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-  GCF	describes	the	many-body	nuclear	
wave-func6on	where	SRCs	dominate.	

-  GCF	offers	prescrip6on	for	SRC	
spectral	func6ons.	

-  This	allows	us	to	calculate	QE	
electron-sca?ering	cross	
sec6ons	and	other	observables.	

see	talks	by	
J.	Pybus	and	
A.	Denniston	

Summary	&	Conclusions	



Account	for	~20%	of	all	
nucleons	in	any	nucleus.	
	
Dominate	the	momentum	
distribu6on	above	the	Fermi	
momentum	(kF).	
	
Rela6ve	momentum	>>	
center-of-mass	and	Fermi	
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-  Complicated	NN	interac6on	&	large	nuclear	density	
	
	

-	Ab-ini6o	calcula6ons	are	limited	to	light-medium	nuclei	
	
	

-  Mean-Field	theories	don’t	include	SRCs	

Why	effec6ve	theories	for	SRC?	
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Scale	Separa6on	in	Nuclear	Systems	
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Scale	separa6on	at	short	distances	
	
	

Factoriza6on	of	the	nuclear	
wavefunc6on	

Factoriza6on	in	nuclear	systems	
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Ψ												ϕ(rij)	x	Aij(Rij,	{r}k≠ij)	
rijà0	

two-body	
wave-
func6on	

A-2	residual	
system	

Scale	separa6on	at	short	distances	
	
	

Factoriza6on	of	the	nuclear	
wavefunc6on	

Factoriza6on	in	nuclear	systems	

Many-body	
nuclear	wave-

func6on	



Short-r	2-body	density	in	the	GCF	
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ρ!!!,!(r) = C!!!,!× φ!!! r !	
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ρ!!!,!(r) = C!!!,!× φ!!! r !	
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(universal)	
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Contacts	

	
(nucleus	

dependent)	

Many-body	
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ρ!!!,!(q) = C!!!,!× φ!!! q !	

High-k	2-body	density	in	the	GCF	



ρ!!!,!(r) = C!!!,!× φ!!! r !	
Small-r	universality	
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Many-body	



ρ!!!,!(r) = C!!!,!× φ!!! r !	
Small-r	universality	
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Many-body	



ρ!!!,!(r) = C!!!,!× φ!!! r !	
The	Generalized	Contact	Formalism	
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Pair	Constant	Many-body	



Small-r	universality	and	the	GCF	
ρ!!!,!(r) = C!!!,!× φ!!! r !	
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ρ!!!,!(q)
φ!!! q ! = C!!!,! 	
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High-k	universality	and	the	GCF	
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Nuclear	Contacts	
r	 k	

RCT,	et	al.,	arXiv:1907.03658	(2019),	under	review	for	Nature	Physics.	
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Coordinate	–	Momentum	Equivalence	

r/k	ra6o	=	1	à	coordinate-momentum	equivalence	



22	

A/d:	small-r	and	high-k	scaling	are	IDENTICAL	
RCT,	et	al.,	arXiv:1907.03658	(2019),	under	review	for	Nature	Physics.	
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•  SRC	abundance	is	a	Mean	
Field	property.	

RCT,	et	al.,	arXiv:1907.03658	(2019),	under	review	for	Nature	Physics.	

A/d:	small-r	and	high-k	scaling	are	IDENTICAL	



24	xB	

(σA/A)	
(σd/2)	

12C(e,e’)	
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•  SRC	abundance	is	a	Mean	
Field	property.	

•  Inclusive	ra6os	are	
insensi6ve	to	the	NN	
interac6on	details	at	short	
distance.	

A/d	

RCT,	et	al.,	arXiv:1907.03658	(2019),	under	review	for	Nature	Physics.	

A/d:	small-r	and	high-k	scaling	are	IDENTICAL	
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e’	

e	 q	

pf	

A	 A-1	

pmiss	≡	pf	–	q	

pmiss	=	p1	

Assuming:	
	
1)  momentum	transfer	

absorbed	by	a	single	nucleon.	
	
2)  knocked-out	nucleon	did	not	

resca?er	as	it	ley	the	nucleus.	

Missing	momentum	

Plane-Wave	Impulse	Approxima6on	(PWIA)	

p1	
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High-Energy	Factoriza6on	

e’	

e	 q	

pf	

A	 A-1	

σ = σ!" ∙ S(p! ,E!)	

p1	

Spectral	func6on:	
probability	to	find	a	

nucleon	with		
momentum	p1	and	

energy	E1	
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High-Energy	Factoriza6on	

e’	

e	 q	

pf	

A	 A-1	

σ = σ!" ∙ S(p! ,E!)	

Spectral	func6on:	
probability	to	find	a	

nucleon	with		
momentum	p1	and	

energy	E1	

Calculated	from	tradi6onal	
effec6ve	models	=>	
lack	SRC	effects.	

p1	
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GFC	(SRC)	Spectral	Func6on	

	R.	Weiss	et	al.,	PLB	791	p	242	(2019)	

S p! ,E! = C!!
!

!! !!
2! ! φ! q ! ! !  !(!(!!))	

σ = σ!" ∙ S(p! ,E!)	
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GFC	(SRC)	Spectral	Func6on	

	R.	Weiss	et	al.,	PLB	791	p	242	(2019)	

S p! ,E! = C!!
!

!! !!
2! ! φ! q ! ! !  !(!(!!))	

σ = σ!" ∙ S(p! ,E!)	
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Korover	et	al.,	PRL	

#pp
#pn =

S!!
S!" 	

GFC	(SRC)	Spectral	Func6on	

	R.	Weiss	et	al.,	PLB	791	p	242	(2019)	
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GFC	(SRC)	Spectral	Func6on	
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Probing	core	of	NN	interacGon	
Nature,	In-Press	(2019)	
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(e,e’pN)/(e,e’p)	ra6o	
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-  QE	electron	sca?ering	off	SRC	
nucleons	implemented	in	EIC	
generator	from	GCF.	

-  GCF	describes	the	many-body	nuclear	
wave-func6on	where	SRCs	dominate.	

-  GCF	offers	prescrip6on	for	SRC	
spectral	func6ons.	

-  This	allows	us	to	calculate	QE	
electron-sca?ering	cross	
sec6ons	and	other	observables.	 BeAGLE	

Summary	&	Conclusions	
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Thank	you!	



Backup	
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F(r)	≡		 Fully	correlated	
Uncorrelated	
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ρNN(r)	=	gNN(r)ρNN(contact)	(r)	+	κ(1	−	gNN(r))ρNN(Uncorrelated)	(r)	

ρNN(r)	

2	Component	Blending	Model	
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40Ca	
16O	

ρNN(r)	=	gNN(r)ρNN(contact)	(r)	+	κ(1	−	gNN(r))ρNN(Uncorrelated)	(r)	

2	Component	Blending	Model	

gpp(r)	



Test:	2-Body	Density	(A	=	16	&	40)	
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This	work	
CVMC	

pn	

pp	
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Correla6on	Func6ons	
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pp/nn	Correla6on	Func6ons	
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(e,e’pN)/(e,e’p)	ra6o	
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