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In this work, we study the neutrino and antineutrino induced meson (π, η, and K)
production from the free nucleon as well as from the nuclear targets like carbon, argon,
lead, etc. The meson production processes are dominated by the resonance excitations
except in the threshold energy region where the non-resonant Born diagrams contribute
significantly. In the numerical calculations, we have considered the different nucleon
and delta resonances available in the PDG with 4-star rating and significant branching
ratio to Nπ, Nη, and Y K (Y = Λ,Σ) decay modes. The non-resonant Born terms
are determined using the non-linear sigma model involving the lowest lying baryons and
mesons.

1. Introduction

Neutrino physics is entering a precision era
and one of the aspects is to measure with high
accuracy the neutrino oscillation parameters,
to look for CP violation in the lepton sec-
tor, etc., for which the simultaneous knowl-
edge of neutrino and antineutrino cross sec-
tions in the same energy region for a given nu-
clear target is required to reduce the system-
atics to a few percent level. In the few GeV
energy region of neutrinos and antineutrinos,
the contribution to the total scattering cross
section comes from the quasielastic, inelastic,
and deep inelastic scattering processes. The
inelastic scattering region is quite intriguing as
it excites various nucleon and delta resonances
lying in the first and higher resonance regions
starting with P33(1232) resonance, followed by
P11(1440), D13(1520), S11(1535) resonances,
etc. These resonances then decay to various
meson-baryon channels leading to the produc-
tion of mesons in the inelastic region. The in-
elastic meson production processes have been
studied both theoretically as well as experi-
mentally for many years in the reactions in-
duced by photons and electrons where the con-
tribution comes from the vector current only.
However, in the weak sector, additional contri-
bution from the axial vector current becomes
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important. Since the information about the
axial vector nature of these resonances is very
limited both experimentally as well as theo-
retically, therefore, in order to understand the
inelastic scattering region of (anti)neutrinos,
the study of meson production in the weak
sector is important [1].

2. Formalism

Specifically, we study charged and neutral
current induced single pion production, eta
production, kaon production in the |∆S| = 0,
1 reactions from the free nucleon target as
well as from the nuclear targets. The gen-
ric Feynman diagrams for the different meson
production processes are shown in Fig. 1. The
hadronic current receives contribution from
the background terms as well as from the nu-
cleon and delta resonance excitations. We
have considered only those nucleon/delta res-
onances which are present in the PDG having
spin 1

2
and 3

2
and mass in the range < 2 GeV

with significant branching ratio in any partic-
ular meson decay mode. In the (anti)neutrino
induced processes, the weak hadronic current
is expressed in terms of the vector and ax-
ial vector currents, which contains the vector
and axial vector form factors. The form fac-
tors associated with the vector current of the
weak interaction are related to the electromag-
netic form factors through the conserved vec-
tor current (CVC) hypothesis. While in the
axial vector sector, partially conserved axial
vector current (PCAC) and the Goldberger-

Proceedings of the DAE Symp. on Nucl. Phys. 66 (2022) 43

Available online at www.sympnp.org/proceedings



νl

W±(Z0)

W

l−(νl)

M

N

π, η(K)

N(Y )

R

π, η(K)

N(Y )

N N

N(Y )

π, η(K)

(a) (b)

W±(Z0)W±(Z0) W±(Z0)W±(Z0)

W±(Z0)

FIG. 1: Generic Feynman diagrams representing charged and neutral current induced meson production
processes. In Fig. (a), R is the resonance excited by the (anti)neutrino interactions induced by W±(Z0)
intermediate vector bosons, which subsequently decays to a baryon and a meson and Fig. (b) shows
the Feynman diagram corresponding to the nonresonant Born terms.

Treiman relation are used to determine the
axial vector factors. The Q2 dependence of
the electromagnetic form factors, fitted from
the meson electroproduction data, is used to
obtain the Q2 dependence of the weak vector
form factors. Since the information about the
axial vector nature of the nucleon and delta
resonances is very limited, therefore, for sim-
plicity, a dipole form factor is used to take into
account the Q2 dependence of the axial vector
form factors. At the strong RNN ′ and RKY
vertices, we have fitted the coupling constants
using the meson photoproduction data, which
then are used in the (anti)neutrino induced
meson production processes. Thus, in our
numerical calculations, we have used the in-
puts obtained from the fittings of photo and
electroproduction processes, viz. the strong
coupling constants are fitted from the exper-
imental data available from the Nη [1] and
KΛ [2] photoproduction processes and the
electromagnetic form factors are fitted from
the electroproduction data.
In the case of non-resonant Born terms, an

interaction Lagrangian based on the nonlin-
ear realization of chiral SU(3) symmetry has
been used to describe the interaction of nucle-
ons and hyperons with nonstrange and strange
mesons like pion, eta and kaon. At the weak
vertex, the hadronic current is expressed in
terms of the N − N ′ and N − Y vector and
axial vector transtion form factors, which are
determined using the various symmetry prop-

erties of the weak hadronic current like SU(3)
symmetry, T invariance, CVC and PCAC hy-
potheses, etc. The strong couplings like gNNπ,
gNKY , etc. are expressed in terms of the me-
son decay constants and the symmetric and
antisymmetric axial vector couplings D and
F . The meson decay constants fπ, fK , fη,
meson masses, and the axial vector couplings
are treated as fixed parameters and their ex-
perimental values have been taken from the
PDG.
The results obtained in our model shall be

discussed along with the theoretical results
available in the literature for the different me-
son production processes as well as with the
recent measurements from the accelerator ex-
periments.
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