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» The decay p — e is flavour violating.

» |n the standard model,
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The branching ratio of this decay is Br(y — ey) ~ 10748,

» The experimental group MEG have been looking for this
decay. But it has never been observed so far, and we have an
upper bound on its branching ratio.

Br(u — ey) <42 x 10713
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Beyond standard model

» There are several reasons for beyond standard model.
» Fermion mass hierarchy.
» Existence of dark matter.
» Matter-anti-matter asymmetry.
» A popular candidate for beyond standard model is
supersymmetry.
boson < fermion

> In models of supersymmetry, branching ratio of u — ey may
exceed the experimental limit.
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Inert Higgs doublet model

» The idea in this model is proposed by E. Ma (2006) &
R. Barbieri, L.J. Hall and V.S. Rychkov (2006).

» This model contains Z> symmetry and the following additional
fields, apart from SM fields.

n= (77+7 770)7 N;
» /> symmetry forbids the Yukawa couplings Z,-qgl\lj, hence

neutrinos are massless at tree level.
» Neutrinos acquire masses through the following 1-loop

diagram.
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The supersymmetric model by Ernest Ma

» This model has a discrete symmetry Z, x Zj, whose purpouse
is to forbid the Yukawa term Z,-l:IuNj at tree level.
» Apart from MSSM, the additional fields are:
> two electroweak doublets: 71 = (79,9, ), 2 = (A5, 19).
> three right-handed neutrino fields, N,-, i=1,2,3.
> a singlet field Y.

» The superpotential of this model containing additional fields is

w = (YV)UZfﬁQNj + Alf:/dﬁz)z + /\zf:/uﬁl)z +
. 1 .1 PN
Ffl211 + 5 i XX + EM,-,-N;/VJ-
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Neutrino masses

» Neutrinos in this model acquire masses at 1-loop level.
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» The expression for neutrino masses are
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Fitting to neutrino masses

» Since the neutrino mass scale is 0.1 eV, if we take all the
supersymmetric masses to be at few 100 GeV, from naive
order of estimation, we get

(Y,); ~107°

» For these small Yukawa couplings, flavour violating decays
such as y — ey are automatically suppressed.

» Alternatively, in order to have O(1) Yukawa couplings and to
satisfy neutrino masses, we can fine-tune some soft
parameters of the model.
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Fine-tuning of parameters

» The masses of real and imaginary components of right-handed
sneutrinos are

mi; = M + (my)i + (bum)is - mj; = M? + (myy); — (bm)i
» The mixing mass matrices for real and imaginary parts of
neutral scalar fields (1%, 73, x) can be written as
0 —b, —[(AN)ava — povq]
m2(€) = mg + € X 0 [(A)\)l Vi — U1 V2]
X X b,
Here € = 41 or -1 for real and imaginary fields.
> If we fine-tune the following parameters

(bm)i, by, by, (AN)1,  (AX):2

we can fit the neutrino mass scale with O(1) Yukawa
couplings.
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Analysis on neutrino masses

» To solve the neutrino mass relation, we have assumed
degenerate masses for right-handed neutrinos and
right-handed sneutrinos. Then,

2 2 2 2
m m m m
= 2_ "R "Rl _ R E—
(m)y = 15 Z{ [IUR @ n " (U@, ) s 0 } +
RI i
2 2 2 2
2 mR mR m my
[Un(27 N] mg, |:7m2 — .z In ) — 7,”2 — In =) :| } s
R 7y 7y ! iy 7y
3
Si = DMk
k=1

» We can calculate the elements of the neutrino mass matrix
from the following.

my, = U;’MNS . diag(m17 my, m3) : Ul':i"MNS
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From neutrino oscillation data

» In the normal or inverted mass hierarchy, we can the mass
eigenvalues as

m =0, mp=\/Am2, m3=\/Am3,,
m3=0, m=\/Ami,, m=\/Am% +m?

Am?, =76 x107° eV? Am2,, =248 x 1073 eV?

» The Upyins matrix depends on three mixing angels and a
CP-violating phase, which we can take as follows.

5 sin (913 = 0.15, (5(}13 =0

sin 912 = sin 923 =

Sl
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SUSY parameters in the analysis

> In our analysis, we have chosen the required SUSY parameters
as follows.

Hy = 600 GeV, my, = 400 GeV, my, = 500 GeV, my =600 GeV,
my =700 GeV, A; =0.5, X =0.6, tanB =10

> Regarding the fine-tuning parameters, we have taken them as

(AN)1 = Aipva/vi,  (AN)2 = Aopva/wva

bM = bn = Ox = bsusy
> After fixing these, the free parameters in our model are

M ) bsusy y  Hn
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Results on Yukawa couplings

pn =1TeV
bsusy = (3 x 1072)2 GeV?
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| have also computed Si1, S13, -+, and they found to be of O(1).
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» Feynman diagrams for decays of the form ¢; — ¢; are

.
77:171,2 §
l/ \\
4 N £
» The branching ratio of y — e is
3a 3
Br(p — evy) = 167(G% kZ:l(Yu)lk(Yu)MX
1 f; f :
[ (xrk) + f2(xi)] — coszoLX’(Z) +sin% 0 2(xia)
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Results on p — ey
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For a Dirac particle of mass m, charge e, and spin S, the spin

magnetic moment is
P
r= 2m

The g-factor is 2 at tree level. However, radiative corrections
can shift the value of g-factor away from 2.

For muon, we can define

At the moment, there seems to be a discrepancy between
experiment and theoretical value of a, in the standard model.

Aa, = aE"p - aﬁM = (29+9) x 10710
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muon g — 2 in our model

> In our model, Aa,, gets contribution from MSSM and also
from the additional fields of this model.

_ A JMSSM add
Aa, = Aau + Aau

> Aall\fSSM is computed by Moroi, and it is known that AaMSSM
fits the discrepancy in muon g — 2.

> In this model the additional contribution to muon g — 2 is
found out to be

2 3
da _ M 2 ) 1 2, 0%k2) | 2 P(xk)
eyt = 7“2 ST {72 [f2(xrk) + f2(xi)] — |cos”™ 0 == +sin” 0 —5—
167 3 21y my miy
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Results on muon g — 2
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The additional contribution to muon g — 2
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is insignificant.
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> In this talk, | focused on a supersymmetric model, where
neutrinos acquire masses at loop level.

» We can fit the neutrino oscillation data with O(1) Yukawa
couplings, but SUSY breaking soft parameters need to be
fine-tuned.

» For O(1) Yukawa couplings, Br(u — ev) can be substantial.
Current upper bound on Br(u — ev) gives lower bound on
right-handed neutrino mass. This lower bound can be about 1
TeV, depending on the parameter choice.

» In this model, muon g — 2 due to additional fields is found be
insignificant.

Thank you
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