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Motivation

Exclusive SRC studies infer initial state 
→ sensitive to distortions by FSI

Calculations suggest specific kinematics 
(xB>1, high-Q2, …) → Minimal / understood 
distortions

Heavy nuclei calculations very complex

Useful to employ simulation via 
complementary approaches
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Overview

Effective transport theory to study FSI in 12C(e,e’p) and 12C(e,e’pp)

Focus on data by Schmidt, Nature (2020); Cohen, PRL (2018):
CLAS Spectrometer
xB ≥ 1.2 
Q2 ≳ 1.7 GeV2,
Large (e, e’p) missing-momentum

Generalized Contact Formalism (GCF) implemented in GENIE
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Generates Events for Neutrino Interaction Experiments

Modern framework for neutrino MC events

Handles all neutrinos and targets

Accounts for FSI using data-driven INC

eGENIE - Electron scattering version of GENIE
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eGENIE

New electron-scattering tool 
[Papadopolou et al., arXiv 2009.07228]

Consistent handling of e and ν scattering

Include radiation effects

Semi-classical transport model for FSI

Nuclear models: Fermi-gasses or GCF
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GCF implementation in GENIE
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GCF implementation in GENIE
SN(p,E) ∼ ∫ Ca |φa(pREL)|2 n(pCM)

Pair type abundance

AV18 Universal Function 3D Gaussian
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--- pn1
--- pn0
--- pp0
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FSI in previous studies: Transparency + SCX

1. Calculate PWIA 
2. Allow (n,p) and (p,n) SCX 
3. Add attenuation (transparency)

Schmidt, Nature (2020)



FSI in GENIE: Semiclassical Transport

hA Intranuke, data-driven

KE-Dependent xsec scaled 
by nuclear density

If hadron reinteracts, select reaction 
type according to relative xsec

Each particle transported independently,
interacts at most once

9Dytman et al., arXiv: 2103.07535 (2021)



PWIA Validation: original GCF vs. eGENIE GCF
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Analysis Overview

• Generate Monte Carlo events

• Keep events based on CLAS acceptance

• Weight events by CLAS detection efficiency

• Smear momenta by CLAS resolution

• Apply data event selection cuts 
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Selection Cuts

xB > 1.2

θpq< 25°

 0.62 < |pLead |/|q| < 0.96 

0.4 GeV/c  < |pmiss| < 1.0 GeV/c

Mmiss < 1.1 

|pRecoil| > 0.35 GeV/c 
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FSI Can Impact GCF Events Detectable by CLAS
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But… Kinematical Selection Suppress FSI
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CLAS acceptance + selection cuts



Still, FSI Can Distort Some Distributions

15

PCM = PMiss + PRecoil
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PCM = PMiss + PRecoil

But not where physics was extracted!
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But not where physics was extracted!

Cohen PRL (2018)



Solving old problems?  
[low-E where Glauber struggles]

18Schmidt, Nature (2020)
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Solving old problems!
[low-E where Glauber struggles]

Schmidt, Nature (2020)



Can the raise in pp-SRC be due to FSI?

20Schmidt, Nature (2020)
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Raise in pp-SRC insensitive to FSI



Mean Field + FSI don’t Mimic SRC
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Mean Field + FSI don’t Mimic SRC



Conclusions

Benchmarked GCF+FSI performance

SRC selection cuts generally suppress FSI distortions

Complements previous GEA-based studies

Support the interpretation of JLab data!

24Paper will be uploaded in a few days! :)



GENIE INC: Hadron Transport

For each particle generated in the initial state:
Initial position ri

1. Displacement by dr = .05 fm
2. Mean free path, λ

3. Random P(r) = exp(-r/λ) 
4. Repeat 1-3 until |rf| = -λ Log(P(r)) < Total Displacement

OR Max # steps reached
5. Final position = |rf| in the ri direction



GENIE INC: Hadron Transport


