
hiroshi
0 

hiroshi
0 

hiroshi
5 

hiroshi
5 



� ������

ƌ Ǥ Ƽ Ø � � Ǉ È ï � � Ò�ƐÕ�� Ȝ� Ƞ� �� (� �� (�

�	�
��������������� �

7GA,95�șóù2ƘƤţȇ7ħĄ'2868ìÖ9ƘƤŧJǘ²'2�&8Ț�

ŋƱùŧ� ÆǅóùóùȊ�ƈùƘƤƟ�ÈïěŎǢơ�ù�Ñĝ�

�
�
�
	


�
�
�
�
�
�
��

���Ď��Ō�Ń6����Ď	Ō	�Ń�ƞĦóùóùȊ�ƈùƘƤƟ�
ùǊƘƤÞ�

�
����Ď�
Ō�Ń6Ɔå� � � � � ő�óùúüƷƘƤħ�ƞąúüƮƬöƘƤŀǙ�

ƀ�ƘƤÞ�
�
�
�
�
�
�
�
�
�

$,<>A�

Ū� � � Ø� ƉĎŌ�ǐňȚ� ħ� � � Ą� ƾ� �� ŋƱùŧ�

�Ȃ Ţ�
�
�
�
�
�
�

����Ď)Ō��Ń� ƞĦóù� ƀÜÂĹ� ő�óùóùȊ�¨�
�ƈùÈï �

7GA,�2@��Ƒǋǥļ2ǋĘ2ǆ¢65 �
Ƒǋǥļ92ƌǤƘƤf�t7ȇ¦87GB832ƌǤƼ��ǋ Í;´×ƘƤƼ ŋǳȟĎȆ7
Ƒǋ',B88��Eȟ�Jȉď4'22ŋǳ8B8�EȒ7ƑǋĎŤJǹË7Ǽ/2ǘ²'2
�&83ǆƼØ òĻ7I,GìÖ92�6ǆƼJĻØǘ²'��JƗƏ'2BÓșƌǤƼ Ƒ
ǋ',ǥļ3�8ǆƼJƗƏ(GìÖ2ǆƼ8ƶĻ4ƌǤƼ ĴǱ&H28GȒƐJǘ²3£-
ƶĻ��Ø3ȞƐƔ8ìÖ�	���Ț3�
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<>,;:��%8ƘƤ7ǁ/,ƲƸ2�ƺ1#2¶ñ8�8ƘƤ48ÿũJÚA2ǘ²'2�&8 �

4ƘƤ7ǁ/,ƲƸ5 	
ȏöjy�h|l(#") Ïȏöjy�h|l(#"% )<ıÄ(Gx�i(#" → #"%ıÄ)92ƮƬöŠŸ

šè7�82Lorentz�ðğJƚF2ľſƈ8Ƒǒ7ƹ G [1]3õȋ¶39#" ŗǈÖ7D/2Ɖ

ĥ&HG�Ŀ2#"%9Ɖĥ&H684ƻ�EH28G3Ĝ/22õȋƋŐ8#"%ǓŶ9#" → #"%ıÄ8÷

åJĔ"Ķİ(G3�Ń8õȋjy�h|lǓŶ92ŠƓ�3#"4ĕğĺ�3ÏǮ',1#	8ĿÙ4

õȋ48ǔďºċ�EǍ�#EH28G3'�'2#"%B×Ş7ȏö4ĕğĺ�(G,A2ł÷8Ś

¹Ŀů39#"4#"%JÅ¼(G%4 Ȏ'83ǳĎ2#"%2 → 1%37�822ĸ¹&H,�ğö ȋö7

ĲƄ&Hčç256	µsecǷH22.2	MeV8=JĸĂ(GƆǧJ½Ɗ',#"%Ǧ¼8Ĩů ƛƥ&H2!,

[2]3&E72#"%�ǧ8Ś¹ÃƅJķß(G,A72�ğö8ÛÐĽȐƣ Ș8Ti|jOv(��

Gd)JƊ8,ŬdP~�ZnŚ¹áȅƑ2+'2ōÃ¡ƣ190ktonB8ǬĉóŬdP~�ZnŚ¹

áȅƑ ǶAEH28G3 	
4�ƺ1#5�

ŏƘƤ950kton8ŬdP~�Znþȗ7�#G�ğöĲƄ�ǧJǑŭ'2õȋƋŐ8#"%JĳƯ(

G3&E72ƆåƞąX}�p3ǶAEH28Gźď0.2%8Gd2(SO4)3ŬŹŵJƊ8,ŬdP~�

ZnŚ¹á32#"%Ǧ¼Ãƅ ƭ90%<ķß&HG4�ġ&H2ĜŐ8Ś¹á4ũ=22õȋƋŐ8

#"%8ģď 5©��ķß&HG3>,2õȋƋŐ8#"%9ǬľŅƿŇjy�h|lĳƯ7�82Ȍȑ

�ǧ46FĝG,A2ŏƘƤ9jy�h|lôļù8ºȂ7�82ȁǑ6ǣŕ46G3 	
4¶ñ8�8ƘƤ48ÿũ5Ô8ǋ7

�X}�p7DGõȋ#"%8ĳƯƳœ

JƝ(32012Ď2KamLAND9ŋȘģ

ď3õȋ #"%8ųȃ�ȉJŮý',

[6]3SK-IV9�ğöĲƄ�ǧJǾĬ'

,%4 3 [2]2 #"% ų ȃ ģ ď 9 Ļ ƒ

cm#&s#'��>3ǻ',(ã1)3SK-IV
92018Ď>3g�cÑĝ'2�F2

ǕŒ3!GƴǗȃ í�G,A2ų

ȃģď~10cm#&s#'8ȓé3õȋ#"%8
ĳƯ 3!G3 	
4Ìƻļƃ5[1]Phys.	Rev.	D80	076007	(2009).	[2]	Astropart.	Phys.	60	(2015)	41.	[3]	Phys.	Rev	Lett.	90	171302	(2003).	
[4]	Phys.	Rev.	D70	093014	(2004).	[5]	Phys.	Lett.	B	696	(2011)	191.	[6]	Astrophys.	J.	745	(2012)193.	
�,<>,6B��ƂÀğ7ȇ(GǡńƧȚ�

êŏƓ7õȋ3#"%9ƑƉ'684ƻ�EH28G3õȋ¶ǿ39Ĕ8Ɯì7D/22Ɯūx�w�h

 ŜƦ7ă&8#" ŦĊıÄ3#(RRR7ðIF2æƇ<¾ǻ(G>37ǴČ8ıÄ3#(RRR → #"%7ðIGǹơ

JƲ2#" → #"%ıÄ(Gxg} �ǖ&H,[7]3#" → #"%ıÄ8ƛƅ9��3ǗƩ&HG3 	

T(#" → #"% )~1.8 × 10#') sin& 2W'& X
Y

10#'&Y*
Z

10	kG
[
&
	

%%32Y9#"%8Ɯūx�w�h2Y*9BohrƜö2B9õȋ¶ǿƜì2sinW'&~0.307	 [8]37G3 	
� �ğöĲƄ�ǧ(#"%�ǧ)9ǷĐƑƉ',γJǑŭ(G%43ǾĬ&HG3%8#"%�ǧ7�822ƿ

ŇȌȑ37Góū#"% [9]2ŗƚƙ7DG9Li�ǧ[10]2ÉöŻ#"%2¬ƑȌȑJǒƣBG3õȋ#"% Ś¹á

3ǓŶ&H,4!8§Õ_rWh{vJ]uy~�c3ǗƩ'2g�c7ǽƊ(G%43õȋ#"%J
ĳƯ(G3ōĢ6§Õ ǒ0�E6#H:2�Ǝ3ŋBÊ'8�ȉ«JŮý(G3 	
� �Qk}V�ȓé8#"% 2 → 1%3�ǧ7�8221%9#"%8ĿÙ4ÏÿĿÙ7ĸĂ'C(8®ÙJİ

03�ğö9Ŭ�8ȋöB'"9Gd7ĲƄ&H22ǷH2γ ƑƉ(G3MW]g�c}6Ȍȑ§

Õ8��EěƑγJǦ¼(G,A72%HEJx�fS}�]uy~�]z�7þǌ'2#"%�ǧJ

ÃƅD"ǾĬ'2#"%ĿÙ8¤÷ğJǣ=G3ŏƘƤ ûĥ(G42#"%ĿÙŮý3õȋƋŐ8�ǧ7

�#GȌȑJĔ"¿ȉ3!G3 	
4Ìƻļƃ5 [7]	Phys.	Lett.	B	553	(2018)	7.	[8]	Phys.	Rev.	D94	052010	(2016).	[9]	Phys.	Rev.	D94	052001	(2016).	 	
[10]	Phys.	Rev.	D93	012004	(2016).	 �

(1)	

Exp. Group !"#
(MeV)

Total flux of Solar $%&
(cm)*s),)

Super Kamiokande-I [3] 10-17 < 4.04×102
(90%CL)

SNO [4] 4-14.8 <3.4×102 (90%CL)

Borexino [5] > 7.3
> 1.8

< 990 (90%CL)
< 760 (90%CL)

KamLAND [6] > 8.3 < 93 (90%CL)
(5.3×10)56(89) )

SK-IV (~2012) [2] 13.3-30.3 (Paper said for only 
SRN.)

SK-I
SNO
Borexino
KamLAND
SK-IV(~2012)

Model	independent	90%CL	 01&
flux	upper	limit.

01 &
flu
x	(
cm

)*
s)

, )

E"# (MeV)
�1.	
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ŏƘƤ392Super	 Kamiokande(SK)þȗ8g�cJƊ82õȋƋŐ8#"%JĳƯ(G3&E72

Gd2(SO4)3ŬŹŵJŹ�',ŬdP~�ZnŚ¹áCōÃ¡ƣ190kton8Ś¹á7�#GģďJǒ

ƣBF2õȋƋŐ8#"%8ģď2+'2ǬľŅƿŇjy�h|l(SRN)<8�ǧŔǲ?Jǜ¥(G3

��7ƘƤǗƍ8ǞưJƝ(3 	
4ǗƩţ4]uy~�c�5g�cǕŒ2ĵ�§ÕƉĥ2Ġë´ō8,A8ǗƩţ[�m�Jƥ.

�$G3ŏǗƩţ9�ǋƼ ƪƈ'2ºĭƼB|x�hMWa_½Ɗ3!GD97Ǚý(G3ǕŒ

Ƴœ8Ġë(õȋƋŐ8#"%2ÉöŻ#"%2óū#"%2 9Li7DGǠǟǦ§Õ8]uy~�c65)Jg�c

q�_�7>4A22Ť��þȗ8,A7×śƼ(ƀ7ǃĨƘƤƼ)4´ō(G3ƌǤƼE9ĸĂǀ

g�cq�_JȅƑ'Ǹà'2!,Ʋȗ[11]JŏƘƤ3BŲ�(3 	
4Ś¹á^Rwh|5Ś¹á9ƕę 40m,	 Ș&

40m,	 50	 kton8ŬşJǑ(GSK8^Rwh|JÌ

ƻ7(G3PMT8dark	 rateC§Õ8ĞƨğJƵĪ

(G3Ś¹á[N`8įēğJþǌ'2Ť��þ

ȗ8ģďǒƣF7ĞƊ(G3 	
4Ž�ğö8ĵ�g�c5Ŭ�8Ž�ğö8ıG

ǂ8JǗƩ'2�ğöĲƄ 32 → e	=	(2.2	MeV)4
3 Gd+ → Gd+%' 	=′s	(~total	8	MeV)	 ÏĞǹơJþǌ(

G(ã2)332 → e	=ǹơ39256µs8ĀÜ31ŏ= 
ĸ¹(G87ÿ'223 Gd+ → Gd+%' 	=′h9ƭ30µs8
ĀÜ3ǏĻ= ĸ¹(G3 	
4 	i,RRRĵ�g�c5õȋ#"%8ųȃ9#" → #"%ıÄ7Qk

}V�¤÷ğ 684ƻ�G42õȋ#"8ėƁ4Ɩ

�37G4ƻ�EHG3ĵ�g�cƉĥ4'22>

)ÏĞĽȐƣ9#"%2 → 1%3ǹơJþǌ(G(ã3)3%

8ǹơ9q�cćî8ņȆÏǯ (IBD:	 Inverse	 beta	
decay)4Ƨ'"ĽȐƣ9D"ǣ=EH28G [12]3
%8�0J²Á4'22Ś¹á8ŝǵ7¤÷',Ğ

ƨĵ�§ÕJƉĥ(G3×Ş7ƿŇȌȑ�ǧ37G

ÉöŻ#"%2óū#"%2 9Li�ǧ2�ǖ&H,ǬľŅƿŇ

#"%B¸Ɔ'þȗg�c4ũǰ(G3 	

4ǕŒ4�ġ&HGǩƃ5SKg�c7�82ŗƚƙ

ÏĞSeh2ōÃ¡ƣSeh2Y-like	 cut2�ğöĲ

Ƅ�ǧ8ǑǤ658�ǧǾĬJŀ(3%H3ĝEH

,#"%�ǧªǎ70822�ġ&HGƿŇȌȑ�ǧJ

ǒƣBF2Ũ&H,�ǧ�EõȋƋŐ8#"%ųȃJŮ

ý(G3�ġ&H,ƿŇȌȑDFƴǗƓ¯�7#"%�
ǧ ÷å'28GìÖ2�ǧȔď8øƫðÄ8ōżJǣŕ(G3%8§Õ ³2õȋƋŐ37H:2

õȋ4æƇ8ǭȍ ȜĎJǴ'2ðIF2%8øƫðÄ9õȋ#"%8Ĕ8ǛĮ76G3SRN9õȋ#"%7
�#GȌȑ�ǧ46G 2�ǧȔď �ý37G4�ý(G4øƫðÄ9ǫ!683�Ŀ2ƴǗƓ

¯�6�ǧ ǓŶ&H6�/,4'2B222.5	kton�10	yr8exposure8SK-IV39õȋ#"%ųȃ8�

ȉŉľ ŎĚ3!G3đ(1)3BƝ(D972õȋ#"%ųȃ Ůý&H,ìÖ2#"%8Ɯūx�w�h8

�ȉ«2.9 × 10#''Y*[13]�Eõȋ¶ǿ8ƜìĔď8�ȉ«BǖÍ3!G3 	
4Ť��þȗ8ģďǒƣBF5ĝEH,ƳœJƊ82Gd2(SO4)3JÚK-ŬdP~�Zn±Ś¹á

8,A72Gd7DG�ğöĲƄ<ĵ�§ÕJ»FŊ�G3Qk}V�Ȉ«J3~4	 MeV<Ē!�$

2õȋ#"%ģďJǒƣBG3+'22ōÃ¡ƣ190	kton8ŬdP~�Zn±Ś¹á7�#Gõȋ#"%8
ģďBǒƣBG3�ď92%HEŚ¹á7�822SRN7²Fǲ@õȋ#"%Jǜ¥(G3 	

4Ìƻļƃ5 [11]�AIP	Conf.	Proc.	1921,	040002	(2018).	[12]	Phys.	Lett.	B	564	(2003)42.	[13]	Advan.	High	Ene.	Phys.	
350150	(2012).	 	 	

�

�2.	 #"% 2 → 1%3����������� 	

�3.	 #"% 2 → 1%3���������(�)
����� 8B
��	��� (�).	
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ƘƤĩ.ÖI*7�9žǺ100kmǬ8¹ēŁǪ 	
ƘƤ�7�9žǺ100kmǬ8¹ēŁǪ 	
	
ǕŒāƊ8Șğǀg_WhepPC:	CPU	&	CPUW�{ ,	GPU,w
x|2ǘĤƜūǌƺ(HDD/SSD)2t\�s�i2U�s�

i2tO_2ȏŷ2BDi{Nm 	
	
ȏöǿÝ :	HDDbYeh2k^2W�{�nL�2ȀƷY�

o} 	
	
ǥļīƢR�p�MWa_8,A8ǪƊ 	
ǥļǄļǰťǪƊ 	
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