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Neutrino Oscillations

KamLAND, PRL 100, 221803 (2008)
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New Strategy
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New Strategy

Muon NeutrinoElectrons for Neutrinos!

- Use e-scattering data to constraint ν-data.

Why ?

● e and ν share many common aspects of 
the interaction (isovector part).

● Beam energy and EM interaction well known.
● CLAS@JLab: Large number of e-scattering 

data in a wide phase-space.

mailto:CLAS@JLab
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CLAS Detector @ Jefferson Lab

Electron Neutrino

● Select QE-like (e,e'p) events.

● Reweight by
e-N / ν -N cross-section ratio.

● Analyze them as “neutrino data”.
 

● Study kinematic quantities and 
beam energy reconstruction methods.

● Compare to Neutrino Event 
Generator predictions.

● Identify parts in phase-space with 
good agreement.

e2a Data Analysis Strategy 
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GENIE

GENIE is a Universal Neutrino Event Generator

Includes:
● Flux Drivers.
● Detector Geometry Analysers for standard detector descriptions.
● Interfaces with GEANT for feeding it with GENIE events.
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● 1 proton with p
p 
> 300 MeV/c.

● Fiducial cuts.
● π0 corrections. 

● 2-proton & charged pion corrections.
● Q2 ≥ 0.5 GeV2/c2

● W  < 2 GeV/c2

● |x
B
-1| < 0.2

● Simulation: Only QE & MEC events.

Event Selection
Analysis on 12C @ E = 2.261 GeV
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Phase Space
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Electron Phase Space



12

Proton Phase Space
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Pmiss
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Plot

miss
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Energy Reconstruction

e-
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Simulation Data

Calorimetric Energy Reconstruction

Calorimetric Reconstruction
(sum over all particles)

E
v
cal = T

h
 + E

l
 + BE



16

Ongoing Efforts
● Implementation of the MEC, Resonance and DIS into GENIE.
● Expand to other generators / reactions / nuclei / energies.
● Study impact on bias in oscillation analyses.

Future Plans

Benchmarking the GENIE Neutrino Event Generator
Against Electron Scattering Data
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Thank you!
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Backup Slides
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Simulation Data

Leptonic Energy Reconstruction

Leptonic Reconstruction
(only scattered lepton)
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