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The NOVA Experiment

Neutrino oscillation experiment
e Vv, disapperance (V,2 V)

* V. appearance (V, 2 V)
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The NOVA Experiment

Neutrino oscillation experiment |
e Vv, disapperance (V,2 V) "
* V. appearance (V, 2 V)

Far Detector /'/‘ 3

Two detectors separated by 810 km
* Near detector 300 Tons, underground
* Far detector 14 kTons, on the surface
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Events /0.1 GeV

Two detectors separated by 810 km

Neutrino oscillation experiment |
e Vv, disapperance (V,2 V) '
* V. appearance (V, 2 V)

* Near detector 300 Tons, underground

* Far detector 14 kTons, on the surface
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Events /0.1 GeV

Muon Nevutrino Disappearance

P(v, — v,) = 1 —sin®(2093)sin® ( 1.27TAm3, £

2 flavour approximation
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Events /0.1 GeV

Muon Nevutrino Disappearance
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Improving the Disappearance Analysis

Improve sensitivity
to Am?,, and sin20,,,
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Improving the Disappearance Analysis

Improve sensitivity
to Am?,, and sin20,,,
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Improving the Disappearance Analysis

Improve sensitivity
to Am?2,, and sin20.,,
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Increase sensitivity

to mixing angle

Focus on maximum
disappearance region

3 main analysis improvements:

* Separate neutrino events into bins of resolution

* Hybrid of two selection algorithms

* Finer energy binning around maximum oscillation
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Energy Reconstruction
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Energy Reconstruction
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Energy Reconstruction
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Energy Reconstruction
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Energy Reconstruction
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E, = E, + E.q 2 Neutrino energy resolution =| E,,/E,

Mean resolution:

* Muon energy = 3.5 %

* Hadronic energy = 40%
* Neutrino energy = 9%
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E, = E, + E..q 2 Neutrino energy resolution =[ Equ/EV]

Mean resolution:

* Muon energy = 3.5 %

* Hadronic energy = 40%
* Neutrino energy = 9%

Hadronic fraction = 0.25
- Uncertainty = 10.0%

Eu = 1.5 £ 0.06 GeV
E . =05%0.2GeV
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Energy Resolution

E, = E, + E..q 2 Neutrino energy resolution =[Equ/EV]

Mean resolution:

* Muon energy = 3.5 %

* Hadronic energy = 40%
* Neutrino energy = 9%

Hadronic fraction = 0.25 Hadronic fraction = 0.75

- Uncertainty = 10.0% - Uncertainty = 30%

Eu = 1.5 £ 0.06 GeV Eu = 0.5 £ 0.018 GeV
thd = 0.5 £ 0.2 GeV thd = 1.5+ 0.6 GeV
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E

Vv

= E, + E,.q 2 Neutrino energy resolution =| E,,,/E,

Separate well resolved energies by quantiles of hadronic energy fraction
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Events

E

v=E, + Epga = Neutrino energy resolution =| E,,_,/E,

Separate well resolved energies by quantiles of hadronic energy fraction
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1. Take an energy bin
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E

EHad/EV

Separate well resolved energies by quantiles of hadronic energy fraction

v=E, * E s 2 Neutrino energy resolution =
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E

Vv

= E, + E,.q 2 Neutrino energy resolution =| E,,,/E,

Separate well resolved energies by quantiles of hadronic energy fraction
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Events

E

v=E, + Epga = Neutrino energy resolution =| E,,_,/E,

Separate well resolved energies by quantiles of hadronic energy fraction
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Hybrid of two selection algorithms
(and retuned cosmic BDT) background rejection with 11% more selected signal



Events

Hybrid of two selection algorithms
(and retuned cosmic BDT) background rejection with 11% more selected signal
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Particle identification

Hybrid of two selection algorithms
(and retuned cosmic BDT) background rejection with 11% more selected signal
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Events
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CVN More advanced algorithm
to separate NUE-CC and NC

* Based on CNN (Convolutional
Neural Networks)

* Treats events as images

* Extracts features
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Finer binning around the maximum oscillation
region enhances the sensitivity of the analysis



Finer binning around the maximum oscillation
region enhances the sensitivity of the analysis

NOvVA 2017 binning

Standard energy binning:
20 bins of 0.25 GeV each
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Events

Pred/Max. mix.

Finer binning around the maximum oscillation
region enhances the sensitivity of the analysis

NOvVA 2017 binning Optimised binning

Standard energy binning: Increased bin number

20 bins of 0.25 GeV each between 1 and 2 GeV
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Improving the Disappearance Analysis

* 3 analysis improvements +
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=

* Data

50% more than the previous analysis,
from 6x102%° POT to ~9x10%° POT
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1el18 POT Per Day

Improving the Disappearance Analysis

* 3 analysis improvements +

* Data

50% more than the previous analysis,

from 6x102° POT to ~9x102° POT

Fermilab’s NuMIl beam, world’s most powerful at 700kW

2017 Dataset
2016 Dataset

1%

v v v
All Time NuMI / NOvA Protons

=—DELVERED (28-day average)

© DELIVERED (day average)
~—RECORDED (28-day average)
* RECORDED (day average)

N
in

~N

-
n

05 1o

March 26th 2018 - IOP Meeting

Diana Patricia Mendez

36



Improving the Disappearance Analysis

: +

* Data

50% more than the previous analysis,

from 6x102%° POT to ~9x10%° POT
Fermilab’s NuMIl beam, world’s most powerful at 700kW

* Cross sections
Retuned model for multi nucleon processes

* Detector simulation

* Flux
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Muon Nevutrino Disappearance
Results with 8.85x10%° POT

)

N O~ o\
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Muon Neutrino Disappearance
8.85x10%° POT
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Muon Neutrino Disappearance
8.85x10%° POT
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Muon Neutrino Disappearance
8.85x10%° POT

NOvVA Preliminary
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Joint Analysis
Disappearance - Appearance

W oo ror

NOvVA Preliminary
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Joint Analysis
Disappearance - Appearance

W oo ror
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Summary
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With 8.85x10%°POT exposure and a clear vV, disappearance
* Significant improvement to the analysis
* Competitive measurement of Am?,,
* Preference to mixing angle near maximal

MINOS Phys. Rev. Lett. 112, 191801 (2014), Ice-Cube Phys. Rev. Lett. 120, 071801 (2018)
T2K Phys. Rev. D 96, 092006 (2017), SK arXiv:1710.09126
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Summary
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All together as friends!

MINOS Phys. Rev. Lett. 112, 191801 (2014), Ice-Cube Phys. Rev. Lett. 120, 071801 (2018)
T2K Phys. Rev. D 96, 092006 (2017), SK arXiv:1710.09126
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Expect new results with antineutrinos in Neutrino 2018

o 0 2 0
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Muon Neutrino Disappearance

P(v, — v,) = 1 — sin®(2093)sin” (1 27Am32E)
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Event topology
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Im
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Event topology

im NOvA Simulation

" v, Charged Current
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Non-quasielastic

Neutral
Current

March 26th 2018 - IOP Meeting Diana Patricia Mendez

51



Energy Reconstruction
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Energy Reconstruction
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Energy Reconstruction
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Energy Reconstruction
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Energy Reconstruction

400 3800 4000 4200 4400 4600 4800 5000 5200 5400 5600 _
"E =F E B . . Zoom in detector
- Ly Had s N
. H . Top view
— 600 - . _
g | i
Q
=~ +  Reconstructed E, -
400 > - -
: Calorlme’rry :
I had zceIIs visible Side view
—400 |- -
= el Reconstruction
= . .
SO _ E, X track length -
600 e e M .
3800 4000 4200 4400 4600 4800 5000 5200 5400 5600
z (cm)
NOVA - FNAL E929
, 210" | s 210° - -
Run: 19719/ 61 EIOZ o - _El().,
Ik 4 I
UTC Thu Jun 4, 2015 : - - - - -
C1 : 0 100 300 300 400 500 > 3
12:52:5.692231040 %) 10 10 10" (ADO)
March 26th 2018 - IOP Meeting Diana Patricia Mendez 56



E

v=E, + Epga = Neutrino energy resolution =| E,,_,/E,

Separate well resolved energies by quantiles of hadronic energy fraction
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Events /0.1 GeV

Largest background, cosmic and
neutral current events, in the
worst energy resolution (highest
hadronic energy quantile).

1 S

12
Lowest E, ,/E, quantile
----- 2" lowest E, , /E, quantile
10 - —— 2" highest E, /E, quantile
= Highest Emr/Ev quantile
8

T T T T T
L :

Cosmics
4 i
s

2 3 4 5
Reconstructed Neutrino Energy (GeV)

March 26th 2018 - IOP Meeting

29f- -

o [ .

. 2.8 —]

‘O | ]

p - - 1

X 27 .

€ C ]

s 26 ]

= - ]

ol A R B R ]

0 2 4 6 8
Number of quantiles

S 03[ , | ——————
(0] L ] Lowest E_,/E, quantile _
©) [ B N P 2™ jowest E, q/E, quantile n
. 0.25— —— 2™ highestE__/E, quantile ]
S B = Highest E_ /E, quantile 7]
f2) = ]
c 0.2 7
(0] B _
Ll>J B i
0.151— NC .
0.1 -
0.05f— —
0: | . | [ | L E. —l—l—l—l—’ﬁ
0 1 2 3 ] 4 5
Reconstructed Neutrino Energy (GeV)

Diana Patricia Mendez

58



T | T
[ — Prediction
- ---Max. mix. pred.
| ---Bkg. pred.

Finer binning around the maximum
oscillation region could enhance the
sensitivity of the analysis
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* NOVA' standard energy binning: 20
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*  Optimum binning: increased number
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7 Binning strategy
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126 observed events in the far detector

129 expected events at best fit
5.82 cosmics events

2.50 nevutral current events
0.96 rom other beam bkg
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Electron Neutrino Appearance
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Total events
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66 observed events in

the far detector
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Combination of the improvements reduces uncertainties and increases NOvA's

sensitivity:

* Systematic uncertainties reduced from 2.2% to 2.0% on Am?2,, and

from a 2.1% to 1.5% onsin? 0 ,,
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Improved v, Selection
©

A. Radovic, JETP January 2018

Even with excellent timing resolution
cosmogenic activity at the Far Detector

remains a challenging background due to
raw rate.
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Improved v, Selection
©

A. Radovic, JETP January 2018

*New selection using CVN, a retuned V, selection |
cosmic rejection BDT, and a new PID cut S

e Equivalent background rejection with

11% more signal selected.
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