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Figure 14: PPFX flux spectrum for ⌫µ near detector integrated on the ⌫µ cross-
section fiducial volume. This is calculated using the current CAFAna tools.
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Looking Forward 

• This analysis uses 8.3E20 POT of FHC data in NOvA ND. 
• MC simulation predicts ~290 neutrino-electron scattering events after 

background subtraction, good for a flux measurement with low statistical 
uncertainty. 

• Data-driven tools are developed to constrain the systematic uncertainty. 
• Absolute flux measurement very soon! 

The NOvA Near Detector and Neutrino Flux 
 
The NOvA ND is a 300-ton tracking calorimeter with liquid scintillator, 
located at Fermilab,1 km away from the NuMI target, at 14.6 mrad off the 
beam axis.  
 

Signal Electron Selection 

Muon-Removed Bremsstrahlung Shower 

• Rock muons induces brem showers in the NOvA ND 
• A muon-removal algorithm is developed to remove the muon tracks to get 

pure brem showers from data and MC. 
• It provides a data-driven tool to check the simulation of EM showers and 

performance of PIDs. 
• Also studying electrons from decay-in-flight muons in the NOvA ND.

Introduction 
Neutrinos can elastically scatter off electrons via neutral current or charge 
current exchange. 
                                                          

Jianming Bian, UC Irvine 
Kuldeep K. Maan, Panjab Unversity 

Hongyue Duyang, University of South Carolina 
On Behalf of the NOνA Collaboration

Uncertainty Source  Estimated Uncertainty

Signal Efficiency 4.6%

Background Normalization 1.3%

Reconstruction 4.2%

Detector and Beam Simulation 1.4%

Total Systematics 6.5%

Statistic Uncertainty 6.3%

Total Uncertainty 9.1%

• Pure leptonic process. 
• Small but very well-known cross section. 
• Great for constraining neutrino flux for neutrino experiments.

Contact:  Jianming Bian (边渐鸣),  bianjm@uci.edu  
                 Kuldeep Maan, kuldeepkaur2310@gmail.com  
                 Hongyue Duyang (杜杨 洪岳),  duyang@email.sc.edu

http://www-nova.fnal.gov/ facebook.com/novaexperiment  

The neutrino-electron scattering topology we look for is one shower 
induced by electron in the NOvA ND collinear with the beam direction. 

• Fine-grained, low-Z, highly active. 
• X0 = 38cm (6 cell depths, 10 cell widths), optimized for EM shower 

measurement.    
• Narrow band neutrino flux between 1~3 GeV with peak at ~2 GeV 

Measurement of Neutrino-Electron Scattering 
In The NOvA Near Detector

1. INTRODUCTION38

In the weak interaction perturbation theory, ⌫-e interactions involve only free leptons,39

whose amplitude is precisely predicted in the Standard Model (SM) [1]. The lowest order40

Feynman diagrams of the neutrino-electron elastic scattering are shown in Figure 1.41

42

FIG. 1: Lowest order Feynman diagrams of the ⌫-e elastic scattering.
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The first observation of a handful of ⌫-e elastic scattering events by the Gargamelle bubble46

chamber in 1973 [2]. This experiment demonstrated the existence of the Z boson and neutral47

currents, a milestone towards the establishment of the electroweak theory. Since then, several48

experiments such as CHARM [4] and BNL E734 [5] have furthered the study of the ⌫-e elastic49

scattering. Due to the cross-section of ⌫-e elastic scattering was calculated with SM precisely;50

it can be used to calibrate the neutrino fluxes at accelerator neutrino experiments, whose51

beams have large uncertainties caused by inadequate knowledge of hadron productions by52

proton on the beam target. In this paper, we present a measurement of elastic scattering53

and the measurement of the absolute neutrino flux at the NOvA experiment based on the54

⌫-e elastic scattering. This work will provide a substantial constraint to the flux uncertainty55

for both near detector (ND) cross-section measurements and far detector (FD) oscillation56

analyses at NOvA and will demonstrate a flux constraint method for DUNE [6]. ⌫-e elastic57

scattering is an elastic two-body collision, and the kinematics are given by:58

cos ✓e = 1� me(1� y)

Ee
, (1)

59

where ✓e is the angle of the outgoing electron with respect to the neutrino beam, me is60

the electron mass, Ee is the electron energy in the final state. y is defined as y = Te/E⌫ ,61

where Te is the electron kinetic energy and E⌫ is the neutrino energy. For neutrino energy at62

GeV level, Equation. 1 can be approximated as Ee✓2e = 2me(1� y). Since 0  y  1, Ee✓e263

is less than 2me. Therefore, the signal we are looking for is a single, very forward-going64

electron shower with Ee✓2e peaking around zero.65
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FIG. 25: ⌫-e and ⇡0 PID for rock MR Brem in data and MC, compared with ⌫-e signal events,
area normalized. MR Brem data and MC are weighted by the ratio of ⌫-e scattering MC over

MR Brem MC in each bin to correct the shape di↵erence between the MR Brem sample and the
⌫-e scattering signal.

)2 rad× (GeV 2
eθeE

0 0.01 0.02 0.03 0.04

Ev
en

ts

0

1000

2000

3000

4000

5000

MR Brem Data
MR Brem MC
-e sigν

NOvA Preliminary

FIG. 26: E✓2 for rock MR Brem in data and MC, compared with ⌫-e signal, area normalized.
Rock MR Brem data and MC are weighted by the ratio of ⌫-e scattering MC over MR Brem MC
in each bin to correct the shape di↵erence between the MR Brem sample and ⌫-e scattering signal.

TABLE V: Summary of the systematic uncertainties in the signal e�ciency estimated by rock
muon induced EM Shower samples

E�ciency MC Data (Data-MC)/MC

Ee✓2e 0.906 0.901 0.006

e/⇡0 PID 0.733 0.700 0.045

⌫-e PID 0.941 0.934 0.007

Total 0.046
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• The signal events are required to have one EM shower with no other 
particles or vertex activity. 

• Two PID algorithms are developed to further select signal events from 
background using plane dE/dx information.  
• v-e PID selects EM showers against background particles. 
• e-π0 PID further rejects π0 
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NOvA Simulation v-e Signal Selection and Background Normalization 

• The electrons from v-e are distinctly forward going 
• Best described by small values of
• Background can be 

normalized using the 
sideband region to 
reduce background 
systematic uncertainty.
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43

44

45

The first observation of a handful of ⌫-e elastic scattering events by the Gargamelle bubble46

chamber in 1973 [2]. This experiment demonstrated the existence of the Z boson and neutral47

currents, a milestone towards the establishment of the electroweak theory. Since then, several48

experiments such as CHARM [4] and BNL E734 [5] have furthered the study of the ⌫-e elastic49

scattering. Due to the cross-section of ⌫-e elastic scattering was calculated with SM precisely;50

it can be used to calibrate the neutrino fluxes at accelerator neutrino experiments, whose51

beams have large uncertainties caused by inadequate knowledge of hadron productions by52
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for both near detector (ND) cross-section measurements and far detector (FD) oscillation56

analyses at NOvA and will demonstrate a flux constraint method for DUNE [6]. ⌫-e elastic57
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where ✓e is the angle of the outgoing electron with respect to the neutrino beam, me is60

the electron mass, Ee is the electron energy in the final state. y is defined as y = Te/E⌫ ,61

where Te is the electron kinetic energy and E⌫ is the neutrino energy. For neutrino energy at62
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