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Flavour-independent NSI and U(1)’
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The superweak extension of the standard model is a minimal and economical extension of the
gauge, fermion and scalar sectors. Spontaneuous symmetry breaking of the new U(1) is driven by
an extra complex scalar singlet j, whose non-vanishing vacuum expectation value gives mass to
the new neutral gauge boson / ′. The model also includes three extra sterile right-handedMajorana
neutrinos. All the new particles lie on MeV and GeV scales, but are undiscovered yet due to their
small couplings to fields of the standard model. Nonstandard interactions arising from the model
can be used to constrain the parameters of the model. We find that the new gauge coupling lies
between O(10−3) and O(10−6).
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Flavour-independent NSI and U(1)’

Effects of new physics are manifested at low energy scales via effective operators, which are
generated by integrating out the heavy degrees of freedom from the high-energy theory. In the
context of neutrino physics, one of the most important dimension-6 operators is

�

Λ2 (!W
`%!!) ( 5 W`%- 5 ) (1)

which corresponds to nonstandard interactions (NSI) of four charged leptons and charged lepton
flavour violating operators.

Neutrino interactions have very low cross sections. Nonetheless neutrino-electron and neutrino-
nucleon cross sections have been measured, giving stringent bounds to new physics effects originat-
ing from the effective operators, namely the NSI. Different extensions of the SM produce different
NSI textures. A simple subclass of these extensions conserves flavour. Consequently the NSImatrix
is diagonal and real, containing only three elements, which have contributions from up-type quarks,
down-type quarks and charged leptons. In the ”bottom-to-top approach”, current experimental
bounds can be used to constrain the high-energy theory parameters. In contrast, the ”top-to-bottom
approach” can be used to predict the texture and region NSI available for a particular model.

Nonstandard neutrino interactions are given by nonrenormalizable dimension-6 operators,

LNSI = −2
√

2��Y 5 5
′,-

ℓℓ′ (aℓW`%!aℓ′) ( 5 ′W`%- 5 ), - = !, '. (2)

Here %- are the chiral projection operators, 5 and 5 ′ any fermions and �� the Fermi coupling.
The dimensionless couplings Y 5 5

′,-
ℓℓ′ are in general complex. For 5 = 5 ′ we denote Y 5 5 ,-

ℓℓ′ ≡ Y 5 ,-
ℓℓ′ .

Sum of a left- and right-chiral coupling is denoted by Y 5 5
′

ℓℓ′ = Y
5 5 ′,!
ℓℓ′ + Y 5 5

′,'
ℓℓ′ and Y 5

ℓℓ′ for 5 = 5 ′.
The operator in Eq. 2 is reminiscent of the low-energy Fermi interaction corresponding to neutrino-
fermion scattering in SM.

TheNSI operator can be derived in the superweak extension of the Standard Model (SWSM)
[1]. It is based on the SU(3)2⊗SU(2)!⊗U(1). ⊗U(1)I gauge group. Let us denote 6/ as the gauge
coupling corresponding to U(1)I . Due to kinetic mixing between the U(1). and U(1)I field strength
tensors, the massive neutral electroweak gauge boson / exhibits mixing with the new gauge boson,
/ ′, withmixing angle \/ . TheU(1)I gauge symmetry is broken by spontaneous symmetry breaking.
The corresponding would-be-Goldstone boson is manifested as an extra polarization mode of / ′,
making it massive. The covariant derivative corresponding to U(1) sector is given by

�
U(1)
` = m` − 8(H, I)

(
6. −[6/
0 6/

)
'Y

(
�`

�′`

)
, (3)

where H and I are the U(1) charges, 'Y is an unphysical 2×2 rotation matrix. We encode the kinetic
mixing in the parameter [, which depends on the renormalization scale, but weakly. Solving the
one-loop renormalization group equations of the model, one finds that [("/ ) ∈ [0, 0.656] where
the upper limit is obtained if we assume that near the Planck scale the kinetic mixing vanishes [2].

In the SWSM the NSI couplings read Y 5
ℓℓ′ =

E2 Xℓℓ′
2(@2−" 2

/′ )
4�!

/ ′aa (4�!/ ′ 5 5 + 4�
'
/ ′ 5 5 ) where 5 can

be either a D-, a 3-type quark or a charged lepton, @2 is the momentum transfer squared in neutrino
scattering process and E ' 246.22 GeV is the SM vacuum expectation value. The coupling factors
and the mass of the / ′ are functions of the Weinberg angle \, , the couplings 6/ and [ and the
ratio of the vacuum expectation values, tan V = F/E ≡ 〈B〉/〈ℎ〉. They can be found in Ref. [7].
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Flavour-independent NSI and U(1)’

We can derive the following expressions assuming small mixing \/ between the massive
neutral gauge bosons (valid in the limit "/ ′/"/ � 1):

YD =

(
174 GeV
"/ ′

)2
(
62
/

12

(
−5[2 + 13[ − 8

)
+ 0.23556/ \/ (1.766 − [) + 0.04692\2

/

)
(4)

Y3 =

(
174 GeV
"/ ′

)2
(
62
/

12

(
[2 − 5[ + 4

)
− 0.062586/ \/ (1.881 + [) − 0.08849\2

/

)
(5)

Y4 =

(
174 GeV
"/ ′

)2
(
62
/

4

(
3[2 − 7[ + 4

)
+ 0.53356/ \/ (1.338 − [) − 0.005358\2

/

)
(6)

We have investigated the expected magnitude of the NSI couplings by scanning over the free
parameters of the model and taking into account the experimental constraints of NA64 (on dark
photon search) and COHERENT (on neutrino-nucleus scattering) experiments. In addition we have
included the new NSI bounds derived under the assumption that the NSI matrix is lepton flavour
independent (i.e. proportional to the unit matrix). We chose the free parameters of the model to be
the gauge coupling 6/ , mixing parameter [ and the ratio of the vacuum expectation values of the
scalar bosons, tan V.

Setting [ = 0, we derive 6/ ≈ 3.94×10−6

tan V × "/′
MeV , \/ ' 2.716/ , which is valid assuming tan V is

not very small and 6/ � 1. The / ′ mass is restricted to [10MeV, <c] if we want to be consistent
with the freeze-out dark matter scenario of the SWSM [2]. The results of our scan are shown in
Fig. 1. The left-hand side boundary of the scan at tan V ∼ 2.5 is given by the NA64 experiment
translated to the SWSM [6]. In Fig. 2 we have additionally presented the data in scatterplot form,
correlated with 6/ and colour representing the / ′ mass in MeV units.

In conclusion, we have derived the structure and expressions for NSI in the SWSM. The largest
possible NSI coupling is O(10). The experimental constraints from NSI couplings restrict the
superweak gauge coupling 6/ ∈ [10−6, 10−3], while previous RGE analysis suggests [ ∈ [0, 0.656].
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Flavour-independent NSI and U(1)’

Figure 1: Available parameter space in the (6/ , tan V) plane with colour corresponding to"/ ′ in MeV units.
Analytic bounds for "/ ′ = 10 MeV, [ = 0 and "/ ′ = <c , [ = 0.656 are given in dashed green. Red line
corresponds to constraint on low values of tan V by the NA64 experiment.

Figure 2: Scatterplots in (6/ , -) plane, where - = [, \/ , "/ ′ , tan V, YD , Y3 , Y4
!
, Y4
'
. Colour coding repre-

sents the value of "/ ′ in MeV units.
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