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Minimal Dark Matter (i)

[Cirelli, Fornengo & Strumia, 2005]
[Cirelli & Strumia, 2009]
R: higher order SU(2) rep.

O ~ ROg)y is not possible!

2---®2DR
———

- Quantum numbers DM can DD Stable?
(R—1) times SU(2)y, U(l)y Spin | decay into bound?
2 1/2 S EL X x
2 1/2 F EH x x
3 0 S HH* Vv X
3 0 F LH Vv X
3 1 S HH,LL X X
3 1 F LH X X
4 1/2 S HHH* X x
4 1/2 F (LHH*) X X
4 3/2 S HHH X X
4 3/2 F (LHH) X X
5 0 S (HHH*H™) v X
5 0 F = v Vv
5 1 S | (HH*H*H*) X X
5 1 F - X Vv
5 2 S | (H*H*H*H*) X X
5 2 F — X Vv
6 1/2,3/2,5/2 S - X N
7 0 S = N v
8 1/2,3/2 ... S ] — [ x | V
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Minimal Dark Matter (i)

[Cirelli, Fornengo & Strumia, 2005]
[Cirelli & Strumia, 2009]

R: higher order SU(2) rep.

O ~ ROg\ is not possible!

2---®2DOR
—_——

(R—1) times
On=4 ~3f Osu On=3 ~ 8% Ogu
(H (Y=0) H'H (Y=0)
ST eH (v=1) MTH A (v =1)
On=s ~4{ Osu On=4 ~ 4§ Ogm
o LHHT (Y =1/2) HIHHY (Y =1/2)
MTVeH HE (v =3/2) MTVH HTHE (v =3/2)
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Minimal Dark Matter (ii)

% Only Y = 0 is consistent with direct DM searches (Z-mediated processes induce
tree-level og; of DM-nucleon above the limits, for Y # 0)

[Cirelli, Fornengo & Strumia, 2005]
[Cirelli et al, 2007 & 2007]

2%

% Perturbativity of as up to Mpjanck: Rr >5 and Rs>8g areruled J

% By indirect detection experiment (y-ray, v, e, p~): [TDM > 1026 seconds]

[Ando & Ishiwata, 2015]
[Ibarra & Lamperstorfer & Silk, 2015]
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Minimal Dark Matter (iii)

1 man 2T (v/VR)2re
4(4m)2N=5 (N — 2)I(N — 3)! A2(N-4)

_ _On ™) _
On = 15 ROsu T =

% 5%:dim 5, A > Mpjanc
% 52:dim 6 and 72: dim 7

% 7%: one-loop radiative dim=5 operator can be written, 7% (7%7%) HYHHTH J

[Di Luzio et al, 2015]

Stringent constraints on 5‘,3 by indirect DM searches: ruled out by ~-ray line

searches from galactic center (NFW and/or Einasto). Consistent in the context of

cored profiles (Burket or Isothermal)

& [Cirelli et al, 2015]
[Garcia-Cely et al, 2015]
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Neutrino masses - Seesaw

HY H
H H :
3 i N
AN ¢ 7 :
L ¢ 51/\4
(a) Type-I (b) Type-Il
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One-loop radiative neutrino masses

[Bonnet, Hirsch, Ota, Winter, 2012]
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MDM from 1-loop radiative » mass models

2®R=
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Minimal Dark Matter: 5%

D1 4172 61/2 4172 gl/2
D2, D1 4172 39 4l/2 50 412 50 6l/2 50 6l/2 6L/2,79
4l/2 30 4!/2 50 4172 50 50 61/ 50,61/ 64/, 72
D4 4172 4172 6!/ 4172 61/2 6!/
32 52 59 53 79
1/2 51 1/2 4 1/2 4 1/2 1 1/2 4 1/2 51
D4, D1 4, 1 .23f 4, 1 .25f 6, 1,25, 4 1 .25f 6 1,25, 6, 1,27,
4l 4l 4l 6L/ 6L/ 1%
H o L H H H é H L=
1 1 n 1 ¢ i [ H H
[ ‘ ‘ Lu Hy H
D1 D2 g o
o D3 D4
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MDM decays

MDM decays are induced by UV completions associated with the effective operator

_ _on

On = g ROsm

In the minimal model, the new dof are assumed to be related with quantum gravity
effects: 52 stable. But for UV completions associated with lighter physics the DM can
become cosmologically unstable:

A < 10" GeV = 7py < 10% sec.

2 a4
m, ~ Y @ Y C[10-2,1]
2
1672 A % Mam = 0.05 eV [Forero, Tortola, Valle, 2014]

5
10% GeV A 4
= <2x10'8 sec.
DM ~ < MmMpm ) (101SGGV>
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MDM decays

MDM decays are induced by UV completions associated with the effective operator

C
Oy = /\TIL R Ogy

In the minimal model, the new dof are assumed to be related with quantum gravity
effects: 52 stable. But for UV completions associated with lighter physics the DM can
become cosmologically unstable:

A < 10" GeV = py < 10?6 sec.

In the absence extra dof:
| 1 —
L= Loy +Tr [5F :msF} + 5ms (5F 5-+ H.c.)
Zo invariant transformations: 50 — —5¢ and Xgy — Xsum

Lot = %SFEHHTH

Breaking of the accidental Z, symmetry
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Tree-level MDM decays

« Decays are determined by Z, violating operators, depends on the extra reps
% Universal mass: m = 10° GeV and mpy = 10* GeV
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One-loop MDM decays

4
J A
5% Bj’»"é“\/vvv A
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(4Y232): 11, AA= HH!
skl R=4Y2: AA= HH' (4¢/%,5%) : fl-2
BElr=6y": A= (w2~} (67/%,5%) : [l A = (w.2.7}
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Radiative UV completed models

Université
de Liege

Fermion quintet

uv 3L | a® | 5L | e/% | 7k | 8% | aY?
D1 T e e

C Simoes - Valencia - Planck 2016

14/16



Neutrino models with higher-order loops

Three-loops:

SM+3xT7p +7p+15

10} e
=
L T
g AV
S of S
:‘L . ’//’
2 4t P
<
2k
2 4 6 8 10
my/mpm

Mpy = 20 TeV, M;; = 500 GeV
[Ahr?che et al, 2015]

"
S

(ALp/IOO TCV)
=)
=

2HDM + 3 x 5% + 7% + 5],

[
=

my/mpm

Mpy = 10 TeV, My, = 1 TeV
[Culjak et al, 2015]

Landau pole at relatively low energy scales!

8
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Conclusions

« Study of 1-loop » mass models where MDM 5‘,)_- is one of
the messengers

3 : neutral component of 5(,3- absolutely stable at

renormalizable level and cosmologically stable when the
leading-order effective operator responsible for the decay
(dim 6) is included, A > 10"® GeV

@ [SM + 5?: + extra dof defining 1-loop » mass models}:

50 is not stable anymore

@ [SM + 5% + extra dof defining higher-loop » mass models?}

Hard to reconcile with perturbativity criteria
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Thank you!
Gracias!

Gracies!
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