
Probing few-body dynamics via 3H and 3He 
(e,e’p)pn cross-section

Dien Nguyen
1



2

Nuclear Physics introduction

An essential goal of Nuclear physics:
1.Understanding the nature of the interaction between nucleon

2.How these interactions make up atomic nuclei and their property

Nucleon-Nucleon (NN) potential
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… In Principle

Many-Body Hamiltonian:
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The Nuclear Challenge

Complex QCD interaction

Strong force, spin, isospin ...
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The Nuclear Challenge

Complex QCD -> Effective interaction
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Overall consistent at long-r/ small-k
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Large model dependence at small-r/high-k

Need to put these to test
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Why Nucleon-nucleon interaction?

Crucial for:

q Ab-Initio structure & reaction calculations

q Dense astrophysical objects, e.g. neutron stars

q Any calculation related to nuclear interaction



Why light nuclei?
Mirror3H 3He

Ø Proton in 3He = Neutron in 3H

Ø Constraint reaction mechanism
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3-Body system:

Why Tritium?

Ø Exactly calculatable

Ø Test & benchmark theory
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Electron Scattering 

Kinematical variables:

-' = − /. − /./ '

00 = -'/23(4 − 4/)

Resolution scale

Dynamic scale

Quasi-elastic (QE) process 
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Plane-Wave Impulse Approximation (PWIA)

Missing momentum 

Assumptions: 

qMomentum transfer 
absorbed by a single nucleon

qKnocked-out nucleon did not 
re-scatter as it left the 
nucleon
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High Q2: PWIA factorized approximation

Cross-section (Observation)

Experiment: Theory

Measure The 

cross section

Calculate the 

cross section

Comparison

Reaction mechanism

NN interaction

(e,e’p)

CD-Bonn NN potential



Previous studies and non-QE mechanisms

Large differences between
data & PWIA

3He
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F. Benmokhtar et al., PRL (2005)

qData is useful to study reaction mechanism, not nucleon distributions. 



3HeQ2 ~ 1.5 GeV2

xB ~ 1

Previous studies and non-QE mechanisms
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F. Benmokhtar et al., PRL (2005)

qNon-QE mechanisms can be minimized using selected kinematic region



Minimizing non-QE mechanisms

M. M. Sargsian, Int. J. Mod. Phys. E10, 405 (2001)
M. M. Sargsian et al., J. Phys. G29, R1 (2003)

Q2 > 2 GeV2
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XB > 1



Boeglin et al., PRL 107 (2011) 262501 
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Q2 > 2 GeV2XB > 1

Minimizing non-QE mechanisms
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Jefferson Lab
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Jefferson Lab
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Hall-A of Jefferson Lab

Left HRS

Right HRS

Beam direction
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Hall-A of Jefferson Lab

Left HRS

Right HRS

Beam direction

e
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Hall-A of Jefferson Lab

Left HRS

Right HRS

Beam direction

e

e’
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Hall-A of Jefferson Lab

Left HRS

Right HRS

Beam direction

e

e’
p
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Hall-A of Jefferson Lab

Left HRS

Right HRS

Beam direction



Central ray
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HRS detector package

Allow for excellent momentum reconstruction and particle identification



Central ray
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HRS detector package

Allow for excellent momentum reconstruction and particle identification

Hodoscopes for 

triggering and 

timing



Central ray
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HRS detector package

Allow for excellent momentum reconstruction and particle identification

Vertical Drift 

Chambers for 

tracking and 

momentum 

reconstruction



Central ray
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HRS detector package

Allow for excellent momentum reconstruction and particle identification

Cherenkov and 

Calorimeter for 

Particle ID
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Analysis process

qData taking 

qCalibration 

qData Analysis



Extracting the absolute cross section

!!"($"#$$, &"#$$)
!&%!&&!Ω%!Ω&

= *+,-!($"#$$, &"#$$)
. ∗ 0' ∗ 1 ∗ 23 ∗ 4()**

Integrated Luminosity 

Efficiencies
- Detectors
- Trigger
- Live time
- Boiling 

Detected phase 
space corrected 
for acceptance

Correction factors

- Radiative correction
- Bin migration 
- Bin centering 
- Tritium Decay
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Separating two-body-breakup

Sup fig 2, equation
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3He -> P + D (2 body break up)
3He -> P + N + P ( 3 body break up)

3H -> P + N + N (3body break up)



Extracted Absolute cross-section
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Sargsian-FSI
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Compare to different theory calculation

34

Cracow:

q Faddeev-formulation-

based calculations

q Continuum 

interaction between 

two spectator 

nucleons (FSI23)



Compare to different theory calculation
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CK + CC1:

q 3He spectral function 

of  C. Cio degli Atti and 

L. P. Kaptari and 

electron off-shell 

nucleon cross-section

q Including FSI23

Cracow:

q Faddeev-formulation-

based calculations

q Continuum 

interaction between 

two spectator 

nucleons (FSI23)



Compare to different theory calculation
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CK + CC1:

q 3He spectral function 

of  C. Cio degli Atti and 

L. P. Kaptari and 

electron off-shell 

nucleon cross-section

q Including FSI23

Cracow:

q Faddeev-formulation-

based calculations

q Continuum 

interaction between 

two spectator 

nucleons (FSI23)

M. Sargian (FSI):

q FSI calculation 

based on 

generalized Eikonal

approximation

qDoes not include 

FSI23



3H Exp/CracowPWIA agree to ~20%
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3H Exp/CK+CC1PWIA disagree by ~40%



3He Exp/Cracow
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3He Exp/Cracow & CK+CC1



Much better than previous data!
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Leading Nucleon FSI: Small but improve things!
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Single charge exchange!

High-pmiss and np-doninant
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Single charge exchange!

High-pmiss and np-doninant
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Summary and Conclusion
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q Much Smaller Non-QE contribution 
compared to previous measurements
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Summary and Conclusion
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q Much Smaller Non-QE contribution 
compared to previous measurements

q Better agreement with Cracow than 
with CK+CC1
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Summary and Conclusion
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q Much Smaller Non-QE contribution 
compared to previous measurements

q Better agreement with Cracow than 
with CK+CC1

qBetter agreement with 3H than 3He
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Summary and Conclusion
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q Much Smaller Non-QE contribution 
compared to previous measurements

q Better agreement with Cracow than 
with CK+CC1

qBetter agreement with 3H than 3He

q including of leading nucleon FSI 
improve the agreement



Summary and Conclusion

49

q Much Smaller Non-QE contribution 
compared to previous measurements

q Better agreement with Cracow than 
with CK+CC1

q Better agreement with 3H than 3He

q Including of leading nucleon FSI 
improve the agreement

q The remaining disagreement could 
be explained by SCX



Summary and Conclusion
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q Much Smaller Non-QE contribution compared to previous 
measurements

q Better agreement with Cracow than with CK+CC1

q Better agreement with 3H than 3He

q Including of leading nucleon FSI improve the agreement

q The remaining disagreement could be explained by SCX

These data are a crucial benchmark for few-body nuclear theory

PRL. 124, 212501 (2020)
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Thank you !
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Support Slides
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When two nucleons get 
close inside the 

nucleus, they fly apart 
with high momentum
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Short range interaction: Brief introduction



When two nucleons get 
close inside the 

nucleus, they fly apart 
with high momentum

This populates a high-momentum 
tail above the Fermi momentum
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