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Abstract. AMS-02 is a multi-purpose spectrometer with superconducting magnet, and is designed for 3
years of data taking aboard the International Space Station. Its high performance regarding particle iden-
tification and energy measurement will allow performing indirect searches for dark matter (DM) in different
channels simultaneously: gamma rays, positrons and antiprotons. AMS-02 sensitivity to those signals are
presented and — provided the positron excess is due to DM signal — it is shown that it allows to probe new
physics models in detail. Its high sensitivity could even be a unique opportunity to reach the Majorana
nature of the DM particle through final state polarization effects.

PACS. 95.35.+d; 95.55.Vj

1 Introduction

Combinations of different cosmological probes indicate the
presence in the Universe of non baryonic dark matter
(DM), at the level of 84% of the total matter density.
In an independent way, several models beyond the stan-
dard model of particle physics (with supersymmetry or
extra spacetime dimensions) predict the existence of neu-
tral, weakly-interacting massive particles [1]. Those could
fill the Universe up to the observed matter density pro-
vided their co-moving density is regulated by primordial
self-annihilations.

Nowadays, these annihilations could take place in the
center of massive structures containing DM, like e.g. the
center of our Galaxy or in Galactic clumps of DM. If
efficient enough, annihilations of DM particles can be-
come observable sources of primary cosmic rays. Due to
a reduced standard background, anti-particles (e*, p, D)
are amongst the most promising channels, together with
~ rays. In this article, we focus mainly on the charged
channels.

2 The AMS-02 space spectrometer

AMS-02 is a particle physics detector designed for 3 years
of data taking in the GeV-TeV region [2]. The core of the
instrument is a silicon tracker, surrounded by a supercon-
ducting magnet and veto counters. The spatial resolution
is 10 um on 8 planes, and the value of the magnetic field is
BL? = 0.86 T'm?. Two scintillator planes allow to measure
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the time of flight with a 120 ps precision and an imag-
ing Cerenkov counter determines the charge and velocity
within ~ 0.1%. Proton rejection is performed with a tran-
sition radiation detector and an electromagnetic calorime-
ter, each of them providing a ~ 1022 level proton rejection.
The calorimeter also measures the energy of electromag-
netic particles with a few percent precision.

For what concerns DM channels (eT, p, D and «), the
main challenge is the rejection of the important proton
background. Table 1 summarizes the mean expected flux
ratio for these channels with respect to proton background.
Specific event selections, using all sub-detectors, allow the
observation of those particles with a high level of back-
ground rejection. As a result of optimized event selections
in Monte Carlo simulations, Table 1 shows the obtained
acceptance ratios — Achannel/Aproton, that quantifies the
capability of the detector to disentangle between the two
types of particles. Also shown are the energy ranges for
which background contamination is less than 1% [3-5]. Al-
though this paper does not present v channel in AMS-02,
we emphasize the fact that its sensitivity to v signal is very
high up to a few TeV [5, 6], in particular with a specific trig-
ger based on the calorimeter signals only [7].

3 Derivation of DM indirect signals

Apart from the misidentified particles, the other type of
background to face when searching for dark matter is re-
lated to the conventional production of cosmic rays in the
Galaxy. Those are presumably produced either in Super-
novae (primaries, which are also accelerated) or by inter-
action in the interstellar medium (secondaries). In the case
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Table 1. Background rejections and sensitivity ranges

et P v
(®channel /Pprotons) 103 104 1037°
Mean acceptance ratio 5.6 x 10° 109 107
Energy range (GeV) 1-300 1-600 2-2000

of et and p, secondaries are dominant at the Earth in the
energy range of interest (1 GeV to a few TeV). If occur-
ring, DM annihilations in the halo constitute an exotic pro-
duction of primary anti-particles. The flux of DM-induced
charged particles at the Earth @ is driven by a transport
equation of the form

8, (Ved) — KAD + 0p{b(E) — Kgp(E)0pd} = O(x, E) .
(1)

Here, V., K, b(E) and Kgg are parameters of the propa-
gation model and respectively stand for the convective
wind, the diffusion coefficient, the energy loss rate and
the diffusive reacceleration term. Q is the source term and
is discussed below. This equation is solved with cylindri-
cal boundary conditions that correspond to the expected
shape of the diffusion zone. Depending on the considered
species, some terms can be neglected (like e.g. b(E) for an-
tiprotons) and different methods can be applied for the
resolution [8,9].

The source term, that contains the new physics and the
modelling of the DM halo, can be expressed as

1o an
T Arw mi dE

P (%)
5 (2)

9(x, E) (E)

where (ov) is the thermally-averaged annihilation cross-
section, m,, is the DM particle mass, dN/dE is the energy
spectrum produced in the annihilation (which is discussed
below) and p, is the DM density. § is a statistical factor,
equal to 2 for identical particles and 4 for a mixing of two
populations (e.g. DM and anti-DM particles). Additional
negative source terms can account for the disappearance of
the particles by interaction in the Galactic disc.

Each pair annihilation of DM particles leads to the
production of a pair of standard particles. The types and
flavors of the produced particles are associated to a proba-
bility which is determined through the new physics model.
As it is shown in the following, a possible determination
of the final state mean dN/dFE spectrum can lead to the
identification of the underlying theory.

It is important to notice that the presence of DM
substructures could significantly enhance the annihilation
rate. The density of those can either follow the overall
DM density (clumps) or not, like e.g. in the case of mini-
spikes around intermediate-mass black holes (IMBHs). In-
deed, the rate being o p?, the higher the variance of the
DM distribution, the higher the exotic signal, as a clumpy
distribution would lead to a boost o< (p?)/({p)? with re-
spect to a smooth one. Although enhancement factors can
be explicitly computed within given substructure scenar-

ios [9,10], we will here adjust the value of the enhance-
ment (in fact, the distance at the nearest substructure) in
order to reproduce the so-called positron excess [11-13].
In the following, the type of substructure will not be spec-
ified, but maybe IMBHs type should be preferred since
the idea of sizeable clumpiness enhancement have recently
been doubted [14].

4 Prospects for AMS-02

4.1 Supersymmetry and extra-dimensions signals

In this section, we consider two models for the DM particle,
within supersymmetry (SUSY) and Kaluza—Klein (KK)
scenarios with extra-dimensions. In the two cases, specific
models and parameters are chosen to exhibit typical fea-
tures of each scenario. In both cases, candidates of 150 GeV
mass are considered with sets of parameters that match
cosmological constraints on the relic density. The com-
putations of the exotic fluxes — including cross-sections,
dark halo modelling and propagation — are performed with
a new version of the micrOMEGAs package [15, 16].

In the minimal supersymmetric extension of the stan-
dard model (MSSM), the typical candidate is the lightest
neutralino (LSP). The SUSY breaking scenario we con-
sider here is a mSUGRA type with unification of the scalar
masses to mg = 113 GeV and of the fermions to my,, =
375 GeV at an energy of O(101%) GeV. We also fix tg = 50,
© >0 and a vanishing trilinear coupling. The mass spec-
trum is computed with the SuSpect package [17], and leads
to a 150 GeV neutralino. The bino component being dom-
inant, the annihilation goes through a mixing of bb and
77~ pairs in a 60/40 proportion. The total annihilation
cross section, as computed with micrOMEGAs, is (ov) =
7x10"2 cm?s1.

The KK scenario used here considers warped extra-
dimensions with a SO(10) unification group [18]. The DM
particle in this scenario is referred to as the LZP (in refer-
ence to the name of the discrete symmetry that guarantees
proton stability). In this framework, the annihilation oc-
curs mainly via the exchange of Z° or Z’ bosons in the
s-channel. Considering KK bosons mass scale of 3 TeV,
a proper thermal relic density can be obtained for a DM
particle mass of 150 GeV [18], with a total annihilation
cross section (ov) =2 x 10726 cm?s~!. In this framework,
74% of the annihilation produce quark pairs, and the direct
branching fraction into charged leptons is 3% each. This
represents a high proportion of direct et /e~ pairs. The
positrons which are produced this way are particularly in-
teresting since they are mono-energetic.

Let us focus now on the specific features of each type of
model. For what concerns antiprotons, they are exclusively
produced in the quark hadronization processes (7 channels
do not produce p). The quark yield being more import-
ant for the LZP, a little more p are expected in that case.
However, the most important differences between the two
spectrum predictions appear for positrons. Indeed, the rela-
tively large production of et line in the LZP case lead to
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Fig. 1. Expected measurements of the e’ and p fluxes for SUSY DM: a bino (left) and a LZP (right)

a spectrum that exhibit a very sharp end at 150 GeV, which
does not appear in SUSY. The scope of this paper is to
show that such spectra can easily be identified with 3 years
of data taking with AMS-02. To do so, we use a compre-
hensive simulation of the AMS-02 apparatus, and include
all systematics related to misidentification of the different
backgrounds. We include also statistical uncertainties ac-
counting for 3 years of data taking. In the considered en-
ergy range, the theoretical uncertainties on the flux predic-
tions decreadses as the energy increases. In fact, the higher
the energy, the more purely diffusive the transport regime.
As a consequence, high energy fluxes are more under con-
trol since they depend on less parameters. For that reason,
fluxes are only considered above 3 GeV here.

Figure 1 displays the different spectra as they would
be measured by AMS-02, together with current measure-
ments. The upper panels present p measurement and the
lower panels show the eT signals. In each case, the SUSY

candidate is considered on the left and the KK one is on
the right. Standard fluxes are determined from [19] for p*
and from [20] for e*. One can see that, apart from the
normalization of the signals, the p signals do not exhibit
significant differences (this degeneracy in the p signal has
been pointed at in [19]). On the contrary, as mentioned
above, the e’ line production lead to significant dissimi-
larities in the positron spectra. It appears that the high
sensitivity of AMS-02 to this channel allows to clearly dis-
tinguish the two models. In particular, the sharp cutoff in
the KK-induced e™ spectrum can be detected with a high
significance.

While we do not show the results for « rays expected
measurements here, it is important to notice also that —un-

! In the case presented here, the standard signal is consis-
tent with BESS results and AMS-02 points are assumed to be
slightly higher.
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Fig. 2. et spectra for different polarization, before propagation (left) and as they would be measured by AMS-02 (right)

like the KK case — the SUSY case leads to an observable
150 GeV ~ line. This result is obtained thank to the high
performance of the calorimeter.

Notice finally that, even for those relatively light neu-
tralinos, fluxes measurements on a large energy range are
essential. In fact, only a precise measurement of the spec-
tra above the neutralino mass can lead to an identification
of the expected spectral features. Furthermore, it allows
a direct measurement of the standard secondary back-
ground and helps in fitting shape of the signal. From that
point of view also, AMS-02 great advantage is to offer large
energy range measurements.

4.2 Polarization of final state gauge bosons

In this section, we consider the specific case of an anni-
hilation into pairs of gauge bosons (xx — WTW ™). This
occurs in the MSSM when the LSP has a large Higgsino
component (like, e.g. in anomaly-mediated SUSY break-
ing scenarios), or within universal extra-dimensions frame-
works.

We point out here that the energy spectrum of the out-
going e' (and v) depends on the polarizations of the pro-
duced gauge bosons. Indeed, Majorana particles like SUSY
neutralinos lead to transversally polarized gauge bosons,
whereas Dirac particles such as KK candidates produce un-
polarized bosons. et and v spectra should be different in
each case, as we shall see in the following. This effect has
never been pointed at before, a more detailed study will
appear in [21].

The left panel of Fig. 2 displays the dN/d FE functions
for a generic 100 GeV DM particle annihilating into W
pairs with different polarizations. The specific shapes of
each curve are related to the angular distribution of the
leptons in the W — fv processes, depending on the W po-
larization. After propagation of these spectra, the differ-
ences between the two cases tend to vanish but we show

that a sizeable difference stands when the fluxes are consid-
ered at the Earth.

In the same way as in previous section, the predic-
tion for AMS-02 observations in 3 years of data taking
are performed, assuming the DM signal is the origin of
the positron excess. The right panel of Fig. 2 shows the
expected AMS-02 measurements in each case. It appears
that — under the assumption of a W dominated annihila-
tion (which could be inferred, e.g., from the LHC data) —
a few bins show significant differences, in particular around
20 GeV and in the last bins of the excess. A precise analysis
of the spectral shape of the excess could allow to distin-
guish between the two cases through a fit of the data points
with hypotheses on the signal shape. Notice that the deter-
mination of the Majorana nature of the DM particle would
be impossible with any current experiment, neither at the
LHC. Only the future linear collider could reach that kind
of information.

5 Conclusions

AMS-02 is a large acceptance space spectrometer that will
perform precise measurements of cosmic radiation up to
the TeV region, with a high level of background rejection.
The prospect concerning indirect searches for dark mat-
ter are very promising in the antiprotons, positrons and
gamma rays channels. In particular, it is shown that not
only an excess can be observed, but specific new physics
models can be unambiguously identified. The precise meas-
urement of the high energy part (above the DM particle
mass) insures to simultaneously have a determination of
the standard background. In addition, the accurate deter-
mination of the nuclei fluxes will lead to important con-
straints on the propagation models and significantly re-
duce the theoretical uncertainties, thus allowing to reach
even higher sensitivities to DM models.
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On top of that, the high sensitivity to positrons and the

precision of the energy measurement allow to probe very
fine details of the new physics underlying the dark matter
problem. For example, if the positron excess is due to par-
ticles annihilating in gauge boson pairs, AMS-02 as enough
sensitivity to give clues on the Majorana structure of the
dark matter particle.

References

N O Ut W N

. G. Bertone, D. Hooper, J. Silk, Phys. Rep. 405, 279 (2005)
. http://ams.cern.ch

. J. Pochon, Ph.D. Thesis LAPP-T-2005-05 (2005)

. D. Caraffini, Ph.D. Thesis, AMS note 2005-07-02 (2004)

. L. Girard, Ph.D. Thesis LAPP-T-2004-04 (2004)

. A. Jacholkowska et al., Phys. Rev. D 74, 023518 (2006)

. P. Brun, S. Rosier-Lees, astro-ph/0601537 (2006)

8.

9.

10.

11.
12.
13.
14.

15.
16.

17.

18.
19.
20.
21.

31

D. Maurin, C. Combet, R. Taillet, astro-ph/0609522
(2005)

J. Lavalle, J. Pochon, P. Salati, R. Taillet, Astron. Astro-
phys. 462, 827 (2006)

P. Brun, G. Bertone, J. Lavalle, P. Salati, R. Taillet, Phys.
Rev. D 76, 083506 (2007)

S. Coutu et al., Astropart. Phys. 11, 429 (1999)

J.J. Beatty et al., Phys. Rev. Lett. 93, 241102 (2004)

M. Aguilar et al., Phys. Lett. B 646, 145 (2007)

J. Lavalle, Q. Yuan, D. Maurin, X.-J. Bi, arXiv:0709.3634
(2007)

P. Brun, astro-ph/0603387 (2006)

P. Brun, S. Rosier-Lees, G. Bélanger, F. Boudjema,
A. Pukhov, in prep.

A. Djouadi, J.L. Kneur, G. Moultaka, hep-ph/0211331
(2002)

K. Agashe, G. Servant, Phys. Rev. Lett. 93, 231805 (2004)
T. Bringmann, P. Salati, Phys. Rev. D 75, 083006 (2007)
E.A. Baltz, J. Edsjo, Phys. Rev. D 59, 023511 (1999)

P. Brun, E. Nezri, J. Orloff, S. Rosier-Lees, in prep.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


