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Antideuterons from supersymmetric dark matter
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Abstract: We calculate the antideuteron flux expected from dark matterannihilation in the galactic halo.
The propagation is treated in a full 2-D propagation model consistent with the results obtained from the
propagation of B/C and other galactic species. We discuss the potentials of this indirect dark matter detec-
tion means, with special emphasis on the possible sources ofuncertainties affecting future measurements.

Introduction

Antideuterons have been proposed as an interest-
ing indirect detection signal of particle dark matter
(DM) in Ref. [1], where it has been shown that
the low energy part of the antideuteron spectrum
is potentially able to offer a good signal–to–noise
gain. In this paper we present a novel evaluation
of the antideuteron flux, with special emphasis on
the determination of the astrophysical uncertainties
arising from antideuteron propagation in the galac-
tic medium. To this aim, we take advantage of a
more refined and constrained diffusion model [2],
as well as updated cross sections for the calculation
of the antideuteron background [3]. Our approach
follows closely that of Ref. [4], which focussed on
the antiproton component in cosmic-rays as a dark
matter signal.

Dark matter source

We model the DM distribution in the following
general form:

ρ = ρs

(

r

rs

)−γ [

1 +

(

r

rs

)α](γ−β)/α

(1)

whereρs andrs denote the scale density and scale
radius. The mean slope of the cusp obtained from

numerical simulations is well fitted by a(α =
1, β = 3, γ) profile, withγ = 1.16 ± 0.14 [5]. In
this paper, we setγ = 1.2. The exact slope of the
density profile is not crucial regarding the calcu-
lation of antiproton and antideuteron DM-induced
fluxes [6, 4], as well as a possible spike in the cen-
tral region (that is certainly crucial in the context
of γ-ray indirect detection). The possible effect of
clumpiness is not addressed here [7]. The parame-
ters of the Milky Way dark matter distribution are
set tors = 20 kpc andρ0 = 0.3 GeV cm−3, ac-
cording to typical values found in kinematical data
in the Galaxy [8] or for simulated haloes [9].

The production of antideuterons from the annihi-
lation of a neutralino pair is based roughly on two
steps: the hadronization into a antiproton and an-
tineutron pair, followed by their subsequent fusion
into a antideuteron bound system. The hadroniza-
tion has been computed as in Ref. [4], while for
the nuclear fusion we adopt the simple coalescence
scheme as described in Ref. [1] and [3]. We fix the
coalescence parameter to bePcoal= 79 MeV both
for primary and secondary fluxes.

Propagation Model

Charged particles travelling from the sources to
the solar neighborhood are affected by the scatter-
ing off random magnetic fields (diffusion in energy
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case δ K0 L Vc

[kpc2/Myr] [kpc] [km/sec]

max 0.46 0.0765 15 5
med 0.70 0.0112 4 12
min 0.85 0.0016 1 13.5

Table 1: Relevant sets of propagation parameters
used in the analysis (the value ofVa, unimportant
for the primary calculation, is omitted).

and space) and the Galactic wind (convection).
We follow closely the description given in Ref.
[2]. The framework is a diffusion–convection–
reacceleration model, with a spatial independent
diffusion coefficientK(E) = βK0R

δ (where
R = pc/Ze is the rigidity) and a constant windVc

directed outwards alongz. Cosmic rays are con-
fined within a diffusive halo of helf–heightL and
within the radiusR = 20 kpc of the Galaxy. En-
ergy losses (Coulomb, ionization, adiabatic) and
gains (reacceleration) are included in a disk of
thickness2h = 200 pc. The antideuteron spectra
are calculated at the Earth position in the galactic
disk, which we fix atR⊙ = 8.0 kpc.

The five key parameters of the model are the halo
sizeL of the Galaxy, the normalization of the dif-
fusion coefficientK0 and its slopeδ, the constant
galactic windVc and the level of reacceleration
through the Alfvénic speedVa. These parameters,
constrained by the analysis of the B/C ratio, re-
flect degenaracies in the parameters space. [2, 10].
For antiprotons, all sets of parametersconsistent
with B/Clead to the very same secondary flux [11],
but to a large scatter for the primary (from DM
sources) fluxes [4]. Unsurprisingly, the same pat-
tern is observed for antideuterons. Table 1 gathers
the parameters used to calculate the standard an-
tideuteron flux (med), as well as the two sets of pa-
rameters leading respectively to the minimal (min)
and maximal (max) exotic fluxes [4].

Cross sections for the background flux

The cross sections for nuclear interactions are
taken from Ref. [3]. The contributions of the var-
ious channels are displayed in Fig. 1. ThepH and
pHe are the dominant channels for energies be-
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Figure 1: Antideuteron source term for the sec-
ondary flux, obtained from the integration of the
measured CR fluxes times the differential produc-
tion cross section, times the gas density in the ISM.
The contributions of the different processes are
outlined, as well as the total flux.

yond 1 GeV/n. At lower energies, thēpp contri-
bution plays an important role, as it enhances the
background, in a region where the primary contri-
bution is expected. All cross sections can be as-
sumed to be accurate within a factor of two, except
for thep̄p andp̄He channels which are not yet well
constrained.

The tertiary contribution (due to non–annihilating
rescattering of antideuterons) is also implemented.
As in Ref. [3], we use here a more refined treat-
ment than the classical Tan & Ng scheme (en-
ergy of the surviving antinuclei scales as the en-
ergy of the incoming antideuteron). Fig. 2 shows
that tertiaries are relevant only at very lowe ener-
gies, below 0.3 GeV/n. Taking into account en-
ergy redistributions and the solar modulation of the
flux washes out the effect of tertiaries almost com-
pletely for detectable fluxes at the top of the Earth
atmosphere. This is manifest in Fig. 3, where the
background calculation is shown after solar mod-
ulation at the minimun of solar activity has been
included.

We wish to comment that we have corrected here
an error in the normalization of the cross sections
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Figure 2: Interstellar antideuteron flux with and
without the tertiary source term. The top curve is
the sum of the secondary contribution (steep de-
crease at low energy) and of the tertiary contribu-
tion (a few secondaries survive the collision with
the ISM and are shifted to lower energy). The
tertiary curve, labeled “1+2+3”, is the sum of the
three curves “1”, “2” and “3” that correspond to
the tertiary contributions of three energy bands (la-
belled as: 1, 2 and 3).

used in previous calculations (Fig. 8 of Ref. [3]
is incorrect). However this modification does not
alter the conclusions of Ref. [3].

Signal from dark matter annihilation

An example of antideuteron signal from DM anni-
hilation is shown in Fig. 3, for a 60 GeV–mass DM
particle with an annihilation cross section compati-
ble with the current WMAP result on the amount of
cold DM. The galactic propagation has been calcu-
lated for the three sets of astrophysical parameters
shown in Table 1. We see that, as for antiprotons
[4] and for positrons [12], the uncertainty in the
low–energy part of the signal, as due to galactic
propagation, is sizeable. It reaches one order of
magnitude at energies of 0.1 GeV/n. Nevertheless,
we find, as already discussed in Ref. [1], that the
low–energy sector of the antideuteron signal po-
tentially offers a good discriminating power over

Figure 3: Fluxes of primary and secondary an-
tideuterons at solar minimum. The dashed line
shows the secondary antideuteron contribution,
calculated with the median set of propagation pa-
rameters. The solid lines correspond to the fluxes
from the annihilation of a 60 GeV DM particle.
From top to bottom: the maximum, median and
minimum set of propagation parameters are used.
Dotted lines: the same as for solid lines, but for
the interstellar fluxes. The BESS limit on the
antideuteron searches is shown as a horizonthal
dashed line. The expected sensitivities for the
GAPS and AMS experiments are shown as hori-
zonthal solid lines.

the backgound, a feature wich is not shared nei-
ther by the antiproton [4] nor the positron [12] sig-
nals. For this reason, antideuterons represent the
best indirect detection option, with a potential clear
signature in the low energy part of the spectrum.
An example of the signal–to–noise ratio is show in
Fig. 4 for the same representative signal of Fig.
3: we see that below 1-2 GeV/n energies, the total
antideuteron flux at the Earth is dominated by the
signal component. Clearly the optimistic situation
shown in Figs.3 and 4 depends also on the parti-
cle physics properties of the DM candidate, mostly
on its abundance as DM component. Nevertheless,
antideuterons offer the possibility for detectors like
GAPS and AMS (whose expected sensitivities are
reproduced in Fig. 3) to explore a large fraction
of the particle–physics parameter space in case of
neutralino DM in supersymmetric theories. These
results will be discussed elsewhere [13].
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Figure 4: Ratio of the primary–to–secondary
fluxes, calculated for the set of maximal propaga-
tion parameters and at solar minimum. The DM
primary flux has been obtained for a particle with
a mass of 60 GeV.

Conclusions

We have discussed a novel calculation of the an-
tideuteron component of cosmic rays, by introduc-
ing additional effects in the background estimate
and by discussing the astrophysical uncertainties
coming mainly from the antideuteron propagation
in the galactic medium, which affect mostly the
DM signal contribution. As for antiprotons, the
primary component from DM annihilation is more
affected than the secondary component from cos-
mic rays interactions with the interstellar medium.
The uncertainty on the signal is about one order of
magnitude in the low energy part of the spectrum.
Prospects of future forthcoming experiments have
been discussed: for suitable DM–particle proper-
ties, the antideuteron flux may well fall within the
experimental reach, regardless of the astrophysical
uncertainties.
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