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Introduction

The Standard Model of particle physics is
a theoretical framework that successfully ex-
plains a range of interactions. However, it
must be extended to explain neutrino oscilla-
tions. In the weak sector, the framework com-
monly known as non-standard interactions
(NSI) accounts for potential deviations from
the SM predictions. It provides a general effec-
tive field theory (EFT) style framework that
leads to “new physics” in the neutrino sec-
tor. Similar to the SM, the NSI Lagrangian
can broadly classified as charge current (CC)
NSI and neutral current (NC) NSI, which are
new vector interactions between neutrinos and
matter fields induced by either a vector or
charged-scalar mediator [1]. Recently, Papou-
lias et al [2] studied the neutral current elas-
tic cross-section within the framework of NSI.
We extend the model of Ref. [2] to incorpo-
rate the NSI parameters with the well-known
electromagnetic form factors such that the Q2

dependence comes naturally and respects the
isospin symmetry.

Formalism and Discussion

The ν(ν̄)-induced NC elastic(NCQE) scat-
tering processes can be put as:

(−)
ν (k, 0) +N(p,M)→

(−)
ν (k′, 0) +N(p′,M),

(1)
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where N(≡ p, n) stands for the nucleon, and
the corresponding four momenta with their
masses are given in parenthesis. The effec-
tive four-fermion NSI Lagrangian for Eq. (1)
is given by

LNC
NSI = −2

√
2GF ε

fX
αβ (ν̄αγµPLν

β)(f̄γµPXf) ,

(2)
where the projectors PX=L,R = (1 ∓ γ5)/2.

The NC NSI couplings are denoted by εfXαβ
where α, β = e , µ , τ are neutrino flavor in-
dices which can be flavor diagonal α = β or
flavor changing α 6= β and GF is the Fermi
constant. Therefore, the effective Lagrangian
encompassing both SM and NSI can be writ-
ten as:

LNC
SM+NSI = −GF√

2
Lαβµ Jµαβ . (3)

The differential cross-section for the above re-
action can be written as:

dσ

dQ2
=

1

64πM2E2
ν

G2
F

4

∑∑
|M|2 , (4)

and its corresponding scattering amplitude is

M =
GF√

2
Lαβµ 〈N ; p′|Jµαβ |N ; p〉 , (5)

where the explicit form of leptonic
tensor(Lαβµ ) and hadronic tensor(Jµαβ) is
given by

Lαβµ = ν̄αγµ(1− γ5)νβ , (6)

and

〈N ; p′|Jµαβ |N ; p〉 = ū(p′)Γµαβu(p) . (7)



FIG. 1: Total cross section vs incoming neutrino energy(Eν). Black solid line represents results from

the SM. Shaded area represents the variation of quark couplings εu,dV,A in the range shown in figure.

For the present analysis, we consider only the
flavour diagonal cases, i.e. α = β. We, there-
fore, drop the flavour indices α and β in the
rest of the discussion. This enables us to write
the Γµ in terms of weak vector(F̃N1,2) and axial-

vector form factors(F̃A):

Γµ = F̃N1 (Q2)γµ + i
F̃N2 (Q2)

2M
σµνqν

− F̃A(Q2)γµγ5 , N ≡ n, p ; (8)

where the explicit form of these form factors
in the presence of NSI is parameterized using
the electromagnetic vector form factors F p,n12

and charged current axial form factor FA and

NSI quark couplings εu,dV,A. One should note

that unlike Ref. [2], where Q2 dependence was
taken in an ad-hoc way, the present formalism
ensures Q2 dependence shaped by the known
form factors F̃ p,n12 and F̃A. Due to lack of
space, the details will be given elsewhere. The
allowed ranges of NSI vector and axial cou-
plings are taken from Ref. [3].

The results of the total cross section(σ(Eν))
are obtained using Eq. (4) and are shown in

Fig. (1). The black solid line represents the re-
sults from SM. The blue-shaded region shows
the variations due to the presence of NSI cou-
plings. We can see that both ν and ν̄-induced
process at Eν = 5GeV, shows the variation
due to NSI around ∼ 30%, which shows strong
dependence of total cross section over NSI pa-
rameters.
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