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Figure 1. The four different 1-loop diagrams that can lead to genuine neutrino mass models [15].
Top line: T-I-1 (left) and T-1-2 (right), bottom T-I-3 (left) and T-3 (right).



Systematic study of the d=5 Weinberg operator at one-loop order

Florian Bonnet (Wurzburg U.), Martin Hirsch (Valencia U., IFIC), Toshihiko Ota (Munich, Max Planck Inst.), Walter Winter (Wurzburg U.) (Apr, 2012)

Published in: JHEP 07 (2012) 153 » e-Print: 1204.5862 [hep-ph]

pdf & Dol [= cite

- dak , ,
i (p) = / K ) iSE(E) (yma) iDp(p + K)
(2)
Xn L Xn
p - _____I?j__k____ < p
vy, S ‘VL

Figure 9.1: Generic one-loop neutrino mass contribution
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Figure 3. One-loop contribution to neutrino mass in the T1-3 models.
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Table 19. Model T1-3-A.
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Model Name = "SSDM";
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Radiative neutrino masses in the singlet-doublet fermion dark matter model with scalar singlets

Diego Restrepo(Antioquia U.), Andrés Rivera(Antioquia U.), Marta Sanchez-Pelaez(Antioquia U.), Oscar Zapata(Antioquia U.), Walter Tangarife(Tel Aviv U.)

PHYSICAL REVIEW D 92, 013005 (2015)
TABLE 1. «a set of scalars and Weyl fermions of the model.

Symbol (SU(2),. U(1)y) Z, Spin
Sa (1,0 - 0

N (1,0) - 1/2
R, (2,+1/2) - 1/2
R, (2,-1/2) - 1/2

Like the MSSM bino-Higgsino sector (arbitrary couplings)
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FIG. 1. One-loop Weyl-spinor Feynman rules [29] for the
contributions to the neutrino mass, with three Majorana fermions
(n=1,2,3) and a singlet scalar S.
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TABLE L.« set of scalars and Weyl fermions of the model. M = _Z 1 6;::] Z (N3,)?my, Bo(0:m,. m_zva) (6)
a n=1

Symbol (SU2),, U(1)y) Z, Spin
S 1.0 ~ o Where By(0;m; .mg ) is the By Passarino-Veltman func-
N (1:0) — 1/2  tion [25] and (N,,,) are matrix elements of the rotation
,}w (2,4+1/2) — 1/2  matrix N. By using the identity
R, (2,-1/2) - 1/2 ,

Z (N3,)2mly = (MF )53 = 0, (7

Like the MSSM bino-Higgsino sector (arbitrary couplings)

n=1

we obtain the expected cancellation of divergent terms
coming from the mass-independent term in B, leading to

P .S . .
the finite neutrino mass matrix
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FIG. 1. One-loop Weyl-spinor Feynman rules [29] for the y Nighja
contributions to the neutrino mass, with three Majorana fermions ij = Z 1672 Z 3f1 m A m5 ’ /n) <8)

(n=1,2,3) and a singlet scalar S. ¢ n=l 5
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TABLE I. a set of scalars and Weyl fermions of the model. MadGraph
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minimal-lagrangians 1.1.2 o [ s

pip install minimal-lagrangians Released: Apr 13, 2020

restrepo@tuxillo:~$ minimal-lagrangians T1-3-A 0
_ 1/2 M_(PZ (PZ
- A (HM H) @7 - A, ¢

- (M yy' yy' +H.c.) - (5MYVYVY +H.c.)

- (ys (H*t ¢') ¥ + Hoc.) - (y2 (Hy) ¥+ H.c.) - (ys (Ly") ¢ + H.c.)
restrepo@tuxillo:~$ minimal-lagrangians --format SARAH T1-3-A 0
LagBSMNoHC = - 1/2 Mphi2 phi.phi \

- lambdal conj[H].H.phi.phi - lambda2 phi.phi.phi.pht;
LagBSMHC = - Mpsipsiqg psi.psig - 1/2 MCPsi CPsi.CPsi \
- y1 conj[H].psiq.CPsi - y2 H.psi.CPsi - y3 l.psiqg.phti;

The SARAH model files (T1_3_A_alpha_0.m, particles.m, parameters.m, SPheno.m)
have been written to the directory ./SARAH_model _T1_3_A_alpha_0/

All 35 models implemented
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Figure 2. Two examples of dark matter models. To the left the original scotogenic model [47]; to
the right an accidentally stable DM model, see text.
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Exit models Dark matter models
SM field in the loop ‘ Only fields beyond the SM | Stabilizing symmetry ‘ Accidentally stable
38 | 368 115 | 203
406 318
724

Table 1: (i) use only scalars and fermions as BSM fields; and (ii) avoid stable charged relics. “Exits”
as particles that can decay into standard model fields
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