�n b Ay

 hGDH&�Db m �  Ux8Y� � Hillhouse ]y hy3v � L^� � @�BqCDE3FN��z
U,<�b�E'F�  off-shell C� m�n 8 � <D{l�;ol� � 8 I�K!a ��<�U ��� off-shell C|8hb�}�~
�|8���~�� + X
Yp���0��� Q�0: �� _�8 + � (p,2p) E0F + b�i�� ( r�� ]����%PA� G�� �jI3���h���  Q
]  �� �
�h���wj� : ����

MKI�� a w)�.� � Ay
� E+F�  Q

] ��� � <0�j�)�hG�Hj� � 8�U u b n ��� ]���<�U � [19]
�
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� 4.6: Ay 8 c�d (�e
f  �&�� S%T ( [19] �N� )
��' WN ��*b [18] ��� ���

�' ��)( + b � MDN  +*pU�i0� ( P �AQqR�S*T � �-,
(p,2p) .0/��j��� 1s 1/2 ���xP@�21 ��� �354   �,Q3R!S%T �)� � Ay P-6�� � Ay   Q

]87:9 C!Phg<; , � c
d (�e�f 8 Q
] b |0= �kqZ N ��� � <?>
gN�+@BA)� �A� � *pU ( �Az�UD<�bDC� FE2G � _IH��  U2C�8 �?J H��
<�U��� �KC + �0( + b � (
e�f � 7B9 � �  �� � Q

] � 7B9 � �  K�:LNM)� � , ���F*pU`i0� (
2D
�

3He
�

4He
�

6Li
�

7Li
�

9Be
�

10B
�

11B
�

16O
�

19F P �qQDR!S%T �`4lU3<�U ���
� 4.6

�
4.7 �OCA ��P(�b n PRQj� � �q� � �qc�d (�e
f � Q

] �@�j� � Ay  �&�� S%T +<S��� ���IH���� � �KT	� � Ay b�c�d (�e
f �N�`� Q
] �@� � <��UH �j�;G
H � <�U ���

4.4.2 VXWXY[Z]\_^[`Ua Q bdc[e_fgPhp+ji ; , C;�Ok +  `�B(xb M�N  `i�� ( P;4�U , ��  +<S � � �q� � ��  Ay b s-hole~
�N  Q
]BlPm�+ c�d �N, �A  +�S ���on v 3.3.2

hl+ b �Kpjq ~
� )D+  NrPs�������� Q8t
�c� � Ay  Fu:vxP�g�;
�<w�c�d (�e�f  Fu:v%Pyx{z�< Q

] tN| � � 789 C!P:}�~ S H�� t +
1 � 8��2� � 1

O�� i8� ( 6He
� rBsp�����u� QO� 8 t

Ay PN6��D< s-hole ~�� �N�8� t-�d�
z , �O� �N� n � C �N�8�p+ b�rBs*���A�u� Q:t�| z � Ay �A�[H�� t G�HK� � C.8��q�K�2�,

( � 3.18)
�

Ch�pP 7Li(p,2p)6He
�

Q
] 8 Ay

� &�� S%T�t z , � � �B� 4.8
+�S ���

[18]
t };�<w 5�67 - t z�� � (p,p)( �  �O� 1H � Q,RxSuT�t } � E�F )

+ b Ay=0.35
+�S ��� � 4.8 r � s-hole~�� �-�B����� P-��� +O�B� S%T z � Q=0 k +j¡P¢ �2£*8¤� Ay

��] b 0.330±0.0239 8+¥X~¦�5�6�7 - +���] 8 consistent
+�S £N§¨P© � C�8;b�� Ay

�
Q
] tN| �O£Rª[H
� �-789 C!PRQ{z�<�UD£.� � 8¤«��8¬O£�o�P® m wtut � }KTy¥�¯�°0±B²B³ + Ay ��G
HD�O£ � ��b-´Bµ �-¶8·P¸B¹p+�S £N§
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� 4.8: Ay 8 Q
] � &+* S%T § 7Li(p,2p)6He .P/ub����:.P/ +�S £ �,+

Q
] b�� t ¥�£N§ � �,����
	 t b −Q

�h] Pl8F��<
U�£F§N�j� t }j£ �o� SpT b −Q=23 � 33MeV
�-� tF| z <� �, § Q=0

t z��:£B& * SxT b���� t ^3s_z , �.+ bP¥�� � C ���P� SxT ����� ¯ Q ��8)z�<)6�8,
Q=0

� 8j1 �
Ay

��] 8����!P��BA{z , � �,+�S £N§

52



5

����� t zl��£ 1s1/2 � �?P 1 ����1	� z ,
6He

�
deep-hole ~�
 (s-hole ~�
 )

��������
P�g�;O£ ,
� ��������� RCNP ��������� � * T *!� WS " Q	#�t z�U�$j� 2 � � #�% � T *¯ Q � Grand Raiden & LAS �('*) 15 + ��,	-Bm/. �10K�IHy¥�£ SSD-array 243�5�$ 392MeV687 � �:9�;)³ t }�£ 7Li(p,2p) .P/<& �8�8= � � p	>(?�@ 2 � � , §

7Li(p,2p) .P/ � @/A �-��B � 6He
� rPsp��������;�� 12MeV

¨P© �DC 5 �B� t
s-hole E�
t-| /��O£GF!HB�/IIH ¬ , §Kk , � �8�8= � � @/A�J K � C �

s-hole E�
 �-�P� t�L 5($ 6He� 2 � �
triton M ��� �O£�N ;PO ��Q @:R ¬�Sj§(T � t Q @ t �8�2��S triton

�1U�V �XW	Y �
�/���1Z�[(\ 21] � £*& 72.1%

J S ��S§ zy� zj��;	^`_badc J �	e�fDg*h ; * # ¥ji t }�~e�f�gbh ; t }0�$ K Q @:R ¬<¥)�2��S triton k�lI~�mN£ � J ���8n�$ �
triton ��o�T t Q @R ¬K£RrPs e�fDg*h ; �F�P� J Y �1Z�[(\ 2�] � £p& 92.3%

t k �/q £!Y�&
�)�8�K��S§rY+¬K �8�8� t }�£Gs�tu2��uv�� ©xw £N§¨P© �-��B �:W�� 6He
�

s-hole E�
 K 2 � �
triton �:WR¥�£ cluster y8z{2G|5�$�5<£*&¤«��¬K£-§ � z}$bY+¬ K �8�/� }�~~k�� zD�*� +t

� � � # ��;�y8z J } ��� i R ¬K£ 7Li
���8� E


 t�L 5�$:�
�:W � �u2����8�rv��o�jY & t }0�$(�(� R ¬�$�5<£*&��O�{W ¬O£N§�
1 � J	� n*SD�����8� ���j�2}0£ 6He

����� #8% �<a g � L 5�$ K t+t
��� ��£1E�
2�

18MeV 2(c��`���X�	��2����<��$ L�� �/�{���~Q @ �DS�� �	����c�� 15MeV ¡ � 3MeV ¢
5o§{YD�1£*5�¤ª`��¡�£!kD� J l�£�¥ K ´Bµ�¦/§ R ¬O£n`v~¨ ¹ J l�£N§© SN� 6/7 9D;�³�243!5�£ Y�& J ��ª/«�¬*c J ��¬8«!D®8¯�°�3x�1±�²r2´³jµG¶�¤/¥ � &(�
$D·¹¸ R�º $�5 µ (p,p) »8¼r� 687 Z ¦8½ Ay 2 6He(s-hole) �~¾ ���pe�fDgrh ;8�~¿X�À]�Á8SDÂÃ ��Ä B Ay

K ����e�fDgph ;8��¿X�ÆÅ<WÀ¥ �GÇ/È¹�´$�5 µ�Y�&É¤	Ê�¥�ËSDÂxY º K Ay ��Ç/È
�~¿ Ìpµ off-shell ±r�~Í8Îu2GÏ�Ð�Ìpµ!kD� J l�µ~Â
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YD�����u2��Pm4�/l8S ��� S	� R�
 ��`�	�������`2�5�S���v © �~S�Â��-���� ���������� ��x� K�!#"�$ 5&%�;�'�2�(�) ��*�5�S��(5�S���+ J�, � ��-. �/� �0�1 S��!v © �1SDÂ © S����32�4�5�6r�DÊ!S�Ë�*7�98;: 1 S��!v © �1SDÂ�� ¥ W=<�>@?��BA7C© ÌDÂD ����Ex��FHG�I#J; �� �KMLON3P RO
 �RQ#ST RO
 �RU3VXW RO
 � K T3Yr�[ZXk]\3^`�²
¨�_*v �;` �ba ��c * 1 S��!v © �1S�Â D�d �[e�f�g3h3iMj 1 Ë��bkÉ�[l c *m� º µon&p ,�qr _u�~S�Â© S �;sXt;s�u RCNP �[v8ª�w& �� ��x v�y�z|{ 
 ��}#L�~�V { 
 �������3P { 
 �R�3���� { 
 �[�����[� { 
 �O�&��� { 
 ������s�u �&�1�X�R�� �� ���������  �� �[�X�;�3� { 
 ��/� s�u��3� � �� 3¡  �� �R¢#£;¤�¥  �� �;¦�§�¨&©�ª�s���L�� y3«� �� � JASRI

�O¬��3��
 ��/®3j�¯3Y7®/�]��� 1�° �#±�²/³ ° Â&´µ u3¶�s�u#� � LO·�¥  ���®3j[¸�¹�º�»7®R¼ 1 *�:½ ³9* 1�° �#±�²/³ ° Â�¾�¿ s�u/��À�Á�� { 
 j�Â3ÃÄ®R´�Ì�Åb�]���7Æ�ÇÈ�]É/±�Ê�+R*m���#{1 ²�³ °Ë �ÄÌ ®�Í	ÎBÏÐa�ÑR�3Ò 1 ²�³ °Ë

² °OÓ3Ô j ��Õ�Ö aØ×�ÙÚ³�* Ó SPring-8/LEPS _ � ¯�Y Ó�ÛMÜOÝ ³ 1�Þ7ß�à ��áâ ®�ã�ä�å
³�*Ä±&²�³ °Ë

SPring-8 _bj D Õ�Ö E � v ��æ�ç {�è Ó3Ý �Oé#ê@{�è�Æ�jÄë�ì Ó LEPS
�Oí {�è�î	ï Ó ¯�Y

Æ�ðÚ³�ñò �/óXô ¯�Y�õ�öb÷&ø�¸@®;¼�ù3ñú c ñ�ù °�û ±&²�³ °Ë
µ�ü3ý�þ s�u��3ÿ���� {Oè�� LEPS

��¥��	� ³�ñ Ó ² ° �3Õ�ÖÄ��
�OÕ�Ö���� ³�ñR¯�� ��� ÷������������ �������! �" ® ��# ñ	$ û {�ùb²�³ °�Ë ��Õ�Ö&%��!'�(Xu {�è Ó*)*+�,�- {
èb®���.0/ óXô1��� î	ï=ú123ñ�ù °�û ± Ó�3 Î9®#{54�ñ�ù °�û ±&²�³ °ËÔ �56&7�8�9 2 :�; �=<0> � ��� SPring-8

�@? ³�²/³ ° Ï Ó í {OèX®�A�2 ïCB Ó ���D�!E °
ã � � � ñ@ã < ±Oî # ° �GF ù#²@H Ë
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A 7Li(p,2p)
�

Ex(6He) �������	� 
�� Ex(6He) ��������� 
��
[µb/sr2 MeV2] [µb/sr2 MeV2]

-0.5 1.130626 0.089484 2.7 14.066846 0.315559
-0.4 2.313075 0.127763 2.8 13.760522 0.312363
-0.3 9.117141 0.254451 2.9 13.424567 0.308352
-0.2 39.948416 0.532278 3.0 14.151087 0.316533
-0.1 102.322835 0.851294 3.1 12.809222 0.301445
0.0 138.335633 0.990175 3.2 13.021753 0.303367
0.1 114.660403 0.901587 3.3 13.212114 0.305659
0.2 76.480762 0.736199 3.4 12.893010 0.302138
0.3 47.538186 0.580456 3.5 12.793009 0.300965
0.4 28.290117 0.447722 3.6 12.980623 0.303186
0.5 14.595653 0.321575 3.7 12.630622 0.299113
0.6 6.708281 0.217923 3.8 12.400712 0.296296
0.7 2.615589 0.136014 3.9 11.774652 0.288781
0.8 1.270479 0.095013 4.0 11.926288 0.290858
0.9 0.791600 0.074923 4.1 12.298837 0.295123
1.0 0.862727 0.078536 4.2 11.888182 0.290218
1.1 0.894190 0.079451 4.3 11.929441 0.290620
1.2 1.695377 0.109637 4.4 11.936192 0.290886
1.3 2.094405 0.121869 4.5 11.827556 0.289295
1.4 3.631279 0.160424 4.6 11.426433 0.284635
1.5 7.911433 0.236432 4.7 11.261221 0.282334
1.6 20.288568 0.379091 4.8 10.932351 0.278256
1.7 38.060386 0.519233 4.9 11.278347 0.282505
1.8 48.162637 0.583672 5.0 10.985545 0.278669
1.9 47.589042 0.580182 5.1 11.562142 0.286537
2.0 41.332230 0.540562 5.2 10.948148 0.278371
2.1 36.266367 0.506792 5.3 10.854084 0.277444
2.2 26.843735 0.435979 5.4 10.974770 0.279000
2.3 20.211132 0.378230 5.5 9.926747 0.265281
2.4 16.832990 0.345370 5.6 10.053784 0.266778
2.5 16.036523 0.337184 5.7 9.656542 0.261476
2.6 15.555701 0.332032 5.8 9.417483 0.258360
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Ex(6He) �������	� 
�� Ex(6He) ��������� 
��
[µb/sr2 MeV2] [µb/sr2 MeV2]

5.9 10.122052 0.267544 9.9 6.865852 0.220336
6.0 10.777888 0.276367 10.0 7.006205 0.222586
6.1 10.738876 0.275662 10.1 6.877303 0.220517
6.2 9.926297 0.265298 10.2 7.268790 0.226968
6.3 9.831689 0.263945 10.3 6.573579 0.215717
6.4 9.618005 0.260932 10.4 6.645338 0.217355
6.5 9.913631 0.264921 10.5 6.760037 0.218803
6.6 9.930395 0.265310 10.6 6.540328 0.215423
6.7 9.549933 0.259954 10.7 6.676957 0.217500
6.8 8.764141 0.249217 10.8 6.037538 0.206622
6.9 8.977535 0.252089 10.9 6.191356 0.209402
7.0 8.777193 0.249368 11.0 6.465151 0.213694
7.1 9.626996 0.261416 11.1 6.602948 0.216307
7.2 9.061441 0.253501 11.2 6.130821 0.208758
7.3 9.012643 0.252746 11.3 6.340962 0.211968
7.4 8.734924 0.248663 11.4 6.462010 0.213982
7.5 8.506305 0.245600 11.5 6.420735 0.213201
7.6 8.677105 0.247842 11.6 6.296247 0.211223
7.7 8.211939 0.240972 11.7 6.366262 0.212468
7.8 8.605751 0.246863 11.8 6.511603 0.214751
7.9 7.984373 0.237811 11.9 5.849714 0.203790
8.0 8.281703 0.242367 12.0 5.968861 0.205628
8.1 8.342848 0.242952 12.1 6.087896 0.207634
8.2 7.289335 0.227231 12.2 6.487913 0.214149
8.3 7.275358 0.226744 12.3 6.922339 0.221436
8.4 8.479070 0.245375 12.4 7.479607 0.230242
8.5 8.844856 0.250357 12.5 8.919246 0.251118
8.6 7.962110 0.237575 12.6 11.282796 0.282595
8.7 7.590075 0.231704 12.7 14.906797 0.324910
8.8 7.714898 0.233715 12.8 16.568827 0.342530
8.9 7.577146 0.231820 12.9 20.878689 0.384439
9.0 7.699748 0.233703 13.0 24.090969 0.413051
9.1 7.395715 0.228759 13.1 28.231322 0.447162
9.2 6.905992 0.221033 13.2 31.014739 0.468269
9.3 7.262158 0.226534 13.3 34.489242 0.494141
9.4 7.109292 0.224167 13.4 37.274398 0.513688
9.5 7.385795 0.228631 13.5 40.696816 0.536879
9.6 7.399608 0.228830 13.6 42.759496 0.550402
9.7 7.117098 0.224439 13.7 46.063239 0.571202
9.8 7.337048 0.227913 13.8 47.822589 0.581975
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Ex(6He) �������	� 
�� Ex(6He) ��������� 
��
[µb/sr2 MeV2] [µb/sr2 MeV2]

13.9 49.142476 0.589938 17.9 26.276003 0.431227
14.0 50.754945 0.599420 18.0 24.867696 0.419465
14.1 52.676036 0.610824 18.1 24.984917 0.420420
14.2 52.707056 0.611036 18.2 23.802198 0.410372
14.3 52.973587 0.612547 18.3 23.347248 0.406521
14.4 54.791849 0.622822 18.4 22.371718 0.397972
14.5 54.202323 0.619445 18.5 22.171358 0.395961
14.6 53.369756 0.614808 18.6 21.176893 0.387026
14.7 53.883049 0.617889 18.7 21.080794 0.386127
14.8 53.499536 0.615355 18.8 20.607976 0.382195
14.9 53.003969 0.612572 18.9 19.877434 0.374798
15.0 52.095508 0.607279 19.0 19.520586 0.371537
15.1 51.686204 0.604704 19.1 19.458764 0.371269
15.2 51.358472 0.603065 19.2 18.786121 0.364558
15.3 50.546596 0.598355 19.3 18.100908 0.357859
15.4 47.402960 0.579299 19.4 18.457348 0.361275
15.5 48.706250 0.587387 19.5 16.754563 0.344151
15.6 47.541575 0.580012 19.6 16.503694 0.341759
15.7 46.467827 0.573604 19.7 17.106276 0.348108
15.8 45.222153 0.565745 19.8 16.454657 0.341028
15.9 44.926280 0.564010 19.9 14.974293 0.325452
16.0 42.156795 0.546148 20.0 15.082935 0.326494
16.1 40.995251 0.538811 20.1 15.848086 0.334693
16.2 41.520296 0.542226 20.2 15.238112 0.328226
16.3 40.279076 0.533880 20.3 14.454352 0.319823
16.4 39.200423 0.527004 20.4 13.970858 0.314240
16.5 38.005951 0.518658 20.5 14.504566 0.320441
16.6 36.916468 0.511386 20.6 13.217399 0.305650
16.7 36.010136 0.504735 20.7 13.202743 0.305495
16.8 35.137649 0.498615 20.8 12.806785 0.301069
16.9 34.531080 0.494187 20.9 12.599714 0.298547
17.0 32.874884 0.482053 21.0 12.638713 0.298995
17.1 32.098386 0.476515 21.1 12.043954 0.291715
17.2 30.961806 0.468354 21.2 11.925278 0.290235
17.3 30.437703 0.464178 21.3 11.834971 0.289483
17.4 29.925357 0.460281 21.4 11.182745 0.281313
17.5 29.257030 0.454899 21.5 11.756839 0.288321
17.6 28.027647 0.445101 21.6 11.042698 0.279391
17.7 27.757597 0.443345 21.7 11.440248 0.284511
17.8 26.485887 0.432907 21.8 10.603572 0.274006
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Ex(6He) �������	� 
�� Ex(6He) ��������� 
��
[µb/sr2 MeV2] [µb/sr2 MeV2]

21.9 10.092791 0.267046 25.9 5.501486 0.196963
22.0 10.607000 0.274062 26.0 5.208284 0.191727
22.1 10.696555 0.275250 26.1 5.231041 0.192314
22.2 10.029473 0.266494 26.2 5.116720 0.190259
22.3 9.638175 0.260978 26.3 5.313447 0.193883
22.4 9.647399 0.261127 26.4 5.263067 0.192785
22.5 9.015626 0.252657 26.5 4.982445 0.187459
22.6 8.978509 0.252004 26.6 4.597536 0.180548
22.7 9.084247 0.253392 26.7 4.728742 0.182845
22.8 9.015498 0.252206 26.8 4.536198 0.179065
22.9 8.970248 0.251586 26.9 4.052250 0.169307
23.0 9.022523 0.252801 27.0 4.351914 0.175454
23.1 8.377905 0.243443 27.1 4.302818 0.174402
23.2 8.042775 0.238445 27.2 4.293885 0.174417
23.3 8.134768 0.240180 27.3 4.417428 0.176669
23.4 8.066430 0.238707 27.4 3.975853 0.167806
23.5 8.093227 0.239334 27.5 3.991993 0.167803
23.6 7.911521 0.236525 27.6 4.189024 0.171997
23.7 8.009974 0.238070 27.7 4.092335 0.170095
23.8 7.968737 0.237338 27.8 3.915905 0.166289
23.9 7.528841 0.230575 27.9 4.205461 0.172413
24.0 7.388495 0.228567 28.0 3.855603 0.165235
24.1 6.991456 0.222508 28.1 3.994885 0.167618
24.2 7.053309 0.223580 28.2 3.778867 0.163463
24.3 7.186231 0.225320 28.3 3.447660 0.156112
24.4 6.882552 0.220695 28.4 3.576348 0.158921
24.5 6.961530 0.221817 28.5 3.938384 0.167097
24.6 6.724245 0.218069 28.6 3.655465 0.160778
24.7 6.355571 0.211875 28.7 3.839722 0.164747
24.8 6.296614 0.211028 28.8 3.623962 0.160120
24.9 5.899196 0.204299 28.9 3.310167 0.152744
25.0 6.391864 0.212670 29.0 3.245996 0.151284
25.1 6.350550 0.211889 29.1 3.342207 0.153685
25.2 6.399069 0.212711 29.2 3.334496 0.153394
25.3 6.062757 0.206666 29.3 2.989517 0.145181
25.4 5.742360 0.201690 29.4 3.235559 0.151363
25.5 5.465911 0.196638 29.5 3.162974 0.149666
25.6 5.556794 0.198199 29.6 3.031998 0.146489
25.7 5.839535 0.203364 29.7 3.271317 0.152011
25.8 5.646639 0.199793 29.8 3.010552 0.146220
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Ex(6He) �������	� 
�� Ex(6He) ��������� 
��
[µb/sr2 MeV2] [µb/sr2 MeV2]

29.9 2.696994 0.137995 33.9 2.076235 0.121210
30.0 2.863273 0.142261 34.0 1.837676 0.113684
30.1 2.725011 0.138803 34.1 1.931002 0.116597
30.2 2.799552 0.140637 34.2 1.898772 0.115723
30.3 2.846098 0.141984 34.3 1.899097 0.115780
30.4 2.751520 0.139392 34.4 1.728486 0.110471
30.5 2.691440 0.137942 34.5 2.013073 0.119304
30.6 2.563384 0.134682 34.6 1.754111 0.111362
30.7 2.835967 0.141548 34.7 1.824590 0.113461
30.8 2.803070 0.140626 34.8 1.661678 0.108298
30.9 2.541691 0.134054 34.9 1.880993 0.115681
31.0 2.623178 0.136333 35.0 1.734532 0.110538
31.1 2.368640 0.129251 35.1 1.627308 0.107391
31.2 2.639878 0.136935 35.2 1.430494 0.100366
31.3 2.467448 0.131912 35.3 1.592845 0.105980
31.4 2.418395 0.130638 35.4 1.570011 0.105471
31.5 2.293687 0.127431 35.5 1.533102 0.104134
31.6 2.548658 0.133999 35.6 1.503317 0.102936
31.7 2.336341 0.128560 35.7 1.577542 0.105378
31.8 2.212717 0.124823 35.8 1.690082 0.109191
31.9 2.371468 0.129470 35.9 1.642969 0.107450
32.0 2.379275 0.129434 36.0 1.507584 0.103378
32.1 2.330510 0.128425 36.1 1.518170 0.103074
32.2 2.244173 0.126258 36.2 1.438369 0.100627
32.3 2.333957 0.128212 36.3 1.597609 0.106254
32.4 1.984320 0.118072 36.4 1.253905 0.094489
32.5 2.110449 0.122149 36.5 1.480039 0.102208
32.6 2.040604 0.120090 36.6 1.363887 0.098208
32.7 2.192140 0.124648 36.7 1.376856 0.098375
32.8 2.049174 0.120382 36.8 1.714374 0.110069
32.9 2.159017 0.123874 36.9 1.343000 0.097622
33.0 2.139173 0.122798 37.0 1.454573 0.101581
33.1 1.926862 0.116671 37.1 1.186833 0.091875
33.2 1.979670 0.118319 37.2 1.446241 0.101123
33.3 1.978898 0.117993 37.3 1.239064 0.093727
33.4 2.161497 0.123708 37.4 1.200850 0.092347
33.5 1.822913 0.113614 37.5 1.116761 0.088943
33.6 2.172621 0.123976 37.6 1.360980 0.098137
33.7 2.220715 0.125336 37.7 1.098099 0.088051
33.8 1.983094 0.118288 37.8 0.995898 0.084352
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Ex(6He) �������	� 
�� Ex(6He) ��������� 
��
[µb/sr2 MeV2] [µb/sr2 MeV2]

37.9 1.233212 0.093416 39.0 0.838433 0.076812
38.0 1.039306 0.085845 39.1 0.873811 0.078684
38.1 1.063896 0.086643 39.2 0.905996 0.079968
38.2 1.054570 0.086514 39.3 1.069399 0.086705
38.3 1.122439 0.088923 39.4 0.807353 0.075524
38.4 1.168423 0.091160 39.5 0.756706 0.073117
38.5 1.114113 0.088952 39.6 1.021595 0.085089
38.6 1.057715 0.086311 39.7 0.874921 0.078593
38.7 1.063425 0.086704 39.8 0.952930 0.082016
38.8 0.866247 0.077830 39.9 0.764851 0.073225
38.9 1.005134 0.084353 40.0 0.798183 0.075066

61


