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NuMI Off-axis v, Appearance Experiment
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NOvA Near Detector Prototype (NDOS)

MiniBooNE
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NOvVA Near Detector

MiniBooNE
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| | Near Detector
* 196 Planes (3m x 4m)
+ 10 Steel Planes (“Muon Catcher”)
e 220 Ton
Veto ol * 16000 cells
* Cosmic Ray Muon Rate:
* ~50 Hz (105 m overburden)
* In-Spill Rate:
* 10 us duration every 1.33 s
* 30 neutrino events/spill
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NOvA Near Detector Prototype (NDOS)

MiniBooNE NDO

Prototype (NDOS)
* 196 Planes (3m x 4m)
+ 10 Steel Planes (“Muon Catcher”)
» 220 Ton
e 16000 cells
* Cosmic Ray Muon Rate:
*~ 4 kHz (on surface)
* In-Spill Rate:
* 10 us duration every 2.2 s
* 16 neutrino events/day (NuMI + BNB)
e Partially instrumented

Near Detector
* 196 Planes (3m x 4m)
+ 10 Steel Planes (“Muon Catcher”)
* 220Ton
» 16000 cells
* Cosmic Ray Muon Rate:
* ~50 Hz (105 m overburden)
* In-Spill Rate:
* 10 us duration every 1.33 s
* 30 neutrino events/spill




Prototype detector

Main goals are:
Test detector design and prepare for far detector production.
Develop DAQ system on custom design hardware
Tune calibration procedures.
Show electron neutrino selection and e\n® separation.
Verify cosmic background suppression.



Prototype detector

* NDOS collects data from NuMI and BNB beams

NuMI off-axis 110 mrad Booster (BNB) on axis but rotated wrt
to the beam
* <E>"2GeV * <E>"~0.8GeV
e L~850m e L~650m
e L/E~0.43 km/GeV  L/E~0.8 km/GeV

* Quasi-elastic cross section at 1 and 2 GeV.
* Study nuclear hadronization models and multinucleon production.

Neutrino 5.6e18
Antineutrino 8.4e19 1001 69

Antineutrino 3el9



Neutrino Cross section data

NuMI-110mrad
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e Complicated situation in the few-GeV neutrino energy range

* Recent high statistic results from BooNEs, K2ZK, NOMAD and MINOS reported new
features in the neutrino interaction which should be independently confirm.

* Soon new results from T2K, Minerva

* NDOS can look at rates from both BNB and NuMI beams (different backgrounds and

systematics).



NOVA x-section measurements

* Possible channels to be measured in the NOVA detectors
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Neutrino interaction in the NDOS

NuMiI anti-vILl mode NuMl v, mode NC  Booster anti-vM mode
CC COH
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Monte Carlo Events in NDOS

Small shower from 2ndy

Z0a I

MC

J.Nowak, DPF2011 8/11/2011




Neutrinos

DATA

0 200 400 600 800 1000 1200 1400
100 - -
- 50;— i _;
E - i, ]
£ o gaiffs E
= 0 BEg Y 1
50 =
-100 i =
200 £ : : : : : : —
150 - =
100 =
- 50 - Es- E
= : <EiEE HEEZE B g .
BeaBl oo E
-50 | g
-100 - =
-150 =
-200 & : : : : : : —
0 200 400 600 800 1000 1200 1400
z (cm)
NOvA - FNAL E929
g E ' 1210
Run: 11200/8 S0k [ — T =10
Event: 349365 1 E ] - 1
O E . . E -1
o T a2t 10315 318 220 232 224 226 g 10 1000 2500 3500 4000
5:45:9.03153825 t (usec) q (ADC)
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Neutrinos
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Quasielastic scattering
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e \[iniBooNE data with total error
......... RFG model with M®=1.03 GeV,x=1.000

RFG model with Miﬁ=1.35 GeV,x=1.007
Free nucleon with M,=1.03 GeV
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Unable to describe results for NOMAD
and MiniBooNE with the same prediction

Possible explanation is neutrino
scattering on correlated nucleons.

No simple way to distinguish final state
interactions (FSI) from multi nucleon
interactions.
Main CCQE analysis see M. Betancourt talk



Quasielastic scattering
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Quasielastic scattering
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Different definitions of the CCQE
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Quasielastic scattering
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NDOS prediction.
Statistically limited

ND will be systematically
limited.

NovA will be able to
measure protons in final
state.
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Two proton events

Example of event displays for two 1GeV/c protons
For many such events tracks are easily separable

Events with small opening angle will require additional
separation method (dE/dx, Bragg peak, etc...).
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Momentum of the leading protons

e Background for scattering on correlated nucleon pairs.

* Our Monte Carlo doesn’t include any interaction beyond the impulse
approximation (scattering on separate nucleons inside the nucleus)

 Multinucleons final states are produced due to rescattering inside nucleus
* Momenta of the 1st, 2nd and 3rd protons from FSI after QE interactions
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In case of scattering on correlated pairs there
should be ~30% excess of second highest
momentum protons



CC t*/CCQE ratio

In recent high statistics results discrepancy between data and MC were
seen for various interaction channels.

However, there is a good agreement for cross section ratio CCrtt/CCQE
In the cross section ratio most of the flux uncertainties cancel out.

The most precise measurement from MiniBooNE — direct measurement of
‘semi-inclusive’ CCQE and CCrt* channels.

Semi-inclusive channels
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CC t*/CCQE ratio

* NOVA will be able to measure directly the inclusive channels.
* Measure interactions from NuMI neutrino beam.

* For antineutrino similar ratio may be measure and compare two
beams using the same detector.
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Summary

The near detector prototype was extremely useful in testing
future production and installation procedures of near and far
detectors.

Near detector will be able to precisely measure cross sections
for neutrino scattering on Carbon.

Near detector on the surface is taking neutrino data now
(statistically limited)

We take data from NuMI and BNB
Charged current quasielastic cross section

Excess of high momentum protons from scattering on correlated
nucleon pairs



