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The baryon junction

D. Kharzeev, Phys. Lett. B 378, 238 (1996)

X. Artru, Nucl.Phys. B85, 442 (1975)

G.C. Rossi and G. Veneziano, Nucl.Phys. B123, 507 (1977)
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We will study another manifestation of the BJ based on geometrical aspects

lattice QCD



Baryon junction in high energy pp collisions

Boost: Y-shaped spatial distribution
survives the QCD evolution

Deb, Sarwar, Thakur, Subramani, Sahoo and J.e. Alam,  Phys. Rev. D 101,  014004 (2020)
Y shaped matter distribution used in the Glauber model

”We conclude that the fuctuations in the nuclear geometry originating from the deformed structure
are not washed out by the JIMWLK evolution, and we expect the deformations previously seen in low-
energy experiments to also be visible in high-energy electron-ion collisions at the EIC ”

Mantysaari, Schenke, Shen and Zhao, Phys. Rev. Lett. 131, 062301 (2023) 



Color Glass Condensate? 

Hydrodynamics?

Multiple parton scattering?

Charmonium production in pp high multiplicity events

ALICE arXiv:1202.2816

M. Strikman, Phys. Rev. D 84, 011501(R) (2011)

ALICE arXiv:2005.11123



quark antiquark scattering gluon gluon scattering

Baryon junction and charm production

gluon
core

quark 
corona

�(q q̄ ! c c̄) << �(g g ! c c̄)
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Glauber model for pp collisions
C. Loizides, Phys. Rev. C 94, 024914 (2016).

P. Bozek,W. Broniowski, and M. Rybczynski, Phys. Rev. C 94, 014902 (2016).

proton density profile:

quarks gluons

Parameters: Ng  rq rg
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Glauber model for pp collisions

Thickness

Overlap

�pp =
<latexit sha1_base64="eZkkqUxbpaEyEdYdlIoNeY5yLLk="></latexit><latexit sha1_base64="eZkkqUxbpaEyEdYdlIoNeY5yLLk="></latexit><latexit sha1_base64="eZkkqUxbpaEyEdYdlIoNeY5yLLk="></latexit><latexit sha1_base64="eZkkqUxbpaEyEdYdlIoNeY5yLLk="></latexit>

parton-parton 
cross section

x = 0.75
<latexit sha1_base64="+orEwnuP59hGhpIUVMw27IVv73s="></latexit><latexit sha1_base64="+orEwnuP59hGhpIUVMw27IVv73s="></latexit><latexit sha1_base64="+orEwnuP59hGhpIUVMw27IVv73s="></latexit><latexit sha1_base64="+orEwnuP59hGhpIUVMw27IVv73s="></latexit>

Miller, Reygers, Sanders and Steinberg, Ann. Rev. Nucl. Part. Sci. 57, 205 (2007)
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fraction of the hard processes

Kharzeev, Nardi, Phys. Lett. B 507, 121 (2001)



Glauber model for pp collisions

choose alfa and beta randomly and take the average

d = distance of the quarks from the center 



Charmonium production in the Color Evaporation Model

Open charm:
fix K

K ~ 3



Charmonium production in pp high multiplicity events
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ALICE proton-proton s =13 TeV

All quarks in the center:
no junction



Summary

We have looked for a signature of the BJ based on density profiles 

We have used a Y-shape model of the proton to study charmonium production

We get a good description of ALICE data

Y-shape density

Glauber model

Color evaporation model

Many parameters but some constraints and possibly more...

d-test: shrinking the junction spoils the agreement with data



Back-ups
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Charmonium production in pA high multiplicity events

Nucleus with uniform distribution of nucleons

(in progress)



Charmonium production in pA high multiplicity events
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System Size
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Larger
volume

Lives longer

More mesons
produced
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System size and number of charm quarks

ALICE, JHEP (2015), arXiv:1505.00664

ND / (N 3)�
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Assume that:

Nc / (N 3)�
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Fix the constant 
using EXHIC estimates:


