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3.  Short-Range	
Correla=ons	

Fundamental	QCD:	

Nuclear	Structure:	
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Transparency	in	photonuclear	reac=ons	
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Transparency	in	photonuclear	reac=ons	

Probe	Energy	

Photon	=	superposi=on	of	
moderate	mass	mesons	

Photon	=	point-like	par=cle	

Transi=on	expected	at	|t|	~	2	GeV2.	
May	depend	on	quark	composi=on	(π	vs.	η),	spin	(π	vs.	ρ),	
Probed	via	transparency	and	A-dependence:	
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Transparency	in	photonuclear	reac=ons	
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Transparency	in	photonuclear	reac=ons	

Probe	Energy	

	

Meson+Baryon	
escape	region	

Photon	=	superposi=on	of	
moderate	mass	mesons	

Photon	=	point-like	par=cle	

Nucleus	Nucleus	

+	At	very	high	|t|,	Photon	selects	
nucleons	in	compact	configura=ons		

à	color	transparency	(CT)	
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Photon	transparency	/	
photon	structure	in	QCD?	

A.	Larionov	and	M.	Strikman,	Physics	Lefers	2016	+	private	communica=on	

Two	Observables	that	can	
separate	hard/soh	interac=ons:	
	

1.  ‘Absolute’	transparency	
for	a	given	nucleus	

	
2.  A-dependency	(i.e.	ra=o	

for	different	nuclei)	



9	

Nuclear	(color)	transparency	

Large	effect	!	

A.	Larionov	and	M.	Strikman,	Physics	Lefers	2016	+	private	communica=on	



Short-Range	Correla=ons	
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Nucleons	form	pairs	with	high	rela=ve	
momentum	and	low	c.m.	momentum	
compared	to	kF		–	SRC	pairs	
	
Very	strong	short-range	interac=on	
between	nucleons	à	sub-nucleon	
structure	of	SRC-nucleons	might	be	
modified	compared	to	a	free	nucleon	

Hen	et	al.,	Science	(2014)	

~90%	np-SRC	

~5%	pp-SRC	
0.3	 0.4	 0.5	 0.6	

Missing	Momentum	[GeV/c]	

Subedi	et	al.,	Science	(2008)	
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Exclusive	scafering	of	a	real	photon	on	a	nucleus	

Incident	
Photon	

Recoil	
Nucleon	

•  Complements	the	set	of	different	probes	
(verifica=on	of	reac=on	mechanism)	

•  Hard	reac=ons	
•  γp	scafering	(σ	~	s-7)	selects	mostly	

forward	going	high	momentum	nucleons	
(SRC)		

•  Interact	with	neutron	leading	to	charged	
final	state	(γ	n	→	π-	p)	

Why	photons	for	SRC?	

Outgoing	Meson	

Outgoing	
Baryon	
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Reac=ons	of	interest	

Exclusive	Proton	ReacAons	 Exclusive	Neutron	ReacAons	

γ	+	p	à	π0	+	p	 γ	+	n	à	π-	+	p	

γ	+	p	à	π-	+	Δ++	 γ	+	n	à	π-	+	Δ++	

γ	+	p	à	ρ0	+	p	 γ	+	n	à	ρ-	+	p	

γ	+	p	à	K+	+	Λ0	 γ	+	n	à	K0	+	Λ0	

γ	+	p	à	K+	+	Σ0	 γ	+	n	à	K0	+	Σ0	

γ	+	p	à	ω	+	p	 x	

γ	+	p	à	φ	+	p	 x	

…	 …	

Targets:	
	

D	
4He		
12C	
40Ca	



Kinema=cal	Simula=on	
1. 	Raffle	a	nucleon	from	a	correlated	Fermi-Gas	model	and	a	photon	
from	the	GlueX	beam:	

Lab	Frame:	

Nucleon	
Momentum	

80%	

20%	

γ	beam	

Pmiss	



Kinema=cal	Simula=on	

Lab	Frame:	

Nucleon	
Momentum	

Boost	

Nucleon	Rest	Frame:	

Fit	region	

f	(θcm)	

[Phys.	Rev.	D	14,	679	(1976)]	

1. 	Raffle	a	nucleon	from	a	correlated	Fermi-Gas	model	and	a	photon	
from	the	GlueX	beam	

2. 	Get	the	cross-sec=on	for	(γ	n	à	π-p)	elas=c	scafering:		

Maria	Patsyuk,	MIT	 14	

γ	beam	 γ’	beam	

[Phys.	Rev.	LeT.	91(2),		
022003	(2003)]	



Kinema=cal	Simula=on	
1. 	Raffle	a	nucleon	from	a	correlated	Fermi-Gas	model	and	a	photon	
from	the	GlueX	beam	

2. 	Get	the	cross-sec=on	for												(γ	n	à	π-p)	elas=c	scafering	

3. 	Boost	to	the	c.m.		and	do	scafering	for	angles	of	40o	–	140o	.	Keep	
only	events	with	|t|,|u|	>	2	GeV2	

	

4. 	Boost	back	to	the	laboratory	frame	

Lab	Frame:	

Nucleon	
Momentum	

Boost	

c.m.	Frame:	

p	

π-	

n	
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γ	beam	 γ’’	beam	
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Event	selec=on	for	two	regimes	of	interest	

	
	Mean	Field	(MF):		 	 	 	 	 	 	SRC:	
	Pmiss	<	0.25	GeV/c	 	 	 	 	 	 	Pmiss	>	0.3	GeV/c,	θrecoil	<	160°	

π:	3	GeV/c,	40°	 p:	7	GeV/c,	13°	

π/p	back	to	
back	in	φ	

π:	3	GeV/c,	30°	 p:	7	GeV/c,	13°	

π/p	back	to	
back	in	φ	



Maria	Patsyuk,	MIT	 17	

Detec=on	Efficiency	Simula=ons	

γ	+	n	à	π-	+	p				
(smallest	expected	rate)	
	
40	days	of	beam,	4	targets	
	
Detec=on	efficiency:	
	
80%	àeach	of	leading	par=cles	
65%	à	recoil	proton	(SRC)	
30%	à	reconstruc=on	of	ρ0	
	
Nuclear	afenua=on:	σ	~	A-1/3	

Recoil	proton	(SRC)	

Leading	proton	
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Detec=on	efficiency	for	
recoil	protons	vs.	angle	and	
p	for	3	target	loca=ons	

recoil	protons	

Detec=on	efficiency	for	
neutrons	vs.	angle	and	p	

Detec=on	Efficiency	Simula=ons	
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Can	not	use	the	whole	photon	spectrum	because	of	tagger	occupancy.	
Coherent	peak	[8.4,	9.1]	GeV,	5	mm	collimator	–	op=mized	collima=on	
efficiency	and	high	|t|	values	

High	|t|	=	Diamond	Radiator	
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Collimator	diameter	5	mm		 Amorphous	spectrum	

Beam	op=miza=on:	collimator,	radiator	

Collimator	diameter	3.4	mm	



Maria	Patsyuk,	MIT	 21	

Rate	op=miza=on	for	a	set	of	targets	
Priori=zed	list	of	factors	limi=ng	the	event	rates:	
	
1.  GlueX	detector	capabili=es:	limited	flux	on	target	of	2	107	photons/s	
2.  Target	thickness	à	electromagne=c	background	~	X0	
3.  Neutron	background	~	n_cm	*	A	
4.  Coincidental	rate	in	the	tagger	(up	to	8%	for	this	flux)	
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Event	rates	for	all	targets	/	reac=ons	
Rates	for	the	reac=ons	with	the	smallest	and	largest	cross	sec=on	

D C	
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~5%	

~5%	



•  GlueX	experiment	has	a	unique	beam	for	
photon	and	nuclear	transparency	studies,	as	
well	as	SRC	physics	

•  LOI	submifed	to	PAC	44	includes:	
–  (Color)	transparency	studies	
– Search	for	SRC	pairs	
–  In	medium	modifica=ons	of	nucleon	structure	

•  Event	rates	are	enough	to	do	excellent	physics!	
	

Summary	
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Backups	
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Kinema=cal	Simula=on	
1. 	Raffle	a	nucleon	from	a	correlated	Fermi-Gas	model	and	a	photon	
from	the	GlueX	beam:	

Lab	Frame:	

Nucleon	
Momentum	

80%	

20%	
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γ	beam	

Lab	Frame:	

Pcm	(gaus	(0,	140	MeV/c),	gaus(0,	140	Mev/c),	gaus(0,	140	MeV/c))		
γ	beam	

If				(Pmiss	>	250	MeV/c)								Precoil	=	Pcm	–	Pmiss	
If				(Pmiss	<	250	MeV/c)								Precoil	=	0	

Pmiss	
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Factor	transforming	dσ/dt	into	dσ/dΩ	

p	

π-	

n	γ	beam	

c.m.	Frame:	
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S	for	scafering	on	a	moving	SRC	pair/MF	
inside	a	nucleus	
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Limita=ons	to	get	physical	results	


