MiniBooNE Cross Section Results
Interactions of the future!
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Min

BooNE Neutrino Beam

8.9 GeV/c momentum protons extracted
from Booster

Directed on to a Beryllium

Maximum rate of 5 Hz

FNAL Booster | target and horn decay region absorber dirt detector

Booster *
primary beam secondary beam tertiary beam
(protons) ~ (mesons) (neutrinos) -
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MiniBooNE Neutrino Beam

Magnetic horn with reversible polarity

Focuses either neutrino or anti-neutrino
parent mesons

Collect data in neutrino, anti-neutrino
mode, <E > ~700 MeV

FNAL Booster decay region absorber dirt detector
Booster *
primary beam . secondary beam tertiary beam
(protons) - (mesons) (neutrinos) g
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31 s lope MiniBooNE Detector

MiniBooNE Detector

Signal Region

Veto Region

Detector
12.2 meter diameter sphere ”
Pure mineral Oi|, Interactions on CH2 Nucl. Instr. Meth. A599 (2009) 28-46
2 regions

Inner light-tight region, 1280 PMTs (10% coverage), 41T coverage
Optically isolated outer veto-region, 240 PMTs
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MiniBooNE Detector

muon candidate

Detector

Cerenkov detector — ring imaging for event reconstruction
and PID, use particle decays forevent ID (u — e, T" =y — €)

Separate clusters of PMT hits in time

Scintillation light enables NC EL measurement
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MiniBooNE Detector
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Cerenkov detector — ring imaging for event reconstruction
and PID, use particle decays forevent ID (u — e, T" =y — €)

Separate clusters of PMT hits in time

Scintillation light enables NC EL measurement
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Measuring a Cross Section
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Collected v data

Neutrino Cross Sections 2002-2005, 2007
8 v cross section publications ~ °-40¢20 FOT
NC EL
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Collected v data
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Neutrino CC Exclusive Intrigue

10 T. Katori, Indiana U, Ph.D. thesis
NE 16
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Tension between existing CC exclusive measurements, different expts

Tension between CC exclusive measurements and theory, QE, 1*, 19
nuclear interactions may be the key

Need to understand CC scattering as a whole
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Full 6.46e20 POT

Neutrino CC Inclusive
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systematic errors too!
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~344k events after cuts, purity of 96%
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Collected anti-v data

Anti-neutrino Cross Sections 2005-2006, 2008-2012
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Anti-neutrino Wrong Sign Contamination
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Large wrong-sign contribution to data sample
Largest in region not covered by HARP

Measure WS in-situ, using complementary methods enys. rev. ps4,

_ _ 072005 (2011)
18t measurement of WS in a non-magnetized detector!
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Anti-Neutrino CC Cross Sections

World anti-v CC results ...
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Anti-neutrino CCQE Cross Section

observed final state: 1, 07, any # nucleons

arbitrary

Applying identical cuts as neutrino-mode CCQE PRD analysis

™

H, subtracted

. total error

shape error

Full 10.1e20 POT

J. Grange, University of Florida

~77,000 events pass CCQE cuts (not bkg subtracted or efficiency corrected)
More than 10x the statistics of all other previously published anti-neutrino CCQE samples!
Next step: neutrino/anti-neutrino, exploit error correlations, narrow down correct model(s)
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Anti-neutrino NC Elastic Cross Section

v, NC elastic

T T
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scintillation light

* Only 1 nucleon in final state

« Below Cerenkov threshold

« Reconstruct recoiling nucleon via a small amount of scintillation light
« Uses Likelihood ratio to distinguish protons from low energy electrons
« Largest bgd from NC 11t where 1T is missed due to absorption in oil
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Anti-neutrino NC Elastic Cross Section
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~44,000 NCE events, 40% purity
World record anti-v NCE sample!
Next step: neutrino/anti-neutrino ratio

H. Ray, University of Florida
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R. Dharmaplalan,
University of Alabama
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Future Plans!

* Neutrino CC inclusive (Martin Tzanov, LSU)
* Antineutrino CCQE (Joe Grange, U Florida)

* Antineutrino NC elastic (Ranjan Dharmapalan, U Alabama)

* Neutrino CCQE with proton reconstruction (Athula
Wickremasinghe, U Cincinnati)

MiniBooNE has performed v-nucleon scattering
measurements in a variety of interaction channels!
8 publications so far!

These analyses will complete the highly successful
MiniBooNE cross section program
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