Neutrino-Electron Scattering at MINERVA

E. Valencia

Universidad de Guanajuato, Méxi
On behalf of MINERvA Collaboration

&

- o




Neutrino Electron Elastic Scattering

The neutrino-electron scattering can be divided into three categories,
represented by the Feynman Diagrams.
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The differential cross-section;
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where G-, 6, and » are the Fermi Constant, Weak Mixing Angle and
Electron Kinetic Energy divided by Neutrino Energy, respectively.
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NuMI Beamline
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Constraining the Flux

with Neutrino-Electron Scattering
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+ Flux prediction is important for MINERvA’s absolute cross-section
measurement.

+ Future precision neutrino oscillation experiment requires Ilow
uncertainty on flux prediction.

+ Flux has large uncertainty due to poor knowledge of hadron production.

+ Use of external data is useful but it can’t handle all the uncertainties
v-e scattering provides a direct measurement of flux.
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Flux - Event Rate — Electron Spectrum

Low Energy Era

Low energy, Forward horn current flux
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#* Very small cross section (~1/2000 of v-nucleon scattering).
* Very forward electron final state (Experimental signature).
* E > 0.8 GeV (High background rate and tough reconstruction at low energy).

#* Neutrino-electron scattering offers a flux measurement since its theory is well
predicted by the standard model of particle physics.
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The MINERVA Detector

Active segmented polystyrene scintillator strips. Ll
Passive nuclear targets of He, C, Water, Fe and Pb. 171mm NSNS Ao

3 strip orientations
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Single Plane Resolution: 2.65 mm.
Single Hit Timing resolution 4.20 ns.

+ Total 120 modules:
+ 84 Tracker
+ 10 ECAL
+ 20 HCAL
+ 6 Nuclear Targets
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Signal Reconstruction
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When (thin) track finder fails on
fuzzy shower, isolated blob finder
Is used and then track fitter can
handle fuzzy shower.

IS
cone can be

Once vertex and direction
known, shower
applied.

* Mixture of vV e ,V e Ve ,andV.e
in Medium Energy Forward Current.

« Can not distinguish neutrino flavor

« To reconstruct the Electromag-
netic Shower only is used the
information from Tracker Region
and ECal Region.
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Background Events
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Photon Rejector

dEdx on the first 4 planes
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Photon shower has twice energy loss per length (dE/dx) at the beginning of
shower than electron shower.
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Main Signal Isolator
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Clean separation of signal using cut.
Good angular resolution (0.4°) is critical to use £ 0 cut.
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Preliminary Results

Using the first Medium Energy run
sample with ~1e20 pot, we have a
prediction of 69.1 signal and 16.6
background events.

[MINERVA ME Preliminary
50

Data
.e 64.4

.e 4.6
. CCQE 8.6
v, others 0.0
% v,COH ° 0.0
4 COH® 0.7
v, nc-others 6.5
v,cc 0.8

Area-Normalized

40

30

N Events / 2.0 GeV

20

10

Electron Energy (GeV)

Making a comparison between

Low Energy (LE)
Medium Energy
1e20pot:

LE
Signal 30.5
Background 8.8
Sig_Bkg ratio 3.5
Purity 0.8

results and
(ME) v-e at

ME

84.9+4.0
204 +7.8
42+16
0.8+0.1

In ME, for the same pot quantity,
we expect to have almost the
same purity and background

ratio, but with
signal events.

~3 times more

E. Valencia, DCI-Leén, UG

New Perspectives 2015

11




Conclusions

From LE to ME

3 100C o s « Measured v-e scattering events
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@ Minerva is expecting to have ~10e20 pot exposure, so more statistics, then low
flux uncertainty.

@ Using neutrino electron scattering, in addition to other studies in MINERVA, we
will improve our knowledge of the flux normalization.
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Backup
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Goals

Precision measurement of coherent single-pion production cross-
sections, whit particular attention to target A-dependence.

Study the A-dependence of neutrino interactions with unprecedented
detail — Scintillator (C-H), ‘He, C, H,O, Fe, Pb targets.

Search for x-dependent nuclear effects in neutrino scattering.

Precision cross section measurement and studies of final states (Important
for understanding systematics of oscillation experiments).
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Mismatch Issues; LE vs ME
dEdx_4planes

Electron Energy
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I'm using my previous studies on
dEdx for different energy ranges.

I'm taking the mean value of dEdx
in LE and ME, this is 0.91, applied
it on dEdx variable in
Resurrection ME.
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Applying ~10% Reduction Scale
dEdx_4planes and Electron Energy

Taking the resolution factor form
TrueE and RecoE on
Resurrection: 0.90.

« Applying this factor over
Reconstructed energy in
Resurrection ME.
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Background Subtraction and

Efficiency Correction
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