Sommerfeld Enhancement
In the Inert Doublet Model

Camilo A. Garcia Cely

Feb 19, 2014

MALT Workshop, Munich

{1

Service de Physique Theorique
Universite Libre de Bruxelles B

In collaboration with Alejandro Ibarra and Michael Gustafsson



Outline

Introduction
Dark Matter as an Inert Scalar

Gamma-ray spectral features: Annihilation into two
photons

Issues with Unitarity and the Sommerfeld
enhancement

Gamma-ray fluxes and H.E.S.S.
Conclusions



SM doublet

Dark
Matter
Stability

Additional doublet

HT
5 (HY +1iA7)

It is possible to
postulate invariance under

U= - &

(Zy symmetry)



SM doublet Additional doublet

G HT
¢ = ’Uh‘|'h-|-’rfGU V= 1 (@_l_ ‘ZAO)
V2 V2
It is possible to
Dark postulate invariance under
Matter - —_ — b — P
Stability * v v
(Zy symmetry)

If the lightest particle that is charged under Z5 is neutral : we have a dark matter candidate!!!
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Dark Matter Abundance

GeV range

HoHy — h* — ff and HyAy — Z* — ff
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Gamma-ray spectral features

Smoking gun signature for dark matter : no astrophysical process is
known to produce a sharp feature in the gamma-ray spectrum
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Annihilation into Photons



Gamma-ray spectral features

Smoking gun signature for dark matter : no astrophysical process is
known to produce a sharp feature in the gamma-ray spectrum

DM—— DM
\VAWV, ~y
DM—— "N 2 DM —

Annihilation into Photons Virtual Internal Bremsstrahlung



Gamma-ray spectral features

Smoking gun signature for dark matter : no astrophysical process is
known to produce a sharp feature in the gamma-ray spectrum

DM—— DM DM ——
\VAWV, ~y
DM—— "N 2 DM — DM — —

Annihilation into Photons Virtual Internal Bremsstrahlung Box-shaped spectra



Gamma-ray spectral features

Smoking gun signature for dark matter : no astrophysical process is
known to produce a sharp feature in the gamma-ray spectrum

High-mass
regime of
the IDM
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One-loop
annihilation into
two photons
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Something is wrong because the
cross-section must be bounded from
above by the unitarity limit
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What Is wrong?




e For each W boson that is exchanged in the initial state one gets a factor that
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e For each W boson that is exchanged in the initial state one gets a factor that

goes like vy Mpo /My, .

o If Myo 2 My /oy = 2TeV, the perturbative calculation breaks down because
higher-order loop diagrams become more and more important.

e For these masses and in general in the high-mass regime of the IDM, the one-
loop calculation is not reliable until these effects are taken into account.

Sommerfeld Enhancement!
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Sommerfeld Enhancement

The exchange of W bosons - and in general of any boson- leads to a long range
interaction that distorts the wave function of the annihilating particles
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One Benchmark

The lines dominate over IB
Moy = 2.88 TeV
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The lines dominate over IB
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Conclusions

 |In the high mass regime of the inert doublet model,
the internal bremsstrahlung process and annihilation
Into photons generate sharp gamma-ray spectral
features.

 The Sommerfeld enhancement has to be taken into
account in order to account for perturbative unitarity.

 These spectral features can be searched for with
gamma-ray telescopes, and eventally found or
excluded in the near future.
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