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What do we know about our new scalar?

New boson

is spin 0 (scalar)
is neutral
couples to fermions and gauge bosons
has Particle Data Group entry:

Can be Higgs, but maybe ν̃e?

H0 Super´
symmetrizer e´

Our goal: study new bounds on such models
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Model framework

RP isn’t enough, need R symmetry

Most general assignment of Up1qR Ñ

If arbitrarily L and B

W “ yijd HQiDj ` y
ab
e HLaEb

Has e´L

mu,c,t “ 0 & me “ 0 & mν “ 0

τproton “ 0

���
�Up1qR due to gravity is inevitable

Parametrized by m3{2 ! TeV

Up1qR
Q1,2,3 1`B
U1,2,3 1´B
D1,2,3 1´B
L1,2 1´ L
E1,2 1` L

H ” L3 0
E3 2

λ̃, ψλ 1,´1
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Model framework

mu,c,t ‰ 0 with introducing Hu, Rd:

ż

d2θHuQU

Alternative: low cut-off, Λ À 4πTeV

m´e given by higher order terms, e.g.,

ż

d4θ

M2
X:H:uHE3

e´L is naturally light
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Consequences

Mixing between e´, νe and λ̃:
ż

d4θH:eVH “ ghe´LW̃
` ` ghνeW̃

0 ` g1hνeB̃
0

e, νe Ñ electroweakinos

ñ χ´e „ e´` ε ψλ̃, ε ” vh{Mλ̃

Known bound-universality(LEP):
δgeeZ „ ε2 À 0.1%
δgeνW „ ε2 À 1%
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Non-standard neutrino interactions

Model produces new operators,

∆L “ ´2
?

2GF ε
αβ
γδ

“

`:ασ̄
µ`β

‰ “

ν:γ σ̄µνδ
‰

, εeµ, εeτ “ ´
1

2
ε2

µ

νµ

W
χ̃0

W̃

ˆ χe

ˆ χ:ν

Operator probed through,

Muon decay
Heavy flavor decays

ν mixing to heavy states Ñ
vanishing neutrinos

Probed by short base-line expt
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New higgs decays

New higgs decays:
h

χ´e

χ`2

W`, Z

χ0:
ν , pχ

´
e q
:

For δΓphÑW ˚W q „ 0.1% (at
higgs factory) get limit on right

Could improved using cuts

Exist similar contributions to
hÑ ZZ˚

LHC might probe this at Op1%q
which would probe Opmλ̃ À TeVq
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e`e´ collider - higgs production

Higgs production at
an e`e´ collider has
exciting consequences χ:e

χe

χ´2

h

Z χe

χ:e
Z

h

Z

Falls with
?
sGrows with

?
s

For e`e´ collider
assuming

?
s “ 1TeV

signal detectable if
δσ{σSM ă 1%.
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Higgs pair production

SM: e`e´ Ñ hh is loop suppressed

`e ´ λ̃ mixing gives new production
channel

χe h

pχeq
: h

χ2

Assuming
?
s “ TeV

Detectable if 10 events
@ L “ 300fb´1

Independent of vh
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Combining all the limits:
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Higgs Decay (exp)

Universality

NSI
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Neutrino masses

Generic L in 2HDM the neutrino mass matrix is,

mν „

»

–

νe νµ ντ

νe a b c
νµ b 0 0
ντ c 0 0

fi

flˆ ε2m3{2 (1)

Terms are consequence of the rotation between W̃ , H̃u, νe

Massless eigenvector, ~v0 ”
´

0, b{
a

b2 ` c2, c{
a

b2 ` c2
¯

If identify ~v0 as ν3 Ñ inverted mass hierarchy with θ13 “ 0

If a „ b „ c then we get tribimaximal mixing.

For θ13 ‰ 0 need to fill 0’s
ñ low cutoff Λ „ few TeV.

Same physics that gives mass to up-type quarks?
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Proton decay (time pending)

Model has large �L, ����Up1qR induces ��B

Proton decay though,

u

u

g̃
q̃

q̃

q̃

j

e

Ñ
m2

3{2

16π2m4
q̃

yepuuedq

ñ m3{2 À keV

To get mν „ 0.1eV with correct PMNS requires m3{2 Á 10eV.

ñ m3{2 bounded within 2 orders of magnitude
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Conclusion

H0 might be superpartner of e´L
We’ve introduce variety of new bounds

NSI
Higgs decays
e`e´ Ñ hZ
e`e´ Ñ hh

���
�Up1qR has important effects

Prediction of small θ13 and inverted mass spectrum
Proton decay restricts allowed values of m3{2

Framework is still in its early stages and needs to be studied further
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