
Strongly Interacting Neutrinos in K
Decays.

Alakabha Datta

University of Mississippi

Jan 22, 2020

Searches for Hidden Sectors at Kaon and Hyperon Factories

Alakabha Datta (UMiss) Strongly Interacting Neutrinos in K Decays. Jan 22, 2020 1 / 6



Model: Dark Scalar

A light boson S with mS ≤ 200 MeV, with coupling
mµ

v ∼ 4 × 10−4

solves the (g − 2)µ.

Vportal = A (H†uHd + H†dHu)φ

+
[
λuH

†
uHu + λdH

†
dHd + λud (H†uHd + H†dHu)

]
φ2 .

Hu and Hd get vevs, but φ doesn’t.
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At low energy
After electroweak symmetry breaking:

LS =
1

2
(∂µS)2− 1

2
m2

SS
2− sin θ tanβ

∑
f =d ,l

mf

v
f̄ fS −

sin θ′cotβ
∑
f =u

mf

v
f̄ fS ,

No coupling to neutrinos but b → sS and s → dS are also generated.
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Coupling to neutrinos ( 2005.08920)

If there is sterile neutrino νD then there is a coupling with the scalar S .

LS ⊃
1

2
(∂µS)2− 1

2
m2

SS
2− ηd

∑
f =d ,l

mf

v
f̄ fS − ηu

∑
f =u

mf

v
f̄ fS − gDS ν̄DνD .

gD ∼ 1.

The mixing between the flavor eigenstates να and mass eigenstates νi of
the four Dirac neutrinos is given by

να(L,R) =
4∑

i=1

U
(L,R)
αi νi(L,R) , (α = e, µ, τ,D) , (1)

Note with Z ′ the coupling is Z ′µν̄Dγ
µνD = Z ′µ [ν̄DLγ

µνDL + ν̄DRγ
µνDR ].
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S Decays

The decay width of S to all three light neutrinos (νi , i = 1, 2, 3) is

ΓS→νν =
g2

D

8π
(1− |UD4|2)2mS , (2)

and its decay width to e+e− is given by

ΓS→e+e− =
η2d
8π

m2
emS

v2

(
1− 4

m2
e

m2
S

)3/2

. (3)

If L ∼ −1
4κSFµνF

µν then S → γγ is also possible .
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Phenomenology

If mν4 > mS , The decay width of ν4 to Sν (with ν denoting all three
light neutrinos) is

Γν4→S ν =
g2

D

8π
|UD4|2

(
1− |UD4|2

)(
1−

m2
S

m2
ν4

)2

mν4 .

ν4 may be created in neutrino scattering or semi leptonic decays: e.g
K+ → `ν̄4 → `ν̄S with S decaying to visible final states.

S emitted from ν through an effective geff ν̄ν interaction: So the signal
in semi leptonic decay is K+ → `ν̄ → `ν̄S . geff can be constrained
from neutrino self interaction.

The BR for decay K+ → µν̄S with S emitted from the µ ∼ 10−14,
1908.08625
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