
  

Correlations of Quark-antiquarks in 
pA collisions

Mauricio Martinez Guerrero
2019 RHIC/AGS Annual User’s Meeting  

June 4-7, 2019
BNL, Upton, NY, USA

Collaborators: M. Sievert, D. Werteptny, J. Noronha-Hostler
JHEP 1807 (2018) 03, JHEP 1902 (2018) 024, Forthcoming

 

  



  

Role of sub-nucleonic fluctuations

• Fluctuations in the initial state of 
heavy ion collisions contribute to 
measured anisotropic flow

• For especially sensitive 
observables, sub-nucleonic 
fluctuations significantly 
enhance the total flow and are 
necessary to describe heavy ion 
collisions.



  

Including quarks in the initial state



  

Observable
• Goal: Calculate (anti)quark correlations in heavy-light ion collisions

 Coordinate space profile for hydro
 What is the typical size of a baryon number domain?

• Various mechanisms dominate at various 
length scales
 Work to LO in each regime
 Avoid complicated rescattering corrections

Color charge

??

Baryon Number



  

Theoretical setup

D. Wertepny, Ph. D. Thesis (2016) arXiv: 1608.08618

• Dilute-Dense (pA) resummation of QCD
 Dense target: classical gluon fields
 High density sets hard momentum scale

• Light-cone “time”-ordered dynamics
 Wave functions in light-front 

perturbation theory (A+=0 gauge)
 Eikonal scattering via Wilson lines

• “Heavy-light” (aA) paradigm incorporates 
projectile density order by order in 
perturbation theory
 E.g.) 3He+Au or Cu+Au
 Moves toward the dense-dense limit



  

Ingredients I: wave functions



  

Ingredients II: amplitude



  

Single pair quark correlations



  

Correlation function 



  

Double pair production:
Direct emissions vs. pacman 

diagrams

Altinoluk et. al., (2017)
MSW (2018)



  

Double pair production:
 intermediate regime



  

Double pair production: geometrical



  

Summary I



  

Summary II



  

Towards initial conditions for 
conserved charges

Step 1
•  MC Glauber is used to generate the initial energy 

distribution of the collision.
• Since this is dominated by gluons we can use this to find 

the gluon density at a given point.

Forthcoming: Carzon, Martinez, Noronha-Hostler, Sievert, Werteptny



  

Redistributing energy 

Step 2
• Once we know the number of gluons produced we can  

find the number of quark – antiquark pairs produced at a 
given point in the transverse plane

Initial Energy
Redistributed energy

Forthcoming: Carzon, Martinez, Noronha-Hostler, Sievert, Werteptny



  

Conserved charge distributions 

• We can also take a look to fluctuations of baryon number 
distributions, strangeness and electric charge in a given 
event in pA collisions

Forthcoming: Carzon, Martinez, Noronha-Hostler, Sievert, Werteptny



  

Quark pair density distribution in pA 
collisions: preliminary results

 Mean      density 
distribution for 
different flavors.

• Shape of the 
distribution changes 
depending on the 
mass of the pair.

• Different 
eccentricities 
which are flavor-
dependent

Forthcoming: Carzon, Martinez, Noronha-Hostler, Sievert, Werteptny



  

More about double pair correlations



  

One calculation to rule them all



  

Conclusions



  

Outlook



  

Outlook II



  

Backup slides



  

Model for the nucleus at high energies

• Heavy Ions can be thought of as a bag of nucleons.
• Volume scales with the number of nucleons:

Lorentz Contracted 
(per nucleon):

RHIC:

LHC:



  

Interacting with a single nucleon
• Quark/gluon interacts with a nucleon
• Exchanges 2 gluons
• Introduces the saturation scale (classical)

• On the order of

• In heavy ions



  

Interacting with many nucleons
• Quarks and gluons pass through the 

shock wave
• Interaction is nearly instantaneous
• Doesn’t change transverse position
• Interacts with fields from many nucleons
• Gains a factor per nucleon

• For a heavy ion we can consider all the 
scatterings if



  

The interaction is a Wilson line
• These can be represented as Wilson 

lines in the light-cone gauge, A+ = 0.
• Path ordered exponentials

• Quarks:

• Gluons:



  

Gluon dipole
• Lets look at the simple case of a 

gluon dipole
• Gluon dipole passing through 

the target can be represented 
with Wilson lines.

• The survival probability for the 
gluon dipole is:

• Angle brackets represent 
averaging over all possible 
charge configurations.



  

• The gluon dipole interacts with many nucleons in the 
target, exchanging two gluons each time (McLerran 
Venugopalan (MV) model).

• Λ is an IR cutoff:

Gluon dipole –  survival probability



  

Heavy-light ion paradigm
• Take into account all nucleons in one of the ions (heavy) 

and only a few in the other (light).

• Target power counting:

• Projectile power counting:

Heavy Ion 
(target)

Light Ion 
(projectile)



  

Definitions



  

MV model quick review 
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