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Jets in vacuum

● Color coherence: destructive interferences 
lead to angular ordering

● Leading singularities



  

Jets in vacuum

MC implementation Experimental evidence

Khoze, Ochs, Wosiek, hep-ph/0009298



  

A natural question



  

Parton cascade in a QCD medium: first steps

Role of decoherence effects in the dense-dense regime 
(2010-present): Mehtar-Tani, Tywoniuk, Salgado, Armesto, 
Apolinario, Milhano, Casalderrey, Iancu, Blaizot, Dominguez.

See Mehtar-Tani, Tywoniuk and Apolinario's talks!!! 

What about the dilute-dense regime? 



  

Color decoherence between the initial and 
final state radiation

N. Armesto, H. Ma, M. Martinez, Y. Mehtar-Tani, C. Salgado
N=1 Opacity expansion: PLB 717 (2012)280

Multiple soft scatterings: JHEP 1312(2013)052 → Today!!

Relevant configuration to investigate:
Medium modifications to the initial state radiation
Energy Loss problem in the dilute-dense regime
Finite length/energy effects in pA collisions



  

Semi-classical approach to gluon production I 
Our goal is to obtain the single gluon spectrum

Scattering amplitude

Blaizot, Gelis, Venugopalan, NPA 743 (2004) 13-56



  

Semi-classical approach to gluon production I 

● Medium: Classical background field

Our goal is to obtain the single gluon spectrum

Debye potential 

Scattering amplitude

● Highly energetic particle: Classical current

Density of scattering centers

Blaizot, Gelis, Venugopalan, NPA 743 (2004) 13-56



  

Semi-classical approach to gluon production II 
Expand perturbatively the gluon field as

         is a fluctuation around the background field and it is a solution of   
   the Classical Yang-Mills Eqs. with retarded boundary conditions

Blaizot, Gelis, Venugopalan, NPA 743 (2004) 13-56



  

Semi-classical approach to gluon production II 

via the LSZ reduction formula, the scattering amplitude in the LC gauge is

Expand perturbatively the gluon field as

         is a fluctuation around the background field and it is a solution of   
   the Classical Yang-Mills Eqs. with retarded boundary conditions

Blaizot, Gelis, Venugopalan, NPA 743 (2004) 13-56

Retarded gluon propagator in a 
background field

Color rotated current



  

Semi-classical approach to gluon production II 

via the LSZ reduction formula, the scattering amplitude in the LC gauge is

Expand perturbatively the gluon field as

         is a fluctuation around the background field and it is a solution of   
   the Classical Yang-Mills Eqs. with retarded boundary conditions

Blaizot, Gelis, Venugopalan, NPA 743 (2004) 13-56



  

Gluon spectrum

Armesto et. al, JHEP 1312 (2013) 052



  

Gluon spectrum I: direct emissions

Armesto et. al, JHEP 1312 (2013) 052



  

Gluon spectrum I: direct emissions

Armesto et. al, JHEP 1312 (2013) 052



  

Guon spectrum II: Interferences

Armesto et. al, JHEP 1312 (2013) 052



  
Armesto et. al, JHEP 1312 (2013) 052

Guon spectrum II: Interferences



  

Gluon spectrum: High energy limit (shockwave)

In the absence of a medium we recover the vacuum coherence pattern

Armesto et. al, JHEP 1312 (2013) 052



  

Gluon spectrum: High energy limit (shockwave)

Armesto et. al, JHEP 1312 (2013) 052

Contact with high energy limit: 
Kovchegov-Mueller (1998)



  

Gluon spectrum: Infinite medium lenght

Armesto et. al, JHEP 1312 (2013) 052



  

Generalizing to pA collisions: first results

Altinoluk, Armesto, Beuf, Martinez, Salgado, arXiv:1404.2219

● We perform a systematic eikonal expansion to the gluon propagator in the 
background field.

● We study soft gluon production in pA collisions beyond eikonal accuracy. 

Recover the kT factorization formula

● Some spin asymmetries

Polarized target:

Polarized gluon production from unpolarized pA:

The eikonal contribution vanishes exactly while the leading dominant terms 
are the next to eikonal terms (finite size/medium effects)!!!

 



  

Conclusions
● We investigate medium modifications to the  color coherence 

pattern between the initial and final state radiation.
● There is a gradual onset of decoherence between both emitters 

due to multiple scatterings with the medium 

        Opening of phase space for large angle emissions
● First phenomenological consequences in pA collisions beyond 

the eikonal approximation: 

● Soft gluon production: non eikonal corrections to the CGC. 

● Some spin asymmetries: non eikonal corrections are the 

dominant contribution.     
Outlook (keep tuned!!!)

● Energy loss in high energy forward processes in pA collisions: 
Kopeliovich et. Al,  Strickman et. al., Kaidalov et. al., Peigne & Arleo, Liou & 
Mueller. Forthcoming

● Single inclusive gluon production in the hybrid formalism beyond 
eikonal accuracy. Forthcoming



  

Backup



  

Coherence pattern between Initial-Final State



  

Scattering amplitude from CYM Eqs.

Armesto et. al, JHEP 1312 (2013) 052



  

Gluon spectrum: incoherent regime

Armesto et. al, JHEP 1312 (2013) 052



  

Wilson line 
(shockwave)  

       “Decorated operators”             
   Non Eikonal Corrections  

Next-to-Eikonal exp. to the gluon propagator

Altinoluk, Armesto, Beuf, Martinez, Salgado, arXiv:1404.2219



  

+

Next-to-Eikonal exp. to the gluon propagator

Altinoluk, Armesto, Beuf, Martinez, Salgado, arXiv:1404.2219



  

wherewhere

Dipole amplitude
Shockwave contribution

Non Eikonal
Corrections

KT factorization beyond Eikonal accuracy

Altinoluk, Armesto, Beuf, Martinez, Salgado, arXiv:1404.2219



  

● Eikonal corrections cancel exactly due to the rotational symmetry 
around the center of the target. 

● First subleading Non-Eikonal corrections turn out to be the 
dominant terms. 

                  Final interactions play an important role

● Similar behavior observed with higher twist contributions

SSA: Polarized Target

Altinoluk, Armesto, Beuf, Martinez, Salgado, arXiv:1404.2219



  

● Shockwave contribution vanishes exactly again!!!.

● Longitudinal polarization of the gluon (via polarized 
hadrons) is a good observable to study the structure of 
the next to eikonal corrections.

SSA: Longitudinal Polarized Gluon Production

Altinoluk, Armesto, Beuf, Martinez, Salgado, arXiv:1404.2219
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