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Gluon Saturation 
A large nucleus,          , results in a high occupation of gluons,          
and therefore the gluon-field can be treated classically. 
 

Jalilian-Marian, Kovchegov (2006) 
McLerran & Venugopalan (1994) 

Power counting changes considerably … 

A � 1 ⇢ ⇠ A1/3



Power counting in p+A 
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Power counting in QCD: multiparticle production 
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Expect 1/g16 enhancement of glasma graph!   How can this be seen? 

“jet” graph                      “glasma” graph 
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Anatomy of a proton-proton collision 

“Jet” Graph: 

“Glasma” Graph: 



Associated yield in rare events 

Dusling, Venugopalan, Phys.Rev. D87 (2013) 094034, arXiv:1302.7018 
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Proton-Proton systematics 
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Proton-Lead systematics 
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Part II: The v3 puzzle 

CMS Collaboration, Phys.Lett. B724 (2013) 213-240 



The “jet” produces a small negative v3 : 
 

 
 
The “glasma” graphs have zero v3 : 
 
 
 
What about the interference term? 

v3 from di-hadron production 
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Fields after collision 
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F. Gelis and Y. Mehtar-Tani, PRD 73, 034019 (2006). 



Background field propagator 

The gluon propagator in a classical background field satisfies 
 
 
 

 
This can be expanded to first order in the proton charge density 
 (single scattering Born approx.) 

 
 
 

 
where we defined the triple-gluon vertex 
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Di-jet Amplitude 
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non-Gaussian color fluctuations 

Result vanishes for an even (reflection symmetric) source density 
- Doug Wertepny, Yuri Kovchegov  

⇠
⌧Z

x,y,z
sin (k1? · x+ k2? · y + k3? · z)

⌦
⇢a(x)⇢b(y)⇢c(z)

↵�

⌧Z

x,y,z
sin (k1? · x+ k2? · y + k3? · z)

⌦
⇢a(x)⇢b(y)⇢c(z)

↵�

⇡ 3d
abc�2(k1? + k2? + k3?)k

2
1?�(k1?)k

2
2?�(k2?)k

2
3?�(k3?)

We make an ansatz for the three-point function: 



Result for interference diagram 
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Conclusions 

Higher harmonics are naturally present in the CGC 
framework for multi-particle production 

 
 

Interference between jet and glasma graphs may yield v3 
with correct systematics 

 
 
The result is sensitive to the rotational symmetry breaking 

induced by event-by-event color charge fluctuations 
 


