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» Open questions in the SM (HO) (HO)

® Dark matter T AT
* Neutrino masses ’N
0 I/ \\770
» Model proposed by E. Ma (2006) (scotos: Greek Y
for darkness) Vi ——a a1
N;
» Dark matter generates neutrino masses Figure; Neutrino |oop in
» Two viable dark matter candidates (fermion singlet the scotogenic model
& scalar doublet)
Field Generation | Spin | U(1)y x SU(2).xSU(3). | Z2
n 1 0 (3.2,1) -1
N 3 3 (0,1,1) -1
SM particles - - - +1
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» Part of the Lagrangian . / \ U
i T
N;
L O Via (UTIa)Ni +hec. Figure: Neutrino loop

As
= Xs(H'H)(n'n) = Xa(Hm)(nH) = % [(H'n)® + hec
» Neutrino loop can be evaluated

3 YiaYig MN;

(My)ap =~ 2 Xs <H0>
g ;32772(m,2?’, — m,2vi)

» Majorana Neutrino masses violate Lepton number
= s naturally small ('t Hooft)
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» (Casas-lbarra

—1
® |nvert Neutrino mass formula y = VA RV’ﬁvU;MNS

A =2 Xs (H°)

Figure: Main annihilation
channel
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my;
3272 (mp, | — my, )

1 \
Mo 1 \ 7o
1 \
1 \
1 \
1 \
Vi ——p—0—a— |
i m j
Figure: Neutrino loop in

the scotogenic model

Figure: Diagrams leading to LFV.
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» Random scan of the parameter space for fermion dark matter

» Casas-lbarra
—1
® |nvert Neutrino mass formula y = VA R\/IﬁyUgMNS

2 2

le_ mNi

1+ 5 5 In 5
Mg | — My, mg

® Use Neutrino parameter as input to calculate Yukawa couplings
» SPHENO 4.0.3!

® Particle masses
® Lepton Flavor Violation (LFV) branching ratio

» MICROMEGAS 5.0.82

® Dark matter relic density
® Exclude coannihilation

my,

i

A =2 Xs (H°)

3272(mg , — my,)

1Werner Porod (2003); W. Porod and Staub (2012)
2Bélanger et al. (2018)
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e LFVand

KATRIN
KATRIN

[As]

10—10

® LFV constraints
®  Relic density constraints

_\m:{‘

relic density constraints
1.6(7) x 10~ , My, < 0.052 eV
3.08(5) x 10™my, / eV, my, > 0.052 eV
limit: ms" < 0.8 eV

sensitivity goal: mf,’: <0.2eV

Figure: Normal hierarchy

Thede de Boer

100

Degenerate scenario

» Casas Ibarra

y /%f(m,\,,mn)
5

> Relic density
Qh%? =0.12+0.02

y
= W = const

Figure: Main annihilation channel

[ As| =
(3.08 £ 0.05) - 1072 m,, /eV (NH)
(3.11 £0.06) - 107° m,, /eV (IH)
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LFV constraints

®  Relic density constraints

LFV and relic density constraints

o] = 1.6(7) x 10~ , My, < 0.052 eV
B 3.08(5) x 10~%m,,, / eV, my, > 0.052 eV

KATRIN limit: mef < 0.8 eV
KATRIN sensitivity goal: mf,’: <0.2eV

107°

[As]

10—10

Figure: Normal hierarchy
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100

Hierarchical scenario
» LFV constraints exclude
large [y i.e. small [ As
[As| =
(1.640.7) - 10710 (NH)
(1.74+1.5)-1071° (IH)

arXiv: 2007.05338
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» Scotogenic model

® Scalar doublet and fermion singlet dark matter
® Neutrino masses at one loop

» Dark matter und Neutrino masses intrisically connected

P Relic density constraint yields a relation between m, and As
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Thank you for your attention
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Thank you for your attention

Any Questions?
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Backup slides
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LFV constraints

Relic density constraints
LFV and rellc density constraints
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All points

LFV constraints

Relic density constraints

LFV and relic density constraints
KATRIN limit: mef < 0.8 eV

KATRIN sensitivity goal: m&' < 0.2 eV

1072 1071 100
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