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Searching for new physics

The Standard Model is the best theory that explain the electroweak
and strong interaction at present. But there are some phenomena in
physics that are not possible to understand with it.

» Higgs Boson

» Matter and Antimatter
« GUT

» Neutrino masses

o Dark Matter



Searching for new physics

The Standard Model is the best theory that explain the electroweak
and strong interaction at present. But there are some phenomena in
physics that are not possible to understand with it.

» Higgs Boson
o Matter and Antimatter
o GUT

» Neutrino masses S o
» Dark Matter IN tNIS WOrK!



—




BEYOND THE STANDARD MODEL
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Neutrinos are particles with a mass different from zero [1]. The
actual Standard Model cannot explain these results by itself

Many theoretical models try to explain it

[1] Fukuda, Y.; et al. Phys. Rev.Let. 81 (8): 1562—-1567 (1998)
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[2] Planck Collaboration, 1502.01589
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DM halos. DD experiments aim at detecting
DM through scattering off nuclei.

DD experiments mesure the nuclear recoll
imparted by the scattering of a WIMP.

Observation of SM products of annihilation.
Detection of the byproducts of DM WIMPs

annihilation over the expected background

at galactic or extra galactic scales

Y+x—=qg, WTW—,...=>p,v,et,e ..

WIMPs manifest at colliders as missing
transverse momentum. Searches at
colliders try to find mono-X signals.
New searches for LLP.



— o generate neutrino masses at tree level, a dm-5
operator can be introduced via the seesaw mechanism [1]
2] [3]. Neutrino masses can be generated at loop level.

— The idea of the was proposed by Ernest Ma [4 ]

His model introduced the possibility of giving mass to neutrinos at One-Loop

Also a WIMP-like Dark Matter (DM) candidate appears which can be either
scalar or fermionic.

The stability of the DM particle is ensured by the same Z> symmetry that
leads to the radiative origin of neutrino masses.

The Scotogenic Model has been generalized in different ways [5] [6]

. Ma, .Rev. D73, 077301 (2006), hep-ph/0601225.
[1] R. N. Mohapatra et al Phys. Rev. Lett. 44 (1980) 912. [4] E. Ma, Phys.Rev (2006) , hep-ph/

) [5] R. Foot et al., Z.Phys. C44 (1989) 441.
[2] J. Schechter, José W. F. Valle (1980). Phys. Rev. 22 (9): 2227-2235

[6] M. Hirsch et al., JHEP 1310, 149 (2013), 1307.8134.
[3]1 B. Bajc and G. Senjanovic, JHEP 0708 (2007) 014
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SIMPLE SCOTOGENIC MODEL
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The new interaction terms presented in the Lagrangian are

1
Lint © YN " Nail' Ly — 5 N*MagN"¢ + h.c.



The scalar fields presented in the model can be written as follows
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The scalar fields presented in the model can be written as follows
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The masses for the scalars are
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NEUTRINO MASS GENERATION IN THE SCOTOGENIC MODEL
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For our analysis the following constraints have been considered

® Lepton Flavor Violation BR(pu — evy) < 4.2 X 10713 isatdinir (), Epac 2016
BR(,M — 666) <1. X 10_12 [Bellgardt+ (SINDRUM), NPB 1988]
CR(p ,Au— e ,Au) < 7x 107"

[Bert1l+ (SINDRUM II), EPJC 2006]

® Neutrino oscillation parameters [de Salas+ PLB, 2018 ]

® Electroweak precisiontests ~ —().00022 < dp < 0.00098

® DM and cosmological observations

® Invisible Higgs decay of the Higgs boson ~ BR(h” — inv) < 19%
BR(h” — vy)/BR(h” — v7)sm 2 0.84
BR(h® — v7)/BR(R® — vy)sm S 1.41

@ Colliders my+ > 100 GeV
122 GeV < myjo < 128 GeV



For the montecarlo simulation we develop our own python code.

For our analysis we use numerical tools.

SARAH: model implementation, computation off all the vertices, mass matrices, one
loop correction for tadpole and self-energies.

SPHENO: computation of the physical particle spectrum and low energy observables

MicrOMEGAS: computation of the thermal component to the DM relic abundance
and the DM-nucleon scattering cross section.

MadGraph: computation of the cross section.



RELIC DENSITY

SCOTOGENIC MODEL
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Relic density as a function of the DM mass, for the scotogenic
model and the IHDM. Grey points are results that are excluded

when applying the constraints described

Scanned range
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We explore a mass region for the dark matter candidate below 500 GeV.
As opposed to the Inert Higgs Doublet model (IHDM) the scotogenic
model has extra contributing annihilation channels involving new
fermions, allowing to decrease the relic density value. This scenario was
study first by M. Klasen et al. [JCAP 04, 044 (2013)]
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Blue points correspond to mass differences when fixing mnRr >
500 GeV, while cyan ones correspond to mnr < 500 GeV.

Diamonds correspond to the benchmarks B1 and B2 in magenta
and B3, B4 and B5 in black



DIRECT DETECTION
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NR-nucleon spin independent elastic scattering cross- section
as a function of mnmR . The dark grey line denotes the upper
bound from XENONIT



INDIRECT DETECTION
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LONG-LIVED 77:
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CONCLUSIONS

e We find a regions in model parameter space where a correct DM
relic abundance can be satisfied where the tiny mass splitting is
connected to the possibility to find long lived particles.

e A long-lived charged scalar could give rise to disappearing
charged track signatures from its decay to dark matter and a soft
pion. This scenario could be tested within the reach of the LHC.
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