Appendix

Derivation of the mass matrix term for light neutrinos in

scotogenic model

Applying the Feynman rules to fig.(2.1), we have the following terms as :
Ny: fermionic propagator, nRQ and nIO: scalar propagator, momentum of fermionic propagator
is given by &, that of v; is given by p and for scalar propagator momentum is denoted by p-k.

Further, we get the Feynamn propagator for 112 as: and the Feynman fermionic

G 2y

(“M") . As it is a one loop diagram, we have only one undetermined loop

propagator as:=5— 5"

@k
(2n)?

can write the integral of the form :

d4k i + M) i
_’Z / ”‘k2 AT 2y

R

momentum term given by . Therefore, taking into account all the Feynman rules, we
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B d4k i(K + M) i
/ 8 vl (A1)

R
In order to convert the tensorial integral to scalar form we drop off ¥ and set the momentum

p to zero. Therefore, the resulting integral takes the form:

v d*k My
i} = hich ik (A.2)
ZJ / (m) = M) (6 — )

As from the integral, we can see that it is logarithmically divergent, however this divergence
is not a physical one for it was artificially introduced after EWSB with our splitting of
the diagram. Thus, we will obtain a finite mass because the infinities in the two integrals
will be the same and thereby cancelled out. Expressing the above integral in terms of a

Passarino-Veltman function, we have:

I
Ly = hiwhjeMics—5Bo(p* = 0, M, mg). (A3)

We will again have a similar equation for the imaginary part of the diagram given by:

i
Lo = hichjiMicr 5 Bo(p” = 0, M, mo). (A4)

The analytical expression for the Passarino-Veltman function By is of the form:

s 1 X(Ml%_m%o) m%o
BO(O’Mk’mng):A_/O dxlIn 2 R+ ‘uZR (A.5)

With the help of the integration :
1
/ln(Ax—I—B) = Z(Ax—f—B) In(Ax+ B) — x, (A.6)

we arrive at the final expressions for By for real and imaginary parts which looks like:

2 2 2 141% 727 7270
R R
BO(O,Mk,mng) =3 +1 ln—2 + M,% 370 In M;% . (A.7)
R
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2 2

Bo(0, M2 m2y) = 2 +1 lM’% oy, A8
0( ) k?mn;))_g—i_ - n?_*—M]%—m%O nM]% ( . )
1

Now, replacing the values of By in eqs.(A.3)&(A.4), we get:

hich e Myi 2 M? mf,o mf,o
_ _WJRMTR = _ K R R
Iyo = o2 {8 +1—In " - 7 _quvoln 2 } (A.9)
R
and 5 5
B hlkh kMkl 2 M]% mn? mn?
1

Further, on subtracting the integrals we get:

ILo—10 h,kthMk BO(O’MI?’m%lg) —B()(O,M,%,m%;))

Mr 77 16 2
2 2 2 2
B h,kh]k mnR lnmng A " lnmn? L2
"Ten? Mi—m?, M} € Mi—m2, M €
TIR my
2 2 2 2
h h m_o n o m o Mo
LNk jZkM . MR . In an —— i 5 In nz’ . (A.11)
16 M; —mnlg M; M —mn? M;

So far we have only evaluated a quantum correction to the neutrino propagator, whereas we
must link it to the radiative mass of the neutrino. This can be done by multiplying eq.(A.11)

by i which yields the resultant mass[13] as:

2 2 2 2
v hihjx g Mg My "y
ij= 5 My 5> In—> 3 5 In—>1. (A.12)
1672 2 — M2 ME w2, —ME M
R 1
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