lawphysics

Universidad s 3
U Catdlica del Norte DM

HUNTERS

WIMP Dark Matter in a Type-ll Scotogenic model

Roberto A. Lineros
Departamento de Fisica, Universidad Catélica del Norte

Work in collaboration with Mathias Pierre
arxiv:2011.08195

' - 5h Colombian meeting on High Energy Physics
' HEP 30 November to 4 December 2020

Latin American Webinars on Physics


https://arxiv.org/abs/2011.08195

The Plan

1. Introduction
2. Dark Matter and Neutrinos
3. The Model

4. Conclusions




The Standard Model

SM matter families
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Symmetries
* Lorentz

« SU(3) : Color
« SU(2),: Isospin
« U(1) : Hypercharge

Matter content
« 3 families quarks
o 3 families leptons

Higgs field
. SU(2)xU(1), - U(1),,

* Mass to fundamental particles
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Dark Matter

* RADILS

—— PREDICTED
——— OBSERVED

Observations support Dark Matter

Dynamics of clusters and galaxies
Structure formation

CMB anisotropies

Baryon Acoustic Oscillation

Qpmh® = 0.1196 + 0.0031

Dark Energy 68.3%
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Dark Matter Searches
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Neutrinos

Forero, Tortola and Valle PRD Q0 (2014) 093006
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The SM predicts zero neutrino mass

Beyond SM physics is required to explain
mass spectrum and mixing angles
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Neutrino mass mechanisms

A large fraction of the models uses the 5-dim Weinberg operator to
generate majorana neutrino masses

1
Osij = (L;H)" (L;H)

This operator preserves SM symmetries but it breaks lepton number in 2 units

U2

(951'3' — KVZ'VJ' — MijViVj
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Neutrino mass mechanisms

The most known schemes are see-saw mechanisms
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Radiative seesaw

<h>\\ o <h> To connect neutrino mass
mechanism and dark matter

(See Restrepo et al. JHEP arxiv:1308.3655)

(h) =~~~ -2 (h)
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Scotogenic models

Type |
(h) =~ -2 KR)
N~ T -
V ' \l V
N

Fermion singlet

E. Ma, Phys.Rev.D73:077301,2006

DM candidates:

Typel: N 770 77A
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Type |l
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Fermion SU(2) triplet

E. Ma, D. Suematsu Mod.Phys.Lett. A24:583-589,2009

Typell: 30 10 pA



A type-ll inspired Scotogenic model

H H The minimal construction of the model
\ / requires:
\ /
NS * 2 scalar triplets
\ /
BN /X\ ya e 2 fermion doublets (vector-like)
A // \\ Q
—< N DM candidates:
f
| Sy 8% f°

x R

CP-even scalar i Dirac fermion

CP-odd scalar
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The model’s lagrangian

£5 —yh (FraLi+ ) = vh (FFiooQLi + he.) —my (Frfn+ Fafr) = Vicata

2 2 4 m2A T )\A i T )\/A ¥ 2
Vicatar = — pip| H|” + An|H|* + =2 Tr [ATA] + - Ir [ATAATA] + - Tr [ATA]

+ 8 7y [QTQ] + 22 gy i)’ + L aaaTr [ATA] Tr [Q1Q]
4 16 g ae
+ %AHAHTAATH + %A;MTr [ATA] HTH + %)\HQHTQQTH

1 ~
+ ZS,{/{ (HTAQH + h.c.)



Charge assignment

Field L; fL fr A Q H
Spin 1/2 1/2 1/2 0 0 0
Chirality L L R — — —
SU(2); 2 2 2 3 3 2
U(l)y -1/2 1/2 1/2 1 0 1/2
Lo +1 -1 -1 -1 -1 +1

The Z2 symmetry is the minimal addition fo the model, besides the fields

After considering, neutrino masses, scalar potential minimization and stability, and
minimal DM phenomenology.

The DM candidate is only one: S?
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Indirect searches channels

S b Sy b S " The model has many annihilation channels.
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DM scenarios
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Indirect searches: W channel
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« below v-floor 1

e

The ElectroWeak channel
are strong due to DM
comes from triplets.

Beyond ~1.5 TeV, those are
not enough fo explain DM

relic abundance
|
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Indirect searches: tau channel

10—24
10—26 N L _____________
------- *" The interaction due to the

Darwin

°

XenonlT

scofogenic mechanism
Iorodu s a large flux into
epton

above v-floor
below v-floor
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Indirect searches: neutrinos

Neutrino flux large enough

to be detected in KM3Net
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Direct detection: Tree-level vs One-loop

10-%
10—44
10—45
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Tree-level

mgo [GeV]

Higgs portal

Tree-level 4 one-loop

10—43
10—44
10—45

103 104 10°
mgo |GeV]

Higgs portal + electroweak loops
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Conclusions

« Neutrinos observables and DM are keys to unveil New Physics
» Scoftogenic mechanism connects DM stability and neutrino masses

» A type-ll seesaw inspired scotogenic model provide an interesting

TeV DM candidate

» The complementarity between CTA, KM3Net, and Darwin is key to
explore the model.
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Neutrino masses
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my,, =0,

My, = — 2yaya sin”(¢n)m ¢ Floop(Mmgo _, Mg, myg),

My, = — 2JaTa cos™ (N )M Floop (Mo, mg= ,my).
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