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Baryon junction picture [1, 2]

What carries baryon number, valence quark 
vs. baryon junction?

[1]: Nucl. Phys. B 85, 442–460 (1975).

[2]: Nucl. Phys. B 123, 507–545 (1977) 

Naïve quark picture
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7 talks in the Baryon Junction 
Section
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History of baryon junction: Gauge invariant 
baryon operator

Dmitri Kharzeev

• The only way to construct a gauge-invariant baryon operator involves products of exponentials of path 
integrals of the gluon potential, all connecting to a common central point.

• D. Kharzeev then showed that such a topological configuration carries baryon number.
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Theoretical considerations that give rise to 
baryon junction

Dmitri Kharzeev
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• Difficulty in the duality of t- and u-channels for baryons implies that 
baryon number is carried by a separate entity.

• Derived cross-section dependence using an analogy between high-
energy interactions and a classical gas.



Current evidence for baryon junction transport
Dmitri Kharzeev

• Net-baryon/Net-charge difference between isobars at mid-rapidity: baryon and electric charge transport are 
decoupled.

• Net-proton vs rapidity difference between beam and fragment: Consistent with predictions of baryon junction 
stopping from Regge theory.
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Future tests 
for Baryon 
Junction

Dmitri 
Kharzeev

Dmitri Kharzeev
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Generalized Parton Distributions, disconnected 
sea quarks, and baryon junction phenomenology

• First quantitative study of the impact of disconnected contributions to the parton distribution functions.
• Junction carries baryon number. Provide sea quarks input for recombination into mid-rapidity baryons.

Simonetta Liuti
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Phenomenological model inspired by baryon 
junction

• Cross-section data of coherent small x γ+p interactions agree with the hotspot model: color source density peaks at 
three points.

• Problem: Effective size of the same model at large-x << proton radius?

Prithwish Tribedy
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Phenomenological model inspired by baryon 
junction (cont.)

Prithwish Tribedy

• Stringy proton model: Color sources are distributed along the three lines of the Y-shape.
• This model describes both large  and small x data.
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Another test of junction picture: Flavor 
independent

Zhangbu Xu

• Net-Λ, net-Ξ and net-Ω yields (after correcting for s-quark production rate) 
follows an exponential dependence on rapidity.

• Exponential slopes are consistent with each other and net-proton.
• Baryon stopping is independent of quark flavor: Consistent with the baryon 

junction picture.
5/13/2026 11



Another test of junction picture: Flavor 
independent (Cont.)

Zhangbu Xu

• Measured net-proton yield of e+p and e+deuteron are consistent at xF < 0: 
Contradicting the Lund model!

• Exponential slope of net-Λ and Λb from various experiments agree with that 
from STAR.

• Conclusion: Baryon stopping is independent of quark flavor.5/13/2026 12



Another source of data: HERA
Gage Tustin

• HERA: e+p data at high beam energy.
• Net-Λ can be reconstructed: complement aforementioned flavor independent test on baryon stopping. 
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Another source of data: HERA

• Data analysis in progress. Preliminary results show non-zero net-Λ.
• Efficiency correction TBD. 

Gage Tustin

5/13/2026 14



Proposal to use CLAS12 experiment for 
baryon junction test.

Wenliang Li

• JLab provides another source of e+p and e+d collision data.
• Test the consistency of net-proton yields between e+p and e+d collisions with improved statistical significance.
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Details of CLAS12 experiment
Wenliang Li
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Imaging baryon number within protons

• Fourier transform of f(pT) gives impact parameter distribution.
• Perform transform on  𝛾𝑝 → 𝜔𝑝, 𝛾𝑝 → 𝜌𝑝, 𝛾𝑝 → 𝜋0𝑝, 𝛾𝑝 → 𝜋+𝑛
• Why are the spatial sizes of protons from the four channels inconsistent?

Spencer Klein
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Hypothesis: Different channels probe 
different entities

Spencer Klein

• Baryon number is concentrated near the center of the proton.
• Consistent with it residing in either high-x quarks or baryon junctions.
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Conclusion & Outlook

• Multiple independent lines of evidence now support the baryon junction picture.

• Active experimental programs across RHIC, HERA, and CLAS12 are providing 
complementary tests.

• New probes of baryon number (e.g. spatial imaging) and theories of transported 
baryon creation (e.g. GPDs) are being developed.

• The EIC will be indispensable: enable accurate measurement of baryon transport in 
e+A, decisive tests on baryon junction picture.

• A long-term program with a bright future ahead.
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