
LA-UR- \ \- 0 \ 0 ':l;- b 

Approved for public release; 
distribution is unlimited. 

~Alamos 
NATIONAL LABORATORY 
--- EST. 1943 ---

Title: MiniBooNE Neutrino Cross Section Measurements 

Author(s): Geoffrey B. Mills 

Intended for: Proceeding of the 35th International Conference of High 
Energy Physics (ICHEP201 0) 
Paris,France 
July 22-28, 2010 

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the Los Alamos National Security, LLC 
for the National Nuclear Security Administration of the U.S. Department of Energy under contract DE-AC52-06NA25396. By acceptance 
of this article, the publisher recognizes that the U.S. Government retains a nonexclusive, royalty-free license to publish or reproduce the 
published form of this contribution, or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests 
that the publisher identify this article as work performed under the auspices of the U.S. Department of Energy. Los Alamos National 
Laboratory strongly supports academic freedom and a researcher's right to publish; as an institutiQn, however, the Laboratory does not 
endorse the viewpoint of a publication or guarantee its technical correctness. 

Form 836 (7/06) 



OF SCIENCE 

MiniBooNE Neutrino Cross Section Measurements 

Geoffrey B. Mills 1 

Los Alamos National Laboratory 

Los Alamos, NM, USA 

E-mail: mills@lanl . gov 

For the MiniBooNE Collaboration 

The MiniBooNE experiment has operated at Fermilab since 2002. It has collected 6.46xl02o pot 

in neutrino mode and 5.66x1020 pot in antineutrino mode. This paper presents some of the cross 
section measurements from this data. The three neutrino-nucleus channels discussed here are 
important channels for current and future neutrino oscillation experiments. 
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MiniBooNE Observations Geoffrey Mills 

1. MiniBooNE Cross Section Measurements 

The MiniBooNE detector is described elsewhere [1] . This paper presents cross section 

measurements [2] made with the MiniBooNE detector. The cross sections are important for the 

understanding of neutrino interactions in neutrino oscillation experiments. Events in 

MiniBooNE are reconstructed by using a likelihood technique, originally developed for LSND 

and expanded for MiniBooNE events [3]. The neutrino flux was constrained by measurements 

of pion production in proton-beryllium interactions by the HARP collaboration [4] . 

1.1 The Charged Current Quasi Elastic (CCQE) Channel 

Figure 1-1 shows the total CCQE cross section as a function of measured neutrino energy. 

The data is substantially above the independent particle nuclear model (dashed line), The solid 

line corresponds to fitting and effective axial mass (Mt) and minimum Fermi energy scale 
/ 

factor (K) to the data. The RP A corrections of [5] that include 2-body currents also seem to 

reproduce the data well . The CCQE events are defined as any CC event that has no observed 
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Figure 1-1 The measured CCQE cross section versus neutrino energy. The dashed curve is the standard 
independent particle model prediction while the red curve shows the prediction when n-particle - n-hole 
RP A corrections are included. 

1.2 The Charged Current Single 11:+ and 11:0 (CC1I:+(1I:°» Channel 

Figure 1-2 shows the measured cross sections for single n+ and nO events versus neutrino 

energy. Those measurements required the development of extended fitting algorithms in order 

to reconstruct the additional pion in the event. 

1.3 The Neutral Current Quasi Elastic (NCE) and Single 11:0 (NC1I:0) Channels 

Figure 1-3 shows the flux averaged cross sections for: neutral current quasi elastic versus 

Q2; and for neutral current single nO events versus nO momentum and angle for neutrino mode 

and antineutrino mode. 
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Figure 1-2 The charged current, single 7f (lefl) and single,.+ (right) cross sections measured by 
MiniBooNE are shown. The solid lines are predictions by NUANCE. 
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Figure 1-3 The right-hand plot shows the measured cross section for neutral current quasi elastic events 
versus Q2, averaged over the MiniBooNEjlux. Thefour panels on the right show the neutral current cross 
sections for single 7f production versus 7f momentum (middle) and 7f angle (Iefl) for neutrino mode (top) 
and antineutrino mode (boltom), averaged over the MiniBooNE jlux. 
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