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2.1: áYâ6¼\®�iY¯t°�±Õ² ´C¶ Ì)(+* U Þ 8He üeýZþt¨� ÏR�P�	ÑjÜ À_×ÿ,� Ï Ú-� ÑjÜ 1 � Ì á_â	¼�Ô  "ÝwÏ�Í¤ç.� Ö���Ô p_r × 7He Ô=·t¸ p_rÜ/	,� Ô	ï Ü_ÞWÒ r üFá_â6¼\®Eib¯=°¨±³² ´C¶ À�� ÎßÞ 7He

ø����-�P  Õï Ü NÈzO× ¹"Ì��0�1��Ï 6He À2��� Ì áLâ	¼ Ï ºP» Ñ)Ü1Þ
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2.2 3545687:9o ¼  �Ì Ê Ã�Ì ÇE� &EË+ø 2 ;,<jï ÜYÞ ` y/øpo ¼ ÷ [Ým"=2>?ü�? ç ×@ 	 DEFBA 	 üDC"� # @-E Ê Ã-F (q G M)
ÌBH ò Ü.I ¼¨üLÚ�Ûköu×/J"K öWNL"M,N Õ ÌLÙ ¥ ÷ [ Ê Ã ü
OÈ� ÑWÜ À� ÎTQ�Ì Õ"ï Ü_Þ¤ÒCÌ�&ZË/ø × ����P ¤Ì+Í�Î ò�P�Q Ì�R �  �ÏFø É$SFÖOÕ"ï Ü1ÞrQ�Î ` y�ø × o ¼   ´?¶�üT C�UWV &ZË0X"Y V.Z ¹�[�&AË À'\ # Ê ÃU�']AË À É'^CÊ ÃCË�[ Ð y+_"Y` [ r V/Z

2.2.1 a�bdc1e2f

g

h

i

j
2.2: >P@"k"l�m [�nÈN   ´P¶ X(a,b)Y

[�(�* j Z
j

2.2
[$odp�q,r

X(a,b)Y À.� p ´A¶ üRÜWs0V
Z ct 1 ÀuUvV�wBx�làü�C
�yVlÀ r?<'z ÅW{B|}À ÁZÂEÃ�[�}�~�� m�[

Q t TY � Tb � TX � Ta (2.1)

t MX � Ma � MY � Mb (2.2)�
Pa � �

PX t �
Pb � �

PY (2.3)

_ ¸���� y Z���� X Ti
r �

Pi
r

Mi � ¹������AÁPÂÈ<,z Å2{�| rtÁAÂÈÃ?Ä ¯² Å r Ê Ã üD�,U�ZtG�   ���'� \ # �1VpNÈz TX
r �

PX � 0
X�Y VZd� �o � Ma

r
Mb
r

MY
_�����X'r

Ta
r

Tb À b
[ ��!��,��� _ ÇE��� ��� ] r

MX üpÎlz�V��lÀ _�X+� V/Z
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2.2.2 �d�yaybyf
�,� Ê Ã M

[DI ¼ ( �"�-��x )
_

n � [)I ¼1� ºP» \WN 	,��r M � ¼�¾� � V I ¼ i
[B�E<'z Å2{�| Ei À ÁAÂÈÃ?Ä ¯ª² Å �

pi ü)C+� #
M t n

i

Ei

2

�
n

i

�
pi

2

(2.4)

À��'�vV/Z��"�'�Bx [bÌÈÍ���z ÅW{B| Erel � r ¼à¾ I���[ ��� Ê Ã mi üC�� #
Erel t M �

n

i

mi (2.5)

À��'�vV/Z 7He
[B "¡0�,z'¢ {�| [�	,� �

Erel t M(7He) � M(6He) � M(n) (2.6)

£ q VZ�¤"¥ [ � £ md¦ r)�+#'[�§y¨/I��+[ ����©�ª _�����[B	��, �¡"�z�¢ {�|0«B¬y¯® ¢ ü�° ¨ UWV�� £ _,X��Br�±�[�² |� [ x+³�md¦µ´'¶ %[�I+�$[ �'��©�ª M ü�·$¸�V�� £ _"X�� VZ¹ ^ ©+ª"º [�»'¼ £ \ #�F"½$¾-¿ � o$À ©+ª ü�Á+Â X$� V £ � p � £_0Y ` ¦ � V.Z ¹ ^ ©�ª�º ü�C"��Ã 	��1[� �¡'�'z-¢ {�| Erel
[ Á�Â-Ä�ÅÆ

Erel � rB§2¨DI��$_�Ç�È$[�É�Ê�r ©"ª-Ë Ai
r�Ì � vi

r�Í���[�Î'Ï k�l X[� "¡ �,�Ð� 12
r�Ñ'Ò-Í+��[BÓ,Ô"�'z�¢ {�| E

£ ©"ª�Ë A ÕDÖ0×0Ø�Ù�Ú ¾
�BÛ [�oWp ���Ü� � VZ

Æ
Erel Ý 2

A1A2

A1 � A2
Erel Þ E

A Þ
Æ

v1ß v1

2 �
Æ

v2ß v2

2 � Æ � 212 (2.7)

Ó�Ô���zB¢ {)| _ 500MeV
[ 7He

_ 6He
£/à á � �´B¶Ü\�Ã É�Ê"r Æ v1 â v1 tÆ

v2 â v2 t 1%
r Æ � 12t 10 mrad

£�ã Â'U�V £ rB +¡���z�¢ {-| [�ä'å+æ �
Erel t 1 MeV

X Æ
Erel t 0.18MeV

£ q V
Z¹ ^ ©"ª�º ÕDÖ�×�Ã É�Ê+r
§y¨/Í0��[ Á�Â0ç+è X Erel Õ�·$¸0V'� £ _,X��r/Ñ'Ò-Í+�+[B��z,¢ {�|�é Ñ,Ò �'���Dê ~ \ q ×�Z1� [ Ã"¸ Ñ,Ò"��z,¢
{B|�é r/Ñ,Ò ��� [�ë�_ � _�ì�� × ¹�í ÂBî Ç Ûðï|+ñ"ÕDÖ0×�ÃBÁ�Â$� �ò \/Ø,×yV/Zó�ô ©"ª�õ'ö�º ÕDÖ"×0Ã É�Ê�r
Ñ'Ò-Í+�+÷B�,z�¢ {B| _Bø"ù £ q � r�äå+æ � Ñ�Ò"Í��1÷,�0z�¢ {�| ÷ Á�Â ¿ �yú�ûyüyý)þ 1GeV

÷�Ñ�Ò$�0z�¢
{�|$� ¡Üÿ/r ¹�� ©0ª�º ÷BÉ'Ê Æ Erel � 0.1MeV

÷�� |��-|�ú����,Ã
	 r
©"ª�õ'ö"º ÕDÖ"×�Ø�����'� ÷Bä�å"æ Õ��dý'� £ ����� �����$ú��0ýþ����� ú � r ¹
� ©"ª�º Ö+×"Ø ©"ª Á"ÂyÕ��! þ
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"
3 # $ %

3.1 &(' )+*-,/.1032
Î"Ï54�6�7�8 �9�;: ÷�<+Ì;= �9�;>�?

RARF(3.1) @���ýBA Ñ"Ò î
C�DE ä
F�G ³ RIPS(3.2)Õ�Ö0×�ØB�5HJI+Ã�þK �MLON ú�P;Q ÿ Ã 18O ïSR�ñ�Õ AVF T K �UÐ®VU L @XW+Y[Z;\ <�Ìÿ ÃB]XAM^ L�_ T K �UÜ®`U L úMa�¦�@ <0Ì
b ý.þ ±vÿ Ø�ced;f�gih
j+@WMYlk�myÕon�p È�È ABq�f�r�gJh�j+@XW+Y ±0÷Bs
t Õ
u;v
w;	ð¦ E6
Î�Ïx ü,úBy�z ÿ ó ÛJ{ ¾ @ Ñ'Ò a`|ðý/þi� Î'Ï ú 4 100MeV} nucleon
÷ 18O

ïSR�ñ�Õ ó Ûvï�R+ñ £ ÿ Ø ó ÛJ{ ¾ 9Be @ Ñ�Ò a~|�ÃBþ

�
3.1:

6�7�8 �9��: ÷e<+Ì�= ���;>
?
RARF

÷e��� � þ K ��L�N ú�P�Qÿ Ã 18O Õ�A AVF T K �UÐ®VU L £ ^ L
_ T K �UÐ®`U L @�W�Y Ç \9�@ ä è�Ø <�Ì ÿ A E6
Î�Ï x ü,úJy�z ÿ Ø ó Û�{ ¾ 9Be @ Ñ"Ò a�|ðý
þ
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�
3.2:

Ñ�Ò î�C�D E ä
F
G ³ RIPS
÷���� � þ ó Ûðï�R�ñ;	 ó Û�{ ¾ @ ÑÒ�b ý £ ABî;C�D����+@9W+Y��+��w�î���	JP;Q�aOIdý/þ RIPS ú 4 A�h����� ÷�� × £~��� ¢�� RJ�;�;��@B��è�ý ��� ¢M� R ö;� ÷B� ×�ÕO�0Ö ÿ Ø� ¾ £ w�ýî��ðÕo�X� ¨Bb þ
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3.2 �(' )+*-,/.1032
18O

÷ ó Û�ï�R�ñ�	 ó ÛJ{ ¾ 9Be @ Ñ'Ò�b ý £ A�î;C
D��
�+@�W�Y����w�î��5	�P�Q�a�IWý
þ RIPS ú 4 ABh�� ��� ÷i� × £ A ��� ¢�� R������@��$è�ý ��� ¢�� R ö;� ÷�� ×�ÕO��Ö ÿ Ø � ¾ £ w�ý�î
�WÕ Ç ÛðïOR+ñ £ÿ ØB��� ¨�b þi� Î�Ï ú ÷-Ç ÛJ{ ¾�� ³�@B��è"ý Ç Ûðï�R+ñ ÷��
  £ A Ç
Û�{ ¾0÷���  Õe¡ 3.1AJ¡ 3.2 @�¢ b þ

¡ 3.1:
Ç Ûvï�R+ñ ÷B��  þ

î�� �
� ¢+� R £ � Purity
8He 70MeV} nucleon ¤ 13.5kcps 96¥ 5%

¡ 3.2:
Ç Û�{ ¾0÷���  þ

{ ¾ { ¾i¦§�¨
346.5mg} cm2

3.3 ©«ª¬ ® ¯J°±®(²�
3.3 @o� Î,Ï+÷�³µ´·¶¹¸9´�º ÕS¢ b þ RIPS ú��¼»`I�½ Ç ÛðïOR�ñ 8He4 A�üB¾�{9¿�Z9@eÀ�Á ÿ ½ Ç�È+÷ÃÂ ^oÄ ¶ÆÅXÇ�LSÈ R (BDC) @ Ñ'Ò�b ýþ

BDC ú
É ÷BÊ�Ë 	iÌ�ÍÎa�IX½J]�A Ç Û�{�¿�úX�+ý §�¨ {5¿ÐÏ[��� ÿ ØJÑg Í r�Ï à
á rWÕ�Ò�Ó b ýþÑXg Í r 4,Ç Û ïoR�ñµÏ�Ô�ÕX�µ Ì � ú
Ö;× ÿ A Â ^eÄ ¶�Å5Ç�LoÈ R
(MDC) @ Ñ"ÒXb ýDþ MDC ú�É ÷�Ê�Ë 	�ÌXÍØaSI9½�]�AJq�f�r�g;h�jµ@Wi�-Ø;É ÷Bs�t Õ
u;v+»VI�A Â ^�Ä ¶ÙÅXÇ�L�È R (FDC3) Ï º�ÚiÛ;Å�´�ÜÝ L�ÅÎÞ R�ß�R (Hodoscope) @ Ñ"Ò�b ý/þ FDC3 ú 4BÊ�Ë 	�A Hodoscope

ú 4 ���
à � R ö�� Ï Ê ��á�â�	�ÌXÍÐaSIvý
þ ó�ô à
á r 4 Ö;× ÿ A ºÚ�Û�ÅM´eÜ Ý LeÅ·Þ R9ß�R (VETO,NEUT) @ Ñ,ÒÐÿ Ø�É ÷�Ó'Ô�ã Õ�Ì�Í·aIdý/þ
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äæåèçêéìëîíèïñðòïóíõôöë÷íèåèåèçøëúùüûýÿþ��öþ����êþ����
	�
������������������� �! #"�$&% ('�)

*,+ -�.�/10325476�8�09;:<�=?>�@�A

BDCFE&GIH3G�JLKME&CFNPO

Q�RTSU�V;W�XZY?[]\_^;`baMc_YMd�^fe

gihFjMk1lnm�o#p3mqjMoLk&hl�r

s�tnuwv_xfy{z�|~}D���tn�&�3sDy��
���n�w�_�f�{���~�D����n�&�;�I�3�M�

�����1�1�f�{���7�I�;�F���_ ¡�I�3¢

�
3.3: £¥¤ ÷J³Î´Ð¶�¸�´�º þ 8He

4
BDC ú Ê�Ë 	JÌ�ÍÎa�I9½�]XA §�¨ {¿ÐÏ~��� ÿ§¦ ÑXg©¨9r Ï«ª¬�r¯®�Ò�Ó b ýDþ�Ñ�g°¨9r 4¥±³²µ´ R·¶·ÏBÔÕ���5¸ � ú�Ö�× ÿ A MDC ú Ê;Ë 	iÌ�Íµa�IX½i]�AJq;f�r�g�h�j�@XWJ�¦Js�t ®�u
v·»~I�A FDC3 Ï Hodoscope @º¹³» b ý/þ FDC3 ú 4BÊ�Ë 	�A

Hodoscope ú 4 ���;à � R ö�� Ï Ê �Xá�â;	iÌ�Í·a�IWý.þ©¼©½¾ª¿¬�r 4 Ö× ÿ A VETO,NEUT @À¹Á» ÿ§¦ÃÂÁÄ�ã ®�Ì�Íµa�IWý/þ
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3.4 �(' )+*-,ÆÅÈÇÈÉ
3.4.1 ÊÌËÎÍÐÏÒÑ³ÓÕÔÕÖÎÏØ×ÀÙÛÚÜÙ (F2plastic)

F2plastic
4 A F2 ÝÁÞàß5@eÀ�ÁÐaOI�½ ¦ a 1 mmA°ßâá 80ã 80 mm2 ÷�ºÚiÛ;Åµ´BÜ Ý L�ÅÐÞ R5ß�R�ú��+ý/þ°äÁå+@ PMT 	Ãæ³çØa�I ¦ �¼Y�AÃèêéÏSá�â«ëàì9	B� »`Iðýþ

3.4.2 ÊÌËÎÍÐÏÒÑ³ÓÕÔÕÖÎÏØ×ÀÙÛÚÜÙ (F3plastic)

F3plastic
4 A Q12

÷ ÓÕí�Ö�]·@iÀXÁ a�I�½ ¦ a 1 mmA°ß¥á 100ã 100

mm2 ÷
º9ÚJÛ�Åµ´iÜ Ý LBÅÐÞ R5ßiR�úX��ý/þ F2plastic Ïe�e��@�A«äàå ÷
PMT îµ»5èÜéÐÏSá�â«ëàì9	�� »VIdý/þ
3.4.3 ïâðÁñÈòóÏõô·Ö°ö÷Ù (BDC)

BDC
4 A ±©² {9¿�Ö;Z9@ ? Á a~IX½ 2 øúù Â ^oÄ ¶ Å�Ç�L�È R"ú���ýþ±°² {�¿�@¹³» b ý�Ñ�gÃ¨�rÜù Ê;Ë ®oÌ�Í b ýàû�Ï�	'úÎü0ý.þ X A X’ A Y A

Y’ ß¥ý 2 ß�¾ÁþÌù 8 ßúîµ»�wÜÿ ³·LBÛ ßÐÏ�A 12 ù����oR Â ß�����QØa�I¦	� ÿ�
 X ß 4� K�� R�����Ö©½��;@��µ»[IX½©ß��;A����â½��°ù � ÁÜùiÌÍ�@�� � ÿ�
 Y ß 4�� K�� R������â½��;@��Î»`I�½©ß��;A��XÖ©½��©ù � Á
ùJÌ�Í9@�� � ÿ 
 X’ ß 4 X ß ®"! ³ à# -X ½���@�¾ »%$�½°ß�A Y’ ß 4
Y ß ®�! ³ à#�& Y ½��
@B¾ »�$�½¥ß�@�'�( b ÿ 

3.4.4 ÊÌËÎÍÐÏÒÑ³ÓÕÔÕÖÎÏØ×ÀÙÛÚÜÙ ( )+*-,·ÔÐÖúÏ )
.	/ ü Ý L�Å�4 A 2 øúù BDC â�@�À�Á a�I9½ º5Ú�Û�Åµ´iÜ Ý L�ÅµÞ Rß�R���0úÿ 
 ¦ a 5 mmA°ßâá 45ã 45 mm2 �;Aêª�1X@iÖ"2 10mm ù . �/ �Î¦3� ÿ 
 ´ RÌ¶�� . ®�4�56$�½"7³ç9A PMT ��8 »~I¯ÿ§èÜé��9Ða�:wêÿÁû�Ï§îÎ»OA ´ RÌ¶¥ù � Á�;3<·@�� � ÿÎûXÏÃ®�=?>�½�
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3.5 @BADCFE ÅÈÇÈÉ
3.5.1 ïâðÁñÈòóÏõô·Ö°ö÷Ù (MDC)

MDC
4 A�q;f�r�gJh�j·ù�G�H�I+@ ? ÁÐaOIX½ Â ^eÄ ¶ Å�Ç�LSÈ R��0

ÿ�
�q;f�r�gih
j�@Z¹¥» b ÿoÖ�Zúù;A�Ñ�gÃ¨�rÜù Ê�Ë ®�Ì�Í b ÿàû�Ï��%�
üÜÿJ
 � 3.4 ù5WLK�@�A MDC

4
X A U A V ß°ý 2 ß
¾Îþ·ù 8 ßêîÎ»ewÌÿ³+LBÛ ß Ï�A 9 ßúù�����R Â ß����Q�a�I ¦	� ÿ�
 X ß 4�� K�� R����Ö

½��
@	�Î»VI�½°ß���A�Ñ�gâ¨�r·ùM��°½��°ù � Á ®eÌ�Í b ÿâù�@M� � ÿ�

U A V ß 4 A � K� R�� ´ RÜ¶"G�HÌîµ»ON ¦ ÉJI�PJI°åRQ%�ØY 45

� ½��"S
åRG��UT 45

� ½��%V"� »XW9½©ß�3SJÑ�Y©¨�rêùMZ�[ ½��¥ù � Á ®�Ì�Í�\
ÿ«ù�VM� � ÿ�


�
3.4: (a)MDC ®�Ñ%YÃ¨�]ÌùZ¹¥»3\Õÿ ½^�âîÎ»ON�½3_M
�`��Ma¼»bW�½�c #

�3d�e�f�g÷®�hi$ ¦�� ÿ�
 (b)MDC ®�Gúîµ»ON�½%_�
 ³�jBÛ ßúù��%k÷® h
$ ¦�� ÿ�
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3.5.2 ïâðÁñÈòóÏõô·Ö°ö÷Ù (FDC3)

FDC3 l"S�m�n�]3Y"o�p·ù�Q"H	I�V�q�ÁsrtWX½ Â�u Ä ¶ ÅXÇ%jSÈ�v ��0
ÿ�
�m	n�]3Y"o3p�V�w^TxS�É³ù Ê�Ë ®3y�z+»bWX½�{êù�Ñ%YÃ¨]êù Ê;Ë ®eÌÍ	\¯ÿÎûXÏ �3�êüÎÿ�
 FDC3 l�S 16 | ù �J} � v ��~XÖ¥½��%V"� »XW�½�SÑY©¨�]·ù����¥½��àù��9Á÷®eÌ�Í	\Ðÿ ß� 5 ßS 16 |¾ù ��} � v �����
½��3V"�Ð»XW�½�SBÑ%Yâ¨]êù�~XÖ°½��°ù��XÁ¾®�Ì�Í	\÷ÿÀß� 4 ßÎù�S�� 9

ßúîÎ»J�êÿ�

3.5.3 ÊÌËÎÍÐÏÒÑ³ÓÕÔÕÖÎÏØ×ÀÙÛÚÜÙ (Hodoscope)

Hodoscope l�S FDC3 ù�Q"H�V�q���r�W��3�R�������M�	� j �L� v?��v� ��0Îÿ�
M��Y���]Üù��	�	��� v"����� w �����������	 �¡ 8¯ÿ3¢£ ���¤ ÿ�
?_ 3.5 ¥^w+K�V 7 ¦�¥�� j �§� v?��v�¨�© �§TxSÃý3ªUr 10mmS	«¬
100 450 mm2 ®R¯�°J±�²�³ £´�µ	¶	·�f¸ 700 450 mm2 ¥�¹+º�»¼£

�%½�µ3¾ °�±3¿ � j ��� v^�MvÀ�Á V%l PMT Â�ÃiTÅÄ�Æ�µ ¯ TÅS�ÇÈs£
�����3 ?Â�É © W ° ±

_ 3.5: Hodoscope ¥�Ê�k ± 7 ¦�¥%�?���3�§���	� j ��� v^��v�¨§© � ° S
ªËr 10mmSJ¶�·3f3¸ 700 450mm2 ¥�¹�º�» ± À�Á ¥ PMT

¨L© �%Y���]
¥"�3����� v���� £O�3�^���"�� ^ÂMÉ © W °�±
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3.6 Ì6ÍÏÎÑÐÏÒÏÓ
3.6.1 Ô?Õ�Ö§×iØ%ÙLÚLÛ�×DÜ�ÝsÞ�Ý (NEUT)

NEUT l�ß�à�]3á%â�ã�¥�ä�å�æ^ç����è ° �R���	�^����� j ��� v?��v� ®�¯°�± _ 3.6 ¥Rw�é�ç 6 « ® Ê%ksr�ê�µ	¾ °�± ß à�]?l���ë���]Ë£íì
�sîxï%ð¥M��ñ§¡%y%z © ê ° ¢R£��+ò�ó�ô6´ NEUT ç�õ�ö�è °J±÷ æ ¨©Xø§ù µ 1,2 « (LN1,LN2) l	ï�ú ¤ r�Â 60 60 2140mm3 ¥%�������L�
�	� j ��� vR��v ¡ 12 | ¬?û3ü^ý ¥ ®�¯°�±�þ ¾%µ 3,4 « (LN3,LN4) l"ï
1,2 «§£Jÿ��Xú ¤ rJ¥	�R�M�	������� j �L� vR��v ¡ 15 | ¬^û�ü?ý ¥ ®�¯°�± ðL´�µ 5,6 « (SN5,SN6)l	ï�ú ¤ r�Â 60 60 1085mm3 ¥	�R���	���
�3� j ��� v���v ¡ 15 | ¬�û%ü�ý ¥ ®�¯�° Â3ï�|���� ® l 5,6 «?l��	�
´�µ	¾R�"¾ ±%¿ � j �§� v^��v�À�Á ç�l PMT Â�ÃiîÅÄ�Æ�µ ¯ îÅï�ÇÈs£
����
�Â�É © ê ° ±

_ 3.6: NEUT ¥�Ê%k ± 6 « ¨L© � °�±3÷ æ ¨�© 1,2 « (LN1,LN2) l	ï�ú ¤
r�Â 60 60 2140mm3 ¥���������� �"� j �+� v?��v ¡ 12 | ¬Rû	ü?ý ¥ ±
3,4 « (LN3,LN4) l�ï 1,2 «s£�ÿ��tú ¤ r�¥%�?�"�%���M�%� j ��� v^��v
¡ 15 | ¬^û3ü^ý ¥ ± |���� ® l 5,6 «�l����U´�µ	¾�"¾ ± À�Á ¥ PMT

¨
© ï"Ç�È�£�����
	��ÂMÉ © ê °�±
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3.6.2 Ô?Õ�Ö§×iØ%ÙLÚLÛ�×DÜ�ÝsÞ�Ý (VETO)

VETO l	ï NEUT ¥ ÷ æ�çJq��§ríê���R���	������� j �L� vR��v � ®¯�°�± _ 3.7 ¥�w�é�ç"ï 23 ¦�¥3�?���3�L����� j �§� v^��v�¨�© � °�±
ß�à%]Rl�ë���¡��R�3��¾%����ï��^£ û�� Â��%¾ VETO ® l����� "!�ç�#

î%$�Æ ° Â�ï���ë���]?lMë�&�'��?çw^îb�	����� v��3� ¡�(�¢�è��)��*"!
¹�º?ríê °�± ¢M¥	��� VETO ® ¹�º^rtê�� },++j.- ¡�/+ò"¢�£ ® ï NEUT® ��ë"��]�¡ ¹+º�´ � }�+�j0- ¡�12/�è ° ¢�£JÂ ® ¤ °�±

_ 3.7: VETO ¥MÊ%k ± NEUT ¥ ÷ æ�ç�q��sr�êR�3ï 23 ¦�¥3�?���3�L���
� j �L� v?�Mv�¨�© � ° ¹�ºJ» ± VETO ® l	ï�ß�à�]Ë£tì��Lî ��ë���]^l*�!	¹�º?r�ê ° �)��ï NEUT ® �%ë���]�¡�¹�º�´�� },++j3- ¡�1/�è ° ¢
£ Â ® ¤ °�±
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3.7 46587:9<;>=
¿ ¹?º�» ¨+© ¥?
���@�ï�A 3.8 ¥2B?éX� -DCFE�G�H�I ¡KJ û ®L�M�NDO G� ç�ÃiîQP û3ü ±

A 3.8:
-�CKE�G	H�I ±

R SF2LandSF2R S F2plastic ®"T"U6V GW Â�¹�º�Xíê?� ±
R SF2Z S F2plastic ®ZY â�¥�Ç�È�Â�¹�º[X�êR� ±
R LN1,2,3,4 S NEUT ¥ 1\ 4 « ® ¹�º[X�êR� ±
R ComputerVeto S L�M�N�O GR� Â,] GR� ¡�Ã-î^P�_?ß�ï ý ´�ò�@�ë"`]�a�b��Â ¿ ¹�º�» ¨�© ¥�
	��¡�] G^� ç�c"d�ß ±

D.S.BEAM ï NEUT @Ke�f ® ý J�_�gh� �µ ý -DCFEZG £	´íµ���� ® ¤ °í±

22



i
4 j k l

�"��] GR� ¥�m�n�ç�o °�±�p m�n ® @"ï�b + M -Qq £Jç T,U6V G�W ¥��`,r�sRï T"U�tu ¨§©wv º2XtêxM�%ë���`R¥�y�` ø Z ï�z�{ ø A ¥�r)s�¡
�?½�x ± ðL´�µ�|��Rº�´Kx 6He £�ß�à)`?¥�}�~�{ +���- � ¨L© ï 7He ¥��� �3����� G��Z����- �L¡���º�´?x ±

4.1 ��� ��9�� ÐÏÒÏÓ
4.1.1 �2���MÝ�������[���

RIPS ®,��� ïZ�"&�X�êx T�U�V GW ç�@	ï6� u £Oè ° 8He ����¥� �¡ýD¢Z£ è °�± ¢�¥�x���b + M -Qq £�ç�ï T�U�V G	W ¥���`Zr�s�¡�� é¤*�¥
Â ¯°�± F2plastic ï F3plastic ç � Æ ° ����
�¥�¦ ¨L© ¥M���R��� (TOF)

£�ï F3plastic ® ¥����3��� G���� ç � �è ° ÇÈ^¡��¾�µ�¢ ê�¡J� é ±
RIPS ¥�§"¨�`�ë,©)ª�ç � Æ ° ©�« B ¬�ï2�®�¯�°[±�ç�Ä�¾�µ

B±�² v
A
Z
² 1

TOF
A
Z

(4.1)

¬�¾¼é´³�µ·¶�Â � î¸f%Ä ± ����ß B @)¹�â8X�ê^µ"º-îÅï�»�x�±½¼ 3.6 m B
î B±�@�¾�â6¬�¿ ° x��

TOF ² A
Z

(4.2)

¬�¿ °�± »"x�À�z�ß ®�Á�Â ë�Ã�` Á�Ä"Å�Æ�Ç G,È�É3Ê E @"ï Â ë�Ã�` Á�ËÌ
v Í��¾�µ +�G�ÎÐÏÒÑ·ÓÔ�Õ Á ¶	Ö�×Ø�å Á B+é�ç�¿ °�±

Ê
E ² Z2

v2
(4.3)

B�½�µ TOF ¬ F3plastic ®�Á ÇÈ Á �[³�Í�Ù °)Ú ¬ ® ï T�U6V GW Á r)sÍ?Û é Ú ¬�Â ®	Ü�°�±�Ý�Þ @"A 4.1 Á B+étç"¿�îxï T�U�V G	W ß Á 8He Áß g�@ 96.5% à�á�½,x ±
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2. 45
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8:91
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BDCFE

A 4.1: T�U8V G2W Á r�s ±2T�U8V GW ç"@ 8He �,� Á  )¡ ý?¢�£ èHG�x��ï�Ã	`�r)s�Í�Û é ±	T"U6V GWJI Á 8He Á ß g[@ 96.5% à	áLK"x ±
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4.2 MONQPSRUTWVWX
ÂZY Ã�`\[^]\_2Ía`cb^dfe T"U�tu Ö × vhg Xji�x Â^Y Ã�` Á r�s�ÍDÛk ± »ml Hodoscope Ín`obcd^e�yZ`^p Z Á r�s�Í�ÛqK�x ±orts d8� u ¬u G 6He v��xw u G Z ¼ 2 Á Ã	`yvLz|{}e FDC3 Í~`JbJd,z�{fp A Á r�sÍ�ÛqK�x ±

4.2.1 �2�q� Z �2���ÂcY Ã	` Á y,`fp Z Á r�s[@\e Hodoscope Ín`cbJd�Û k ± ¶ (4.3) Bh{
Ê

E � Z2

v2
� Z2 Ï TOF2 (4.4)

¬�¿�G ±6Ú�Á x��\� 4.2 Áh� k v�e^�L� t[u -Hodoscope� Á TOF ¬ Ho-

doscope à~��×�i�G���� Á �·³�Í�ÙyG Ú ¬�à\e\���fp Z Á rZ��Í�Û k Ú ¬à Ü G ± � 4.3 �fe"¶ (4.4) Ö�×��L�H�����¬nv�� g s�  ���\ph¡�¢�£¤�Æ à�á�G ± 6He vn¥qw u G Z ¼ 2 à Ám¦�§J¨ �
ZÊ

Z(FWHM)
¼ 20© 2

¬�¿ZK  �±
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ª
«¬®¬
¯°°®°
±²³®³
´µµ®µ
¶·¸®¸
¹ºº®º
»¼½®½
¾¿¿®¿

À ÁÃÂ ÄÃÅ ÆÃÇ ÈÃÉ ÊË®ËÌ?ÍÏÎ?Ð Ñ Ò�Ó Ô?ÕÖÑØ× ÙÛÚ
Ü?Ú?ÝÖÞÖÚ�ßÛÕÖà�Ð á�ÝDà

â ãä åæ
çè éêëì í
êî

ï
ðòñ

ó
ôòõ

ö?÷ùø

� 4.2: �\�\úyû -Hodoscope �cü TOF ý Hodoscope þm��ÿ�iHG ���oü�¥��� �m�\p Z ü��ob�v � { ¦�� i�dLbhG �

�
	������������������	���
 !�!�
"!�!�
#!�!�
$!�!�
%!�!�&�
%! !�&�
%!"!�&�' %&�)(

* + , - .

/ 012
3 4

5�687

� 4.3: ���fp ¡�¢q£ �:9 � 6He v ¥�w u G Z ; 2 þZü ¦f§Z¨ � Z<
Z(FWHM) ;

20.2 ý>=ZK   �
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4.2.2 ?A@q� A BDCFE
G bcd FDC3 Hn`obcd^e Z ; 2 üJI��yvLzt{LKNMfp A ü�rJ�FH>O kP� �

4.4 �\e�Q�R v FDC3 þ^üJS�T x3 eVUWRhv tan X 3 HyýaK  AY ü\þ�ZJG �

-0.2
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0.1

0.2

-400 -200 0 200 400

10

10 2

10 3

x[ 3 (mm)

 

0B

0.3

� 4.4: FDC3 v]\A^JG_SDT x3 ý tan X 3 ü�¥ ���W`�a �Fb Bced Bc 0 RfHhg s
d\bji �

x3 e]X 3 e^�f�fú�ûZþZü>SkT xt v^�
xt ; ax3 l b X 3 l c

b Bc
Bc 0

(4.5)

ü � k = �>mon Zpi � a; 1 ýrqo] u ioý ets 4.5 �
b Bc
Bc 0

;vu 1
c

(x3 u xt) u b
c
X 3 (4.6)

ýh=�i �fw ü   ��e tan X 3 x X 3 ý xt
nFy ü��f�x� � þ Y]z|{~} s bHýjb k

w ý�H�q�] u i�ý�e�� 4.4 ü � k v�e�b Bced Bc 0 RjHhg uFw ý n þ��Wi ��w
i � {�� 4.4 H~�~������e�UWR n b Bced Bc 0 Hhg u MHý�=|�   � 4.5(a) v��� u i w ý þ^e BcLü�rc��H�O k>w ý n þp��i � �Jÿav\� 4.5(b) ü � k v
b Bced Bc 0 ý��f�fú�û -Hodoscope �Zü TOF ü�¥ � H���i w ý þLe|s (4.1)

Bc � v
A
Z
� 1

TOF
A
Z

� { A ü�r^� n þp�Wi � � 4.5(c) �f� 4.5(b) H]�����L�  DY üLþfehU�R n
A H>g s d\bji � �Jÿav\� 4.5(d) �^� 4.5(c) H>UWRhv��|� s  AY ü\þ^e

27



6He va¥xw u i A ; 6 þZü ¦f§c¨ �
A

b A(FWHM)
; 20© 3

ý>=W�   �
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( ) ) ) )
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NPORQS�TVU

� 4.5: (a) � 4.4 HV�]� �_�   � � UWR n b Bced Bc�Hhg s d\bji �
(b) b Bced Bc ý ����úoû -Hodoscope �\ü TOF ü ¥ �>� KNM�p A ü��cb�v �
{ ¦k� iod\boi �
(c) (b) Ht�~� ���   � � UWR n KNM�p A Hhg s dLboi �
(d) (c) HJUvRyv�� � s   � � 6He v ¥�w u i A ; 6 þ^ü ¦�§J¨ �

A<
A(FWHM) ; 20.3 ý>=W�   �
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4.3
WYX[Z TWVWX

4.3.1 NEUT B]\_^�Ba`cb_dfehg]icjlk�Bnmaoapcqar
NEUT ütsluwvyxlz �|{   PMT � ÿ~}o�t��� TL � TR

n � ÿ�{ i � �
4.6(a) �����Jü�}J��� dT ; TL u TR H��n�  ��l��� ü dT ¡m¢x£ � 9yþ
Zki � �l��� ������¡��w��£��o�����~�c����v����wv� ¢¡l£�i   ���J�
ü �]¤ =t¥�¦�§ ü ¦�¨ ý>=w©ª��¥�¦ ü�« n �J���h���¬�y�cü�«DHhg�£ � �
4.6(b) ü �]¤ v�����o���®���¯�t��ün°t±AH 0 ns v�z¯²~�   �

dT (ns)
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(b)

� 4.6: (a) �l��� ü dT ¡�¢x£ � 9 � �l��� �����]v� �¡�£ i   ����¥�¦
§hü ¦�¨ v�=�i � (b) °�±DH 0 ns v³zc²��  t�l��� ü dT ¡m¢q£¤�:9 �
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4.3.2 ´aµ�Bc¶�·cmao B_¸º¹
dT H»�l�¢¼��� �¡|SkT X �

X ; dT
2 ½ Ce f f (4.7)

ü�¾ ¤ v�g ��{�i � Ce f f ���¬�o�y���¿�����c°�þcül�o�t�����¯�®À �»Áü�Â�Ã¢Ä�Å�þNZki �Æ
4.6(b) ü�ÇtÈ¬« n �l�o���É�Ê�����Jü�Ë�� 2140 mm v�Ì�Í¢£�i�¾ ¤

v Ce f f H»Î�Ï   ��Æ 4.7 � Ce f f H»�l�    �¡|SkT X ü ¦�¨ þNZki �

X (mm)
Ð0
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C
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Æ
4.7: �¢��� ü� �¡tSkT X ü ¦�¨ � Ç�Èn« n �J�y�w���_�y��üyË � 2140

mm v ¥aÑcÒ|¼���i �
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4.3.3 Slew ÓÉÔ
Æ

4.8 ü¬¾ ¤ v�� NEUT þLü�}�Õ»�¬�J���yÖl× n Z�iyØ»È�H~ÙwÚ   �~�Û ��Ü � ÿ�ÝßÞVi ��w ü   Ï���Ön×¯v¯¾a©Ê��ü¬��� Û ��Ü�vtà¢{ n�á {
i ��w ü á�â H slew ý~ã�ä � slew �tÖl× n�å �~� z yçæ�è v á {fi �

Æ
4.8: slew ü�énê � Ö¬×¬v¬¾c©Ê}¢Õy�_� ntë Ý�£�i���� Û ��Ü�v�à¢{ n

ÝfÞ~¼��ji � slew �yÖn× n�å �|� z yìæ�è v á {fi �

slew v¬¾�iy}¢Õ^ütà�{�H���ílîcü�ï�ðhü Y ý�v §¢ñ H>On��ò¢óßÒ¿ô �
1. 7Li(p,n)7Be ü�õ¢�_�WH|ö ñ £�i (NEUT trig)

�
2. ÷ X ÷ùø 150mm ütú¯û^þyüaýA�¿{nô �
3. VETO þ^ütücý n =�� �
4. 1 þ�ÿ���� v��A�t� 1 � ü��n�������
	����y�h�ç�¬�y�ZþLü��ücýD�
{nô (Multiplicity ; 1)

�
Æ

4.9 ��� slew ò¢ó���ü~ú û -NEUT Õ^ü TOF ýçÖn× AL � AR ü�� � þpZ
i � Ön× n�å � � z y �¬�tþ Û ��Ü n�� {¯¼��fi|��� n �]Ú�i ��w ü��� H

f (A) ; a1 l a2

A0 � 01
(4.8)

ý�� ¤ ��� þ fit Ò¿� TL � TR
� ÿ �ºÒ���� w ý þ�ò¢óAH�OA��ô ��Æ 4.10 �

slew ònó���ünú�û -NEUT ÕLü TOF ý Öl× AL � AR ü � � þNZpi � Ön×¬v
¾ ÿìà TOF

n ��!_vv=v��¼��ji w ý n "$# þ��ki � g 4.1 v�� slew ò¬ó�tý òló%� üy$&cvV\A^pi�}lÕ '�ö�(FH*)YÒ¿ô �
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4.9: slew ò�ó$��üaú û -NEUT ÕLü TOF ý Öl× AL � AR ü�� �J� Öl× nå �|� z y ��þ Û ��Ü n+� {_¼���i �
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4.10: slew òló%� ü~ú û -NEUT ÕLü TOF ý Ö¬× AL � AR ü�� ��� Ön×

v¬¾�ÿ à TOF
n �$!¯v =N��¼��oi �

NEUT Layer slew ònó,� slew ò¢ó,�
LN1 1.21ns 0.69ns

LN2 1.39ns 0.66ns

LN3 1.22ns 0.70ns

LN4 1.42ns 0.63ns

g 4.1: NEUT üy$&�þcü�}�Õ+'�ö-( ( . )
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4.3.4 NEUT B0/21h`cb¯p�qhr
Protonbeam H Brassú ûnv� �¡ � �_�+3cýj��{_ô54 � H»�l�l¼�¯�¯������
	������w�ç�_���56�ý v�7�Ì¢}�Õyz_²J�fH�O ¤ � í¢î^ütï�ð�ü Y ý

ö ñ HhO¬��7�Ì¬}�ÕkH|zc²���ô �
1. Protonbeaml Brassú ûcü�õ��¯�WH|ö ñ £�i (NEUT trig)

�
2. VETO þ^ütücý n =�� �
3. 1 þ�ÿ���� v��A�t� 1 � ü��n�������
	����y�h�ç�¬�y�ZþLü��ücýD�
{nô (Multiplicity ; 1)

�
Æ

4.11 ��7�Ìn}¢ÕpH³z¯²~�_ô+��ü TOF � 89	:� 9�þ�Zpi �
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Æ
4.11: 7�Ì¬}�Õ�=|zc²�>�ô �@? TOF �+85	A�CB�D

33



E
5 F G H I J K

Æ
5.1 ���+LNMç{¬ô 7He ?��lÌ$O$P,B5Q��-�+89	R�SB�TVUVW*D � 7He ?X,Y�Z$[]\ �]Ñ�^9WV_a`]	b�c-dfehg_ô�D

ikjmlon p
q

rtsusus

vxwuwuw

yuzuzuz

{u|u|u|

}�~u~t~u~�����

� ��� � � ��� � � ��� � � ��� � � ��� � �

� � � 
¡ ¢

£
5.1: 7He ? �nÌ�O�P,B5Q�`V�+89	A�SB�D X,Y-Z�[]\ �hÑ�^¤WV_¥`]	�bcVd¦e§g¬ô D
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¨ ?+��80	��oB@= Breit-Wigner ?
©,ª
«$¬�=a%®%¯ fit °Êô�Dh©%ª
«,¬��±
F(Erel) ² ³

(Erel ´ Er)2 µ ³ 2 ¶ 4 (5.1)

·h¸]¹ WaD ¨,¨ T Er ��±%©�ª,O%P,B]Q+`�TVU-W*D0º�ô ³ �©%»-¼�T
³ ² 2krP1½ 2 (5.2)·h¸]¹ WaD k ¾�¿�À,Á$Â-Ã-T

k ² 2Ä Erel
¶ÆÅ (5.3)·�¸9¹ W¥D ¨�¨ TÇÄ-¾ È�É-ÊVÃ�T�± 6He ?�Ê�Ã M(6He)

·+Ë�Ì�Í ?�ÊVÃ
M(n) =
-®�¯ Ä
² M(6He)M(n)

M(6He) µ M(n)
(5.4)·h¸]¹ WaD r ¾�¿�Î$Ï,�Ð�Ñ]T

r ² 1Ò 5(M(6He)
1
3 µ M(n)

1
3 ) (5.5)·h¸]¹ WaD P1 ¾�±+Ó$Ô%Õ�Á$Â�Ã l² 1 ?�Ö�? penetrability T

P1 ² (kr)2

1 µ (kr)2
(5.6)

·h¸]¹ WaD ½ ¾�È�É-¼�T$± 0 ×�Ø 2 × 1 ?Ù�Ú,Û%È�É�¼�Ø 2 =�V®�¯
½ 2 ² 3Å 2

2Ä r2
Ø 2 (5.7)

·h¸]¹ WaD
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Breit-Wigner ?©$ª«-¬0=
�®�¯ 0 MeV Ü9M 1Ý 0.2MeV ?�Þ�ß,T fit °à9· ¨+á ± 7He ? X�Y,â%[ ?©$ª�O�P�B]Q�` · °§¯ 0.40Ý 0.02MeV
· ®äãå b�LNMæg à D ¨ ? å ¾+±�ç�è�é-ê-ë�ì�í�î�ï�ð Ë�Ì�Í�ñ@òaó ? ñ@ò�ô�õ?�î�ï@=¥ö0÷�¯�®Vø+® à�ù
ú�û�ü ø å T�UVW�b,± £ 5.2 ?�ý�ã \$þ�ÿ����?���� ·	��
 ° à D

�� ��� ��
�� ������������
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5.2: ÝßÞ�à��á�ãâåäçæ à 7He àéèáê â$[ ·ìë��îíðï â$[ àòñ�óõô÷ö+`ø�ù åûúðüþý�ÿ�� É å�� þ�ÿ �û� àé�á� · �õ
 ° à �
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ý��������� à����,Õ������������� RIPS â
�®$¯�!�"ä° à 8He #�`$ â C % ü'& ���A°*± Ë
Ì�Í)(�* è%ç,+.-0/�1 & ý,2 7He â3!�" ° à �4 °*¯ 7He 5�6�7R°a±38 ò:9<;�à 6He
·Ë*ÌVÍ àÁ�ÂVÃ�=9è>- ô â@? û° ±BA�C�Ê,Ã�Dßâ*$®,¯ 7He à
¿,Àõñîóòô ö�`$í�E@èF- ô âHG ùà � Breit-

Wigner à©�ª «V¬ â
�®�¯ fit ° à �á��±,çVè
éVê-ë�ì í î-ï�ð ËaÌ�Í%ñò*ó à ñ5ò�ô�õ à�î�ï â¥ö0÷+¯�®�ø�® à�ù�ú$û�ü ø åJI�KML 5,± 7He àéè
ê â�N à+©�ªþñáóþô÷ö ` · °*¯ 0.40Ý 0.02MeV

· ®:ã å 53OQP ;�à �
Ý�RTS 9 P &VU�W â
ö�®-±�º�X@Y û)9Z; ¯$®�ø�® 7He à ë��õí ï â�N

àòñ�óõô ö` à�[ û â:\^],^ �
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7.1 acbedgfihkjilkmgnporqts
2.2.2 u à�v (2.5)

I ¿�À�ñõó�ô ö+`V¾
Erel w M x n

i

mi

y�zaà 5�{ ø�| & ¿-Àáñáóþô÷ö+` â�A�C�Ê�Ã M
y {�}�8 ò�~�Í àÊ�Ãðà� n

i mi à@� y�z�� É ò ^ L y��M��� 5���!�^ L<��� à à�ù A�C%Ê�Ãßâ
ÊÃ à � y { ����� & ��� L yB� ã � y�y { ����� à@��� &@� � L��������&����.z ø ��� à�É ò�&@����� {��J��ø����3�ûà��M�
É�5�ö¡  ; ø � ý]ãv�C�¢÷â¥ö ã � y 5�£�¤ IMK'L��8 òH~�Í 5�¥�¦ßà�§�¨ â@©÷æ LH� ¥ ~�Í à�AMC�Ê�Ã â M {@8 òH~�Í àÊ�Ã â Mi
y ^ L y ¥ ~VÍJª à�¿�Àûñ�óõô ö`V¾

Erel w M x M1 x M2 (7.1)y^«¬9B; L�� ¥ ~VÍ à��Û�=]è>- ô÷â pi w (Ei ®°P̄i)
y ^ L y {3A�C$Ê�Ã M±

M2 w (E1 ² E2)2 x�³ P̄1 ² P̄2 ³ 2 (7.2)y´«µ9<; LZ��¶ v ± 9 P &@· à�ý¹¸ &@ºJ» I � L��
M2 w M2

1 ² M2
2 ² 2(E1E2 x�³ P̄1 ³ ³ P̄2 ³ cos¼ ) (7.3)w (M1 ² M2)2 ² Fl ² Ft (7.4)���@I

Fl
�,½ ü

Ft
±

Fl w 2(E1E2 x M1M2 x�³ P̄1 ³ ³ P̄2 ³ ) (7.5)

Ft w 4 ³ P̄1 ³ ³ P̄2 ³ sin2 ¼
2

(7.6)I�K�LZ�
Fl
± 9 P &3· à ½ ¸ &�º¡» I � L��

Fl w 2¾ (T1 ² M1)(T2 ² M2) x M1M2 x�³ P̄1 ³ ³ P̄2 ³ ¿ (7.7)w 2(T1T2 ² T1M2 ² M1T2 x�³ P̄1 ³ ³ P̄2 ³ ) (7.8)
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w T1(T2 ² 2M2) ² T2(T1 ² 2M1) x 2 ³ P̄1 ³ ³ P̄2 ³ (7.9)

w T1

T2
³ P̄2 ³ 2 ² T2

T1
³ P̄1 ³ 2 x 2 ³ P̄1 ³ ³ P̄2 ³ (7.10)

w T1T2
³ P̄1 ³
T1
x ³ P̄2 ³

T2

2

(7.11)

���@I
Ti
± 4 ;�À�; à ~'Á à�Â�Ã�ñáóõô÷ö+` I�K�L�� v (7.1){�v (7.4){v (7.6){�v (7.11)

½ 2�Ä�Å�ñõó�ô ö+` à « v yMz���· â�O L��
Erel w M2 x (M1 ² M2) (7.12)w (M1 ² M2)2 ² Fl ² Ft x (M1 ² M2) (7.13)

w Fl ² Ft

(M1 ² M2)2 ² Fl ² Ft ² (M1 ² M2)
(7.14)

w T1T2 ÆÈÇP1 ÆT1
x ÆÉÇP2 ÆT2

2 ² 4 ³ P̄1 ³ ³ P̄2 ³ sin2 Ê
2

(M1 ² M2)2 ² T1T2 ÆËÇP1 ÆT1
x ÆËÇP2 ÆT2

2 ² 4 ³ P̄1 ³ ³ P̄2 ³ sin2 Ê
2 ² (M1 ² M2)

(7.15)

(7.16)� ¶ à ½ ¸ & Ä�Å�ñ�ó�ô ö+` â « ^ � y�&J½ 2Ì{�A�C�Í�Î M
y }�8ÐÏ ~Á à@Í�Î�à � n

i mi à@� y�z<�3Ñ Ï z<Ò §�¨ & !¬Ó L �M�¡� âòÞVÔ$^ L��y 5 I � LZ�
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