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KbarN	Interac<on	and	Kaonic	Nuclei �
u KbarN	interac<on	

►  On	/	Above	threshold	
•  Well	studied	

»  Low-energy	
scaUering	

»  X-ray	from	Kaonic	
atoms	

•  Kbar	–	Nucleon	
»  AUrac<ve	in	I=0	

•  Kbar	–	Nucleus	
»  AUrac<ve	

►  Subthreshold	
•  Not	well	understood	
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u Bound	state	of	 ​𝑲 	–	Nucleus?	
► Kaonic	nucleus	

•  Consist	of	Baryon	and	Meson	
•  Deeply	bound	
•  High	density	

Informa<on	of	KbarN	interac<on	
				in	subthreshold	region �

Start	with	the	“simplest”	KbarNN	system �
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Situa<on	of	​𝑲↑− 𝒑𝒑	bound	state �
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E-dep.�

E-indep. �

Reports	structure �
J-PARC	E27	
	𝑑(​𝜋↑+ , ​𝐾↑+ )𝑋 �
DISTO	
	𝑝𝑝→Λ𝑝​𝐾↑+  �

FINUDA	
	(𝑠𝑡𝑜𝑝𝑝𝑒𝑑 ​𝐾↑− ,Λ𝑝) �

/					NO	structure �

HADES	
		𝑝𝑝→Λ𝑝​𝐾↑+  �

LEPS	
	𝑝(𝛾, ​𝜋↑− ​𝐾↑+ )𝑋 �

► Experiments	

► Theore<cal	calc.	
Bound	state	exists	
KbarN	interac<on	model	
					E-dep.	/	E-indep.	
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J-PARC	E15	Experiment�
u Searching	for	​𝑲↑− 𝒑𝒑	

► (​𝑲↑− , 𝒏)	reac<on	@	1	GeV/c	
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​𝑲↑−  � ^↑𝟑↓
𝐇𝐞  �

" ​𝑲↑− 𝒑𝒑" �

​𝝅↑
−  �

𝒑�

𝒑�
𝚲 �

𝒏��𝒏�" ​𝑲↑− 𝒑𝒑" �

Beam	sweeping	magnet�

Neutron	counter	

CDS�

Beam	spectrometer �
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u 𝚲𝒑	invariant	mass	spectroscopy	in	^↑𝟑↓𝐇𝐞 (​𝑲↑− , 
𝚲𝒑)"𝒏“ reac<on	

J-PARC	E15	Experiment�
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^↑𝟑↓𝑯𝒆 ( ​𝑲↑− , 𝜦𝒑)"𝑿"	Missing-
mass �

“𝒏” �” �

► 𝝅𝒑𝒑	event	selec<on	in	CDS	

► 𝚲→​𝝅↑− 𝒑-pair	selec<on	
•  Likelihood	method	

► Missing	neutron	selec<on	
•  𝟎.𝟖𝟓 −𝟏.𝟎𝟑 𝐆𝐞𝐕/ ​𝒄↑𝟐 	
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E15-1st	Result�
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Y. Sada, et al, Prog. Theor. Exp. Phys. (2016) 051D01	

► E15-2nd	experiment	
» ×𝟑𝟎	𝜦𝒑𝒏	events		𝜦𝒑𝒏	events		events	

►  E15-1st	experiment	
•  𝚲𝒑	invariant	mass	analysis	in	^↑𝟑↓𝐇𝐞( ​
𝑲↑− ,𝚲𝒑)"𝒏" 	

•  Assuming	simple	Breit-Wigner	
»  B.E.	:	𝟏𝟓 𝐌𝐞𝐕,	Width	:	𝟏𝟏𝟎 𝐌𝐞𝐕	

Increasing	Sta<s<cs �

​𝑴
↓​𝑲
↑−
 𝒑
𝒑 
�

​𝑴
↓𝝅

𝚺𝒑
 �
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E15-2nd	Result�

u  Consistent	with		
the		E15-1st	result	

u  Structure	around	​𝑴↓​𝑲↑− 
𝒑𝒑↑ 	
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​𝒏↓𝒘𝒊𝒏𝒅𝒐𝒘 =𝟎.𝟖𝟓 −𝟏.𝟎𝟑 𝑮𝒆𝑽/ ​
𝒄↑𝟐 	 �

​𝑴
↓​𝑲
↑−
 𝒑
𝒑 
�

​𝑴
↓𝝅

𝚺𝒑
 �

► E15-2nd	experiment	
» ×𝟑𝟎	𝜦𝒑𝒏	events		𝜦𝒑𝒏	events		events	
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𝑰𝑴(𝚲𝒑)	vs.	​𝐜𝐨𝐬⁠​​𝜽↓𝒏↑ ↑𝑪𝑴  	Plot �
u Neutron	opening	angle �
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​𝑴
↓​𝑲
↑−
 𝒑
𝒑 
�

𝑰𝑴(𝚲𝒑)	vs.	​𝐜𝐨𝐬⁠​​𝜽↓𝒏↑ ↑𝑪𝑴   �

CM	frame�

Beam�

𝑝��

Λ �

"𝑛" �

​
𝜃↓𝑛
↑𝐶
𝑀  �

Out	of	acceptance �

Forward	angle �
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​𝐜𝐨𝐬⁠​​𝜽↓𝒏↑ ↑𝑪𝑴  	Sliced	𝑰𝑴(𝚲𝒑) �

2016.09.15�

INPC2016@Adelaide�

10�

u 𝟎.𝟕𝟓< ​cos⁠​𝜽↓𝒏↑𝑪𝑴  <𝟏.𝟎𝟎	

​𝑴
↓​𝑲
↑−
 𝒑
𝒑 
�

2	peaks	+	3NA�

u 𝟎.𝟎𝟎< ​cos⁠​𝜽↓𝒏↑𝑪𝑴  <𝟎.𝟕𝟓	

2	peaks	+	3NA�

u 𝟎.𝟎𝟎< ​cos⁠​𝜽↓𝒏↑𝑪𝑴  <𝟏.𝟎𝟎	

2	peaks	+	3NA �

Out	of	acceptance �
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​𝐜𝐨𝐬⁠​​𝜽↓𝒏↑ ↑𝑪𝑴  	Sliced	𝑰𝑴(𝚲𝒑) �
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​𝑴
↓𝝅

𝚺𝐩
 �

2	peaks	observed �
Above	threshold �
► Quasi-elas<c	process�

Below	threshold �
► Could	be	 ​𝑲↑− 𝒑𝒑�​𝑴

↓​𝑲
↑−
 𝒑
𝒑 
�

​𝑴
↓𝝅

𝚺𝐩
 �

​𝑴
↓​𝑲
↑−
 𝒑
𝒑 
�

E-dep.�
E-indep. �

This	work �
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Summary�Summary�

are	observed.	
► Located	in	the	forward	region	(​𝐜𝐨𝐬⁠​𝜽↓𝒏↑𝑪𝑴 >𝟎.𝟕𝟓 )	
► Peak	below	threshold	could	be	 ​𝑲↑− 𝒑𝒑	state.	

u Detailed	analysis	is	ongoing.	Detailed	analysis	is	ongoing.	
2016.09.15�2016.09.15�
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∼	The	E15	collabora<on	∼ �
Thank	you	for	your	aUen<on�
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