Measurement of v, Induced Neutral Current t° Production

with the NOvVA Near Detector

New Perspectlves 2016 Fermilab
1 the 49" Fermilab Users Meetin ng

A conference for young researchers June 13 -14

Giulia Brunetti - Fermilab

Daisy Kalra - Panjab University
Jyoti Tripathi - Panjab University
For the NOVA collaboration




Introduction

* NOvVA is a long baseline oscillation experiment to study vuéve

* The NOvVA Near detector is located ~1km from the NuMlI target: big v, flux! - high statistics: we can
perform a number of neutrino cross-section measurements

* 70 production from v, NCinteractions is NOVA main background because the 2 photons produced by the
n° decay can fake the v, appearance signal = The analysis of the inclusive NC nt° production has recently
started, we present the status of a preliminary Monte Carlo study

* Our signal: v, NCinteractions with the production of at least one n° with kinetic energy above 0.5 GeV.
Dominated by inelastic interaction where nuclear recoils are produced, while a small fraction
comes from coherent interactions where a forward-scattered n° is produced and there are no
nuclear recoils.

* The challenge: reconstruct and identify the final states of the interaction to be able to identify the ©t°
decay e-m showers

e How do these events look like in the NOVA Near Detector? )



n0 in the NOVA Near Detector
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NC v, = inthe NOvA Near Detector — Reconstructed Prongs
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Inclusive NC rt® in the NOVA Near Detector

2 of the reconstructed 3D prongs should be associated with the 2y of the ©° decay
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Number of 3D prongs reconstructed for our signal events:
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The background

, ] , _ , - with a % in the final state
* v, CCinteractions where the outgoing p is not identified

without a 7lin the final state
* v, NCinteractions without a 70 in the final state or with a n® below energy threshold to be reconstructed

* Vv, :intrinsic contamination in the beam

We can use the NOVA PIDs to make a first rejection of the CC background
- Reconstructed Muon Identification (REIVIID) particle identification (PID) algorithm: It’s based on muon tracks
—> It will give to the event a value between 0 and 1 where CC-like events - 1

- Convolutional Visual Network (CVIN) algorithm is an event selector designed to classify events according to
their likely neutrino flavor and interaction type.

—> CVN NCID will give to the event a value between 0 and 1 where NC-like events = 1



REMID & CVN NCid for 2-prong events
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Events/4-10°°POT
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The 2-Prong Events

Fiducial + Containment + Remid>0.36 = Invariant Mass from the 2 showers

A look at Slice and Shower variables (energy, number of hits, number of
planes etc....) to define a series of cuts for signal/background discrimination

(Prongl is the leading shower)
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The 2-Prong Events

Background 5/B

Cuts Signal (%)

NC CCm® CCnor®

el e t & Background with only fiducial&containment:
. uaRZ Nclnlr[\) ilgrgzn 46467 240092 116382 141488 9.3 35%NC, 19%CC with 1t® 39%CC without 7°

: After all cuts:
Mass Pi0 12789 71737 21361 29429 10.4 22% NC, 18%CC with TCO, 10%CC without TCO
110<M <220

Slice and Prong Variables Cut CC background without 7° goes from being the main

(Energy,Missing Planes, Contiguous 3809 1685 1336 726 background to the least significant one
Planes,dE/dx etc...)




The 3-Prong Events

* Fiducial + Containment + Remid>0.44 = A look at Slice and Shower variables:
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*  Fiducial + Containment + Remid>0.44 - A look at the likelihoods:
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NOVA Simulation

The 3-Prong Events
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* CC background without nt° goes from being the main background to the least significant one

True v Energy (GeV)




 The NOVA near detector provides an excellent opportunity for the measurement of various neutrino
interactions

* Cross section measurements are important for oscillation experiments: ©t° production from v, NC
interactions is NOVA main background - we started the analysis of the NC n° inclusive
measurements

 We have performed a first Monte Carlo study on 2-prong and 3-prong events to discriminate signal
from background.
Now we have to improve our selection efficiency =2

* Next steps: multivariate analysis and PID training specific for t0, combine the results on the 2-prong
and 3-prong events

e Stay tuned: high-statistics, high-quality data!
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NOvA Simulation
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Background(B) S/B
2Prongs - Cuts Signal(S) y
NCBkg | CC® | CCnon? | ()
Fidual+Containment &
ReMID < 0.36 46467 240092 | 116382 | 141488 | 9.33
Mass Pi0
110 < M < 220 12789 71737 | 21361 | 29429 | 10.44
Prong Variables Cut
(Missing Planes > 1 & Contiguous Planes > 4) for both prongs i 12169 Siet S B2
dE/dx > 0.0025 : Prongl
dE/dx < 0.004 : Prong?2 4831 6538 2080 1933 45.78
Slice CalE (>0.5)
Leading Prong Variables
(Length > 160 , Energy > 0.5, number of hits > 35) 5608 1689 1950 (26 e

3Prongs- Cuts:
-Slice: CalE>0.5 & NbOfHits>40

-Showerl:NbOfPlanes>26
MaxPlaneCont>8
MaxPlaneGap>1
Length>180
Width>1
NbOfHits>40
CalE>0.5
VertexEn<0.24
e-p LLL>0 & LLT>-0.05
e-1 LLL>0 & LLT>-0.05

Shower2:

NbOfPlanes>12
MaxPlaneCont>2
MaxPlaneGap>0
VertexEn<0.24
dE/dx<0.004

e-mt LLL>-0.1

Shower3: VertexEn<0.24
dE/dx<0.0025



