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1.		Introduc,on			

		Success	of	high-resolu3on	
experiments	at	JLab		

12C(e,e’K+)	12ΛB	の例 	

Hall	A:		M.	Iodice	et	al.,	PRL	99	
													(2007)			ΔE=0.67	MeV		

Hall	C:		L.	Tang	et	al.,	PRC	90		
														(2014)			ΔE=0.54	MeV		

3+	2-	

[p-1pΛ]ΔL=2,ΔS=1;	ΔJ=3	 2	



(a)	Successful	predic3on		
of	DWIA	Calcula3on				
based	on	standard	WF	

DWIA	CAL.			
Motoba,	Sotona,	Itonaga,		
P.T.P.	Suppl.117	(1994);	
P.T.P.	Suppl.185	(2010)		
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Such	extra	peak	has	
been	observed	also	in	(π
+,K+).	H.	Hotchi	et	al.,	
P.R.	C	64		(2001).		
ΔE=1.45	MeV		

3+	

2-	

(b)	But,	extra	peak	such	as	#4	cannot	be	explained		
#4	
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		Exp	XS	and	DWIA	es3mates:	are	in	good	agreement.		
The	present	theor.	Framework	is	proved	to	be	powerful.	
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2.	Extended	theore,cal	treatment	
						required	------	Concept	and	model	-----		

Standard	configura3on	assumed	so	far:				
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Config.	
		MIX.	
Should	
occur	

		

Two	kinds	of	extensions	to	include	both	
natural	and	unnatural	parity	core	states			
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2-a) Application of the extention (1) to 19ΛF hypernuclei	
                       A. Umeya and T. Motoba, Nucl.Phys.A 954 (2016) 242.	

Energy levels and spectroscopic factors of n-pickup reaction from 19F	
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Cross sections of 19F(K−, π−) at different incident 
momemta	

The microscopic DWIA calculations at high energy kaon momenta up 
to 1.8 GeV/c have been carried out for the first time.	
The DWIA calculation at pK =1.8 GeV/c correspond to the J-PARC E13 	
experiment    [H. Tamura et al., Proceedings of HYP2015].	

(a) J+
core ⊗ j+Λ    (b) J+

core ⊗ j−Λ

  
  (c) J−core ⊗ j+Λ

 
   (d) J−core ⊗ j−Λ	
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E2, M1 and E1 
transitions of 19ΛF 
 are extensively 

estimated. The result 
E2(5/2+à1/2+) 

should be compared 
with J-PARC E13 exp.	

Accumulated production cross sections Y and γ-decay rates of 19ΛF	
Ji(T)	 Ei	 Yi	 Jf(T)	 Ef	 ΔEif	 branching	 T	

MeV	 µb	 MeV	 MeV	 ratio	 s-1	

3/2+(0)	 0.419	 125.0	 1/2+(0)	 0.000	 0.419	 1.000	 4.24 × 1011	

5/2+(0)	 0.727	 120.5	 1/2+(0)	 0.000	 0.727	 0.989	 4.28 × 109	

3/2+(0)	 0.419	 0.308	 0.011	 4.75 × 107	

7/2+(0)	 1.289	 19.1	 3/2+(0)	 0.419	 0.869	 0.011	 1.20 × 1010	

5/2+(0)	 0.727	 0.561	 0.989	 1.08 × 1012	

1/2-(0)	 1.311	 265.1	 1/2+(0)	 0.000	 1.311	 0.681	 2.93 × 1010	

3/2+(0)	 0.419	 0.892	 0.319	 1.37 × 1010	 10	



2-b)	Extensions	of	both	(1)+(2)	for	12ΛB	
our	new	theore3cal	challenge	

“parity-mixing	mediated	by	Λ” 
	(a	new	concept	seen	only	in	hypernucleus)	

		

à			Energy	levels,			Proton-pickup	S	factors,		
àà	DWIA	cross	sec3on	of	12C	(e,e’K+)	12ΛB		 11	



Obtained	energy	levels	for	11B,	12ΛB		

Spurious	CM	
	removed	

Parity-mixed	mul,-	config.	

(sΛ	
dominant,		
			but	mixed)	

(	pΛ	dominant,		
			but	mixed)	

(SΛ		states)	
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(	Energy	levels	of	core	nucleus	)	

11B	
Proton	pickup	S-factor		

3.	DWIA	es,mates	of	(γ,K+)	hypernuclear		
				produc,on	cross	sec,on				
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Results : Configuration mixing in the unnatural parity state	

 12ΛB(2+, Ex=9.056 MeV) =    0.84 [11B(3/2+
1) ⊗ Λ(0s)]	

                                            + 0.04 [11B(5/2+
1) ⊗ Λ(0s)]	

                                            + 0.06 [11B(5/2+
2) ⊗ Λ(0s)]	

                                            + 0.02 [11B(5/2+
3) ⊗ Λ(0s)]	

                                            + 0.02 [11B(3/2−1 ) ⊗ Λ(0p3/2)]	
                                            + · · ·	
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4.	Another		
				example		
	---10B	target	
---	

(π+,K+)	vs.	(γ,K+)	

PTP.	S.117		
(1994)	
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Jlab:		10B(e,e’K+)10ΛBe		
Exp.	Published	recently,		
T.	Gogami	et	al.,	
		P.R.	C	93	(2016	)	

Predicted	XS	confirmed,	but		
	extra	yields	(a)	unpredicted		
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Energy	levels	obtained	in	the	similar	parity-mixed	
	mul3-configura3on	calcula3ons	

(XS	calcula3on	is	in	progress	)	 18	



5.	Summary	
(1)	High	resolu3on	reac3on	spectroscopic	EXPs		
				(e,e’K+)	at	Jlab	(and	Mainz):		disclosing	new		
			interes3ng	feature	of	hypernuclear	structure			
		such	as		“parity-mixing	mediated	by	hyperon”.	
(2)	Correspondingly,	the	mul3-configura3on	
				calcula3on	of	level	structure		are	carried	out,	
				showing	promising	results	(yet	preliminary).	
(3)	Thus	extended	WF	are	used	to	es3mate	DWIA	
				cross	sec3ons	for	(e,e’K+)	and	(pi+,K+)	reac3ons			
				to	be	compared	with	Jlab	and	KEK.(in	progress)	
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			Thank	you	!	
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		Buckup	slides	follow:	
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New	transi3on	components	connected		
via	(γ,K+)	in	extended	model	space				

Problems	to	be	checked:			What	kind	of	effec3ve	interac3ons	
	should	be	used	in	describing	the	WF	in	the	extended	model	space.		

	proton	is	converted	--à	Λ in	s	or	p	orbits		

(	In	the	past	works,	only	green	arrows	are	taken	into	account.)	
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Extended model space for target nucleus	

Extension of model space up to 2p-2h (2ħω) for target nucleus	
12C allows the 12ΛB production through various configurations.	



		

		

(従来は黒い矢印の遷移のみを扱っていたことになる)	
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DWIA	XS	es3mates	in	an	extended	model	
space:		

Theor.	Result	is			
s3ll	preliminary,	
but	very	
promising.	
Extensive	calc.	
are	in	progress.		
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DWIA	XS	calcula3ons		with	extended	WF	are	in	progress.	
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