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Outline

Part 1: Anomalous baryon number transport

❖ CME/CVE overview

❖ New gamma-type correlator linear in baryon asymmetry

Part 2: Signatures of baryon junctions in hadronic interactions

❖ Baryon junctions overview

❖ New results on Regge intercepts

❖ Semi-inclusive DIS and other experimental signatures
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PART 1
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Anomalous transport effects

4

• Strong magnetic field
• Vorticity
• Chiral imbalance from 

sphaleron transitions

D. Kharzeev, J. Liao Nature Rev. Phys. 3
(2021)

Heavy ion collision:
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Chiral Magnetic Effect

D. Kharzeev and D.T. Son (2010)
D. Kharzeev et. al.  PPNP 88, 1 (2016)

Single fermion
species



6

Chiral Magnetic Effect

Chiral Vortical Effect D. Kharzeev and D.T. Son (2010)
D. Kharzeev et. al.  PPNP 88, 1 (2016)

Single fermion
species
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Chiral Magnetic Effect

Chiral Vortical Effect

3 light flavors

D. Kharzeev and D.T. Son (2010)
D. Kharzeev et. al.  PPNP 88, 1 (2016)

Single fermion
species
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Chiral Magnetic Effect

Chiral Vortical Effect

3 light flavors

D. Kharzeev and D.T. Son (2010)
D. Kharzeev et. al.  PPNP 88, 1 (2016)

Single fermion
species



However,                                                       averaging over many events 

Solution: consider

Comes at a price of introducing P-even background contributions
9

How to look for the CME?
CME contribution

Charged particle azimuthal distribution:



CME search in heavy ion collisions
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C.-Z.Wang, QM 2023

Eliminates some systematic 
backgrounds, but many remain

D. Kharzeev, J. Liao, P. Tribedy  2405.05427



CVE search: baryons instead of electric charge
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C.-Z.Wang, QM 2023

are identified



Baryon separation
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extract

Baryon separation



Baryon separation
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extract

+ Bjorken model

from AMPT



Baryon separation
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extract

+ Bjorken model

from AMPT

CVE



Baryon separation
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extract

+ Bjorken model

from AMPT

CVE

similarly for 
the CME
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from baryon stopping

Baryon asymmetry-dependent correlator
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from baryon stopping

fluctuates event by event group events according to

Baryon asymmetry-dependent correlator



Baryon asymmetry-dependent correlator
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from baryon stopping

fluctuates event by event group events according to

A correlator linear in baryon asymmetry is desirable
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New correlator is proposed

mixed in electric charge and baryon number

not normalized: vs.
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New correlator is proposed

mixed in electric charge and baryon number

not normalized: vs.
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New correlator is proposed

mixed in electric charge and baryon number

not normalized: vs.
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Expectations based on ALICE data

mean value
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Expectations based on ALICE data

Linear dependence on should

help separate signal and background

mean value



PART 2
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Motivation: what carries the baryon number?
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Motivation: what carries the baryon number?
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Motivation: what carries the baryon number?

Gauge invariance
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Motivation: what carries the baryon number?

Gauge invariance
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Baryon stopping in pp and AA

30

Dashed lines denote junctions



Baryon stopping in pp and AA
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Dashed lines denote junctions



Baryon stopping in pp and AA
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Dashed lines denote junctions



Baryon stopping in pp and AA
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Dashed lines denote junctions



N. Lewis et al
arXiv:2205.05685(2022)

Experimental rapidity slope:

RHIC Beam Energy Scan data



Topological expansion + Feynman-Wilson gas
accounting for correlations in three
strings breaking:

N. Lewis et al
arXiv:2205.05685(2022)

Experimental rapidity slope:

New theory input on         !
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RHIC Beam Energy Scan data

JHEP 07 (2024) 262



Topological expansion + Feynman-Wilson gas
accounting for correlations in three
strings breaking:

N. Lewis et al
arXiv:2205.05685(2022)

Experimental rapidity slope:

New theory input on         !
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RHIC Beam Energy Scan data

Rapidity slope intercept

Experiment

“Old” theory

“New” theory

JHEP 07 (2024) 262



What other processes can probe 
the carrier of baryon number?
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Initial motivation: exclusive ω production

Significant fraction of events have
the proton in the photon 
fragmentation region
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Initial motivation: exclusive ω production

Entire baryon is exchanged 
 in the t-channel

Cannot separate the junction
       from valence quarks

Significant fraction of events have
the proton in the photon 
fragmentation region
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Initial motivation: exclusive ω production

Entire baryon is exchanged 
 in the t-channel

Cannot separate the junction
       from valence quarks

Need a semi-inclusive process

Significant fraction of events have
the proton in the photon 
fragmentation region

40



Semi-inclusive deep inelastic scattering (DIS)

center of mass frame:
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Mueller-Kancheli theorem

Optical theorem:

Generalized to semi-inclusive scattering:

Σ

Σ

X

X

Study in Regge theory

42



3     3 forward scattering in double Regge limit

The largest              is leading
43



Three possible processes

Intercept estimates: 44

Mueller-Kancheli t-channel exchanges:



Three possible processes

Intercept estimates: 45

Leading

Mueller-Kancheli t-channel exchanges:



Rapidity distribution of baryons in DIS

46

For pp collision the derivation is similar 
but the final baryon can arise from 
either of the two initial ones.

assuming

Prediction for the EIC and Jlab



Feynman-Wilson gas (FWG)

Generating functional of exclusive cross-sections:
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Connected correlators in FWG
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Grand canonical partition function of FWG
on the planar level
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FWG for 𝐵 ത𝐵 annihilation
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Original baryonium intercepts
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Corrections to intercepts

52
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𝐽0 gluonic structure and Regge trajectory

Can search for such glueballs on 
the lattice, using operators
incorporating junctions.



Suggestions for experiment: 𝐽0 trajectory
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Suggestions for experiment: 𝐵 ത𝐵 pair production



Summary of part 2

• Search for signatures of baryon junctions in semi-inclusive DIS

• Accounting for inter-species correlations in Feynman-Wilson gas 
improves agreement with the existing baryon stopping data

• There is a candidate for 𝐽0 glueball in the lattice QCD measurements

• Suggestions for experiment on baryon-number – flavor separation, 
studying 𝐽0 trajectory further with tetraquark production and 
analyzing 𝐵 ത𝐵 pair production
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Backup
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Σ
X

Optical theorem
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Σ
X

Mueller-Kancheli theorem
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Analyze in Regge theory

Generalization of the optical theorem for single
 particle inclusive processes



Basics of Regge theory

S-matrix unitarity + analyticity + crossing symmetry

fix  the leading behavior of scattering amplitudes at very high energy.
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Cross sections in Regge theory
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The Pomeron

63

A Donnachie, P V Landshoff

Phys.Lett. B296 (1992)

,  

https://arxiv.org/search/hep-ph?searchtype=author&query=Donnachie,+A
https://arxiv.org/search/hep-ph?searchtype=author&query=Landshoff,+P+V


P.S.
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Call for proposals

• Looking for collaboration on weekend outdoor adventures

• Ideally 20-25 km mountain hike

• (Nothing arranged yet)

65
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