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Status of Analysis Review

● Completed 10/31/2023

● Preparing draft of paper for ad-hoc 
review
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Highlighted in LRP

● Referencing our previous di-hadron 
publication* 

○ “Highlights since the 2015 Long-Range Plan 
include … an investigation by the CLAS 
experiment of how hadron-pair production is 
modified in cold nuclear matter …”

● “More questions” posed by LRP will be 
addressed by our planned analyses 
with 11 GeV data

https://nuclearsciencefuture.org/wp-content/uploads/2
023/10/NSAC-LRP-2023-v1.2.pdf   p. 25

*S.J Paul et al (CLAS Collab.) Phys. Rev. Lett. 129, 
182501 (2022) 
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https://nuclearsciencefuture.org/wp-content/uploads/2023/10/NSAC-LRP-2023-v1.2.pdf
https://nuclearsciencefuture.org/wp-content/uploads/2023/10/NSAC-LRP-2023-v1.2.pdf
https://link.aps.org/doi/10.1103/PhysRevLett.129.182501
https://link.aps.org/doi/10.1103/PhysRevLett.129.182501
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How are the various hadrons 
produced in a single scattering 
process correlated with one 
another… 
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  *       chosen such that                       f    for deuterium
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… and how does hadronization 
change in a dense partonic 
environment?  
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And what are the 
timescales of color 
neutralization and hadron 
formation?
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What is new since last collaboration meeting
● Updated central value of correlation functions by updating the acceptance correction.
● Updated layout of plots for paper. 
● Added two new Monte-Carlo Generators, which appeared in the arXiv within the past two 

years:
○ eHIJING
○ BeAGLE 

● These models mainly developed for EIC, but also work and were compared to fixed target 
data, including our CLAS single-charged pion paper (Moran et al.) 
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Comparing integrated data 
to three different 
MC event generators

● Common features in data, and in all three 
models:

○ Peak at Δφ=π (azimuthally back-to-back)

○ Shorter and wider peak for nuclear, with larger 
values in tail compared to deuterium
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GiBUU eHIJING BeAGLE
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RMS widths and 
“broadenings”
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MC Event-generators
● GiBUU:

○ Main features
■ Final-state interactions
■ Absorption
■ Hadron production 

mechanisms
■ Pre-hadron degrees of 

freedom
■ Color transparency
■ Nuclear shadowing

○ Agrees with nuclear data, 
some discrepancy for D

○ Broadening about 20% below 
that of data
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MC Event-generators
● eHIJING*

○ Features
■ Interaction between 

hadrons and the nuclear 
medium proportional to 
the nuclear TMD PDF of 
gluons.  

○ Qualitatively decent 
agreement with data, but with 
quantitatively smaller σ and 
smaller b than in data

10* arXiv:2304.10779v1

https://arxiv.org/abs/2304.10779v1
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MC Event-generators
● BeAGLE*

○ Mixture of components from multiple 
generators

■ Primary interaction (Pythia6)
■ Nuclear remnant 

decay/de-excitation (FLUKΑ)
■ Intranuclear cascade 

(DPMJet)
■ Geometric density of nucleons 

(PyQM)
■ Nuclear parton distribution 

functions (LHAPDF5)
○ Overall, best agreement with data 

for widths for all targets  

11*arXiv:2204.11998

https://arxiv.org/abs/2204.11998
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Multidimensional binning of the correlation function

Rapidity difference, ΔY Transverse momentum
of leading pion

Transverse momentum 
of sub-leading pion
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Correlations in 
multidimensional slices
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Widths of correlation functions (RMS)
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Broadening of correlation functions  

15



Dr. Sebouh J. Paul, UC Riverside

Summary
● Our di-hadron studies have been explicitly mentioned in 

the highlights since the previous Long-Range Plan

● Current and future analyzes will seek to answer some of 
the questions raised in the new LRP

○ How are the various hadrons produce in a single scattering process 
correlated with one another and how does hadronization change in a 
dense partonic environment?

○ What are the timescales of color neutralization and hadron 
formation?

● Drafting paper, with PRC as our target journal; we will be 
ready soon for ad-hoc review
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Backup slides
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Widths of correlation functions (RMS)

18



Dr. Sebouh J. Paul, UC Riverside

Broadening of correlation functions  
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Systematic uncertainties summary (C and R2h)
● Some systematic uncertainties are large for specific 

multidimensional bins
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Systematic uncertainties summary (σ and b)
● Relative systematic uncertainties for σ and b are considerably smaller
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Dataset/Experimental Setup (EG2)

● CLAS detector at JLab

● 5 GeV e- beam

● Liquid deuterium target in tandem 
with nuclear targets*: C, Fe, and Pb

● Reduces systematic errors for A vs. 
D comparisons
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*NIM A 592 (2008) 218– 223
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Rapidity dependence of C(ΔΦ) ΔY=Y1-Y2
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● Large discrepancy between data and model at ΔΥ, Δφ near 0
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Transverse momentum of leading pion
● Narrower correlations with larger    , 

24



Dr. Sebouh J. Paul, UC Riverside

Transverse momentum of sub-leading pion
● Narrower correlations with larger      as well. 
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Previous results focused on A/D ratios 



Dr. Sebouh J. Paul, UC Riverside

GiBUU model

● State-of-the-art transport model which includes the following ingredients:

○ Final-state interactions

○ Absorption

○ Hadron production mechanisms

○ Pre-hadron degrees of freedom

○ Color transparency

○ Nuclear shadowing
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Event generators
GiBUU

● State-of-the-art transport model 
which includes the following 
ingredients:

○ Final-state interactions

○ Absorption

○ Hadron production mechanisms

○ Pre-hadron degrees of freedom

○ Color transparency

○ Nuclear shadowing
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eHIJING (electron Heavy-Ion Jet 
INteraction Generator)

● New event generator
○ Has been compared with other 

CLAS, HERMES and EMC 
measurements


