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A	high-momentum	tail	is	a&ributed	to	SRCs	between	a	pair	of	strongly	interacUng	
nucleons;		a	value	of	about	20%	SRC	contribuUon	was	indirectly	inferred.	



•  CorrelaUons	between	nucleons	modify	 the	mean-field	approximaUon	and	are	 thought	 to	
be	the	reason	for	the	quenching	of	SF	observed	in	(e,eʹp),	(p,2p)	and	transfer	reacUons.		

•  About	30%	–	40%	of	 the	nucleons	parUcipate	 in	NN	correlaUons,	which	are	disUnguished	
into	long-range	(LRC)	and	short-range	(SRC).		

	

Long	Range	

Short	Range	



The applicability of the shell model has actually a profound meaning  
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Data today – contains data from NSCL, 
RIKEN, Lanzhou, Bevalac  

Figure: Jeff Tostevin’s 2017 update from "
J. A. Tostevin and A. Gade, PRC 90, 057602 (2014)"

Slide from  
A. Gade 







Open	quesUons:	

• What	are	the	individual	contribuUons	of	LRC	and	
SRC	to	the	observed	depleUon	(quenching	of	SF)?		

• What	is	the	isospin	dependence	of	these	
contribuUons,	and	how	do	they	compete	in	very	
asymmetric	nuclei?		



The	concept	

O.	Hen	et	al.,	Science	346	(2014)	614"

Minority	nucleons	have	on	average	much	higher	kineUc	energy	
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Minority	nucleons	have	on	average	much	higher	kineUc	energy	

This	must	be	reflected		
in	the	SF	of	the	minority	
nucleons	(protons)	



SRC:	QuanUtaUve	informaUon	from	JLAB	

minority	

The	double	raUo	of	the	number	of	(e,e’p)	high-momentum	proton	
events	to	low-momentum	proton	events	for	a	nucleus	A	relaUve	to	
carbon		

M.	Duer	et	al.,	Nature	560	(2018)	617"This	morning	



SRC:	QuanUtaUve	informaUon	from	JLAB	
The	double	raUo	of	the	number	of	(e,e’p)	high-momentum	proton	
events	to	low-momentum	proton	events	for	a	nucleus	A	relaUve	to	
carbon		

J.	Ryckebusch	et	al.	/	Phys.	Le&.	B	792	(2019)	21	Tomorrow	morning	



R	=	total	single-parUcle	Quenching	Factor	
represents	the	probability	to	find	a	nucleon	in	the	pure	single-parUcle	configuraUon	
	
In	this	approach,	the	weighUng	of	each	component	are	the	only	free	parameters		
that	are	extracted	by	fits	to	the	overall	quenching	reported	in	(e,eʹp)	measurements		
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Assume	first	that:		



The	data	
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LRC	in	more	detail	



ParUcle	VibraUon	Coupling	
A	single	par,cle	near	a	doubly-magic	core	is	removed		

from	its	shell	by	coupling	to	surface	phonons	

Quenching	factor	can	be	esUmated	by	the	amplitude	of	the	
coupling	term,	which	is	proporUonal	to	the	collecUvity	of	the	
phonon	and	the	radial	form	factor:		
	
	
The	potenUal	depth	(V)	for	a	proton	is	usually	parametrized	as*:		

*Bohr	&	Mo&elson	



(LRC)Pairing	CorrelaUons**	
	Effect	of	fragmenta,on	due	to	pairing	(vibra,on)	correla,ons	

The	mixing	amplitude	is	proporUonal	to	lowest	order	to	the	raUo	of	
the	pairing	gap	to	a	typical	shell	gap		
	
Pairing	gap	from	
	
	
	
	
For	doubly	magic	nuclei	pairing	vibraUons	will	introduce	2p2h	
admixtures	in	the	unperturbed	0p0h	ground	state	configuraUon;	we	
can	make	a	simple	esUmate	of	β	as	((7.55/A1/3)/(41/A1/3))2	≈	0.03		
	
	
	



N. Pillet et al. PRC 76, 024310 (2007)!

Di-neutron 

Cooper-pair	

**Pair coherence length!





Our	results	in	a	Gade/Tostevin	plot	
(converUng	A,Z,N	à	Sn	and	Sp)	



Our	results	in	a	Gade/Tostevin	plot	
(converUng	A,Z,N	à	Sn	and	Sp)	

Y.	P.	Xu,	et	al.	Phys.	Le&.	B790	(2019)	308	



Sp-Sn	(MeV)	

SRC	Quenching	Factor	
RATIO	

Oxygen	Isotopes	

Sn	~750	keV	

Effects	of	weak	binding	?	
x	(Volp/Voln)	

Max		effect	



InteresUng	to	consider	the	limit:	

Quasi-proton	(nuclear	polaron)	in	neutron	ma&er	



Conclusions	
	
• We	derived	 simple	phenomenological	 parametrizaUons	 for	 the	
combined	 effects	 of	 SRC,	 PVC,	 and	 PC	 that	 were	 used	 in	 an	
analysis	of	published	data	from	electron	sca&ering	experiments	

•  Our	 analysis	 consistently	 shows	 that	 ~	 20%	 of	 the	 missing	
strength	 observed	 in	 the	 region	 of	 N	 ≈	 Z	 can	 be	 a&ributed	 to	
SRC,	in	agreement	with	reported	expectaUons	

	
• We	show	how	the	missing	strength	evolves	with	(N	−	Z)/A	
	
•  SpeculaUon	on	a	quasi-proton	(nuclear	polaron)	in	the	limit	 	of	
neutron	ma&er,	A	→	∞	and	(N-Z)/A	→	1,	proton	R	~	0.2	




