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The	hybrid	framework	
•  Consider	eikonal	scattering	of	quark	from	a	dense	target	
	

•  Differential	cross-section	for	quark	scattering	on	a	nucleus	

A.	Dumitru	and	J.	Jalilian-Marian,	Phys.	Rev.	Lett.,	89:022301,	2002.	
J.	D.	Bjorken,	J.	B.	Kogut,	and	D.	E.	Soper,	Phys.	Rev.,	D3:1382,	1971.	
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•  Dipole	correlator	is	evaluated	in	the	MV	model	whereby	averaging	
over	the	color	field	of	the	nucleus		
	
	

•  results	in	
	
	

Multiple-scattering	in	the	CGC	
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•  Single	quark	scattering:	
	
	
	
	

•  Factorization	ansatz	for	multi-quark	scattering:	
	
	
	
	
	

•  Two	quark	scattering:	
	

•  Four	quark	scattering:	

Multi-particle	production	
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BEYOND	THE	DIPOLE	
n-point	correlators	in	the	MV	model	
	



Multiple-scattering	in	the	CGC	
•  Start	with	the	dipole	scattering	matrix:	
	

•  Expand	out	the	last	slice	in	rapidity:	
	
	
	

•  Take	all	two-point	functions:	
	
	

	
	
	
•  And	re-exponentiate:	
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•  As	before	expand	out	all	Wilson	lines:	
	
	
	
	

•  Four	point	function:	
	
	
	
	
	

•  Eight	point	function:	
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Correlator	of	eight	Wilson	lines	
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hOwz̄xȳyw̄zx̄i
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hSwȳxw̄yz̄Dzx̄i
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RESULTS	



Quantities	of	interest	

•  Particle	spectra:	
	
	
	
	
•  Two-particle	cumulants:	
	
	
	
	
	
	
•  Four-particle	cumulants:	
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Color	domain	interpretation	
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Integrated	elliptic	flow	
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Differential	flow	
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Symmetric	cumulants	

A random event having v2 > hv2i will be more likely to have a v4 > hv4i.
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n-particle	correlations	in	an	Abelian	model	

PRL	115	012301	(2015)	



Conclusions	

•  A	very	simplified	initial-state	parton	model,	
•  projectile:	independent,	nearly	collinear,	quarks		
•  spatial	correlations	within	the	classical	field	of	the	target	
imprint	themselves	on	the	quarks	as	they	scatter	

•  captures	qualitative	features	of	multi-particle	correlations	
in	light-heavy	ion	collisions	at	RHIC	and	LHC	
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Background:	Glasma-graphs	
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Symmetric	cumulants	
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•  Gaussian	correlation	of	E-fields	will	produce	particles	isotropically	
	

	
	
	
•  Consider	sub-class	of	events	with	a	predefined	orientation:	


