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Motivation

 Neutrino Cross-Sections uncertainties are an
important systematic in oscillation experiments.

 Neutrinos can be directly used as a probe of
nuclear structure.

* A better knowledge of the nuclear effects is
crucial to use the nuclear neutrino data in global
PDF fits.
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Inclusive Charged Current

Scattering
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CC Inclusive in the Tracker
Region

About ~102K survive
these selections in
neutrino and ~49K in

v+N— M +X anti-neutrino
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See Arturo F. talk for details about the Detector and Flux!
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Vertex Distributions
Acceptance

MINOS-matched muons for CC inclusive sample
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« Energy threshold for a muon to exit MINERVA and be tracked into
MINOS: ~2 GeV.

* Good angular acceptance up to scattering angles of about 10 degrees,
with limit of about 20 degrees.

» Acceptance is complex but well understood.
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Vertex Distributions -
Acceptance
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Recoil Energy Reconstruction

Calorimetric energy resolution, 6/E
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Reconstructed Inclusive

Kinematic Quantities
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Events / 250 MeV

Fractional Uncertainty

Reconstructed Inclusive
Kinematic Quantities
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Events / 250 MeV
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Background Subtraction

Background Sources:
Neutral Current :

-NC events with a pion that exits MINERVA
-Pion decay producing a muon that satisfies signal requirements

Wrong Sign:

-Antineutrinos producing antimuons that faked a muon in MINOS

Rock Muons:

-CC Neutrino interactions in the upstream rock (estimated to be small)
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MC predicts a fraction of ~0.5% background for neutrino
and ~1.5% for antineutrino
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CC Inclusive in the Nucler _
Targets
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CC Inclusive in the Nuclear
Targets

Active Scintillator Modules
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Strip Numbe+r—

CC Inclusive in the Nuclear

Targets
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Event selection criteria:

Single Muon track matched into MINOS detector.
z-position of reconstructed vertex must be near
nuclear target.

Vertex must be more than 2.5 cm away from
materials partition in target.

Recoil energy computed calorimetrically.

Nulnt 2012
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Background Subtraction

Scintillator
Modules are
used as control
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Unfold, Acceptance Correction,
Divide by Flux

Unfolding is done via iterative Closure Tests
Bayesian method.
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CC Deep Inelastic Scattering

nucleon Hadron
Shower

() * Incoming neutrino interacts with

parton inside of nucleon
* Observables:  £..9. £y

* Completely characterized in
terms of 3 invariant observables:

Bjorken x: fraction of
nucleon's momentum
carried by the struct

Kenyi Hurtado (CBPF)

2
% O, x,y

y: inelasticity, or ratio Q?: 4-momentum

of hadronic energy to transfer to hadronic

neutrino energy system

E -E 6
-V u 2 s 207U
y — Q" =4E E,sin (7)
1%
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CC DIS Measurement goals

Cross section measurements

- Begin with cross-section ratios to cancel flux and acceptance
systematics

Absolute double differential (x, Q?)
MINERVA Fe / Other neutrino Fe

Structure function extraction

Ratio of structure functions internal to a nuclear target and
between different nuclear targets

Kenyi Hurtado (CBPF) Nulnt 2012 20



Event Selection

120 TRACKER 3 CALT - HCAL
o-—— L | B B s ; aa | .h../ ——
@ . in
A =0 : N -

80 é

.| Beam —» /]|
= : vertex . = - Ak! -
0 _ if‘.a_." 'MINOS Matched
o] | [H | B NN D B Wc !h N S SE S-a ] el \\ Track
30 ; - E =

20 E _Q_

14— B A = = é

1P PV A Y g a e T D R R D SR a T T & &) 5 o 00 02 64 85 % 1z krberle o1z 1ie
Module Number

. . -+

« Single Muon Track matched into MINOS Detector L% Y n

« Reconstructed Vertex inside fiducial tracker region L/__ e _

* Recoil Energy computed calorimetrically R~y i

¢« Q?>1 GeV?
« W? > 4 GeV? (Recoil Mass)

\ Wr=My+2M,v—0"

Kenyi Hurtado (CBPF) Nulnt 2012

21



CC DIS Results | coming

Soon!!

z axis in kiloevents/3 tons of carbon/4e20 POT
Event statistics for ME neutrino run

Expected Kinematic
Distribution in the ME Beam
Generated events that have a
muon that makes it into MINOS

W(GeV)
0 NuMI Beam MC |
150 N —

* CC Inclusive is the first step towards CC DIS £ - —LE
measurements. S 100 —ME
« Also, Medium Energy Beam will begin E - ]
running starting 2013. It gives us many more > 3 so [ B
events due to higher E and doubled beam ~ - ]
pOWer. B | | .
For details: http://www-nova.fnal.gov/nova beam anu.html % """ 's """ 40 T 15 20

Neutrino Energy (GeV)
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http://www-nova.fnal.gov/nova_beam_anu.html

Summary

The MINERVA experiment is making
significant progress towards its first CC
inclusive cross section results.

» First time showing anti-neutrino inclusive
samples.

* Preliminary measurements of neutrino cross-
section ratios on targets in the few-GeV
region have been presented (more data to
analyze)

« Systematic Errors being explored (significant
improvement can be expected in the future)

A DIS analysis will be driven in the near future
based on the CC Inclusive Analysis.

«Stay tuned for more results!  hitp://minerva.fnal.gov/

Kenyi Hurtado (CBPF) Nulnt 2012
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Backup Slides
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Events / 250 MeV

Kenyi Hurtado (CBPF)

CC Inclusive Area-Normalized
Distributions
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Muon Energy Uncertainty
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Where do Muons go?

LE Monte Carlo
« L contained in Inner Detector (1D)

¥

—— W enters Outer Detector (OD)
—e- W track ends in IDVOD border region |
—— |l matched with energy in MINOS
+ 1L matched with a rack in MINOS

0.02

Normalized by Number of u s

0 5 10
True Energy [GeV]
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Systematic Errors on Recoil
Energy

» The systematic error on the calorimetric reconstruction of
the recoil energy is determined by computing the average
energy in the recoil from protons, neutrons, mesons (pions
and kaons) and EM (110’s, photons and electrons) as a
function of the true recoil and applying the following
systematic errors to each component:

=10%, o = 15%, o n=5%, OEM=3%

proton neutron meso

Kenyi Hurtado (CBPF) Nulnt 2012
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10°® Events per 0.05

10° Events per 0.05

Getting the Calorimetry Energy

True recoil energy, E =0 - 100 MeV
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True recoil energy, E = 305 - 415 MeV
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10° Events per 0.05

Resolution

True recoil energy, E = 100 - 200 MeV True recoil energy, E = 200 - 305 MeV
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Selection Efficiency
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Neutrino Smearing Matrix in
the Tracker

< 10
m -
© 9oF
3 [
w8
® _F
s E
g —
o 6
o -
S
4
3F-
2
1=
:IIIII

Qﬂ
Y
N
W
i
4

6 7 8 9 10
Reconstructed Efc (GeV)

Kenyi Hurtado (CBPF) Nulnt 2012 32



CC Inclusive Background
Subtraction in Nuclear Targets

This technique is independent of XS model predictions since the
Background is derived from data

backgroun_c_j.
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Use plastic reference targets to predict rate at the plastic
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CC Inclusive Background
Subtraction in Nuclear Targets

Use plastic reference targets to predict rate at the plastic background.
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Expected DIS Events

4x102° POT, full amount of approved LE neutrino run

Target Fiducial Mass DIS Events
Scintillator 5.00T 300K
Fe 0.98T 60K
Pb 1.01 7T 65K
C 0.17T 10K

Does not include acceptance and efficiency effects

Kenyi Hurtado (CBPF) Nulnt 2012
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