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Introduction

Many pieces of evidence for particle dark matter. However, very little
is known about the properties of the dark matter particle:

Spin: 0 or 1/2 or 1 or 3/2 (possibly higher if composite)
Parity: + or —

Mass: 107" GeV — 10" GeV
(axions) (WIMPzillas)

Interaction cross section with nucleons: 107* pb — 107° pb
(gravitinos) (neutralinos)

Lifetime: 10° years — infinity
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Introduction

Goal: constrain the lifetime of a dark matter particle with mass in the TeV range

Phenomenological motivation: Electron/positron excesses coulc} be explained
by the decay of dark matter particles
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Introduction

Goal: constrain the lifetime of a dark matter particle with mass in the TeV range

Theoretical motivation: No matter particle 1s guaranteed to be stable

particle Lifetime Decay channel Theoretical justification
: Accidental
proton |71>8.2x10% years| p-e*n° Baryon number conservation symmetry
electron |7>4.6x10% years €YV Electric charge conservation Local
neutrino | 7z10'* years Vo yy Lorentz symmetry conservation || SY™MetY
neutron | 7=885.7+0.8s | n > pv, e |Isospin symmetry mildly broken.
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particle Lifetime Decay channel Theoretical justification
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dark matter 210° years 27?7 ?7?7?

It 1s conceivable that the dark matter particle 1s long lived due to an
accidental symmetry of the renormalizable Lagrangian (as for the proton).

Higher dimensional operators may induce the dark matter decay (as for the proton).
For a dimension six operator suppressed by a large scale M,

TeV \° M 1
o~ 1 20
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Gamma-ray lines

Gamma ray lines constitute an inequivocal sign of dark matter: No (known)
astrophysical source can produce a gamma-ray line in the multi-GeV range

Very stringent constraints on the dark matter lifetime

(assuming 100% decays into monochromatic gamma-rays)
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Gamma-ray lines

Gamma ray lines constitute an inequivocal sign of dark matter: No (known)
astrophysical source can produce a gamma-ray line in the multi-GeV range

Very stringent constraints on the dark matter lifetime
(assuming 100% decays into monochromatic gamma-rays)
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Gamma-ray lines

Gamma ray lines constitute an inequivocal sign of dark matter: No (known)
astrophysical source can produce a gamma-ray line in the multi-GeV range

Very stringent constraints on the dark matter lifetime

(assuming 100% decays into monochromatic gamma-rays)
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Present constraint for Fermi-LAT:

I'(Y-yv)z 5 x10° - 107, for m  between 1 and 600 GeV

Projected senstivity at CTA:
(Y- yv)= 5 x 102 - 10% s, for m , between 600 GeV and 10 TeV

Very stringent constraints on dark matter particles which decay at tree level
into monoenergetic gamma-rays
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Present constraint for Fermi-LAT:
I'(Y-yv)z 5 x10° - 107, for m  between 1 and 600 GeV

Projected senstivity at CTA:
(Y- yv)= 5 x 102 - 10% s, for m , between 600 GeV and 10 TeV

Very stringent constraints on dark matter particles which decay at tree level
into monoenergetic gamma-rays
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Present constraint for Fermi-LAT:

I'(Y-yv)z 5 x10° - 107, for m  between 1 and 600 GeV

Projected senstivity at CTA:
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Decay mediated by a scalar
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Decay into one flavour
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Decay mediated by a vector

Decay 1nto one flavour

| 27
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The degenerate scenario

In some models the final neutral particle is not a neutrino but a heavy fermion
W — (H0N
(e.g. lightest neutralino decaying into a hidden gaugino and a fermion-antifermion pair)

Consequence 1: The radiatively induced gamma-ray line appears at an energy
smaller than m /2:

/4
B My mjz\I
v 2 mf,.)

Consequence 2: The branching ratio into gamma-lines can be substantially

enhanced: 2\ Relative CP
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Positron fraction e*/(e*+e")
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V— pr f{?N *

BR(y—y N) suppressed by (m /m,)’
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Some decaying dark matter models of the type ¢y —» [* [~ N
which are allowed by the electron/positron constraints
are presently ruled out by gamma-line searches.
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Conclusions

m Stability of the dark matter particle 1s an open question (as 1s proton stability).
Indirect dark matter searches constrain the dark matter lifetime.

® The lower bound on the lifetime depends on the decay mode. The Fermi-LAT
has set very stringent constraints on decays into monoenergetic gamma-rays
for m_, =1 GeV- 600 GeV (7 2 5x10*~ 107" s). The CTA might set similar

bounds on the lifetime for mDM=6OO GeV - 10 TeV.

. 1

Very stringent constraints on models where the dark matter particle decays
at tree level into monoenergetic gamma-rays.

m [n the interesting case where  — [*[” v, the constraints on the lifetime from
loop induced gamma-ray lines are competitive with the (tree level) constraints
from electron/positron measurements.

m [f the decay ¢ — [*[" v 1s the origin of the electron/positron excesses, a gamma-ray
line might be observed 1n the diffuse flux at the CTA.
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Thank you for your attention!
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