
ν-Nucleus Cross Section at MiniBooNE Energies

M. Sajjad Athar, S. Chauhan, and S. K. Singh
Department of Physics, Aligarh Muslim University, Aligarh - 202002, INDIA

Introduction
Recently, MiniBooNE collaboration has re-

ported the results for the observed σCC1π+

σCCQE

cross section ratio R(E) as a function of neu-
trino energy for the νµ induced reaction in
mineral oil (CH2) [1]. In the energy region
of MiniBooNE experiment, the contribution
to the cross section mainly comes fom the
charged current quasielastic lepton produc-
tion(CCQE) and the charged current incoher-
ent and coherent 1π+ (CC1π+) production
processes and therefore the theoretical study
of nuclear effect in the calculation of neutrino
nucleus cross section becomes important in
the νµ induced CCQE as well as CC1π+ pro-
cesses. In this work, we have studied the nu-
clear effect in the neutrino nucleus cross sec-
tions in the energy region of around 1GeV and
obtained the ratio R.

Formalism
The basic reaction for the quasielastic process
is a neutrino interacting with a neutron inside
the nucleus i.e. νµ(k) + n(p) → µ−(k′) + p(p′)
The total cross section σ(Eν) for the charged
current neutrino induced reaction on a nucleon
inside the nucleus in a local Fermi gas model
is written as [2]:

σA(E) = −GF
2 cos2 θc

2π2
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rmin
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∫ k′
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k′
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k′2dk′
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−1
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1
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LµνJ
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where Lµν is the leptonic tensor and J
µν
RPA is

the hadronic tensor obtained with RPA corre-
lations in nuclei [2]. q is the four momentum
transfer, M is nucleon’s mass, GF is the Fermi
coupling constant, θc is the Cabbibo angle and
UN is the Lindhard function for the particle
hole excitation.

The basic reaction for the inelastic pion pro-
duction in nuclei, for a neutrino interacting

with a nucleon N inside a nuclear target is
given by νµ(k) + N(p) → µ−(k′) + N ′(p′) +
π+(kπ), where N/N ′ = n, p. In the local den-
sity approximation the expression for the total
cross section for the charged current one pion
production is written as [2]:
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The transition matrix element Mfi is given
by [2]

Mfi =
√

3
GF√

2

fπN∆

mπ

ū(p′)kσ
πPσλOλµLµu(p)

(3)
Lµ is the leptonic current, Oλµ is the N − ∆
transition current and Pσλ is the ∆ propa-
gator in momentum space. The pions pro-
duced in this process are scattered and ab-
sorbed in the nuclear medium. This is treated
in a Monte Carlo simulation which has been
taken from Ref. [3].

The νµ induced coherent one pion produc-
tion on 12C target is given by νµ +12

6 C →
µ− +12

6 C + π+ for which the cross section is
given by Eq.(2). However, the matrix element
Mfi is now given by

Mfi =
GF√

2
cosθcL

µJµF(~q − ~kπ) (4)

where Jµ is the hadronic current given by [4]

Jµ =
√

3
fπN∆

mπ

∑

r,s

ūs(p)kπσPσλOλµur(p)

(5)
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FIG. 1: Ratio R(E) for νµ induced reaction in
mineral oil. Squares shows the FSI corrected
experimental points and circle denotes the ra-
tio of the cross sections for the observed events
of CC1π

+-like/CCQE-like process in the Mini-
BooNE experiment [1].

F(~q − ~kπ) is the nuclear form factor which is
in the Eikonal approximation given by [4]:

F̃(~q − ~kπ) = 2π

∫ ∞

0

b db

∫ ∞

−∞

dz ρ(~b, z)

×J0(k
t
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where f(~b, z) =
∫ ∞

z
1

2|~kπ |
Π(ρ(~b, z′))dz′, kl

π(kt
π)

is the longitudinal(transverse) component of
the pion momentum and Π is the self-energy
of pion [5].

Results
We have plotted in Fig.(1) the ratio R(E) =
σCC1π+

(E)
σCCQE(E) of the cross sections for νµ in-

duced CC1π+ process to the CCQE process.
The one pion production includes contribu-
tions from incoherent as well as coherent chan-
nels. In the νµ induced lepton production
in 12C when the cross section for the pion
production process is calculated without nu-
clear medium effect and the cross section for
quasielastic lepton production process is cal-
culated in the local Fermi gas model(FGM)

without RPA effect the contribution from the
inelastic channel is 30% at Eν=0.65GeV, 65%
at Eν=0.95GeV, 78% at Eν=1.15GeV and
86% at Eν=1.35GeV in comparison to the
contribution of the lepton events from charged
current quasielastic process. Our final result
for the ratio is the one where charged current
one pion production cross section is calculated
for νµ induced reaction on free proton as well
as from 12C nucleus with nuclear medium and
final state interaction effect and the quasielas-
tic lepton production cross section for νµ in-
duced reaction in 12C nucleus is calculated in
the local Fermi gas model with RPA effect and
this also includes the quasi-like events coming
from the inelastic channel when a pion doesn’t
appear in the final state and one only observes
a lepton. We find the contribution from the in-
elastic channel is 20% at Eν=0.65GeV, 42% at
Eν=0.95GeV, 50% at Eν=1.15GeV and 55%
at Eν=1.35GeV as compared to the contribu-
tion from the quasielastic channel. We com-
pare our numerical results with the FSI cor-
rected experimental observations as reported
by the MiniBooNE collaboration [1] and find
that the theoretical results for the ratio are in
agreement with the experimental observation
for νµ energy region of Eνµ

<1.2 GeV. Simi-
larly for Eνµ

<1.2 GeV when the results for
the ratio R(E) as obtained in our model with
nuclear medium effect is compared with the
experimentally observed results reported by
the MiniBooNE collaboration they are found
to be in agreement. Thus, we find that the
nuclear medium effect plays an important role
in both the CCQE and inelastic processes con-
sidered here in obtaining the ratio R(E).
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