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1.	Introduction	 

	 
2.	Isovector-isoscalar	pairing	correlations	in	N=Z	even-even	nuclei 
 

	-	isoscalar	contribution	to	the	quartets’	structure;	 
	-	competition	between	isovector	and	isoscalar	pairing	in	realistic	calculations; 

																							-	application	for	N=Z	nuclei	with	axially	deformed	symmetry.	 
 
3.	Generalization	of	the	isovector-isoscalar	quartet	model	for	odd-odd	nuclei 
 

	-	proton-neutron	pairing	and	quartetting	in	odd-odd	nuclei; 
	-	competition	between	isovector	and	isoscalar	pairing	in	odd-odd	nuclei. 

 
4.	Conclusions	and	perspectives 



Alpha-like	quartet	condensation	offers	very	accurate	results	for	 
isovector	pairing	correlations	in	even-even	N=Z	and	N>Z	nuclei	(errors	<	1%). 

What	about	the	isoscalar	proton-neutron	pairing?	 
 

Does	exists	such	kind	of	pairing	in	N=Z	nuclei?	 
 

How	it	competes	with	the	isovector	pairing? 



		Proton-neutron	pairing	in	odd-odd	nuclei 
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lowest	T=0,	1+	states 

lowest	T=0,	I+	states 
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Competition	between	 
T=1	and	T=0	pairing	!	 
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Isovector and isoscalar pairs in N=Z nuclei 
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Isovector	T=1,	Jz=0	pairs Isoscalar	T=0,	Jz=0	pairs 

Pairing in even-even N=Z nuclei: axially	deformed	symmetry	 

Hamiltonian 

Isovector	quartets Isovector-isoscalar	quartet Collective	isoscalar	pairs 

Quartet	condensate 

isovector isoscalar 

(exact	solution	for	a	set	of	degenerate	states) 



	 
	 
	 

Unknown	parameters:					mixing	amplitudes	xi	and	yi 

Calculation	scheme 

The method of recurrence relations 

Auxiliary states: 

Hamiltonian: 

Quartet	condensate: 

Minimization: 

nn pp pn(T=1) 

x1,	y1 

x2,	y2 

x3,	y3 

xn,	yn 

pn(T=0) 

Constraint: 



-	s.p.	states	given	by	axially	deformed	Skyrme-HF	calculations 
 
-	zero	range	delta	interaction																																														 

		Conclusions: 
-	QCM	describes	with	very	good	precision	the	isoscalar-isovector	pairing	(errors	under	1%); 

N.	Sandulescu,	D.	N.	and	D.	Gambacurta,	Phys.	Lett.	B751	(2015),	p.	348	 

Competition	between	T=1	and	T=0	pairing	in	realistic	calculations	 

-	isoscalar	pairing	ALWAYS	coexist	with	the	isovector	pairing.	 
-	isovector	pairing	correlations	are	stronger	than	the	isoscalar	ones; 

|QCM> 

16O 

40Ca 

100Sn 

Correlation  
energies (MeV) 

(Bertsch	et	al.) 



-	4	proton-neutron	pairs; 
-	10	equidistant	levels.	 

		Pairing	energies:	 
-	E(T=1)	and	E(T=0)	follow	very	well	the	exact	pairing	energies	(obtained	by	diagonalization);	 
-	isovector	and	isoscalar	pairing	correlations	coexist	for	any	ratio	between	the	strengths	of	the	two	pairing	forces. 

N.	Sandulescu,	D.	N.	and	D.	Gambacurta,	Phys.	Lett.	B751	(2015),	p.	348	 

Evolution	of	the	isovector	and	isoscalar	proton-neutron	pairing	correlations 

		Overlaps: 
-	the	overlaps	show	a	smooth	transition	from	a	condensate	of	quartets	to	a	condensate	of	pairs. 



How	does	the	proton-neutron	pairing	affects	 
the	ground	state	of	odd-odd	N=Z	nuclei? 

Generalization	of	QCM	for	odd-odd	systems! 



Isovector	T=1,	Jz=0	pairs Isoscalar	T=0,	Jz=0	pairs 

Hamiltonian 

isovector isoscalar 

Isovector-isoscalar	quartets 

Pairing	and	quartetting	in	odd-odd	N=Z	nuclei 

T=0	state: T=1	state: 

collective	isoscalar	
odd	pair 

collective	isovector	
odd	pair 

(exact	solution	for	degenerate	states) (exact	solution	for	degenerate	states) 



	 
	 
	 

Unknown	parameters:					mixing	amplitudes	xi,	yi	and	zi 

Calculation	scheme 

The method of recurrence relations 

Auxiliary states: 

Hamiltonian: 

Pair-quartet	condensate: 

Minimization: 

x1,	y1,	z1 

x2,	y2,	z2 

x3,	y3,	z3 

xn,	yn,	zn 

(T=0	state) 

(T=1	state) 

(T=0	state) 

(T=1	state) 

Constraint: 



Strength	of	the	pairing	force	in	T=1	and	T=0	channels	 

-	zero	range	delta	interaction																																														 

Strength	of	the	isovector	pairing	force 

Strength	of	the	isoscalar	pairing	force 

A<40:	w=1.6									A≥40:	w=1.0 

Exact	diagonalization	vs	Experiment 

-	s.p.	states	given	by	Skyrme-HF	calculations	for	axially	deformed	m.f.	 

w	=	? 



Exact 

The	structure	of	the	lowest	T=0	and	T=1	states	of	odd-odd	nuclei 

Correlation energies (MeV): 

D.N.,	N.	Sandulescu,	D.	Gambacurta,	PTEP	2017,	073D05 

Exact 

T=0	ground	state 

T=1	ground	state 

Conclusions:	 
QCM	describes	well	the	low-lying	states	of	odd-odd	nuclei. 
The	pn	pair	condensates	(isovector	or	isoscalar)	are	less	accurate	than	the	quartet	condensates. 
Isovector	and	isoscalar	pairing	correlations	coexist	in	the	even-even	core. 



Exact 

Exact 
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T=1	and	T=0	pairing	energies	 

A<40 A≥40 

✔ 
✔ 

✔ 
✔ 
✔ 

✔ 

✔ 

✔ ✔ 

✔ 

Extra pairing energy in the T=0 channel:  
contribution from the odd T=0 pairs 

Extra pairing energy in the T=1 channel:  
caused not only by the odd T=1 pairs 



QCM	describes	with	good	precision	the	isovector-isoscalar	pairing. 
Isoscalar	pairing	always	coexist	with	the	isovector	pairing	in	N=Z	even-even	nuclei. 
Isovector	pairing	correlations	are	stronger	than	the	isoscalar	ones.	

QCM	describes	very	well	the	low-lying	states	of	odd-odd	nuclei. 

The	isovector	and	isoscalar	pairing	correlations	coexist	also	in	odd-odd	nuclei.		
	 

Main	conclusions	of	this	talk 

Perspectives 

Total	angular	momentum	restoration	by	standard	projection	techniques.	

	

Generalization	of	the	QCM	formalism	to	N>Z	odd-odd	nuclei.		 
	 

T=0	state 

T=1	state 


