Dark matter, lepton flavor violation and
1-loop neutrino masses
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New physics is required to account for neutrino
masses and the dark matter

Both are strongly v: oscillations

supported by data dm: cosmology/astronomy
But not much is known origin of MV

about them dm properties

And it’s not clear what o

this new physics is



Most new physics models try to address at
least one of these two issues

Many scenarios could
account for the DM

Different mechanisms
to explain v masses

Could dark matter and
M, be related?

SUSY, UED, minimal
models

Seesaw, loops, flavor
symmetries

Can both be explained by
physics at the TeV scale?



I will discuss models that generate » masses at
1-loop and that can explain the dark matter

1. The general framework
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2. A specific model
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The possible 1-loop realizations of the
Weinberg operator are already known

Only 4 different topologies
exist

T he new fields transform
as 1, 2 or 3 of SU(2)

They give rise to ~ 30
new field configurations

H ® HO H P
.............................
Y l¢ 1/),! A o)
________________
P ¢’ H
H NG HP° H H

______

I I e e e it

Bonnet, Hirsch, Ota, Winter (2012)

Modulo the hypercharge



We obtained the full list of minimal models
of 1-loop v masses and dark matter

All fields in the loop are DM stability
odd under a Z»

A neutral particle should Y = —2T4
be present Few viable possibilities

It must be consistent with
current experiments

Direct detection bounds
DM — TeV masses



We found only 35 models compatible also with
dark matter

—————————————————————————————

12 %é Y 8 ¢
| TR
All (half) admit scalar L } ,
(fermionic) dark matter o T 7¢ """"
Several contain exotic Collider searches
particles
They contain less than simple!

4 different new fields



Lepton flavor violating processes may provide
strong constraints on these models

LFV Process

Present Bound

Future Sensitivity

u, Al — e, Al
u,S1IC — e, SIC

0w — e 5.7 x 1013 6 x 10~ 14
T — ey 3.3x107° ~3x 1077
T — Ly 4.4 x 1079 ~3x 1077
u — eee 1.0 x 1012 ~ 10716
T — 2.1 x 108 ~ 1079
T — e_,u"l',u_ 2.7 x 1078 ~ 107°
T~ > u"ete 1.8 x 10°8 ~ 1077
T — eee 2.7 x 1078 ~ 1079
=, Ti— e, Ti 4.3 x 10712 ~ 1018
L=, Au — e, Au 7 x 10713

10715 - 10718
10—14
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The simplest and best known model of 1-loop
r masses and dm iIs the radiative seesaw

It contains only two
new fields

They are odd under a
Z> symmetry

It has been studied
extensively

Ma, 2006
+

Hy = (pffip0)r Ni

To prevent FCNC and
stabilize the dm

dark matter, v’'s, collider



In this model, neutrino masses are generated
radiatively at the 1-loop level

T here IS no Dirac mass

term for neutrinos

Lepton number violation

requires A5 #~= 0

Neutrinos acquire masses

at 1-loop

Yij LiNsz + MnNN

% [(H]H2)? + (HHy)?




Current neutrino data can be accommmodated
within this model

2 M2
4 i A5 Yai¥Biv N;
MY has a very simple Y8~ Totr e X f <M2;>
structure ‘ n
The v mass scale can AsyZ; ~ 10710-10~11

be obtained

Enough free parameters
to account for the data At least 2 N’s



Lepton flavor violating processes are also
iInduced at one-loop

g v v
They are mediated by o .
the charged scalar e+<m\ e e ”
N; n la X,
N;
ts ls ls
7]

They depend on y;; N o TN o e
but not on \; /,73/77\ " K
q q q q q q

Relevant constraints for o
Yij ~ O(0.1 —1) N S A



In this model the dark matter particle can
be a scalar or a fermion

It contains two dark HY WIMP
matter candidates Ni: WIMP or FIMP

QHO tends to be smaller
than Qdm HOHO 5 wtw—

(1, tends to be larger

Large Yukawa couplings
than Q,4,,

Compatible with LFV?



For scalar dark matter the phenomenology
resembles that of the inert doublet

Viable regions feature S
M HO z 500 Gev 16_235_ 3 coannihilating N E

Oh’=0.11 2 coannihilating N
— 1 coannihilating N

0 coannihilating N

T le-24fF =
- - - mE : |
HY-N coannihilations may =2
- - ©
Change thls plCture le-25¢" Fermi-LAT bound
le-26 L—— Ll —— L —— L

100 200 300 400 500 600 700 800 900 1000
No correlation with LFV M,y [GeV]

Oor v Mmasses



The lightest singlet fermion is a leptophilic
dark matter candidate

It does not couple to No direct detection bounds
quarks at tree-level

I . 0 4
It annihilates into o(NN — ) < y
leptons Qg4m = O(1) Yukawas

Strong correlation with

IS it viable?
LFV and v masses
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We studied the parameter space of this model
and obtained a large sample of viable points

We used the most general y;; — Casas-Ibarra
form of the Yukawas

We took into account all Dark matter: (co)annihilation
relevant constraints EW data, colliders,...
We computed the rates for ©n— ey, u — 3e, CR(u-e)

different LFV processes T — Uy, T — ey, T — 3l
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Dark matter and neutr
As has to be tiny
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It iIs never larger than

about 3 x 1019

le-11f

<

This is technically natural
(t’Hooft)
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T he two neutral scalars

are degenerate
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Significant regions of the parameter space can
be probed via LFV + decays
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M, <700 GeV is : i i _
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T he dark matter constraint can also be satisfied
via coannihilations with the scalars

When Mg, — M, is Am < 20%

small

Final states contain a N HO - vZ, =W, et w—
single lepton N{Ht = ¢t~ 0t Z, oW+

T he coannihilation rate

tends to be larger oY



Coannihilations allow X5 to be larger and

the Yukawas to be smaller
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Y1+ can be suppressed

for large My,

s varies between 101V

and 107



Even in this case future LFV experiments will
probe a large fraction of the parameter space
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Models of 1-loop neutrino masses and dark
matter feature a very rich phenomenology

They are simple and
well motivated

They give rise to
strong correlations

They can be tested
via LFV experiments
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