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BEYOND THE STANDARD MODEL
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The idea of the Scotogenic Model was proposed by Ernest Ma

In 2006. It 1s a simple model, similar to the Inert Higgs

doublet model, that can solve some of the open questions
in physics.

The Scotogenic model introduce new fields:
An inert scalar

Three new fermions



0036(30)

0

()}
o0}
LN
i
S
0N
S
LN
ol
=
o
-~
+J
©
o
o
o)
©
=
—
o
O
X
O
(=
©
=
(a8
oN

o4

Oh~ = 0.1200

\

i\

ABOUT DARK MATTER™

7\

» .

\



Direct detection

WIMP-like DM searches

Colliders

Indirect detection

SM

SM

DM halos. DD experiments aim at detecting
DM through scattering off nuclei.

DD experiments mesure the nuclear recoill
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 v..

WIMPs manifest at colliders as missing
transverse momentum. Searches at
colliders try to find mono-X signals.
New searches for LLP.
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Scotogenic model
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Standard Model Fermions Scalar ./
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The new interaction terms presented in the Lagrangian are

1
Lint © =Yy Nail' L = 5 N*MagN" + h.c.



Scalar sector

The scalar fields presented in the model can be written as follows

1= (Cmatmrvz) 2= Conrnrinve)

The masses for the scalars are Fermionic Dark Matter

[JHEP 11, 103 (2018)]
2 2
Mg = 2A107, [JHEP 01, 100 (2017)]

\ [JHEP 09, 136 (2020)]
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NEUTRINO MASS GENERATION IN THE SCOTOGENIC MODEL
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CO n St ra i n tS [J.Phys.G 49 (2022) 6, 065001 ]

For our analysis the following constraints have been considered

® Lepton Flavor Violation BR(u — evy) < 4.2 X 10713 isatdinir (ee6), 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” = 77)sm 2 0.84
BR(h® — v7)/BR(h® — yy)sm S 1.41

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



IHDM VS SCOTOGENIC
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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




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 mnR > 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
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NR-nucleon spin independent elastic scattering cross- section as a
function of mnR . The dark grey line denotes the upper bound from
XENONIT
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Dark matter annihilation cross section into vy rays, for annihilation to

W+W~—. Dark purple and dark red regions represent the upper limit
by Fermi-LAT and H.E.S.S at 95% C.L, respectively. The black
dashed curve shows a sensitivity projection for CTA



LONG-LIVED
SEARCHES

[JHEP 01, 100 (2017)]



102 -
' * ., 0.1164
o .« s 0.1080
\ Ny :
\ Lot - <. , 0.0960
= ' s ' 0.0840
; . L] :.' hd
t.l E (] .°$‘. y . 0.0720N
ne | = 10°; R S
fi | E ] e L L 0.0600 G
| . .q... . - °
| O \;. .'"'. - - 0.0480
-1 :'.p.c.° ¢ s ¢ .
, 10 : 2% 220 oy ::',. .o - 0.0360
Q; N{ ° .’...0':.’.;. .'.: ., . ’o .
PR et L R - 0.0240
10-2 . LD BSLAC DAL T ) 0.0120
100 200 300 400 500 600 700
le[GeV]
Proper decay distance of N1 as a
Pari‘meter 5 80].31x = 322B3 T function of mass, for different values of
3 —4. .
s 1.16 x 10~ 7 1538 x 10°° the relic density Qn h2.
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Disappearing charged track strategy [JHEP 01, 198 (2021)]
Parameter B3 B4 B5
A3 —2.392 x 107°| 3.305 x 107°| 4.447 x 107°
A4 —6.923 x 10°7| —1.46 x 107°| —3.293 x 10~°
As —4.177x 107 —2.07x 107%| —3.191 x 1073
m; [GeV] 1.851 x 10° 1.276 x 10° 1.234 x 10°
My, [GeV] 430.141 357.093 351.087
my, [GeV 430.435 357.269 351.362
m,+ [GeV] 430.288 357.243 351.224
mn, [GeV 434.197 357.175 351.134
cT, s [mm] 16.859 14.587 28.412
o(pp — nnj) [fb] 2.525 5.44 5.81
N=0xBRXLxe 19.392 33.474 77.811
Qn* 0.121 0.121 0.119
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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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