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Generalized neutrino interactions (GNI) are emerging as a convenient framework for describing effective
scalar, vector, and tensor interactions. Such interactions arise naturally from extensions of the Standard
Model that aim to explain neutrino properties and their mass origin. In this paper, we carefully study the
two more common parametrizations for GNI and how to relate them. This allows us to compare bounds
obtained from coherent elastic neutrino-nucleus scattering (CEvNS) and deep-inelastic scattering under the
same footing. In addition, we present the current bounds from CEvNS measurements by COHERENT and
compare them to those obtained from deep inelastic scattering on the same level. Our results focus on
neutrino-quark interactions, and illustrate the complementarity between experiments working at different
scales for GNI, showing that scalar interactions are better constrained by low-energy experiments like
COHERENT, while tensor interactions are robustly constrained from deep inelastic scattering.
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I. INTRODUCTION

The experimental discovery of neutrino oscillations has
represented an unambiguous evidence that neutrinos are
massive particles [1,2]. Hence, neutrino states of a definite
flavor observed through their interactions with matter fields
are known to be a mixing of massive states. In the standard
three-neutrino oscillation picture, these two different basis
are related through a 3 × 3 unitary matrix which is para-
metrized by three mixing angles, θ12, θ13, and θ23, and one
CP phase, δ. Currently, neutrino experiments are in a
precision era in determining the parameters characterizing
neutrino mixing [3–5], being the precise detemination of
the CP-violating phase the next challenge to be faced by
next-generation experiments such as DUNE [6] and Hyper-
K [7]. A complete phenomenological review of the current
status of neutrino oscillation parameters can be found in
Ref. [8]. From the theoretical side, a plethora of models
have been proposed in an attempt to explain the mechanism
responsible for neutrino masses [9–12]. Depending on the

particular model, the introduction of particle fields of
different nature, and not present within the Standard
Model (SM), have been proposed either in the form of
right handed neutrinos, scalar doublets and triplets, or new
fermions [13–16]. Furthermore, some scenarios include
dark matter (DM) candidates that can be tested either
directly through nuclear recoils, or indirectly through their
final state signals in particle colliders [17,18].
Examining all feasible existing neutrino mass models is a

challenging task. However, we can optimize this work by
using a parametrization encoding the main characteristics of
wide families of models. For instance, several neutrino mass
models induce slight corrections to the vector and axial
couplings predicted within the SM framework. These cor-
rections can be included in a generic way through the so-
called nonstandard interactions (NSI), which can affect
neutrino production, propagation, and detection. Under this
parametrization, the new physics effects are contained inNSI
parameters that have been widely tested through the scatter-
ing of neutrinos from electrons, nucleons, and nuclei [19–
23]. In its original formulation, the formalism of NSI is
limited to the study of vector and axial current couplings.
However, there are also several scenarios of interest that
predict additional scalar and tensor neutrino interactions.
That is the case, for instance, of hypothetical mediators as
leptoquarks, that can induce scalar corrections to neutrino
interactions [24–26]; on other hand, neutrino magnetic
moments, tested in different neutrino detection experiments,
correspond to tensor operators [27–29]. Interactions like
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these can be phenomenologically studied through the for-
malism of generalized neutrino interactions (GNI), which
parametrize effective scalar, pseudoscalar, vector, axial, and
tensor interactions, and have been tested with a variety of
neutrino experiments [30–53].
Currently there are two widely known parametrizations

for the GNI effects. In this paper, we provide a compre-
hensive guide to switch between these parametrizations
such that the results of the analysis from different experi-
ments can be compared under the same footage. The
reminder of this paper is given as follows: in Sec. II we
provide the theoretical framework of GNI under the two
different parametrizations used in the literature. Then, in

Sec. III we describe the different neutrino interactions, and
their corresponding experiments, that are used to constrain
GNI parameters. In Sec. IV we show a review of the
different constraints, and we give our conclusions in Sec. V.

II. GENERALIZED NEUTRINO INTERACTIONS

There are two well-accepted parametrizations in the
literature when considering the presence of GNI. Here,
we provide a complete guide to the mapping between them.
We begin with what we will refer to as the “epsilon”
parametrization. In this case, the interaction Lagrangian
that is added to the SM one reads

Leps
GNI ¼ −

GFffiffiffi
2

p
n
εqSαβðν̄αð1 − γ5ÞνβÞðq̄qÞ − εqPαβ ðν̄αð1 − γ5ÞνβÞðq̄γ5qÞ

þ ε̃qSαβðν̄αð1þ γ5ÞνβÞðq̄qÞ − ε̃qPαβ ðν̄αð1þ γ5ÞνβÞðq̄γ5qÞ
þ εqVαβ ðν̄αγμð1 − γ5ÞνβÞðq̄γμqÞ − εqAαβ ðν̄αγμð1 − γ5ÞνβÞðq̄γμγ5qÞ
þ ε̃qVαβ ðν̄αγμð1þ γ5ÞνβÞðq̄γμqÞ − ε̃qAαβ ðν̄αγμð1þ γ5ÞνβÞðq̄γμγ5qÞ
þ εqTαβ ðν̄ασμνð1 − γ5ÞνβÞðq̄σμνð1 − γ5ÞqÞ þ ε̃qTαβ ðν̄ασμνð1þ γ5ÞνβÞðq̄σμνð1þ γ5ÞqÞ

o
; ð1Þ

where the indices α and β run over the three neutrino flavors
and σμν ¼ i

2
½γμ; γν�.1 The above Lagrangian corresponds to

interactions involving neutrinos and quarks of any gener-
ation. However, since we are interested in nucleon and
nucleus scattering, we will limit our analysis to the case
where q ¼ u, d. The first two lines in Eq. (1) correspond to
scalar interactions that, in general, may result from integrat-
ing out the degrees of freedom of heavy Higgs-like fields.
The third and fourth lines correspond to vector interactions
that are similar in structure to the SM ones, with the
difference that we allow for a nonuniversality of the

interaction as well as transition between different flavor
states. These interactions are commonly named as nonstand-
ard interactions and have beenwidely studied in the literature
[20–22]. Finally, the last two lines in the above Lagrangian
account for tensor interactions. Notice that in general the
parameters ε̃qXαβ in Eq. (1) are nonzero. However, we should
keep in mind that the terms proportional to these parameters
involve interactions only between right-handed states.
A second parametrization accepted in the literature

corresponds to an interaction Lagrangian of the form

LCD
GNI ¼ −

GFffiffiffi
2

p
n
ðν̄ανβÞðq̄ðCqS

αβ þ iDqS
αβγ

5ÞqÞ − ðν̄αγ5νβÞðq̄γ5ðCqP
αβ þ iDqP

αβ γ
5ÞqÞ

þ ðν̄αγμνβÞðq̄γμðCqV
αβ − DqV

αβ γ
5ÞqÞ þ ðν̄αγ5γμνβÞðq̄γ5γμðCqA

αβ − DqA
αβ γ

5ÞqÞ
þ ðν̄ασμννβÞðq̄σμνðCqT

αβ þ iDqT
αβ γ

5ÞqÞ
o
; ð2Þ

which we refer to as the C parametrization. The curvy notation in the vector couplings is used to distinguish that, as written
above, the Lagrangian in Eq. (2) includes SM interactions. To separate SM from new vector interactions, wemake the change2

1Some references write the tensor term proportional to ðν̄ασμνPLνβÞðq̄σμνqÞ, which is equivalent to our parametrization since
ðν̄ασμνPLνβÞðq̄σμνPRqÞ ¼ 0 [54].

2Some referencesmay differ by factors of
ffiffiffi
2

p
. Historically, weak interactions questioned if only vector currents existed in nature [55,56].

Although parity conservationwas themain concern [55], all possible couplingswere discussed. The same can be say about theV − A theory
[57]. Despite focusing in vector and axial couplings, all the couplings were considered in the original effective theory. It was only after
the Standard Model that these effective couplings were predicted from the gauge principle, CV ¼ 2gv ¼ 2ðt3L þ 2Q sin2 θWÞ and
CA ¼ 2gA ¼ 2t3L while all other couplings are taken to be zero.
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CqV ¼ 2gνVg
q
V þ CqV

CqA ¼ 2gνAg
q
A þ CqA

DqV ¼ −2gνVg
q
A þDqV

DqA ¼ −2gνAg
q
V þDqA; ð3Þ

where gνV ¼ gνA ¼ 1=2, guA ¼ −gdA ¼ 1=2, guV ¼ 1=2−
4=3 sin2 θW , and gdV ¼ −1=2þ 2=3 sin2 θW are the coupling
constants defined within the SM.
To convert between the two parametrizations in Eqs. (1)

and (2), we use the following relations
(a) Scalar parameters

εqSαβ ¼
1

2
ðCqS

αβ þ iDqP
αβ Þ ε̃qSαβ ¼

1

2
ðCqS

αβ − iDqP
αβ Þ ð4Þ

(b) Pseudoscalar parameters

εqPαβ ¼ −
1

2
ðCqP

αβ þ iDqS
αβÞ ε̃qPαβ ¼ 1

2
ðCqP

αβ − iDqS
αβÞ ð5Þ

(c) Vector parameters

εqVαβ ¼ 1

2
ðCqV

αβ −DqA
αβ Þ ε̃qVαβ ¼ 1

2
ðCqV

αβ þDqA
αβ Þ ð6Þ

(d) Tensor parameters

εqTαβ ¼ 1

4
ðCqT

αβ − iDqT
αβ Þ ε̃qTαβ ¼ 1

4
ðCqT

αβ þ iDqT
αβ Þ ð7Þ

In the following sections, we will study the complemen-
tarity between different experiments to constrain GNI
parameters via neutrino scattering with nucleons and
nuclei. Previous analyses have focused on only one kind
of experiment and used different parametrizations. Our goal
here is to unify the two parametrizations to explicitly see
the interplay between different experiments to constrain
GNI.

III. NEUTRINO EXPERIMENTS
AND GNI CROSS SECTIONS

In this section, we review the different neutrino experi-
ments that can be used to constrain GNI parameters. Wewill
show explicitly the corresponding cross-section formulas in
terms of a parametrization that can be used on equal footing
to study both coherent elastic neutrino-nucleus scattering
(CEvNS) and deep inelastic scattering (DIS). We begin with
low-energy experiments measuring the interaction of neu-
trinos with nuclei, then we move to the high-energy regime,
where we analyze neutrino-nucleon interactions in deep-
inelastic scattering.

A. Coherent elastic neutrino-nucleus scattering

At low energy ranges, neutrinos can interact with an entire
nucleus through the neutral current process ofCEvNS.Given
the coherent nature of the interaction, the predicted SM cross
section for this process benefits from an enhancement
proportional to N2 [58], where N is the number of neutrons
in the scattering material. Hence, different sources and
detector technologies have been used to measure this
interaction. For instance, the COHERENT collaboration
has used cesium iodide [59,60], liquid argon [61] and
germanium [62] detectors to measure neutrinos from the
decay of pions and muons at rest, while the CONUSþ [63]
and Dresden [64] experiments have used germanium with
reactor neutrinos as a source, and the collaborations
PANDAX [65], XENONnT [66], and LUX-ZEPLIN [67]
have used xenon to measure signals from solar neutrinos.
Before studying NSI within the context of CEvNS

interactions, notice that the Lagrangians in Eqs. (1) and
(2) contain field operators defined at a quark level.
However, we need to define operators at a nuclear level
for CEvNS. The transition from neutrino-quark to neutrino-
nucleus operators has been studied within the context of the
C parametrization in [30,31,68], which can be translated
into the epsilon parametrization through Eqs. (4) to (7). For
the particular case of scalar interactions, the contribution to
the cross section is [30]

dσS
dT

¼G2
FM
π

F2ðjq⃗j2Þ
�����

X
q¼u;d

�
Z
mp

mq
fpq þN

mn

mq
fnq

�
CqS
αβ

����
2

þ
����
X
q¼u;d

�
Z
mp

mq
fpq þN

mn

mq
fnq

�
DqP

αβ

����
2
�
MT
8E2

ν
; ð8Þ

which in the epsilon parametrization has the form

dσS
dT

¼ G2
FM
π

F2ðjq⃗j2Þ
�����

X
q¼u;d

�
Z
mp

mq
fpq þ N

mn

mq
fnq

�
ðεqSαβ þ ε̃qSαβÞ

����
2

þ
����
X
q¼u;d

�
Z
mp

mq
fpq þ N

mn

mq
fnq

�
ðεqSαβ − ε̃qSαβÞ

����
2
�
MT
8E2

ν
; ð9Þ
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where mp and mn are the mass of the proton and neutron,
respectively, and the coupling constants fNq are given in
Table I.On theother hand,M is themassof the targetmaterial,
T is the nuclear recoil energy that results from the interaction,
and Eν is the energy of the incoming neutrino. Notice that
Eqs. (8) and (9) also depend on the form factor Fðq2Þ, which
is introduced to parametrize the distributions of protons and

neutrons within the nucleus. In general, the most widely
accepted form of this function is the Klein-Nystrand para-
metrization, which we use for our computations. However,
the use of other parametrizations, such as the Helm or
symmetrized Fermi, does not drastically change the results.
In the case of vector interactions, the CEvNS cross

section in the C parametrization takes the form

dσV
dT

ðEν; TÞ ¼
G2

FM
π

F2ðjq⃗j2Þ
����� 12 ðCV

αβ −DA
αβÞ þQW;αδαβ

����
2
�
1 −

MT
2E2

ν

��
; ð10Þ

where QW;α ¼ gpVZ þ gnVN is the weak charge with predicted values within the SM of gpV ¼ 1=2 − 2 sin2 θW , and
gnV ¼ −1=2, being θW the weak mixing angle. In the previous equation we have used the definitions

CV
αβ ¼ ð2Z þ NÞCuV

αβ þ ðZ þ 2NÞCdV
αβ ; ð11Þ

and

DA
αβ ¼ ð2Z þ NÞDuA

αβ þ ðZ þ 2NÞDdA
αβ : ð12Þ

For an incident antineutrino of flavor α, one should replace CS
βα → CS

αβ, C
V
βα → CV

αβ and CT
βα → CT

αβ in Eq. (10) [71]. As in
the scalar case, we can rewrite Eq. (10) in the epsilon notation. In the absence of right-handed neutrinos, by using Eq. (6),
we recover the well-known expression [19]

dσV
dT

¼ G2
FM
π

F2ðjq⃗j2Þ
�
jð2Z þ NÞεuVαβ þ ðZ þ 2NÞεdVαβ þQW;αδαβj2

�
1 −

MT
2E2

ν

��
: ð13Þ

Moving now to the case of tensor interactions, it has been recently shown that, contrary to the scalar and vector cases,
tensor interactions are not coherently enhanced in CEvNS [72]. However, its associated cross section is not entirely
suppressed by nuclear spin, taking the form [44]

dσT
dT

¼ 8G2
FM

2T
πM2

A

X
a;a0¼p;n

½ðδuaT εuTαβ þ δdaT εdTαβ Þðδua
0

T εuTαβ þ δda
0

T εdTαβ ÞFM
a FM

a0

þ 4ðδuaT εuTαβ þ δdaT εdTαβ ÞðFua0
1T ε

uT
αβ þ Fda0

1T ε
dT
αβ ÞFΦ00

a FM
a0

þ 4ðFua
1Tε

uT
αβ þ Fda

1Tε
dT
αβ ÞðFua0

1T ε
uT
αβ þ Fda0

1T ε
dT
αβ ÞFΦ00

a FΦ00
a0 �

�
1 −

T
Eν

�
; ð14Þ

where we have used the notation δqnT ¼ 2Fqn
2T − Fqn

1T , and the values of F
qn
iT are given in Table I. On the other hand, the factors

FM
a and FΦ00

a depend on the target material and were extracted from Ref. [73].

TABLE I. Scalar [69] and tensor [70] couplings used for the generalized cross sections defined in Eqs. (9) and
(14), respectively.

Coupling Scalar Tensor

q ¼ u fpu ¼ 0.0197� 0.0014 Fup
1T ¼ 0.784� 0.028 Fun

1T ¼ −0.204� 0.014
fnu ¼ 0.0178� 0.0013 Fup

2T ¼ −1.5� 1.0 Fun
2T ¼ 0.5� 0.3

q ¼ d fpd ¼ 0.0383� 0.0027 Fdp
1T ¼ −0.204� 0.014 Fdn

1T ¼ 0.784� 0.028
fnd ¼ 0.0423� 0.0026 Fdp

2T ¼ 0.5� 0.3 Fdn
2T ¼ −1.5� 1.0
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We can use COHERENT data to constrain GNI param-
eters individually and compare with constraints from other
processes. For the latest CsI measurement,3 the experimen-
tal number of events, Nexp

ij , has been provided in i ¼ 9
recoil energy bins and j ¼ 11 arrival timing bins.4 Then, to
set constraints on GNI parameters, we compare the
predicted number of events, Nth

ij, with the experimental
counterpart by minimizing the squared function

χ2 ¼ 2
X
i;j

�
Nth

ijðεqXαβ Þ − Nexp
ij þ Nexp

ij ln

�
Nexp

ij

Nth
ijðεqXαβ Þ

��

þ
X2
m¼0

αm
σ2αm

þ
X3
k¼1

βk
σ2βk

; ð15Þ

where we have

Nth
ijðεqXαβ Þ ¼ ð1þ α0ÞNCEνNS

ij ðεqXαβ ; α1;α2; α3Þ
þ ð1þ β1ÞNSSB

ij þ ð1þ β2ÞNBRN
ij ðα3Þ

þ ð1þ β3ÞNNIN
ij ðα3Þ: ð16Þ

Notice that in the last equation, the expected number of
events is obtained by considering the predicted contribu-
tions from CEvNS, as well as three main backgrounds
sources. These include steady state background (SSB),
beam-related neutrons (BRN), and neutrino-induced neu-
trons (NIN). The CEvNS contribution is computed as a
convolution of the cross section, which depends on the
different GNI, with the total neutrino flux, considering the
efficiency, signal resolution, and timing distribution as

given in the supplemental material of Ref. [60]. By
following the procedure given in Ref. [38], we have
included a total of 7 nuisance parameters in Eqs. (15)
and (16), with respect to which the χ2 function is mini-
mized, each with its corresponding uncertainty σαi, σβj .

5 As
described on the same reference, the parameters α0, α1, and
α2, are related to CEvNS signal normalization, form factor,
and efficiency, respectively, while β1, β2, and β3 are related
to normalization uncertainties of SSB, BRN, and NIN
backgrounds, respectively, and α3 is related to the timing
efficiency, which is common for CEvNS signal, BRN,
and NIN.

B. Neutrino-nucleon deep-inelastic scattering

High-energy neutrinos (tens of GeV to a few TeV)
interact with quarks inside nucleons via charged- and
neutral-current weak interactions, leading to the breakup
of the nucleon and the production of a hadronic final state.
The CHARM [74,75] and CDHS [76] experiments, both
located at CERN, played a central role in the study of
neutrino–nucleon deep inelastic scattering.6 Operating with
high-energy neutrino beams in the range of 20–300 GeV,
these experiments provided some of the most precise
measurements of neutrino cross sections in the DIS regime.
In addition to its role in studying quark dynamics and
measuring the weak mixing angle, DIS also provides
sensitivity to possible deviations from the SM in the form
of generalized neutrino interactions.
The total neutral-current cross section for neutrinos and

antineutrinos has the following expressions, respectively

σNCνN;SM ¼ G2
Fs
2π

h�
ðguLÞ2 þ 1

3
ðguRÞ2

	
fq þ

�
ðgdLÞ2 þ 1

3
ðgdRÞ2

	
fq þ

�
ðguRÞ2 þ 1

3
ðguLÞ2

	
fq̄ þ

�
ðgdRÞ2 þ 1

3
ðgdLÞ2

	
fq̄
i
;

ð17Þ

σNCν̄N;SM ¼ G2
Fs
2π

h�
ðguRÞ2 þ 1

3
ðguLÞ2

	
fq þ

�
ðgdRÞ2 þ 1

3
ðgdLÞ2

	
fq þ

�
ðguLÞ2 þ 1

3
ðguRÞ2

	
fq̄ þ

�
ðgdLÞ2 þ 1

3
ðgdRÞ2

	
fq̄
i
;

ð18Þ

where we take the following values for the SM effective couplings [77]

guL ¼ 0.3457; guR ¼ −0.1553; gdL ¼ −0.4288; gdR ¼ 0.0777: ð19Þ

Assuming an isoscalar target, fq (fq̄) are nuclear parton distribution functions accounting for the fraction of proton
momentum corresponding to up and down quarks (antiquarks) [78]. Including GNI effects from the Lagrangian in Eq. (1),

3As shown in Ref. [38], the sensitivity from CsI data is dominant over LAr data. Hence, here we only include the analysis from CsI.
4The number of events for each bin is given in the Appendix of Ref. [38].
5The values of σαi , σβj are taken from Ref. [38].
6The NuTeVexperiment at Fermilab also measured DIS with great precision, but since the analysis is very sensitive to many hadronic

and nuclear uncertainties, we did not include it in this work.

GENERALIZED NEUTRINO INTERACTIONS: CONSTRAINTS … PHYS. REV. D 113, 095019 (2026)

095019-5



the total cross sections for scalar (pseudoscalar) and tensor interactions are given by [33]

σNCνN;SðPÞ ¼ σNCν̄N;SðPÞ ¼
G2

Fs
24π

X
q¼u;d

X
β

�
jεqSðPÞαβ þ ε̃qSðPÞαβ j2

�
fq þ fq̄

2

��
; ð20Þ

σNCνN;T ¼ σNCν̄N;T ¼ 28G2
Fs

3π

X
q¼u;d

X
β

�
jεqTαβ þ ε̃qTαβ j2

�
fq þ fq̄

2

��
: ð21Þ

The cross section for new vector interactions takes the same form as in Eqs. (17) and (18), with the following changes

ðgqLÞ2 → ðg̃qLÞ2 ¼ ðgqL þ εqLαα Þ2 þ
X
β≠α

jεqLαβ j2; ð22Þ

ðgqRÞ2 → ðg̃qRÞ2 ¼ ðgqR þ εqRαα Þ2 þ
X
β≠α

jεqRαβ j2; ð23Þ

where εqLαβ ¼ 1
2
ðεqVαβ þ εqAαβ Þ and εqRαβ ¼ 1

2
ðεqVαβ − εqAαβ Þ. The CHARM collaboration measured the ratio of total neutral- to

charged-current cross section for semileptonic scattering by using an electron-neutrino beam with equal νe and ν̄e fluxes.
This ratio is defined as [74,75]

Re ≡ σðνeN → νXÞ þ σðν̄eN → ν̄XÞ
σðνeN → e−XÞ þ σðν̄eN → eþXÞ ; ð24Þ

with a measurement of Re
exp ¼ 0.406� 0.140 [74], while the SM prediction takes the value Re

SM ¼ g2L þ g2R ¼ 0.335. When
including new interactions, this ratio takes the form [33]

Re
th ¼ g̃2L þ g̃2R þ 1

12

X
q¼u;d

X
β

ðjεqSeβ þ ε̃qSeβ j2 þ jεqPeβ þ ε̃qPeβ j2 þ 224jεqTeβ þ ε̃qTeβ j2Þ; ð25Þ

where g̃2L ¼ ðg̃uLÞ2 þ ðg̃dLÞ2 and g̃2R ¼ ðg̃uRÞ2 þ ðg̃dRÞ2, according with the definitions of Eqs. (22) and (23). Notice that for
this case, the first flavor index of the GNI parameters is set to α ¼ e.
The following χ2 function is defined to perform the statistical analysis on the GNI parameters

χ2CHARM−e ¼
�
Re
th − Re

exp

σe

�
2

: ð26Þ

Additionally, the experiments CDHS and CHARM measured the ratios of neutral-to-charged-current semileptonic cross
sections, Rν and Rν̄, using a muon-neutrino beam. These ratios, defined as

Rν ≡ σðνμN → νXÞ
σðνN → μ−XÞ ; Rν̄ ≡ σðν̄μN → ν̄XÞ

σðν̄N → μþXÞ ; ð27Þ

take the following form in the SM framework

Rν
SM ¼ g2L þ rg2R; Rν̄

SM ¼ g2L þ 1

r
g2R; ð28Þ

where the parameter r corresponds to the ratio of charged-current cross sections [79]

r ¼ σðν̄N → μþXÞ
σðνN → μ−XÞ ¼

1
3
fq þ fq̄

fq þ 1
3
fq̄

: ð29Þ

The experimental values of Rν
exp, Rν̄

exp, and r measured by CHARM and CDHS are presented in Table II.
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Using Eqs. (20) and (21), we can compute the ratios expressions when including GNI [33]

Rν
th ¼ g̃2L þ rg̃2R þ 1

32
ð1þ rÞ

X
q¼u;d

X
β

ðjεqSμβ þ ε̃qSμβ j2 þ jεqPμβ þ ε̃qPμβ j2 þ 224jεqTμβ þ ε̃qTμβ j2Þ;

Rν̄
th ¼ g̃2L þ 1

r
g̃2R þ 1

32

�
1þ 1

r

�X
q¼u;d

X
β

ðjεqSμβ þ ε̃qSμβ j2 þ jεqPμβ þ ε̃qPμβ j2 þ 224jεqTμβ þ ε̃qTμβ j2Þ: ð30Þ

Notice that, since we only study the effect of GNI in
neutral-current interactions, the ratio r is unaffected by the
presence of new interactions.
To analyze the data from CHARM and CDHS, we have

adopted the following χ2 function that includes the corre-
lation between the neutrino and antineutrino ratios

χ2X ¼
X

j;k¼ν;ν̄

ðRj
th − Rj

expÞðσ2Þ−1jk ðRk
th − Rk

expÞ; ð31Þ

where σ2 is the covariance matrix constructed from the
squared uncertainties, Rj

th is the neutrino or antineutrino
ratio including GNI, Rj

exp is the experimental value, and X
stands for either CHARM or CDHS.
The main benefit of mapping between the two GNI

parametrizations introduced in Sec. II is to set constraints
from experiments focused on different energy regimes on
the same footing. In practice, low-energy CEvNS data and
high-energy deep-inelastic scattering results are usually
described with different operator bases, making it difficult
to directly compare their sensitivities to new physics under
the GNI formalism. By rewriting all observables in a single
parametrization, we can directly compare the experimental
bounds from COHERENT and CHARM/CDHS, visualiz-
ing the type of interaction for which each experiment is
more sensitive, and making their complementarity explicit.

IV. CONSTRAINTS

We now provide a summary of the constraints that the
different neutrino experiments described in the previous
section can give on individual GNI parameters. We begin
by showing in Fig. 1 the results for scalar parameters,
assuming only one of them to be different from zero at a
time and assuming no interaction of either tensor or vector

type present in the analysis. Notice that, given the shape of
the scalar contribution cross section in Eq. (9), the obtained
constraints for εqSαβ are the same as those for ε̃qSαβ. Hence, we
only show the results for εqSαβ. The top left panel in the figure

shows the results for εqSee. In this case, the COHERENT
experiment shows better sensitivity, with the solid blue line
corresponding to the case of an up-quark coupling and the
dotted violet line to the down-quark coupling. We notice
that in both cases, the sensitivity is almost the same, while
the combination CHARMþ CDHS, shown in dashed
green, has poor sensitivity. A similar analysis is shown
in the top-right panel of the same figure for the parameter
εqSμμ , using the same color code as in the previous case. Here,
we notice again that the COHERENT analysis results in a
better sensitivity. Finally, we show in the bottom panel of
Fig. 1 the results for the flavor changing parameter εqSeμ,
following a similar behavior as those from the previous two
cases. We conclude that, for scalar interactions,
COHERENT bounds are better than those from deep
inelastic scattering by at least one order of magnitude,
with the following results at a 90% CL:

−0.026 < εqSee < 0.026 ðCOHERENTÞ
−0.017 < εqSμμ < 0.017 ðCOHERENTÞ
−0.015 < εqSee < 0.015 ðCOHERENTÞ ð32Þ

We now turn our attention to the case of vector
interactions, also known as NSI. In Fig. 2, we show the
results for nonuniversal parameters, with the top panels
corresponding to the case of εqVee . On the left side, we show
the results for εuVee , with the blue and green lines indicating
the COHERENT and CHARM bounds, respectively.

TABLE II. Experimental values of the neutral to charged-current cross section ratios Rν and Rν̄, and the ratio r
defined in Eq. (29), reported by the CHARM and CDHS collaborations.

Rν
exp Rν̄

exp r

CHARM [75] 0.3093� 0.0031 0.390� 0.014 0.456� 0.011
CDHS [76] 0.3072� 0.0033 0.382� 0.016 0.393� 0.014
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Notice that the COHERENT profile shows the presence of
two minima, in agreement with the shape of the cross
section in Eq. (13). The CHARM profile also has the
presence of two minima, but the scale used in the figure
displays only one, showing that the COHERENT results
are more restrictive in this case. Similarly, the top-right
panel shows the profiles for the parameter εdVee , with the
COHERENT result in magenta and the CHARM result in
dashed green. Again, we notice the two minima for
COHERENT in the displayed range, showing a better
sensitivity from this experiment.
The bottom panels in Fig. 2 correspond to the nonuni-

versal parameters εqVμμ . The left panel shows the obtained
bounds for εuVμμ . In contrast to previous results, these panels

show that the combination CHARMþ CDHS (dashed
green) gives better bounds when compared to the
COHERENT (blue) result. This is expected since both
CHARM and CDHS primarily produce muon (anti)neu-
trinos, having better statistics and less systematic effects
when compared to the COHERENT experiment. The right
panel in the same figure shows the corresponding result for
εdVμμ . Overall, we observe a similar behavior as in the
previous case, with the CHARMþ CDHS (dashed green)
profile more restrictive than the COHERENT (magenta)
one. However, given the resolution of CHARM, we notice a
slight tension between the two results at 90% CL, corre-
sponding to a value of Δχ2 ¼ 2.71. In summary, we obtain
the following bounds for nonuniversal NSI:

FIG. 1. Δχ2 profile for scalar interactions of up and down quark couplings obtained from COHERENT (solid blue and
dotted magenta) and CHARM þ CDHS (dashed green) data. Top panels correspond to εqSee and εqSμμ , while the bottom panel
corresponds to εqSeμ .

FLORES, MIRANDA, and SANCHEZ GARCIA PHYS. REV. D 113, 095019 (2026)

095019-8



−0.040 < εuVee < 0.133 ∪ 0.265 < εuVee < 0.440 ðCOHERENTÞ
−0.034 < εdVee < 0.120 ∪ 0.235 < εdVee < 0.393 ðCOHERENTÞ

− 0.013 < εuVμμ < 0.013 ðCHARMþ CDHSÞ
− 0.010 < εdVμμ < 0.010 ðCHARMþ CDHSÞ ð33Þ

For completeness, we also study the case of flavor-
changing NSI parameters, with the corresponding results
shown in Fig. 3. The top-left panel shows the results for εqVeτ ,
with the COHERENT analysis shown in magenta (down
quark) and blue (up quark). The CHARM result, which is
blind to the quark type, is shown in green. We notice that in
this case the COHERENT bounds are dominant, while
CHARM shows poor sensitivity. By comparing our results,
we notice that the COHERENT bounds are better for down

quark couplings than for up quark ones, which contrasts with
the scalar case presented above. The top right panel in the
same figure shows the sensitivity to εqVeμ . We can see that in
this case, the sensitivity at 90%CL, i.e.,Δχ2 ¼ 2.71, is of the
same order for both COHERENT and the combination
CHARMþ CDHS, where the latter does not distinguish
between up and down quark couplings. However, the
sensitivity is slightly better for COHERENT. Similarly,
the bottom panel of Fig. 3 shows a comparable sensitivity

FIG. 2. Δχ2 profile for nonuniversal vector interactions of up and down quark couplings obtained from COHERENT (solid blue and
dotted magenta) and CHARM þ CDHS (dashed green) data. Top panels correspond to electron neutrino parameters, while the bottom
panels corresponds to muon neutrino parameters.
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between the two experiments for εqVμτ .We now summarize the
best obtained bounds in each case

−0.146 < εuVeτ < 0.146 ðCOHERENTÞ
−0.130 < εdVeτ < 0.130 ðCOHERENTÞ
−0.080 < εuVeμ < 0.080 ðCOHERENTÞ
−0.073 < εdVeμ < 0.073 ðCOHERENTÞ
−0.096 < εuVμτ < 0.096 ðCOHERENTÞ
−0.087 < εdVμτ < 0.087 ðCOHERENTÞ ð34Þ

To finalize the study of GNI parameters, we show in the
panels of Fig. 4, the results corresponding to tensor

interactions, assuming that there are no scalar nor vector
contributions, and using the same color code as in the
previous scenario. The top left panel of the figure shows the
results for εqTee . We notice that, even though they are of
the same order, CHARM (dashed green) achieves the best
sensitivity, while COHERENT shows poor sensitivity for
both up (solid blue) and down (dotted magenta) quark
couplings. The top right panel of the figure shows the
corresponding results for εqTμμ . Again, we see that CHARM
gives the best sensitivity. Moreover, in this case, the
CHARM bounds are one order of magnitude better when
compared to the case of COHERENT. A similar conclusion
is obtained for εqTμμ from the bottom panel of the figure. The
constraints from these analyses are listed below

FIG. 3. Δχ2 profile for flavor changing vector interactions of up and down quark couplings obtained from COHERENT (solid blue
and dotted magenta) and CHARM þ CDHS (dashed green) data. Top panels correspond to εqVeτ and εqVeμ , while the bottom panel
corresponds to εqVμτ .
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−0.122 < εqTee < 0.122 ðCHARMÞ
−0.021 < εqTμμ < 0.021 ðCHARMþ CDHSÞ
−0.022 < εqTeμ < 0.022 ðCHARMþ CDHSÞ ð35Þ

which shows that deep-inelastic scattering experiments are
better at constraining tensor interactions.

V. CONCLUSIONS

After summarizing the two different parametrizations
present in the literature for the study of GNI, we have
presented in this paper a treatment of the parametrization
that allows to perform a global analysis of the GNI
parameters and a comprehensive guide to transform from
one parametrization into another. We have studied the
interplay between different neutrino scattering experiments
to constrain GNI parameters. In particular, we have

considered the case of CEvNS using data from the
COHERENT experiment and deep-inelastic scattering
using a combined analysis of CHARM and CDHS data.
Our results show a clear complementarity between these
processes to study GNI. On the one hand, DIS experiments
provide better constraints for tensor interactions, while
CEvNS work better to constrain scalar parameters due to
the enhancement of the associated cross sections. In the
case of vector interactions, also known as NSI, the two
processes provide similar results.
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