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In case of a y-ray signal...
@ Could annihilation and/or decay be identified
as the origin of the signal?

@ What information about the particle
properties could be obtained?

See Talk by N. Bernal
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In case of a Y-ray signal...

@ If dark matter is unstable and produces an
observable signal from decay, an annihilation signal
might also be present

® There is a range of parameters for which this would
occur

® We propose to use gamma-ray observations of Milky
Way dwarf galaxies with current or future
experiments
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Annihilation or Decay or ...7?
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Annihilation or Decay or ...7?

Decaying DM
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General Idea
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Innermost region: annihilation
Outermost region: decay (or annihilation in substructure)
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Dwarf Spheroidal Galaxies

@ Highly dark matter dominated systems
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J- D. Simon and M. Geha, Astrophys. . 670:313, 2007

@ Relatively free from y-ray emission from other astrophysical
sources: no neutral or ionized gas and little or no recent

star formation activity
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Universal mass profile?
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Universal mass profile?
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Smooth Halo

@ We use a Navarro-Frenk-White density profile

@ To account for tidal stripping we truncate the
profile following the Roche-limit criterion

P, Z.
]sm,x(w) — E/l ds pSIIl(r(S7?7/}>)

Substructure

@ We consider collectively the average emission from subhalos
within the dwarf galaxy halo and sum over subhalos of all

Masses

]subs,:zr (w)

Radial distribution of subhalos
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Angular dependence of the intensity
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SPR and J. M. Siegal-Gaskins, 7CAP 07:023, 2010
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Y-Ray Spectra from DM annihilation/decay
We assume DM annihilates/decays into 2 SM particles and use PYTHIA 6.4
Only prompt photons as ICS photons are only significant at low energies

Annihilation

Soft
Channels

Hard
Channels

e
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Hard-Soft
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Innermost vs. OQutermost Annuli
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Range of inferesting parameters

Here: m=200 GeV and energy threshold=1 GeV

The normalization depends on the relative
photon yields from annihilation and decay: for
a given lifetime, the transition occurs further
from the center when the ratio from
annihilation to decay is larger.

The different amplitudes reflect the different
photon yields for the various decay channels
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In order for the transition to occur within
1-2 degrees:
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Range of inferesting parameters

for a threshold of 1 GeV, similar yields for
all hadronic channels, which are the highest

In order for the transition to occur within
1-2 degrees:
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Effect of substructure, energy
threshold and dark matter mass
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Same trend: transition for soft-hard
combinations occurs further from
the center than for hard-soft

Higher threshold: soft channel is
suppressed -> curves displaced
upwards (downwards) if decay is
into a hard (soft) channel and
annihilation into a soft (hard)
channel

The effect of substructure shows
up at around 1 degree

SPR and J. M. Siegal-Gaskins, 7CAP 07:023, 2010

PM Annihilation vs. IM Pecay, July 27 2010



Conclusions

@ We have outlined the way to constrain dark matter properties in the event of
the clear detection of an indirect signal from gamma-ray observations of dwarf
galaxies

@ We have addressed the question of how scenarios of dark matter annihilation,
decay, or both, could be distinguished, and what information could be obtained
about the intrinsic properties of the dark matter particle (mass, annihilation
cross section, lifetime and dominant annihilation/decay channels) and its small-
scale distribution from this type of indirect measurement

@ We have shown that spectral information alone is insufficient fo identify the
process that produced the signal

@ The Key: examining the dependence of the infensity and energy spectrum on
the angular distribution of the emission

@ This idea could in principle be applied to the Milky Way too: in this case an
appropriate treatment of ICS is mandatory for annihilation/decay into leptonic
channels (see also C. Boehm, T. Delahaye and J. Silk, arXiv:1003.1225)
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