Appendix

A.1 Loop functions of lepton flavor violation and VEV

alignments of flavons

We present in this appendix the loop functions relevant for the computation of the LFV

observables. These are

_ 1—6x+3x%+2x7 4+ 6x7 log(x)

F(x) = - (A.1)
2—9x+18x%2 — 11x° + 6x°1
oy = 2 et
1 x*log(x) y*log(y)
Di(x,y) = — — — (A.3)

(1-x)(1—-y) (T=xP?(x=y) (=320 —x)
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Da(x.y) = — 1 _ xlog(x)  ylog(y) (A4)

(I-x)(1-y) (1=xP?(x=y) (1-y320—2x)

A.1.1 Potential and vev alignment in the LRSM

The Higgs potential of LRSM containing Higgs bidoublet and scalar triplets that has quadratic

and quartic coupling terms is given by,
v = — T[0T 01+ A Tr0] 0 1Tr[0) 0]+ A TrioT 6.0, 0] — uETr[AT Ap +ALA
0,AL,AR M r[¢, ‘P]] ijkl ”[‘Pl (P]] r[‘l’k ol i jkl r[‘Pl 09, ol Hij r[A; AL+ ARAg]

p1[(Tr{AL AL + (Tr[A AL 4 pa(Tr[A] ALA] AL + Tr{ AL ARALAR]) + 3 Tr[A} AL AL AR+

0 Tr( 0] 01 (Tr{A] AL+ Tr{ARAR]) + Bij(Tr{A] ALi0 |1+ Tr{AfARGiO]]) + % (Tr{A] 9idrd ]+ h.c)
(A.5)

where, i,j,k,l runs from 1 to 2 with ¢; = ¢ and ¢» = ¢. As mentioned above after SSB, the

scalar sector obtains VEV. So after the substitution of the respective VEVs and determining

the traces, so after simplification the potential can be written as,

/
a
V=—p203 )+ 0 )+ S+ S0R R b ek (A6)
where, we have used the approximation X’ << k, and p’ = 2p3. Our minimization conditions

oV _ 8V __ 8V _ 6V __
are,s—vL—a—vR—ﬁ—W—O

Therefore, we get,

oV
W — —Zuva + pv% + p’vaZ + ’}’VRk2 (A7)
L

Here, it is evident that the Majorana mass of the left-handed neutrino My is dependent on

the vev vy, as already defined above. Again, we have

oV

W = —Z‘uzvR—i—pv%—l—p/kaz-l-YVLkz (A.8)
R
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So, the right handed Majorana mass Mgg is dependent on the vev vg. Similarly, the calcula-
tions for the same can be carried out and it can be found out the Dirac mass term Mp can be
expressed in terms of the vev for the Higgs bidoublet as also defined previously.

Now, we are to determine a relation between the VEVs for the scalars and so after using the

minimization conditions and simplifying the equations, we come to a relation given by,

VIVR = %k (A-9)

where, £ = p —p’.

The neutrino mass for LRSM is given as a summation of the type-I and type-II term as
already mentioned above. So, in the approximation that k' << k, and if we consider that our
Yukawa coupling Y/ corresponding to the neutrino masses is yp and the coupling Y! for the

charged fermion masses is denoted by y, so considering ypk >> y;k’ we can write,

K
My = -pfy YW+ fvL (A.10)

Since, for due to left-right symmetry, we can consider f; = fg = f, so the above equation

can be written as,

K
M, = gny W+ fvr (A.11)

So, from this equation we can come to a relation given by,

Y -1.T S
Mv:(fg +ypf }’D)g (A.12)

Here, we can consider two situations, namely

o If f (%) << ypf~'yl, the light neutrino mass is given by the type-I term MpMz M}
That is, here type-I is dominant and the light neutrino mass is from the suppression of

heavy vg.



132 Appendix

e If f (%’) >>ypf _lyg, the light neutrino mass is given by the type-II term fv;. That is,
in this case type-II mass term is dominant and the light neutrino mass is because of the

tiny value of vy.

In our work, we have three flavons with A4 flavor symmetry. After this we follow the

same procedure given below for the scotogenic model to get the vev alignment.

A.1.2 VEYV alignments of flavons in the scotogenic model

In this section we will evaluate the vev alignment of the flavons considered in the model by
minimizing the potential and solving it simultaneously. The relevent potential can be written
in terms of the field 7, xs and their interaction terms. The interaction terms are forbidden

in the model due the additional Z, symmetry. The potential is given by-

V=V(xr)+V(xs)+Viu (A.13)
with,
V(xr) = —my, (3 ar) + M (23 2xr)° (A.14)
and
V(%s) = —miy (X5 2s) + M (X5 2s)° (A.15)

The triplet flavons can be written in the form-

< X1 >= (X1 X1 X13)s < XS >= (XS5 X85> XS3) (A.16)
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Considering A4 product rule the potential terms for }7 will be of the form -

V(xr) =~ (0 xm + X X1 + X X1
+ A2l X, + X X1+ X X+ (X X + X X1, + X X i
X (4 X1+ X0, X7 + X X)) + (2204 X — X X7 — X X)) |
+ 2(2%;3)&3 - X}l AT, — X;QXTl) X (ZX;ZXTZ - X%Xﬂ - X;l xrs)]
Taking derivative with respect to y7,, X7, and Y7, and equating it to zero will give the

minimization condition. After solving we will get three set of solutions which are basically

the possible alignments given by-

U2 H2

(1) %T1_> 10127%712_)07%7’3_)0 = < Xr >:Tﬂ,2(170’0)
2 H2 5] 1)
2 — — — < yr >= 1,1,1
(2) 21 — N xn = 7 Xt = 5 7 xr>=3 —312( )
21y ) Ho )
3 — — X, — —————= XT; — — = < Yr >= 2,—-1,—-1
(3) a1 514, <2 51, A8 51/ At \/5112( )
(A.18)

Similarly we get the solutions for 5. We have used the first set of solution to generate the

charge lepton mass matrix and second set of solution to get the Dirac neutrino mass.
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