MINERVA and cross-sections:

MINERVA: well
designed for the physics
relevant to this session,

physics results, plans

Limitations. What can
we expect? What can
we learn?

Flux. Need | say more?
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MINERVA and cross-sections: why we care
e aaseiasie 1IN the oscillation session

kinematics to determine E Model
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MINERvVA: The Good

Intense beam, covers
interesting energy
range, configuration
can be changed to help
with flux tuning

v

v From NuMI
>

Steel Shield

Nuclear targets (can
explore A-dependence
of nuclear effects)

Containment (particle
ID and topology ID)

Large fiducial mass
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(large statistics)
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Ran a mini-MINERvA in a test
beam in 2010, constrains our
uncertainty in hadronic response

active tracking
(can select topologies
and see vertex activity)

S. Manly, University of Rochester

Magnetic spectrometer
(momentum and sign
analyze muons)
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Nuclear targets
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The Bad
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Matched muon 40 30 60 70
acceptance imposes Muon Reconstrucied Theta ( degrees )
angular and low-end
momentum and high-
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hit in statistics and
phase space of
differential xsec
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Currently working to
reconstruct/understand
stopped and side-
exiting muons to
improve acceptance
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Construction of tracker gives a
hole in reconstruction at 90°
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The Ugly Flux tuning handles:

» External hadron production data
o (NA49 now, NAG61 in future)

Flux for these results: GEANT4 + reweighting
using external hadron production data from NA49

» Muon flux from muon monitors -
f(x, p,) for n* using QGSP > I_Data from special runs with o
e different horn current and target s
102 NA49 data | %00 . position configurations _
x=0.05 (% 107") i
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Uncertainties: 7.5% statistical, 2-10% systematic. O
Biggest systematic is from reinteractions inside and outside of target. neutrino energy (GeV)
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Would be even uglier if we kept going with the Clint Eastwood theme

Recent results: vand v CCQE

See slides by C. Marshall in WG2 (Tuesday at 10:30) for more detail
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Model comparisons

M, =1.35 best fit to MiniBooNE data Phys.Rev.Lett. 100, 032301 (2008)

TEM == === == ====== empirical model based on electron scattering data  Eur. Phys. J. C 71, 1726 (2011)

GENIE independent nucleons in mean field Nucl. Instrum.Meth. A 614:87-104 (2010)
SF more realistic nucleon momentum-energy relation Nucl.Phys. A579, 493 (1994)

Also see Gran et al., arXiv 1307.8105 [hep-ph] for comparison with Valencia 2p2h with RPA
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TEM: emperical, adjust magnetic form factors of bound nucleons to reproduce
enhancement in the transverse cross-section in eA scattering attributed to meson
exchange currents in the nucleus
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Energy near the vertex
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CCQE — more coming soon

2-track CCQE analysis
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S. Manly, University of Rochester
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views showing p
exiting out side

Muon Reconstructed Theta ( degrees )

» Complementary (different recoil
reconstruction)

» Can compare kinematics reconstructed from
proton to that from muon (FSI)

» Include “exiting” muons to increase high-Q?
acceptance, use p for kinematics rather than p

> Nuclear target analysis with 2-tracks has lower
backgrounds than the 1-track analysis

NUFACT 2013, Beijing, China 14
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N Events / 0.5 GeV
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v-e~ scattering

(demonstration of a simple, robust, cheap way to measure integrated flux)
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Yes, we see pions as well
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Results to expect in the near-term
(All NuMI LE configuration)

»2-track CCQE (on scintillator and nuclear targets)

» CC inclusive production in nuclear targets

\
» v-e scattering (on scintillator)

See talk by A. Bravar in WG2
(Wednesday at 16:50) for more detail

» CC 1r* production (on scintillator)

» CC coherent n* production (on scintillator)

See talk by A. Higuera in WG2
(Wednesday at 13:30) for more detail

» CC r° production (on scintillator)
» v, CCQE (on scintillator)

S. Manly, University of Rochester NUFACT 2013, Beijing, China 20
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Beyond the LE sample

Peak energy ~6GeV

NuMI Low Energy Beam, FTFP " \ ME, FHC
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»ME running just beginning, expect to
accumulate:

=12x10? POT ME v,
» Fewer events for QE and resonance regions.
DIS, low-x physics more of a focus
» Higher statistics (e.g., x10 for v-e

scattering)
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> In hand:
= 3.98x1029 POT LE v,
= 1.7x10%° POT LE VH




sSummary

»0Ongoing CCQE and vertex region measurements offer opportunities to refine
nuclear models important for understanding CCQE kinematics and cross section
»Near-term v-A and pion production differential cross sections will provide data
for improving models of nuclear effects and FSI, as well as to constrain/set errors

for models currently being used
» v-e scattering in scintillator can measure v flux relatively simply and cheaply

What can MINERVA do for you?

!
’ Wha’
g ist

Got postdoc? MINERVA has openings and offers
Interesting and important physics to do.
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