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・IntroducAon	
	
	・Pairing	correlaAons		T=1,S=0	and	T=0,S=1	pairs	
							Energy	spectra	of	N=Z	odd-odd	nuclei.	
							
	・	Gamow-Teller	excitaAons	in	N=Z	pf-	shell	nuclei		
											interplay	between		T=1	and	T=0	pairing		
	
・	IS	and	IV	spin	response	and	spin	polarizability	in	sd-shell	nuclei	
												

First	Tsukuba-CCS-RIKEN	joint	workshop	(Dec.	12-16,	2016)	



(L = S = 0)J = 0,T =1 ⇒ ( j = j ' )J = 0,T =1

(L = 0,S =1)J =1,T = 0 ⇒

a (l = l ' j = j ' )J =1,T = 0 + b ((l = l ' ) j, j ' = j ±1)J =1,T = 0

T=1,	S=0	pair	

T=0,	S=1	pair	

If	there	is	strong	spin-orbit	spliXng,	it	is	difficult	to	make	(T=0,S=1)pair.	
	
T=0	J=	1+		state	could	be	M1	or	Gamow-Teller	states	in		nuclei	with	N~Z	
																																									è		strong	M1	or	GT	states	in	N~Z	nuclei	

Two	parAcle	systems	

p(n)　	 p(n)	

p n	

(J=0,T=1)	and	(J=1,T=0)	are	SU(4)	supermulAplet	in	spin-isospin	space	

Well-known	in	light	p-shell	nuclei	(LS	coupling	dominance)	
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HS,	Y.	Tanimura	and	K.	Hagino,	PRC87,	034310	(2013)	
	

G.F.	Bertsch	and	Y.	Luo,	PRC81,	064320	(2010)	

Even	with	large	spin-orbit	
spliXng	for	f	-orbits,	the	
spin-triplet	correlaAons	will	
be	larger	than	the	spin-
singlet	one	for	f>1.5	

Pairing	correlaAon	energy	
of	(J,T)=(0,1)	and	(1,0)	
states	in	pf	shell	



Measured	1+1	and	0+1	levels	of	odd-odd	N=Z	nuclei	
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•  	n-p	pairing	interacAons		
ü  T=0,	1	two	channels	
ü  T=0,	S=1	is	airacAve	stronger	than	T=1,	S=0	pair	
				　cf.	deuteron,	matrix	elements	in	shell	models	
ü  In	finite	nuclei	N>Z	,		the	strong	spin-orbit	coupling	
							may	quench	or	even	kill	T=0	pairing	

　　 	when		l	is		larger	,		the	spin-orbit	is	larger	and	T=0	pair	correlaAons		
																	decrease	
								 		

N=Z	odd-odd	nuclei	with	3-body	model	
Y.	Tanimura,	HS,	K.	Hagino,		PTEP	053D02	(2014)	



DeterminaAon	of	parameters	
v0,	vls:	neutron	separaAon	energy	
vs,	vt:	pn	scaiering	length	with	Ecut	(=	20	MeV)	
										vs/vt=1.7	(spin-triplet	pairing	is		
																											much	stronger	than	spin-singlet)	
xS,	xt,	α:	1+,	3+,	0+	in	18F	energies	are	fiied	

n	

p	

Core	

3体模型	

2粒子配位で	
Hを対角化	

Three-body	Model	

DiagonalizaAon	in	a		
large	model	space	



pn	pairing	interacAon	

vt
/v

s 	

Ecut=kcut2/2m	



g.	s.	
(1+,0)	

(Jπ,T)=	
		(0+,1)	2.31	MeV	

1.04	MeV	
0.68	MeV	

-0.46	MeV	 -0.61	MeV	 0.20	MeV	
B(M1)	
=0.047	 19.71	 1.32	 0.08	 6.16	

(a)	実験 (NNDC,	h=p://www.nndc.bnl.gov/)	

(b)	計算結果	

0.05	MeV	

1.04	MeV	

0.02	MeV	

-0.69	MeV	 -0.61	MeV	
0.68	MeV	

6.80	 0.58	0.15	18.19	
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1.	E0+-E1+	and	B(M1)	
ü 　Inversion	of	1+	and	0+	

ü 	18F,	42Sc	
n Large	B(M1)		
n Accurate	E0+-E1+	(42Sc)	

Experiment	

Three-body	model	

The	inversion	of	1+	and	0+	shows	a	clear	manifestaAon	of	the	compeAAon	between	
spin-orbit	and	the	spin-triplet	pairing.	

Y.	Tanimura,	HS,	K.	Hagino,		PTEP	053D02	(2014)	



Results	

イメージを表示できません。メモリ不足のためにイメージを開くことができないか、イメージが破損している可能性
があります。コンピューターを再起動して再度ファイルを開いてください。それでも赤い x が表示される場合は、イ
メージを削除して挿入してください。

Large	B(M1)	in	18F	and	42Sc	
18F：	

1+	and	0+		can	be	considered	
	as	the	states	in	the	same	SU(4)	mulAplets	
(LST)	=	(0,1,0),	(0,0,1)	
The	same	as	42Sc	in	1f-orbits	

18F	

18O	 18Ne	

...	

...	

...	(Jπ,T)	=		
(0+,1)	 (0+,1)	

(1+,0)	

(0+,1)	

SU(4)	6重項	

Large	 (small)	
SU(4)generator	

イメージを表示できません。メモリ不足のためにイメージ
を開くことができないか、イメージが破損している可能性
があります。コンピューターを再起動して再度ファイルを

1+	à	P(S=1)	=	90.1%,	(1d)2	
0+	à	P(S=0)	=	82.2%,	(1d)2	

mulAplet	



results	

14N	 18F	 30P	 34Cl	 42Sc	 58Cu	

Valence	orbital	 p1/2	 d5/2	 s1/2	 d3/2	 f7/2	 p3/2	

orbital	 1.09	 1.28	 0.21	 2.28	 2.91	 0.09	

-2.78	 7.44	 -1.21	 -3.65	 6.34	 1.47	

5x10-5	 3x10-3	 3x10-5	 -1x10-4	 2x10-3	 -2x10-3	

B(M1)↓	(μN
2)		Exp.	 0.047	 19.71	 1.32	 0.08	 6.16	 ---	

Calc.	 0.68	 18.19	 0.24	 0.15	 6.80	 0.58	

イメージを表示できませ
ん。メモリ不足のためにイ
メージを開くことができな
いか、イメージが破損して
いる可能性があります。コ

Separate	ContribuAon	to		<f||O(M1)||i>	(μN)	

18F	and	42Sc:	large	B(M1)	

ü 	(j=l-1/2)2	spin	and	orbital	are	cancelled					
																														(Lisetskiy	et	al.,	PRC60,	064310	(’99))	
ü 	(j=l+1/2)2　spin	and	orbital	coherent		
　　　　　　　　　(Lisetskiy	et	al.,	PRC60,	064310	(’99))	
ü 	good	SU(4)	symmetry	

ü 	even	j=l+1/2	not	good		SU(4)	symmetry	

14N,	34Cl	B(M1)	small	

18F,	42Sc　B(M1)large	

58Cuは(M1)small	



HFB+QRPA	with	T=1	and	T=0	pairing	
				T=1	pairing	in		HFB		
				T=0	pairing	in	QRPA	
How	large	is	the	spin-triplet	T=0	pairing?	

Ô(GT ) =στ ±

CooperaAon	of	T=0	and	T=1	pairing	in	Gamow-Teller	states	in	N=Z	nuclei	

C.	L.	Bai,	H.S.,	M.Sasano,	T.	Uesaka,	K.	Hagino,	H.Q.	Zhang,	X.Z.	Zhang,F.R.Xu	

As	a	possible	manifestaAon	of	T=0	S=1	pairing	
correlaAons		in	nuclei	N=Z.	

Phys.	Lei.	B719,	pp.	116-121	(2013)	
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Gamow-Teller	transiAons	from		BCS	vacuum	
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A	pair	of	SU(4)	supermulAplet	

T=1	S=0	





B = (Xuπvν −Yuνvπ ) π Ô(GT ) ν

C = X 2 −Y 2





Beyond	mean	field	effect:	
Niu	et	al.,	PRC85,	034314(2012)	

Sasano	et	al.,	PRC86,	034324(2012)	 With	(0.74)2	quenching	factor,	sAll	30%missing	
strength	

Fine	adjustment	of	shell	model	int.	
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by M. Honma
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IS	and	IV	M1	response	and	T=0	spin-triplet	pairing	correlaAons	
	        HS,	T.	Suzuki	and	M.	Sasano	(PRC94,	041303(R),	24.	Oct.	2016)	

Exp.	Data,	Matsubara,	et	al.,	PRL115,	102501(2015)	
High	energy	resoluAon	proton	inelasAc	scaiering	with	Ep=295MeV	

USDB*=T=0	pairing	matrix	elements	are	20%	stronger	than	USDB	
USDB**=USDB*+Δ-isobar	coupling(q=0.9)	
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	0.25	
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-0.75	

Matsubara	et	al.,	
PRL115,	102501(2015)	

Δspin = (S(IS)− S(IV )) /16

       = Sp ⋅Sn



Summary:	N=Z	nucleus		
1.			Inversion	of	1+	and	0+	states	in	the	energy	spectra	and	strong	M1	
transiAons	in	odd-odd	N=Z	nuclei	is	induced	by		a	strong	T=0	pairing	
correlaAons	compeAng	with	T=1	pairing	and	spin-orbit	force.	

2.			CooperaAve	role	of	T=0	and		T=1	pairings	is	studied	in	Gamow-Teller			
transiAons	of	N=Z	nuclei	
3.			It	is	pointed	out	that	the	low	energy	peak		appear	due	to	the	strong	T=0	
						pairing	correlaAons	in	the	final	states.	
																	SupermulAplets	of	T=1,S=0	and	T=0	and	S=1	pair		
4.  two	GT	peaks	in	56Niè	large	quenching		
																				--effecAve	interacAons		(	IS	pairing,	smaller	spin-orbit	spliXng)	
																				--	beyond	mean	field	effect	
5.			Future	perspecAve	(experiment):		
					New	experiments	in	N=Z	nuclei,		48Cr	and		64Ge		are	approved	by	PAC	
					Dec.	2016	in	RIKEN	.	
6.			Future	perspecAves	(theory)	
					a.	HFB+QRPA+PV		(ParAcle-vibraAon	coupling	
							Yifei	Niu,	Gianluca	Colo	
					b.	Fine		fiXngs	of	energy	density	funcAons	for	spin-isospin	excitaAons	
						(which	was	done		already	for		Shell	model	interacAons:	GPFX1J	
																																															BY		Toshio	Suzuki,	Michio	Honma)	
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○	IS	Pairing	correlaAons	(Three-body	model)	
			Y.	Tanimura	(Orsay	->	GSI)	
			K.	Hagino	(Tohoku	University)	

○	IS	and	IV	M1	and	spin-spin	correlaAons	
				T.	Suzuki	(Nihon	University)	
				M.	Sasano	(RIKEN)	


