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Motivation

We want to explore (minimal) extensions of the standard model
where the new fields work together towards the solution of three

unanswered questions:

What's the origin of the small neutrino masses?
What s the dark matter particle?

What's the origin of the baryon asymmetry in the universe?

Walter Tangarife (Loyola Chicago) Pheno 2023



Scotogenic Models:
Stnglet-Doublet Dark Matter
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We can tuvert the problem and use the PMNS matrix and weutrino data

to obtatn 12 of the unknown Parameters
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Scotogenic Models:
Stnglet-Doublet Dark Matter

Leptons and scalars fields | (SU(2),,U(1)y) | Zy (DM) | Zy | U(1)5_r,

Ls= (?L> (2,—1/2) + + 1

L/ s
[% . (1,0) + + -1

ho + o

_ g+
H (H =5 ) (2,1/2) + + 0
S (1,0) ¥ i 0
0; (1,0) - - 0
YL (1,0) - -1
VR (1,0) - -1
\IJO
v = (\P_> (2,-1/2) 1
Ve (1,0) + -1
0 _ fy. I . Wi
X] T (XL7 XR)] )(L] Vﬂ( Wllj) l )(R]_ ﬁ( ;g) |

Stabilizes DM

0o . : :
| 1 s the candidate for Dirac dark matter

It couples to the Higgs and Z-boson through the singlet-doublet mixing
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Scotogentc Models:
Stnglet-Doublet Dark Matter
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The blue dots give the correct velic abundance and reproduce the

neutrino parameters
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Scotogenic model with a gauged Abelian symmetry

Restrepo, Rivera, Tangarife PRD (2022)
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At least fwo of the singlets must correspond to right-handed neutrinos

assoctated with light Dirac neutrino masses
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Scotogenic model with a gauged Abelian symmetry

Restrepo, Rivera, Tangarife PRD (2022)
|
A

1

— Y
—
——

Dirac-Zee topology

—_ —_ S — ]

No discrete symmetries!

UR; 1 2/ 3 u
dri 1 1'1/3 d
(Qi) 2 Ve | Q
(L)) 2 v2 | L
R, 1 11 e
(L!) 2 Y2 | 1x
e 1 11| X
LY 2 |ry2| x!
(e") 1 1 | X
I 1 0 Z)

At least fwo of the singlets must correspond to right-handed neutrinos

assoctated with light Dirac neutrino masses

Two of the singlets form the Dirac dark matter particle
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Scotogenic model with a gauged Abelian symmetry
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Scotogenic model with a gauged Abelian symmetry
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Scotogenic model with a gauged U(1)s
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Scotogenic model with a gauged U(1)s

SARAHSPheno: Mass spectrum

MicrOMEGAS: Relic abundance

The blue dofs give

neutrino parameters
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Dark CP violation and electroweak baryogenesis
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Dark CP violation and electroweak baryogenesis

At the first-order phase transition, bubbles nucleate and expand through

the primordial plasma, causing perturbations on the particle and
antiparticle densities.

P and CP violation (s tncorporated by adding a term "V(S,") = I g" '°S?
After ® acquires a vacuum, M, = m, + 1 €’s

This generates an asymmetry tn the tnterior of the bubble,
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Carena, Quirés, Zhang PRL, PRD (2020)
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Dark CP violation and electroweak baryogenesis
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The blue ponts are the models that Fulfill the relic abundance of DM and the
neutrino masses. The black potnts are wot excluded by direct detection of DM and
give the observed baryon asymmetry at the Universe. The green-shaded region s

th fension with the measured number of relativistic degrees of freedom
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Conclusions

We have presented a viable framework fFor small neutrino masses and Dirac dark
matter, tn which all new Frelds play an tmportant role tn solving both problems.
Furthermore, these fields are also responsible for baryogenests i the case of a
gauged baryon number.

The gauging of baryon number eliminates the necessity of extra discrete
symmetries to ensure the stability of DM and the absence of Majorana neutrino
masses. n that model, the baryon asymmetry s generated in the hidden sector
and 15 communicated to the visible sector via a non-zero background of the new

vector boson.
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