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To measure oscillations, we need to 
reconstruct the neutrino energy.

Errors in Ereco lead to 
extracting the wrong 
parameters.
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Event generators contain the nuclear 
interaction model.

Generators need to be 
tuned to data.

Different interaction models 
yield different outcomes.
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e4nu uses electron scattering to improve 
neutrino interaction models.
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Electrons and neutrinos 
interact similarly.

CLAS



This work uses D(e,e’p) data from CLAS12.
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Beam energy of 5 GeV
(EG2 data).

Deuterium is the simplest 
nucleus!



Goals:
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- Use  D(e,e'p) (1p0pi) events to test energy 
reconstruction

- Compare results from EG2 data and GENIE simulation



Isolate quasi-elastic interactions.
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D(e,e'p)X events are selected with vertex cuts.
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With standard EG2 electron and proton ID.



D(e,e'p)X events are selected with vertex cuts.
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Fiducial and acceptance cuts.
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Fiducial cut, acceptance > 0.7, and acceptance correction.



Multi-hadron final states can look like QE events 
because of detector gaps.

12φ

θ
π

p

- Rotate p, π around q to determine 
π detection efficiency

- Subtract undetected π



Background subtraction in the 1p1pi, 1p2pi, 
1p3pi, 2p0pi, 2p1pi, and 2p2pi channels.
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This gives us a ‘true’ 1p0pi sample.
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We want to eliminate events with radiative 
photons.
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“Radiation before” gives 
missing momentum at 0 
degrees.

Cut on θpmiss > 3°.



This gives us a purer 1p0pi sample.

16
Ecal [GeV]

fiducial and acceptance cuts
background sub.
θpmiss cut



We can repeat this machinery using simulated 
D(e,e'p) events from GENIE (G2018).
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Interaction channel contributions.
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Data and simulation comparison.
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And
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Transverse variables.
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in the transverse plane:

Transverse variables have been shown to be probes of nuclear 
effects using T2K and MINERvA data. 

arXiv:1910.08658 [hep-ex], arXiv:1605.00179 [hep-ex]



Regions of ∆φ and pT where the energy 
reconstruction works well. 
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We can compare the Ereco spectra in data and 
simulation in pT slices.
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Summary:
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- Used electron-deuterium scattering to test energy 
reconstruction and event generators.

- There are data-simulation discrepancies.
- Motivates further development of event generators for 

experiments like DUNE. 
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