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Introduction

v Neutrino Masses

v Dark Matter

v Baryon Asymmetry of the Universe

Non-Baryonic Dark Matter: Observational Evidence and Detection Methods 24

Figure 4. Observed H I rotation curve of the nearby dwarf spiral galaxy M33 (adapted

from [74]), superimposed on an optical image [75]. The dashed line shows the estimated

contribution to the rotation curve from the luminous stellar disk [74]. There is also a

smaller contribution from gas (not shown).

rotation curve from the luminous disk computed in [74]. (There is at large radii also

a small contribution from the gas mass, not shown in the Figure.) As can be seen,

the rotation curve is rising well beyond the point where Newtonian dynamics based on

only the luminous mass would predict a decline. Since the curve continues to rise at

the last measured points, only a lower limit to the mass of the dark halo can be given,

M ∼> 5 · 1010 M!, more than 10 times the mass in stars and gas. It is noted in [74] that

an NFW profile in fact fits the rotation curve quite well but the central concentration

is lower than that predicted by an ΩM = 1 universe, perhaps indicating again the need

to decrease the matter density (while allowing a cosmological constant to give a flat

large-scale geometry).

7. Models for non-baryonic dark matter

Given that the total mass density of the universe seems to be higher than what is

allowed by big bang nucleosynthesis for baryons alone, an important task of cosmology

and particle physics is to produce viable non-baryonic candidates and to indicate how
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Minimal Dark Matter (i)
[Cirelli, Fornengo & Strumia, 2005]

[Cirelli & Strumia, 2009]

R: higher order SU(2) rep.

O ∼ ROSM is not possible!

2⊗ · · · ⊗ 2︸ ︷︷ ︸
(R−1) times

⊃ R
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Minimal Dark Matter (ii)

v Only Y = 0 is consistent with direct DM searches (Z-mediated processes induce
tree-level σSI of DM-nucleon above the limits, for Y 6= 0)

[Cirelli, Fornengo & Strumia, 2005]

[Cirelli et al, 2007 & 2007]

v Perturbativity of α2 up to MPlanck: RF > 5F and RS > 8S are ruled

v By indirect detection experiment (γ-ray, ν, e+, p−):
�� ��τDM ≥ 1026 seconds

[Ando & Ishiwata, 2015]

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

ON =
cN

ΛN−4
ROSM Γ

(N)
DM =

1
4(4π)2N−5

m2N−2nc−7
DM

(N − 2)!(N − 3)!

(v/
√

2)2nc

Λ2(N−4)

v 50
S : dim 5, Λ ≥ MPlanck

v 50
F : dim 6 and 70

S : dim 7
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v 70
S : one-loop radiative dim=5 operator can be written, 70

S

(
70

S70
S

)
H† H H† H

[Di Luzio et al, 2015]

Stringent constraints on 50
F by indirect DM searches: ruled out by γ-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
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One-loop radiative neutrino masses

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

ℓ ℓ

H H

D1
ℓ ℓ

H H

D2

ℓ ℓ

H

H

D3

ℓ ℓ

H H

D4

2⊗ R = (R − 1)⊕ (R + 1)

50
F

41/2
S or 61/2

S

C. Simoes - Valencia - Planck 2016 9/16



Minimal Dark Matter: 50
F
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MDM decays

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

ON =
cN

ΛN−4
ROSM

In the minimal model, the new dof are assumed to be related with quantum gravity
effects: 50

F stable. But for UV completions associated with lighter physics the DM can
become cosmologically unstable:

Λ ≤ 1015 GeV⇒ τDM < 1026 sec.

mν ∼
v2

16π2

Y 4

Λ
v Y ⊂ [10−2, 1]

v mAtm = 0.05 eV [Forero, Tortola, Valle, 2014]

Λ ≤ [105, 1013]GeV =⇒ τDM . 2× 1018

(
104 GeV

mDM

)5 (
Λ

1013 GeV

)4
sec.
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MDM decays
MDM decays are induced by UV completions associated with the effective operator

ON =
cN

ΛN−4
ROSM

In the minimal model, the new dof are assumed to be related with quantum gravity
effects: 50

F stable. But for UV completions associated with lighter physics the DM can
become cosmologically unstable:

Λ ≤ 1015 GeV⇒ τDM < 1026 sec.

In the absence extra dof:

L = LSM + Tr
[
5F i /D 5F

]
+

1
2

m5

(
5c

F 5F + H.c.
)

Z2 invariant transformations: 5F → −5F and XSM → XSM

Leff =
c6

Λ2
5F `H H† H

Breaking of the accidental Z2 symmetry
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Tree-level MDM decays

v Decays are determined by Z2 violating operators, depends on the extra reps

v Universal mass: m = 109 GeV and mDM = 104 GeV
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One-loop MDM decays
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Radiative UV completed models
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Neutrino models with higher-order loops

Three-loops:

SM + 3× 70
F + 71

F + 11
S 2HDM + 3× 50

F + 70
F + 51

S
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S
= 500 GeV MDM = 10 TeV, MH2 = 1 TeV

[Ahriche et al, 2015] [Culjak et al, 2015]

Landau pole at relatively low energy scales!
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Conclusions

v Study of 1-loop ν mass models where MDM 50
F is one of

the messengers

v

�� ��SM + 50
F : neutral component of 50

F absolutely stable at
renormalizable level and cosmologically stable when the
leading-order effective operator responsible for the decay
(dim 6) is included, Λ ≥ 1015 GeV

v

�� ��SM + 50
F + extra dof defining 1-loop ν mass models :

50
F is not stable anymore

v

�� ��SM + 50
F + extra dof defining higher-loop ν mass models?

Hard to reconcile with perturbativity criteria
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Thank you!

Gracias!

Gràcies!
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