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Motivation

> Neutral Current (NC) interaction with a 7  in the final state is the main background 1n v, — v, oscillation

experiments as NOvA, DUNE.

g y This interaction mode can fake the v. appearance signal in two ways.:

a.) 2y s can merge together.

b.) one of them may escape detection.

arXiv:1305.7513v1 [hep-ex] 31 May, 2013
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Measuring NC 7~ production cross section 1s important in constraining

e NUANCE (M, =1.1 GeV)

this background.
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. . . NOVA’s region of
Most of the measurements are 1in the form of NC/CC cross section ratio 5

of(v p—v,prf) (1 08 cm2/ nucleon)

0.05 interest
e.g. K2K & SciBooNE. . b 13Gev |
1 10 10°
Absolute cross section measurement by MiniBooNE ~O(1 GeV) and E, (GeV)

llmlted l’lumber Of these measurements ~O(2G€V) FIG. 16 Existing measurements of the cross section for the

NC process, v, p — v, p7°, as a function of neutrino energy.

We present here the current status of measuring NC 7' production cross section with the NOvA Near Detector.
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NOVA

NuMI (Neutrinos at Main Injector) Off-axis ve Appearance

- NOVA study neutrino oscillations via v. appearance and v,
disappearance channels with two detectors:

the Near Detector (ND) at Fermilab.

the Far Detector (FD) 1in Northern Minnesota.

© NOVA uses NuMI beam line, tuned to Medium Energy, to
get an almost pure v, beam.

- NOVA detectors are sited 14 mrad off the NuMI beam axis

NOVA Far Detector
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S —

| FLUKA11

—h
o
o

—_
o
I | L

(&)
| L

v, CC / 6E20 POT / kton / 0.1 GeV

v/ Reduces Neutral Current (NC) background in oscillation analysis.

vV Keeping high v, flux, peaked at 2 GeV in energy.
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NOVA Near Detector

- NOvVA ND collects high statistics due to its close proximity to the target station.

- Provides an excellent opportunity for the measurement ot various neutrino interactions.

3d view of the detector

Neutrino
from
Fermilab

View from the top Particle 1

Interaction
Point

Particle 2
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Neutrino
from
Fermilab

Particle 3

PVC cell filled with
liquid scintillator

Diffuse activity from
nuclear recoil system

NC

To 1 APD pixel

NOvA ND (193 ton)
3.9m X 3.9m X 12.67m

Low-z, highly active tracking
calorimeters able to differentiate
between muons (long tracks),

electrons (EM showers) and z°

(leaves a gap before decaying to y’s )
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Monte Carlo (MC) study

~ Study presented here uses Near Detector MC dataset with high statistics (x4 than the ND
data).

© We use GENIE, an event generator, to simulate the neutrino interactions in the NOvA
detectors.

- Data was collected in Forward Horn Current (FHC) beam configuration that focus 7 to
generate neutrinos.

~ We normalize all the MC distributions and number of events to 8.09¢20 POT that retlect
our ND data.
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Cross section (o) definition

# of selected signal events

# of selected
/ background events

- 2 Yy
Of = /T P &,
l \ Efficiency of signal

t of target nucleons selection
Neutrino flux

Unfolding matrix

b W

This talk focus on the event selection part.
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The Signal

vy induced NC interactions with at least 1 z" in the final state with kinetic energy above 0.5 GeV.
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The Signal
vy induced NC interactions with at least 1 z" in the final state with kinetic energy above 0.5 GeV.
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The Signal
vy induced NC interactions with at least 1 z" in the final state with kinetic energy above 0.5 GeV.
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The Signal
vy induced NC interactions with at least 1 z" in the final state with kinetic energy above 0.5 GeV.
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The Signal
vy induced NC interactions with at least 1 z" in the final state with kinetic energy above 0.5 GeV.

200 — =40 600 8Q0 1000 1200 1400 160
| NOVA Simulation: ND | :
00 - Cluster of hits that should E
- | A pre selection requires the event to be correspond to the same shower '
= " | contained in the ND: the interaction .
s oL . . are reconstructed as -
IV must be in the detector fiducial :
" | volume and the must be o SR mmmn = - -
-1 contained fully in both views. ' -
3 e =
—
- 100 | : =
02 ~
> § = . - —
«P) > .- -
E B N [ lll-.- ="
o P -100= 1 i, .;.\‘..'.?- _
0 200 ) 600 300 1000 1200 1400 1600
12 0 7z (cm)
NOVA - ENAL E929 Vo [226ev] + C — V[0 76eve] + + + + 707 [1.lceve] (NC)
Run: 11308 /12 é 1?0 ' ' ' ' ' ' ' ' ' ﬁ ' ' '
Event: 1384 / -- | 1 |-| |-| |-"| Ili" III |I|"| "I il” ”l | | I |
) ) [ ] [ ) ) )
UTC Tue Nov 24, 2015 0043 2044 2045 D046 2047 2248 22490 0295 225.1 2252 2253 0 102 0}
21:40:34.783000000
t (usec q (ADC

Daisy Kalra Fermilab/P.U. DPF-2017, Fermilab 11



The Signal
vy induced NC interactions with at least 1 z" in the final state with kinetic energy above 0.5 GeV.
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The Signal
vyinduced NC interactions with at least 1 z° in the final state with kinetic energy above 0.5 GeV.
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The si1gnal

vy induced NC interactions with at least 1 7° in the final state with kinetic energy above 0.5 GeV.

NOVA ND Simulation
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The background

~ vy Charge Current interactions (with and without z° in the final state) = CC-background

- vu NC interactions without a #” in the final state and with a z% in the final state below energy
threshold (K.E < 0.5 GeV) = NC-background

© Ve: Intrinsic beam contamination (Negligible!)
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Preliminary steps towards background rejection

Reconstructed Muon Identification (ReMId)
NOVA ND Simulation NOVA ND Simulation
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o ReMId 1s a Particle Identification (PID) algorithm,
specifically based on muon tracks, that has been

. . . © Choose ReMId cut value which maximizes the
developed to be used in v, disappearance analysis.

Figure of Merit (FOM=S/\'S+B)

- Select muons from v, CC interactions. .
© So, we include ReMId < 0.36 as a preselection

- It gives a value 0 to 1 to an event, where 1 1s for CC like cut.
events.
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Preliminary steps towards background rejection

Reconstructed kinetic energy (Reco K.E.)

X
—
1O
w

25

NOVA ND Simulation
R

—— NC-n° signal
—— Total background

—— CC background
—— NC background

N
o

- We include a cut on reconstructed z° K.E. in
preselection.

—l
0))

> Reco K.E > 0.5 GeV rejects 80% of the background
w.r.t the background events with fiducial &
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Background (B) ratio.
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Approach for final event selection

Multi1Variate (MV) method

- Pre Selection: Fiducial + Containment + ReMId < 0.36 + Reco K.E > 0.5 GeV
- For the final selection, we studied various MV methods.

© Performance with GradientBoost method (a type of Boosted Decision Tree (BDT):
“BDTG”) was better compared to other algorithms.

o Trnied different sets of variables and among all those best result was given by 9 put
variables.
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Separation 1s zero for identical signal
and background and 1t 1s one for shapes
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Correlation matrix

Signal Background

Correlation Matrix (signal)

Correlation Matrix (background)

Linear correlation coefficients in % Linear correlation coefficients in %
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BDTG distribution

FoM from BDTG distribution after evaluation
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Evens

FoM € Signal g
Signal (S) - Background (B)  S/B | w.r.t events Wlth: Purity

S/sqrt(S+B) Fid + Cont)

Fiducial +

ol 91007 1389929 006 748
ontainment

BDTG > 0.27 44361 0.98 147.09 48%o 49.6%

Signal is: 60% DIS Bkg is: 53% NC Signal efficiency is
27% RES 47% CC 15% w.r.t the events

11% COH with fiducial.

Event numbers corresponds to 8.09¢20 POT which reflects our ND data.
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Variables distribution

Fiducial + Containment + ReMId < 0.36 + Reco K.E. > 0.5GeV + BDTG > 0.27

Reconstructed 7' mass True v energy
o NOvVA ND Simulation 0° NOvVA ND Simulation
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Background is dominated with NC component and the 7z °s below threshold (< 0.5GeV) is giving a
peak in NC background.
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Variables distribution

Fiducial + Containment + ReMId < 0.36 + Reco K.E. > 0.5GeV + BDTG > 0.27

Reco vs True 7% Kinetic energy: Log scale
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Look at systematics

- BDTG cut has rejected ~97% of the background w.r.t the background events that pass fiducial &

containment cuts.

- Still, we have a lot of background.

~ We can still get r1d of some of the background by choosing harder cut on BDTG.

We look at the effect of systematics on BDTG
distribution to optimize the event selection.
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Cross section & FSI systematic uncertainty

- We study the effect of cross section and Final State Interactions (FSI) systematic

uncertainties on BDTGQG distribution.

- Error band represents £10 uncertainty.

- It stays almost constant in BDTG range
0.2 - 0.7, means we are not biasing our

selection too much by choosing higher
cut value for BDTG.
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Summary & Future plans

- NOvVA ND collects high statistics data.

- We are exploring to make differential cross section measurement with the NOvA ND.
- Plan 1s to optimize the final event selection based on systematics.

- We started looking at cross section and FSI systematic uncertainties.

- Study 1s underway.

- Stay tuned for the exciting results!
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BaCK-up
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ReMId

NOVA Preliminary
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- ReMId 1s a Particle Identification (PID) algorithm, — T T
specifically based on muon tracks, that has been used in vy )
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Boosted Decision Tree

[xi >cl Xl < cl]
~ BDT 1s a binary tree structured classifier where the
event will get more weight 1f 1t 1s classified and vice
versa 1f the event 1s mis classified.
[XJ > c2] Xj < €2 Xj > c3 [Xj < c3]

- It will go through all the variables to find the best 4
variable and value to split events. o @ Q

- Repeat the procedure until a stop criteria 1s fulfilled. /o \
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~

© Create ensemble of universes, each with a different set of relevant GENIE parameters.

v

Modeling systematics - Multiverse

We use Multi-universe approach to treat cross section modeling systematic uncertainties.

With this approach, all the GENIE parameters can be varied at a same time.

Allow bin to bin correlations.
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