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[ The importance of energy reconstruction in
neutrino oscillation experiments

[ Neutrino-nucleon Charged Current interactions
[ Different neutrino experiment detectors
 Testing neutrino beam energy reconstruction

methods with electron scattering CLAS e2a
experiment data
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CC quasi-elastic scattering
CC QE

Charged Current (CC) Weak interaction

mediated by W* bosons
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k, — lepton three momentum
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CLAS detector package

3D view

Jefferson Lab
CLAS Detector
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Electron scattering data

Have analyzed *He, 12C, 3He, >°Fe 4.461, 2.261 GeV e2a
experiment data

Other data available 3He, 4He, C, Fe 1.1 GeV

Good (e,e’) and (e,e’p) events with e and
p PID, vertex and fiducial cuts and W<2

- .2GeV (e,e’) [2.2GeV (e,e’p) 4.4GeV (e,e’) (4.4GeV (e,e’p)

He 28986574 11528930 3906223 1405454
4He 46335555 16671452 7756786 2635998
12C 28964300 10653575 4707597 1494004

56Fe 1488407 523741 393716 121371



4.461 GeV analysis
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Number of events with pions and protons
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Reconstructed (e,e’) energy
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Subtracting undetected pions
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0 GeV/c - 0.2 GeV/c
0.2 GeV/c - 0.4 GeV/c
0.4 GeV/c and higher
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2.261 GeV analysis



Subtracting undetected pions
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0 GeV/c - 0.2 GeV/c
0.2 GeV/c - 0.4 GeV/c
0.4 GeV/c and higher
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Ecatorimetric and E . for 12C, >°Fe 4.461 GeV
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| 226 0061 Gev

] ) E i i , , E | |
Erec (e’e ) Erec (e,e p) calorimetric Erec (e’e ) Erec (e’e p) calorimetric

(e,e’p) (e,e’p)
3He 34% 41% 55% 26% 32% 42%
‘He 25% 30% 46% 20% 23% 33%
12¢ 22% 26% 37% 16% 20% 28%

*°Fe 17% 20% 23% 12% 16% 18%



1.First use of electron data to test neutrino energy reconstruction algorithms

" use zero-pion cuts fo enhance quasi-elastic event selection
= just scattered lepton

<~ used in Cherenkov-type neutfrino detectors
= total energy of electron plus proton
<~ used in calorimetric neutrino detectors
= improved by a transverse momentum cut to better select QE events

2.0nly 12-55% of events reconstruct to within 5% of the beam energy
= better for lighter nuclei and lower energies

3.Serious implications for neutrino oscillation measurements
4.Tremendous interest in the neutrino community

5.Analysis note in preparation, aiming for PRL
6.Future work:

= extend analysis to more targets and energies
= compare fo neutrino event generators y
= proposal to PAC 45
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