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•  Correla3ons	between	nucleons	modify	 the	mean-field	approxima3on	and	are	 thought	 to	
be	the	reason	for	the	quenching	of	SF	observed	in	(e,eʹp),	(p,2p)	and	transfer	reac3ons.		

•  About	30%	–	40%	of	 the	nucleons	par3cipate	 in	NN	correla3ons,	which	are	dis3nguished	
into	long-range	(LRC)	and	short-range	(SRC).		
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A	high-momentum	tail	is	a&ributed	to	SRCs	between	a	pair	of	strongly	interac3ng	
nucleons;		a	value	of	about	20%	SRC	contribu3on	was	indirectly	inferred.	
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A. Gade, 9/12/19, Slide 11 

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)"

Courtesy of  A. Gade 
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The	open	ques3ons	we	address:	
• What	are	the	individual	contribu3ons	of	LRC	and	
SRC	to	the	observed	deple3on	(quenching	of	SF)?		

• What	is	the	isospin	dependence	of	these	
contribu3ons,	and	how	do	they	compete	in	very	
asymmetric	nuclei?		

Our	approach:	
	
In	the	spirit	of	Mo&elson’s	Fermi	liquid	



R	=	total	single-par3cle	Quenching	Factor	
						represents	the	probability	to	find	a	nucleon	in	the	pure	single-par3cle	configura3on		
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SRC	quenching	

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

Minority	nucleons	have	on	average	much	higher	kine3c	energy	



SRC	quenching		

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

Minority	nucleons	have	on	average	much	higher	kine3c	energy	

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



SRC:	Quan3ta3ve	informa3on	from	JLAB	

minority	

The	double	ra3o	of	the	number	of	(e,e’p)	high-momentum	proton	
events	to	low-momentum	proton	events	for	a	nucleus	A	rela3ve	to	
carbon		

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



SRC	



Assume	that	the	LRC	quenching	is	constant	with	isospin		

In	this	approach,	the	weigh3ng	of	each	component	are	the	only	free	parameters		
that	are	extracted	by	fits	to	the	overall	quenching	reported	in	(e,eʹp)	measurements		

Missing	strength	
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The	data	
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Sta$s$cal significance



γ	≈22		
α	≈10		

β	≈3		

With isospin dependence of the LRC quenching



Our	results	in	a	Gade/Tostevin	plot	
(conver3ng	A,Z,N	à	Sn	and	Sp)	
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Wp/Wp(N=Z)	

J.	M.	Mueller,	R.	J.	Charity,	R.	Shane,	L.	G.	Sobotka,	S.	J.	Waldecker,	W.	H.	Dickhoff,	et	al.	

Our	fit	vs.	Their	Fit	of	W	
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	h&p://www.phy.anl.gov/theory/research/momenta/	



Some	specula3ons	





Interes3ng	to	consider	the	limit:	

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

LRC	(Surface)	à	0	

M*/M	~	0.4		





SRC	and	charge	radius	

Due	to	short	range	correla3ons	single	par3cle	
excita3ons	of		ΔE	~	70	MeV	will	occur	with	the	
probability	discussed	above.	

Δp ~ !
Δx

ΔN ~ ΔE / !ω0

Δ < r2 >~ r0
2ΔN

This	corresponds	to	changes	in	the	principal	
oscillator	quantum	number	

And	consequently	a	change	in	the	radius:	



Calcium	isotopes	

ACa	

A2/3	

SRC	

R.F.	Garcia	Ruiz	et	al.,		
Nature	Physics	12,	594	(2016)		



correlated ground state 





SRC		??	



Conclusions	
	
• We	derived	 simple	phenomenological	 parametriza3ons	 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	expecta3ons	

	
• We	show	how	the	missing	strength	evolves	with	(N	−	Z)/A	
	
•  Specula3on	on	a	quasi-proton	(nuclear	polaron)	in	the	limit	 	of	
neutron	ma&er,	A	→	∞	and	(N-Z)/A	→	1,	proton	R	~	0.2	

	
•  Possible	effects	on	the	charge	radius	of	neutron-rich	Ca’s	
				and	spin	content	of	N=Z	ground	states.	
	



A puzzle:

				One-nucleon	direct	reac3on	



A puzzle:
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?????	
				Two-nucleon	direct	reac3on	




