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Abstract
Motivated by discovery of scalar particles at the LHC, we revisit the bounds from Yukawa
couplings of scalar particles with neutrinos. Using data from meson decays and including for the
first time the spectrum from meson decays we manage to put the following constraints for massless
scalars: |ge |2 < 1.9 × 10−6 , |gµ |2 < 1.9 × 10−7 at 90%C.L. and we get bounds on massive scalars
up to 100 MeV.
PACS numbers: 13.15.+g,14.60.Lm, 14.60.St
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INTRODUCTION

Neutrino masses may imply new interactions to scalar particles with several mass scales.
One should ask how strong can be those interactions to be accommodate into currently data.
Thus, we probe phenomenologically motivated neutrino Yukawa Couplings of the form,
1
i
−Lint = gαβ ν α νβ χ1 + hαβ ν α γ5 νβ χ2
2
2

(1)

χ1 (χ2 ) is a (pseudo-) scalar particle. This interactions can change meson decay,
P − → l + ν,

(2)

by adding a new possible reaction that also emits a scalar particle χ,
P − → l + νm + χ

(3)

that is experimentally indistinguishable from Eq. (2). Notice that now in νm , m = e, µ, τ
not only m = l. This new contribution was calculated by [1] and can be parametrized as,
Γ(P → l + Anything) = ΓSM + |gl |2 Γ0

(4)

where Γ0 = Γ0 (ml , mν , mχ , mP ) changes the usual two-body decay due to this new interaction
and
|gl |2 =

X
m

|glm |2 + |hlm |2
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(5)
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ANALYSIS AND RESULTS

We used recent data from [2–5] of leptonic decay rates of π, K, D, Ds and B meson
considered the standard model prediction of Γ, this was possible only because of recent
calculations of fp in lattice QCD [6]. By taking a χ2 of the form,
χ2 =

X
i



(i)

Γ(i)
exp − Γteo
σi2

2

(6)

we extracted new limits for masses ranging from zero to 300 MeV, the full description of
the analysis can be found in [7], results for zero scalar mass are presented in Table I and for
non-zero masses in Figure 1
Constants

Ref. [8]

Ref. [9]

Our Results

|ge |2

< 4.4 × 10−5 < (0.8 − 1.6) × 10−5 < 4.4 (4.4) × 10−5

|gµ |2

< 3.6 × 10−4

< 4.5 (3.6) × 10−6

|gτ |2

< 2.2 × 10−1

< 40 (8)

TABLE I: Comparison between previous bounds [8, 9] with our results with mχ = 0, using the
rates of the meson decay at 90% C.L. In Black the bounds marginalizing VCKM in Red, taking the
central value of uncorrelated measurements.

We also used heavy neutrino search [10, 11] to constraining even further the bounds.
It was possible due to the fact that the virtual neutrino νx of the decay of Eq. (3) can
acquire a virtual mass mx that mimics a continuum spectrum of heavy neutrinos νH that
was probed in those searches. Thus, setting mx = mH into the differential decay rate of the
decay P → lνχ, we can translate point to point previous bounds of the mixing |UlH | of the
heavy neutrino to the lepton into bounds to the Yukawa coupling between scalar and the
SM neutrino, the allowed region of the parameter space can be found on Figure 1.
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FIG. 1: Bounds on |gl |2 at 90% C.L. The Green part comes from meson decay and the Yellow part
from heavy neutrino search. The black line are interactions weaker than the weak interaction.

CONCLUSION

We recalculated bounds for Yukawa interactions between Neutrinos and Hypothetical
scalar particles χ using recent data and decay rates rather than branching fractions for two
cases, (I) mχ = 0 and obtaining |ge |2 < 1.9 × 10−6 and |gµ |2 < 1.9 × 10−7 at 90%C.L.,
which is an improvement on previous results in literature and (II) mχ 6= 0 showing that
those bounds can be safely used up to 100 MeV scales and no bounds can be put for masses
> 300 MeV.
mχ ∼
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