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1. Introduction

MINERvA (Main Injector Neutrino ExpeR-
iment to study ν-A interactions) is a dedi-
cated neutrino-nucleus experiment in the few
GeV energy region located at the Fermi Na-
tional Accelerator Laboratory. One of the
goals of this experiment is to understand the
hadron dynamics in the nuclear medium using
νµ(ν̄µ) from the NuMI (Neutrino at Main In-
jector) beamline. Several nuclear targets (car-
bon, helium, iron, lead and water) have been
used to understand the nuclear medium ef-
fects in a wide range of Bjorken x and four
momentum transferred square Q2. The de-
tector consists mainly of four parts. The up-
stream part is the nuclear target region fol-
lowed by active tracker region, electromag-
netic and hadronic calorimeters. The tracker
region is made up of scintillator planes. Two
meters downstream from the MINERvA de-
tector, the MINOS near detector is used as
a muon spectrometer. MINERvA has taken
data in the low (peaks around 3GeV) as well
as in the intermediate (peaks around 6GeV)
energy modes. Fig.1 shows the schematic dia-
gram of MINERvA setup [1].

We are doing 2 dimensional deep inelastic
scattering (DIS) analysis of ν̄µ-nucleus scat-
tering in the intermediate energy mode. In
this paper, the results for the event distribu-
tion and migration are discussed in brief. The
detailed results will be presented in the con-
ference. Deep inelastic scattering of neutrino
with nucleus is important because it helps to
probe inside the nucleons. The important
variables involved in the DIS kinematics are
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Q2, Bjorken x and the hadronic invariant mass
W and these are written as

W 2 = M2
N + 2MNEhad −Q2 (1)

Q2 = 4EνEµsin
2
(θµ

2

)
(2)

x =
Q2

2MNEhad
(3)

where MN is the mass of struck nucleon,
Ehad is the hadronic energy of the final state
and θµ is muon scattering angle with respect
to the beam. In MINERvA, DIS region is
constrained by defining kinematical cuts on
Q2 ≥ 1GeV 2 and W ≥ 2GeV .

FIG. 1: Schematic diagram of the MINERvA de-
tector with their masses labeled.

2. Analysis procedure
The expression for the double differential

cross section is given by

d2σ

dxdy
=

∑
ij Uijαβ(Ndata,ij −N bkgd

ij )

Aαβ(ΦT )(∆x∆y)
(4)

This expression contains all steps beginning
from the event selection (Ndata,ij), back-

ground events (N bkgd
ij ), Unfolding Uijαβ and

efficiency correction Aαβ . ΦT is the product
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of the flux and the number of targets, and
∆x∆y is the bin width normalization. The
event selection is the very first and important
step in the analysis. For the DIS events, we
apply a selection of cuts to get the signal for
our analysis. In this analysis, we select our
signal as all the charged current antineutrino
DIS events that are in the given target ma-
terial with muon angle θµ ≤ 170 and muon
energy 2 ≤ Eµ ≤ 50 GeV. The events that are
not in the signal are the background events.

Since it is not possible to measure (or recon-
struct) quantities with 100 % accuracy, some
events are reconstructed in the wrong bin. To
rectify this, we must know the probability that
an event observed in bin ij is actually from bin
αβ. We can obtain this with the help of the
migration matrix. A diagonalized migration
matrix (Mijαβ) infers that most of the events
are reconstructed in the correct bin. To get
the unfolding matrix (Uijαβ), we just invert
the migration matrix [2].

Similarly, some fraction of the signal can not
be reconstructed because of the detector lim-
itations and also due to the fact that identifi-
cation of the neutrino event signature is very
difficult. Therefore, efficiency corrections are
required in the cross section calculation. Effi-
ciency is defined as the number of signal events
reconstructed in bin αβ divided by the total
number of signal events in bin αβ.

Aαβ =
Nαβ(reconstructed signal)

Nαβ(total signal)
(5)

After the efficiency correction, we just inte-
grate over the flux and do the bin width nor-
malization to get the cross section [2].

3. Results and discussion
The results for the event distribution (Fig.2:

top panel) and migration matrix (Fig.2: bot-
tom panel) in the nuclear target region (iron)
are presented. In event distribution, X axis
is the Bjorken x and different bins are Q2

bins. Here, black dots represent the data
points with statistical error and the red and
green lines are respectively the total Monte
Carlo (MC) and signal . It may be observed
that in the nuclear target region, the signal is
around 53% of the total MC. Thus the total

FIG. 2: Event distribution (Top) and migration
matrix(Bottom) for iron of all targets.

background in this case is around 47%. In the
migration matrix, events on the diagonal are
the ones that were reconstructed in the cor-
rect bins. Each bigger box is a Q2 bin and the
smaller boxes inside the bigger ones are the
x bins. This migration matrix is around 50%
diagonalized.

Presently, we are trying to add the kinemat-
ical dependent background subtraction tech-
nique so that we can finally extract the cross
section and these cross section results will
not only help us to understand the nuclear
medium effects in the DIS region but also this
study will be useful in reducing the system-
atics in determination of neutrino oscillation
parameters.
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