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Background	II:	Glasma-graphs	
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Motivation	I:	Four-particle	cumulants	
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Motivation	II:		The	color	domain	model		
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•  Gaussian	correlation	of	E-dields	will	produce	particles	isotropically	
	

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



PARTICLE	PRODUCTION	IN	
PROTON-NUCLEUS	COLLISIONS	



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

•  Differential	cross-section	for	quark	scattering	on	a	nucleus	
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•  Dipole	correlator	is	evaluated	in	the	MV	model	whereby	averaging	
over	the	color	dield	of	the	nucleus		
	
	

•  results	in	
	
	

Multiple-scattering	in	the	CGC	
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•  Single	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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hQ
yx̄xȳ
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zȳyz̄

D
ww̄

D
xx̄

i
V



Correlator	of	eight	Wilson	lines	
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D
yx̄

D
zz̄

i
hQ

ww̄xȳ

D
yz̄

D
zx̄

i
hQ

ww̄xz̄

D
yx̄

D
zȳ
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wȳxw̄yz̄

D
zx̄

i
hS
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wȳxx̄yz̄

D
zw̄

i
hS
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D
yz̄

D
zx̄

i
hQ

ww̄xz̄

D
yx̄

D
zȳ
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wȳxz̄yx̄

D
zw̄

i
hO

wz̄xw̄yx̄zȳ
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wyȳw̄

�
wzz̄w̄

�
xyȳx̄
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RESULTS	



Quantities	of	interest	

•  Particle	spectra:	
	
	
	
	
•  Two-particle	cumulants:	
	
	
	
	
	
	
•  Four-particle	cumulants:	
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Integrated	elliptic	dlow	
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Integrated	elliptic	dlow	
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Differential	dlow	

 (GeV/c)
T

p
2 4

2v

0.0

0.1

0.2

0.3  = 2.76 TeVNNsCMS PbPb 

 < 150trk
offline N≤120 

|>2}η∆{2, |2v
<20 sub.offline

trk, N|>2}η∆{2, |2v
{4}2v

 (GeV/c)
T

p
2 4

2v
0.0

0.1

0.2

0.3  = 5.02 TeVNNsCMS pPb 
>80 GeVPb

T EΣATLAS, 
|>2}η∆{2, |2v

{4}2v

|>0.8}η∆{2, |2v
ALICE, 0-20%

 (GeV/c)
T

p
2 4

2v

0.0

0.1

0.2

0.3

 < 185trk
offline N≤150 

 (GeV/c)
T

p
2 4

2v

0.0

0.1

0.2

0.3  (GeV/c)
T

p
2 4

2v

0.0

0.1

0.2

0.3

 < 220trk
offline N≤185 

 (GeV/c)
T

p
2 4

2v

0.0

0.1

0.2

0.3  (GeV/c)
T

p
2 4

2v

0.0

0.1

0.2

0.3

 < 260trk
offline N≤220 

 (GeV/c)
T

p
2 4

2v

0.0

0.1

0.2

0.3

 18≥ part = 4.4 TeV, NNNspPb Hydro 
v2{2}

v2{4}



Symmetric	cumulants	

A random event having v2 > hv2i will be more likely to have a v4 > hv4i.
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Further	thoughts…	



Conclusions	

• Developed	the	machinery	to	compute	correlators	of		
six	and	eight	fundamental	Wilson	lines	at	dinite	Nc	
	
	
• Modulo	many	caveats	qualitative	features	of	the	measured	
four-particle	correlations	are	understood	by	non-linear	
classical	dields	
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