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On the Horizon ... -

The next generation of long-baseline neutrino oscillation experiments:
 Require a high precision understanding of neutrino-nucleus interactions

 The MINERVA experiment at Fermilab was designed to provide this by making
cross-section measurements 2> Used to tune cross-section models

» Cross section: A measure of the probability of an interaction occurring
# of Interactions = Cross-section * Flux * # of Targets
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The Incident Neutrino Flux

”"ﬁgross section measurement
P R NN N




The Incident Flux;: The NuMI Beamline at Fermilab
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The Antineutrino Flux Volcano
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1. Antineutrinos and the MINERvVA Experiment
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2. What is this analysis about?

. Goal: Extract antineutrino (and neutrino) two-dimensional Cross sections in the

tracker in terms of muon transverse and longitudinal momenta

* Antineutrino inclusive cross section: 7 it
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2. What is this analysis about?

» Reconstructed Events
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Antineutrino Cross Section Measurement
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* Low Energy Beam (flux peaks at 3.5 GeV)
* Inclusive cross section shown with predicted breakdown by interaction channel
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Antineutrino Cross Section Measurement

* Low Energy
Beam (flux peaks
at 3.5 GeV)

* In lowest pt bins,
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Antineutrino Cross Section Measurement

d‘ga:n'dptdp|| (x107% (cm?/(GeV/c) Z/Nucleon

* Low Energy Beam (flux peaks at 3.5 GeV)
* Inclusive cross section shown with model predictions from various event generators
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Antineutrino Cross Section Measurement
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Data Cross Section

« Antineutrinos: Low Energy Flux on Left, Medium Energy Flux on Right
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Ratio data/MINERvA Tune v1

Data Cross Section — Breakdown by Interaction Type

« Antineutrinos: Low Energy Flux on Left, Medium Energy Flux on Right
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Ratio to MnvTune v1

Model Comparisons

« Antineutrinos: Low Energy Flux on Left, Medium Energy Flux on Right
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Ratio to MnvTune v1

Model Comparisons - NEUTRINO MODE

* Neutrinos: Low Energy Flux on Left, Medium Energy Flux on Right
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The Antineutrino Flux Volcano
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Low Energy to Medium Energy Ratio

« Ratio of antineutrino cross section for low energy flux / cross section for medium
energy flux

) Low Energy / Medium Energy
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The dip shape is showing the
ratio of low energy flux to
medium energy flux, if instead
of flux integrated cross
sections, we were doing total
cross sections at each energy
it would be flat at 1

Models closer to data for the
ratio

Less spread in models when

predicting the ratio
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Low Energy to Medium Energy Ratio

« Ratio of neutrino cross section for low energy flux / cross section for medium
energy flux
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Conclusion

« Antineutrino and neutrino cross sections measured in two different beams
 The models show similar behaviour across the modes and beam configurations
 No model performs the best across both modes and beam configurations

» Greater spread of models at low muon momentum bins
o Model variation dependent on nuclear modeling

* Modeling of low energy to medium energy cross section ratio has small model
spread and improved agreement with the data ratio

Maria Mehmood, YorkU 30






Model Comparisons: Chi2 Values

» Chi2 values for various model predictions
« 208 degrees of freedom

________ |GENIE10a,__ Mnvlunevi | _ GENIEAR23 _

Neutrinos Medium Energy 2052 3913 1883
Neutrinos Low Energy 704 610 679
Antineutrinos Medium Energy 1154 2746 1201
Antineutrinos Low Energy 314 215 258

* No model performs the best across both modes and beam configurations

 MnvTunev1 performs well for low energy and GENIE AR23 performs well for
medium energy with GENIE 10a a close candidate as well

Maria Mehmood, YorkU 32



Fractional uncertainty

Fractional Uncertainty on Cross Section

. . _ , MINERVA Work In
« Antineutrinos RHC: Low Energy on Left, Medium Energy on Right Progress

0.4
0.3 \/6 00 <P, {Gew W}.?U"E 0o 000<P (Gevic)£0.07 0.07 <P, (GeVic) < {15 0.15 < P, (GeVic) < 0.25 0.25 < P, (GeV/c) < 0.33
0.2} < <O g
| AV N 0.11 e S S — ﬂi L\,V—/
= T i . o= o et
n.a m—- = '!--____._f E: ~ k " e = == L - = é
0.40 < P, (GeVic) < 0.47 2 0.0
: - a ' " 5 a n a
0.3 ' E o2 0.33 < P, (GeV/c) < 0.40 0.40 < P, (GeVic) < 0.47 0.47 <P, (GeVic) < 0.55 0.55 < P, (GeVic) < 0.70
0.2 . =
ety -=" ” @«
1] et ol AL CTR / g DI.IW M \‘_~_-/'_-"’\————/ w
T e _ = - ANTCITETR § o | NPT BT
0.0 0.70 < P, {GeV/c) < 0.85 0.85 < P, {GeV/c) < 1.00 T 0.0 pEmm=== == e e
0.3 - . : - . ' < 0'2 0.70 < P, (GeV/c) < 0.85 0.85 <P, (GeV/c) < 1.00 1.00 <P, (GeVic) < 1.25 1.25 < P, (GeVic} < 1.50
S .
@
w0 & L~ s TN
ol b e Ve : R R :
B ;:.::Isz:::artamty 0.2 1.50 < P, (GeV/c) < 2.50 B Total Uncertainty
V MODE, Low Energy Flux \\—/ V MODE, Medium =--=----- Statistical
—— F
MINERVA Work = Hadronic Response 01 _ Energy, - H::runic Respanse
— Models T L
4 10 20 30 40 In PI’OQI’GSS Muon Reconstruction 0.0 4 10 20 30 40 MINERvA Work :odels .
Normalization In PI’OQ ress uon Reconstruction

Normalization
Muon Longitudinal Momentum (GeV/c)

Muon Longitudinal Momentum (GeV/c)

33



Fractional uncertainty

Fractional Uncertainty on Cross Section
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