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Introduction
In this work, we present a simulation based

analysis to quantify the multi-nucleon contri-
bution arsing in neutrino-nucleon interactions
on Argon and Carbon targets for the QE in-
teraction process. To achieve the quantifica-
tion of uncertainties in the Argon and Car-
bon targets, the ratio of kinematic variable,
Q2 is calculated with the model once consider-
ing the Random Phase Approximation(RPA)
effect and then without considering the RPA
effect. The uncertainity in the models with
and without RPA effect for the Carbon tar-
get was recently published by the MINERVA
collaboration[1], the study suggests a require-
ment of modification in the models. At the
same time, we have analysed the same inter-
action sample by adding the 2p2h contribu-
tion with the RPA sample following a similar
approach as performed in[1]. The motivation
behind this combination is an improvement
in the description of the MiniBooNE data[2].
The RPA effect is prominent when the four
momentum transferred to the nucleus is small,
because as the energy transferred to the nu-
cleus increases the RPA effect diminishes. De-
tailed study of the effect of these interactions
have been explored in ref[3].

DUNE ND- HPgTPC Design
The reference design of the DUNE-ND[4]

consists of three main components: (1) A
50t LArTPC with pixelated readout (2) A
multi-purpose tracker, the HPgTPC, kept in a
0.5T magnetic field and surrounded by ECAL
(3) A 8t 3-Dimensional Scintillator Tracker
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Spectrometer(3-DST).The working principle
of LArTPC to observe neutrino-argon interac-
tions will be similar to that of the far detector
while the 3-DST will look for neutrino-CH in-
teractions and is designed to have a powerful
detection capability for neutrons.

Simulation Details
In our work we have simulated CCQE neu-

trino interactions on Argon(Z=18) and Car-
bon(Z=6) nuclei using two different models-
(i) the default GENIE-model and (ii) Nieves
et al [5], which takes RPA effect into consid-
eration. The final state particles are gener-
ated via neutrino-nucleon interactions using
GENIE. The particles are visualized in two
ways- (i) When no detector cuts are imposed
i.e. ’Calculated or Cal’(First set) (ii) When
real time detector cuts are imposed i.e. ’Vis-
ible or Vis’ (Second set). The variation in
νµ -Ar integrated cross section with energy is
shown in Figure 1.

Result and Discussion
In an attempt to quantify the systematic

uncertainties introduced due to nuclear ef-
fects we have checked the ratio of Q2 distri-
bution for two different targets: Argon and
Carbon. This analysis will help us to un-
derstand whether the systematic uncertainity
in different targets follows some symmetry or
not. This distribution ratio for Ar/C is shown
in Figure 2 and the analysis is repeated with
both the models i.e. the default and the model
with RPA effect for both sets of data (i.e. for
Cal and Vis). Further to check the systematic
uncertainity in the models for each target sep-
arately, we have estimated the ratio of event
distributions as a function of Q2 with RPA ef-
fect ON(RPA ON) and with RPA effect OFF
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FIG. 1: The integrated cross-section for Argon
from GENIE 2.12.6 version for default model(blue
line), the same with RPA suppression(red line),
with only 2p2h model(green line) and for a RPA
combined with 2p2h component(black line).
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FIG. 2: This figure shows the ratio of Q2 distri-
bution for Ar/C achieved using the Default model
and model with RPA effect.

(RPA OFF) as shown in Figure 3.
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FIG. 3: This figure shows the distribution of Q2

ratio for Ar/Ar and C/C with RPA effect ON and
RPA effect OFF represented by circles and the
triangles shows the Q2 distribution ratio for RPA
ON+2p2h and RPA OFF.

References
[1] P. A. Rodrigues et al, ’Identification of Nu-

clear Effects in Neutrino-Carbon Interac-
tions at Low Three-Momentum Transfer’,
DOI:10.1103/PhysRevLett.116.071802.

[2] M M. Martini, M. Ericson, G. Chanfray,
and J. Marteau, Phys. Rev. C 80 (2009)
065501.

[3] J. T. Sobczyk, ’Multinucleon ejection
model for Meson Exchange Current neu-
trino interactions’, Phys. Rev. C86 (2012)
015504.

[4] Alan Bross et al, https://indico.fnal.
gov/event/16205/contribution/1/
material/0/0.pdf

[5] J. Nieves, J. E. Amaro, and M. Valverde,
Phys. Rev. C 70, 055503 (2004).

Proceedings of the DAE Symp. on Nucl. Phys. 64 (2019) 838

Available online at www.sympnp.org/proceedings


