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Cosmi
 Rays from Leptophili
 DarkMatter De
ay via Kineti
 Mixing

Alejandro Ibarraa, Andreas Ringwaldb, David Trana, Christoph Wenigerba Physik-Department T30d, Te
hnis
he Universit�at M�un
hen,James-Fran
k-Stra�e, 85748 Gar
hing, Germany.b Deuts
hes Elektronen-Syn
hrotron DESY,Notkestra�e 85, 22607 Hamburg, Germany.Abstra
tIf interpreted in terms of de
aying dark matter, the steep rise inthe positron fra
tion of 
osmi
 rays above 10GeV, as observed by thePAMELA experiment, suggests an underlying produ
tion me
hanismthat favors leptoni
 
hannels. We 
onsider a s
enario where a portion ofthe dark matter is made of the gauginos of an unbroken hidden-se
torU(1)X , whi
h intera
t with the visible se
tor only through a tiny ki-neti
 mixing. The se
ond 
omponent of the dark matter is made ofneutralinos, and depending on the mass spe
trum, the lightest neu-tralino or the hidden gaugino be
omes unstable and subje
t to de
ay.We analyze the 
osmi
 rays, namely the 
ontributions to the positron,the extragala
ti
 gamma-ray and the antiproton 
ux, whi
h poten-tially result from these de
ays and demonstrate that the produ
tionof antiprotons 
an be naturally suppressed. Furthermore, we brie
ydis
uss the apparent double-peak stru
ture of the ATIC data in lightof 
as
ade-de
aying hidden gauginos, as well as possible signatures atFermi.
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1 Introdu
tionThe PAMELA 
ollaboration has re
ently reported a measurement of thepositron fra
tion [1℄ whi
h shows a signi�
ant ex
ess at high energies 
om-pared to the expe
tations from spallation of 
osmi
 rays on the interstellarmedium [2℄. This result 
on�rms the ex
ess in the positron fra
tion reportedin the past by several experiments: HEAT 94/95/00 [3℄, CAPRICE94 [4℄ andAMS-01 [5℄. More importantly, the PAMELA 
ollaboration has providedan a

urate measurement of the energy spe
trum of the positron fra
tion,revealing a steep rise between 7 and 100GeV, possibly extending to evenhigher energies.The ex
ess in the positron fra
tion has been interpreted as an indi
ationfor the annihilation [6, 7, 8, 9℄ or the de
ay [10, 11, 12℄ of dark matter par-ti
les. If interpreted as dark matter annihilations, the dark matter parti
lemust annihilate into W , Z, e, �, � for any dark matter mass, or into q, b,t, h for a multi-TeV dark matter mass. In both 
ases one needs large boostfa
tors, e.g. from dark matter substru
tures, sin
e the required annihila-tion rates are mu
h larger than the 
ross-se
tion suggested by 
osmology,h�vi � 3� 10�26
m3= s [13℄, would lead one to expe
t. On the other hand,if interpreted as dark matter de
ay, the dark matter parti
les must have amass larger than � 300GeV, a lifetime around 1026s and the de
ay mustpro
eed preferentially into 
harged leptons of the �rst and se
ond genera-tion [14℄. The properties of the dark matter parti
les are also subje
t to
onstraints from the di�use gamma-ray 
ux as measured by the EGRETinstrument [15℄, and the antiproton 
ux, as measured by PAMELA [16℄,BESS95 [17℄, BESS95/97 [18℄, CAPRICE94 [19℄, CAPRICE98 [20℄ andIMAX [21℄. More 
on
retely, the good agreement of the theoreti
al pre-di
tions for the antiproton 
ux with the measurements suggests that thedark matter parti
le annihilates or de
ays mostly into leptons. Moreover,taking additionally into a

ount the ex
ess in the total ele
tron+positron
ux as observed by the ATIC experiment [22℄ hints to dark matter parti
lemasses above 1TeV.1 Although the interpretation of the positron ex
ess interms of dark matter is very suggestive, it should be borne in mind thatnearby astrophysi
al sour
es su
h as pulsars might produ
e sizable positron
uxes in the energy range explored by PAMELA [28℄.In this paper we will dis
uss the 
osmi
-ray signatures of supersymmetri
s
enarios with a gaugino of an unbroken hidden-se
tor U(1) gauge group1For the 
ombined ele
tron+positron 
ux, we use results from measurements that havebeen undertaken by ATIC, HEAT94/95 [23℄, PPB-BETS [24℄, H.E.S.S. [25℄, BETS [26℄,CAPRICE94 [4℄ and SANRIKU [27℄. 2



whi
h intera
ts with the visible se
tor only via a tiny kineti
 mixing [29℄.We will spe
ulate that the tiny kineti
 mixing indu
es the de
ay of thedark matter parti
les into lighter supersymmetri
 parti
les and positrons,thus providing a potential explanation to the ex
ess observed by PAMELA.Assuming exa
t R-parity 
onservation, two possibilities may arise. First, wewill study the 
ase that the hidden gaugino mass is smaller than the lightestneutralino mass. We will show that the neutralino mostly de
ays into two
harged leptons and the hidden gaugino. The hard positrons produ
ed inthe de
ay 
an then potentially explain the steep rise in the positron fra
tionobserved by PAMELA and the absen
e of an ex
ess in the antiproton 
ux.Se
ondly, we will study the 
ase that the lightest neutralino mass is smallerthan the hidden gaugino mass. If this is the 
ase, it is the hidden gauginowhi
h de
ays into the lightest neutralino, either dire
tly or in a 
as
adede
ay, when there are supersymmetri
 parti
les with masses between thehidden gaugino mass and the lightest neutralino mass. Either parti
le 
ouldbe the dominant 
omponent of dark matter. However, we will fo
us in thiswork on the possibility that the dominant 
omponent of dark matter is thelightest neutralino, whi
h may allow dire
t dark matter dete
tion.In se
tion 2 we will shortly review the main features and possible originsof s
enarios with a hidden abelian gauge group and kineti
 mixing. Inse
tion 3 we will review the pro
edure to 
al
ulate the gamma-ray, positronand antiproton 
uxes at Earth from dark matter de
ay. In se
tion 4 we willpresent our results for the de
aying neutralino 
ase and the de
aying hiddengaugino 
ase. Lastly, in se
tion 5 we will present our 
on
lusions.2 ModelMany extensions of the Minimal Supersymmetri
 Standard Model (MSSM)
ontemplate the possibility of a hidden se
tor, 
onsisting of super�elds whi
hare singlets under the Standard Model gauge group. Hidden se
tor super-�elds usually 
ouple very weakly to our observable se
tor, thus 
onstitutinga very natural arena for �nding dark matter 
andidates. We 
onsider anextension of the MSSM by a hidden abelian gauge group U(1)X (for detailsabout the model see Ref. [29℄). This gauge group remains unbroken at lowenergies and 
ouples to the MSSM only through a tiny kineti
 mixing, �,with the hyper
harge U(1)Y [30℄:SU(3)
 � SU(2)� U(1)Y � U(1)X| {z }kin. mixing � : (1)3



We assume that all matter states 
harged under U(1)X are heavy and negli-gible. As a 
onsequen
e the U(1)X gauge boson 
ompletely de
ouples fromthe observable se
tor. However, as shown in Ref. [29℄, a non-zero mass-mixing of the order of ÆM � O(� �MX) between hidden gaugino and binogenerally remains. More pre
isely, in the basis where the kineti
 terms are
anoni
al, the extended (5�5) neutralino mass matrix reads, to lowest orderin �,MN = 0BBBB�MX ÆM 0 0 0ÆM M1 0 �MZ
�sW MZs�sW0 0 M2 MZ
�
W �MZs�
W0 �MZ
�sW MZ
�
W 0 ��0 MZs�sW �MZs�
W �� 0
1CCCCA : (2)Here, � denotes the MSSM �-term, MZ the mass of the Z0 gauge boson,M1andM2 the bino and wino masses, respe
tively, sW the sine of the Weinbergangle and s� is related to the ratio of the two Higgs VEVs.Below, we will 
on
entrate on the 
ase where the lightest supersymmetri
parti
le in the visible se
tor is a bino-like neutralino �01. Then, dependingon the masses of the hidden gaugino and of the neutralino, one of the twoparti
les be
omes unstable with a lifetime that is roughly given by�X;�01 � O(10�2 � 10) � 1026 s �� MX;�01100GeV��1� �10�24��2 ; (3)where we made use of the mixing angle � ' ÆM=jM�01 �MX j � O(�). Theexa
t prefa
tor depends on the dominant de
ay modes and on the massspe
trum of the supersymmetri
 parti
les. However, it is apparent that alifetime around 1026 s, as required to �t the PAMELA ex
ess with de
ayingdark matter parti
les, implies an extremely small mixing of the order of � �10�24. Note that the mixing must be somewhat larger when the de
ayingparti
le is only a subdominant 
omponent of the dark matter, but an upperbound of roughly � 10�20 holds from the requirement that the parti
le hasnot already de
ayed.The thermal produ
tion of hidden gauginos by os
illations between binoand hidden gaugino, whi
h generally takes pla
e in the primeval MSSMplasma, is irrelevant for the mixing parameters that we are looking at [29℄.However, the hidden gaugino may be produ
ed non-thermally, e.g. in thede
ay of a heavy gravitino, or it may be a thermal reli
 of the hidden se
-tor [31℄. In the latter 
ase one requires additional parti
les that are 
hargedunder the hidden U(1)X with masses around MX , however. For simpli
ity,4



we will assume throughout this work that the lightest neutralino in the vis-ible se
tor has the right energy density to make up the dominant part ofthe observed dark matter, whereas the abundan
e of the hidden gaugino isalways subdominant, �X � ��01 ' �DM.The a
tual mass s
ale of the hidden gaugino depends on how the breakingof supersymmetry is mediated to the visible se
tor and the hidden U(1)X .If the soft masses � Msoft in the visible se
tor arise from gauge mediation,whereas U(1)X 
ouples to the supersymmetry-breaking se
tor only gravita-tionally, the predi
ted mass hierar
hy is Msoft � m3=2 � MX , where m3=2denotes the mass of the gravitino. In this s
enario the lightest neutralino
annot be dark matter, be
ause it would de
ay into the gravitino in the earlyUniverse. However, if we suppose gravity mediation to the visible se
tor andanomaly mediation [32℄ to the U(1)X , one expe
ts Msoft � m3=2 � MX . Ifthe soft masses of both the visible se
tor and the U(1)X arise from grav-ity mediation, one in general expe
ts that all masses are of the same orderMsoft � m3=2 � MX . Below we will assume that the gravitino is heavyenough to have no impa
t on the de
ay modes, m3=2 > max(MX ;M�01).Additional hidden se
tor U(1) gauge fa
tors are a generi
 feature ofstring 
ompa
ti�
ations. For example, in the \mini-lands
ape" of orbifold
ompa
ti�
ations of the heteroti
 string [33℄ one en
ounters, at the 
om-pa
ti�
ation s
ale, a breaking of the gauge symmetry to a theory involvingmany hidden U(1)s, e.g. E8�E8 ! GSM�U(1)4� [SO(8)�SU(2)�U(1)3℄and the like. Similarly, type II 
ompa
ti�
ations generi
ally invoke hiddense
tor U(1)s, often also for global 
onsisten
y requirements. Some of thesehidden U(1)s may remain unbroken down to very small s
ales [34℄.Kineti
 mixing is generated by the ex
hange of heavy messengers that
ouple both to the hyper
harge U(1)Y as well as to the hidden U(1)X .Correspondingly, it is loop suppressed, � = gY gX C=(16�2), where gY andgX are the abelian gauge 
ouplings and C is a dimensionless 
onstant. In�eld-theoreti
 setups, the latter is naturally of order one [30℄ and thus waytoo large for our purposes. However, it 
an be mu
h smaller if there areadditional gauge or global symmetries (
f. Refs. [29, 35℄). Moreover, inmodels arising from string 
ompa
ti�
ations rather small mixings seem tobe generi
 [36, 37, 34, 38℄. In the 
ontext of 
ompa
ti�
ations of the heteroti
string, the size of the mixing has been estimated as [36℄� � gY gX16�2 �mMP ; (4)where �m � MP is the mass splitting in the messenger se
tor and MP5



the Plan
k s
ale. Indeed, the mixing is quite small in this 
ase (e.g. � �10�16, if �m is asso
iated with gauge mediated supersymmetry breaking,�m � 100 TeV), but still to large for our purposes. However, a suÆ
ientlystrong suppression of the 
oupling 
ould be a
hieved in models with multiplehidden U(1)s [29℄.In 
ompa
ti�
ations of type-II string theories, where the hidden U(1)sarise via D-branes in the (extra-dimensional) bulk that have no interse
tionwith the branes responsible for the visible se
tor, one has to distinguish two
ases.i) In large volume s
enarios, where the hidden D3-branes and the branessupporting hyper
harge are lo
ated at generi
 positions in some Calabi-Yau,kineti
 mixing is suppressed by the large volume V6 of the extra dimen-sions [38℄, � ' gY gX16�2 �V6M6s ��2=3 ; (5)where Ms is the string s
ale, whi
h is related to the Plan
k s
ale via Ms �gsMP =pV6M6s , where gs is the string 
oupling. We thus see that we mayobtain a kineti
 mixing of order 10�24, if we assume V6M6s � 1032, 
orre-sponding to a string s
ale of order Ms � TeV. However, this 
ase is prob-lemati
 be
ause the mass of the gravitino is of the order of meV [39℄, withimpa
t on the stability of supersymmetri
 dark matter 
andidates like theneutralino or hidden gaugino.ii) In s
enarios with signi�
ant warping, su
h as KKLT [40℄, the standardmodel sta
k of branes, notably the brane featuring the hyper
harge U(1),is pla
ed at a spe
ial position { at the tip of a warped throat { while thehidden brane is separated from it by a distan
e d along the throat. In this
ase kineti
 mixing may be exponentially suppressed [38℄ like� � gY gX16�2 e�md ; (6)reminis
ent of a \Yukawa type" intera
tion. In fa
t, in warped 
ompa
ti�-
ations, the 
losed string �elds that mediate the kineti
 mixing, notably theNS-NS B form and the R-R C form �elds, a
quire masses,m � nMs=(V3M3s ); (7)for some integer n, from the va
uum expe
tation values of their three-form�eld strengths, H3 = dB2, F3 = dC2, whi
h are threading three-
y
les ofvolume V3 and 
ause the warping. Therefore, we 
on
lude that no strong�ne-tuning is required to obtain a tiny kineti
 mixing in a KKLT-like s
e-nario. Indeed, the estimate (6) yields the desired small value � � 10�246



for md � 48.As mentioned above, depending on the mass spe
trum of the supersym-metri
 parti
les, either the lightest neutralino, �01, or the hidden gaugino, X,be
omes unstable. The relevant de
ay modes are shown in Tab. 1. These de-
ays may be dete
table as anomalous 
ontributions to the 
osmi
-ray 
uxesobserved at Earth. We will dis
uss this in some detail in the next se
tion.Neutralino / Hidden gaugino de
ay modesM�01 > MX M�01 < MX�01 ! 8>><>>: f ~�f�L=R ! f �fXXh0XZ0 X ! 8>>>><>>>>: f ~�f (�)L=R ! f �f�0i�0ih0�0iZ0��j W�Table 1: Dominant de
ay modes. Depending on the masses of the hiddengaugino, MX , and the lightest neutralino, M�01 , one of the two parti
lesbe
omes unstable with a lifetime roughly given by Eq. (3). Sin
e the three-body de
ay into fermion pairs f �f is mainly mediated by virtual sfermions,~f�, we show this expli
itly. Furthermore, when a sfermion is lighter thanthe de
aying parti
le, the 
orresponding three-body de
ay 
rosses over to a
as
ade de
ay. The subsequent de
ay and fragmentation of the Higgs- andgauge bosons, 
harginos and neutralinos is not shown. Note that the letterf represents any lepton or quark.3 Propagation ModelsThe de
ay of dark matter parti
les indu
ed by the kineti
 mixing dis
ussedabove will generate potentially sizable numbers of Standard Model parti
leswhi
h may be dete
table in 
osmi
-ray experiments if the dark matter de
ayrate is high enough. In the following, we will 
onsider the 
osmi
-ray signa-tures resulting from the de
ay of neutralinos and hidden gauginos in threedi�erent 
hannels, namely gamma rays, positrons and antiprotons2. Inter-2Dark matter de
ay also produ
es a 
ux of neutrinos whi
h are unfortunately unob-servable due to the large atmospheri
 neutrino ba
kgrounds [41℄.7



estingly, in all of these 
hannels, experiments are now rea
hing sensitivitiesto dark matter lifetimes of the order of 1026 s.Gamma rays. Photons from the de
ay of GeV { TeV mass dark mat-ter parti
les will manifest themselves as an anomalous 
ontribution to thedi�use extragala
ti
 gamma-ray ba
kground. More spe
i�
ally, there aretwo distin
t 
ontributions to the di�use gamma-ray 
ux from dark matterde
ay. There is an anisotropi
 
omponent from the de
ay of dark matterparti
les in the Milky Way halo, as well as an isotropi
 di�use emission fromdark matter de
aying at 
osmologi
al distan
es. The latter 
ontribution isred-shifted due to the expansion of the Universe. Thus, for a dark mattermass mDM and a dark matter lifetime of �DM, the gamma-ray 
ux will begiven by the sum [42℄�E2 dJdE �DM = �E2 dJdE �halo + �E2 dJdE �extra ; (8)where the halo 
omponent is given by�E2 dJdE �halo = 2E2mDM dN
dE 18��DM Zlos �DM(~l)d~l ; (9)in whi
h �DM is the dark matter halo pro�le, whi
h in the following weassume to be an Navarro-Frenk-White (NFW) [43℄ pro�le for de�niteness.The results will have only a slight dependen
e on the parti
ular 
hoi
e ofhalo pro�le. dN
=dE denotes the energy spe
trum of photons from darkmatter de
ay. The integration extends along the line of sight (los), yieldingan angular dependen
e of the signal. For our results, we will average theanisotropi
 halo 
ontribution over the whole sky ex
luding a band of �10Æaround the Gala
ti
 disk. The extragala
ti
 
omponent is given by�E2 dJdE �extra = 2E2mDMC
 Z 11 dy dN
d(yE) y�3=2p1 + 
�=
My�3 (10)with the 
oeÆ
ient C
 = 
DM�
8��DMH0
1=2M : (11)The integration is over the red-shift z, with y = z+1. In these expressions,
� ' 3
M, 
M ' 0:24 and 
DM ' 0:20 are the va
uum, matter and darkmatter density parameters, respe
tively, while H0 = 70:1 km s�1Mp
�1 isthe present value of the Hubble parameter and �
 is the 
riti
al density. One8



�nds that the halo 
omponent is dominant, although both 
ontributions areof the same order. For the ba
kground to the dark matter signal from
onventional astrophysi
al sour
es, we will assume a power law spe
trumthat �ts the data points below 1 GeV,�E2 dJdE �ba
kground = 6:8� 10�7E�0:32 GeV (
m2 str s)�1 : (12)Antimatter propagation. At the energies of interest here, only antipar-ti
les 
reated within the Milky Way's dark matter halo will be of importan
e.Antimatter propagation in the Galaxy is a fairly 
ompli
ated pro
ess dueto di�usion, energy loss and annihilation e�e
ts. It is 
ommonly des
ribedusing a stationary two-zone di�usion model with 
ylindri
al boundary 
on-ditions [44℄. Under this approximation, the number density of antiparti
lesper unit kineti
 energy, f(T;~r; t), satis�es the following transport equation,whi
h applies both for positrons and antiprotons:�f�t = r � [K(T;~r)rf ℄ + (13)+ ��T [b(T;~r)f ℄�r � [ ~V
(~r)f ℄� 2hÆ(z)�annf +Q(T;~r) :We assume free es
ape 
onditions for the solution f(T;~r; t) at the boundaryof the di�usion zone, whi
h is approximated by a 
ylinder with half-heightL = 1 � 15 kp
 and radius R = 20 kp
, and solve the equation for thesteady-state 
ase, where �f=�t = 0.The �rst term on the right-hand side of the transport equation is the dif-fusion term, whi
h a

ounts for the propagation through the tangled Gala
-ti
 magneti
 �eld. The di�usion 
oeÆ
ientK(T;~r) is assumed to be 
onstantthroughout the di�usion zone and is parameterized by:K(T ) = K0 � RÆ ; (14)where � = v=
 is the velo
ity in units of the speed of light 
, and R isthe rigidity of the parti
le, whi
h is de�ned as the momentum in GeV perunit 
harge, R � p[GeV℄=Z. The normalization K0 and the spe
tral indexÆ of the di�usion 
oeÆ
ient are related to the properties of the interstellarmedium and 
an be determined from 
ux measurements of other 
osmi
-ray spe
ies, mainly from the Boron-to-Carbon (B/C) ratio [45℄. The se
-ond term a

ounts for energy losses due to inverse Compton s
attering onstarlight or the 
osmi
 mi
rowave ba
kground, syn
hrotron radiation and9



ionization. The third term is the 
onve
tion term, whi
h a

ounts for thedrift of 
harged parti
les away from the disk indu
ed by the Milky Way'sGala
ti
 wind. It has axial dire
tion and is also assumed to be 
onstantinside the di�usion region: ~V
(~r) = V
 sign(z) ~k. The fourth term a

ountsfor antimatter annihilation with rate �ann, when it intera
ts with ordinarymatter in the Gala
ti
 disk, whi
h is assumed to be an \in�nitely" thin diskwith half-height h = 100 p
. Lastly, Q(T;~r) is the sour
e term of positronsor antiprotons whi
h is given byQ(E;~r) = �DM(~r)mDM�DM dNdE ; (15)where dN=dE is the energy spe
trum of antiparti
les 
reated via the de
ayof dark matter parti
les. In the transport equation, rea

eleration e�e
tsand non-annihilating intera
tions of antimatter in the Gala
ti
 disk havebeen negle
ted.The solution of the transport equation at the Solar System, r = r�,z = 0, 
an be formally expressed by the 
onvolutionf(T ) = 1mDM�DM Z Tmax0 dT 0G(T; T 0)dN(T 0)dT 0 ; (16)where Tmax = mDM for the 
ase of the positrons and Tmax = mDM�mp forthe antiprotons. The solution is thus fa
torized into two parts. The �rstpart, given by the Green's fun
tion G(T; T 0), en
odes all of the informa-tion about the astrophysi
s (su
h as the details of the halo pro�le and thepropagation of antiparti
les in the Galaxy). The remaining part dependsex
lusively on the nature and properties of the de
aying dark matter parti-
les, namely the mass, the lifetime and the energy spe
trum of antiparti
lesprodu
ed in the de
ay.We will 
onsider the dark matter lifetime to be a free parameter thatis 
onstrained by requiring a qualitatively good agreement of the predi
tedpositron fra
tion with the PAMELA results. Therefore, the only un
ertain-ties in the 
omputation of the antimatter 
uxes stem from the determinationof the Green's fun
tion, e.g. from the un
ertainties in the propagation pa-rameters and the halo pro�le. As it turns out, the un
ertainties in the pre
iseshape of the halo pro�le are not 
ru
ial for the determination of the primaryantimatter 
uxes, sin
e the Earth re
eives mostly antimatter 
reated withina few kp
 from the Sun, where the di�erent halo pro�les are very similar.On the other hand, the un
ertainties in the propagation parameters 
an sub-stantially 
hange the predi
tions for the antimatter 
uxes, even by as mu
h10



as two orders of magnitude for the antiproton 
ux. The reason for thislarge un
ertainty is a 
orrelation among the di�usion parameters and thesize of the di�usion zone. The ranges of the astrophysi
al parameters thatare 
onsistent with the B/C ratio and that produ
e the maximal, medianand minimal positron and antiproton 
uxes are listed in Tab. 2 and 3 [46℄.Positrons and antiprotons have di�erent properties regarding their prop-agation, and their respe
tive transport equations 
an be approximated bydi�erent limits of Eq. (13). By exploiting the 
ylindri
al symmetry of theproblem, it is then possible to �nd semi-analyti
al solutions to the transportequation in ea
h 
ase. Approximate interpolating fun
tions for the Green'sfun
tion 
an be found in Ref. [10℄.Model Æ K0 (kp
2=Myr) L (kp
)M2 0.55 0.00595 1MED 0.70 0.0112 4M1 0.46 0.0765 15Table 2: Astrophysi
al parameters 
ompatible with the B/C ratio that yield theminimum (M2), median (MED) and maximal (M1) 
ux of positrons.Positron Flux. For the 
ase of the positrons, Gala
ti
 
onve
tion andannihilations in the disk 
an be negle
ted in the transport equation, whi
his then simpli�ed to:r � [K(T;~r)rfe+ ℄ + ��T [b(T;~r)fe+ ℄ +Q(T;~r) = 0 ; (17)where the rate of energy loss, b(T;~r), is assumed to be a spatially 
onstantfun
tion parameterized by b(T ) = T 2T0�E , with T0 = 1 GeV and �E = 1016 s.The solution to this equation is formally given by the 
onvolution Eq. (16).The expli
it form of the Green's fun
tion is [8℄Ge+(T; T 0) = 1Xn;m=1Bnm(T; T 0)J0 ��n r�R � sin�m�2 � ; (18)where J0 is the zeroth-order Bessel fun
tion of the �rst kind, whose su

es-
11



sive zeros are denoted by �n. On the other hand,Bnm(T; T 0) = �ET0T 2 Cnm � (19)� exp(� �2nR2 + m2�24L2 � K0�EÆ � 1 "� TT0�Æ�1 ��T 0T0�Æ�1#) ;withCnm = 2J21 (�n)R2L Z R0 r0dr0 Z L�L dz0�(~r 0)J0 ��n r0R� sin hm�2L (L� z0)i ;(20)where J1 is the �rst-order Bessel fun
tion.The interstellar positron 
ux from dark matter de
ay is �nally given by�prime+ (T ) = 
4�mDM�DM Z mDM0 dT 0Ge+(T; T 0)dNe+(T 0)dT 0 : (21)The dependen
e of the positron 
ux on the di�usion model is mostly im-portant at low energies, where the signal lies well below the ba
kground.Rather than measuring the positron 
ux, most experiments measure thepositron fra
tion, �e+=(�e� +�e+), sin
e most sour
es of systemati
 errors,su
h as dete
tor a

eptan
e or trigger eÆ
ien
y, 
an
el out when 
omputingthe ratio of parti
le 
uxes. The ba
kground to the positron 
ux from darkmatter de
ay will be 
onstituted by a se
ondary positron 
ux originatingfrom the 
ollision of primary protons and other nu
lei on the interstellarmedium.For the ba
kground 
uxes of primary and se
ondary ele
trons, as well asse
ondary positrons, we use the parameterizations obtained in Ref. [7℄ fromthe GALPROP numeri
al 
ode for 
osmi
-ray propagation [2℄. We leave thenormalization of the primary ele
tron 
ux as a free parameter to be �ttedin order to mat
h the observations of the positron fra
tion.Model Æ K0 (kp
2=Myr) L (kp
) V
 (km=s)MIN 0.85 0.0016 1 13.5MED 0.70 0.0112 4 12MAX 0.46 0.0765 15 5Table 3: Astrophysi
al parameters 
ompatible with the B/C ratio that yield theminimal (MIN), median (MED) and maximal (MAX) 
ux of antiprotons.12



Antiproton 
ux. The general transport equation, Eq. (13), 
an be simpli-�ed by taking into a

ount that energy losses are negligible for antiprotons.Therefore, the transport equation for the antiproton density, f�p(T;~r; t), isthen given by:0 = �f�p�t = r� (K(T;~r)rf�p)�r� ( ~V
(~r)f�p)� 2hÆ(z)�annf�p+Q(T;~r) ; (22)where the annihilation rate, �ann, is determined by the Gala
ti
 Hydrogenand Helium densities and the proton-antiproton s
attering 
ross-se
tion, forwhi
h we use the parameterization by Tan and Ng [47℄.Analogously to the positron 
ase, the solution to the transport equa-tion 
an be expressed as a 
onvolution of the form Eq. (16). The analyti
expression for the Green's fun
tion reads [48℄:G�p(T; T 0) = 1Xi=1 exp�� V
L2K(T )�� (23)� yi(T )Ai(T )sinh(Si(T )L=2)J0 ��i r�R � Æ(T � T 0) ;whereyi(T ) = 4J21 (�i)R2 Z R0 r0 dr0 J0��i r0R�� (24)�Z L0 dz0exp�V
(L� z0)2K(T ) � sinh�Si(L� z0)2 � �(~r 0) ;and Ai(T ) = 2h�ann(T ) + V
 + kSi(T )
othSi(T )L2 ; (25)Si(T ) = s V 2
K(T )2 + 4�2iR2 : (26)The interstellar antiproton 
ux is then given by�IS�p (T ) = v�p(T )4�mDM�DM Z mDM�mp0 dT 0G�p(T; T 0)dN�p(T 0)dT 0 ; (27)where v�p(T ) is the antiproton velo
ity. However, in order to 
ompare the
al
ulated antiproton spe
trum with experimental results, one also has totake into a

ount the e�e
t of solar modulation. In the for
e �eld approxi-mation [49, 50℄ the e�e
t of solar modulation 
an be in
luded by applying13



the following relation between the antiproton 
ux at the top of the Earth'satmosphere and the interstellar antiproton 
ux [51℄:�TOA�p (TTOA) = �2mpTTOA + T 2TOA2mpTIS + T 2IS ��IS�p (TIS); (28)where TIS = TTOA + �F , with TIS and TTOA being the antiproton kineti
energies at the heliospheri
 boundary and at the top of the Earth's atmo-sphere, respe
tively, and �F being the solar modulation parameter, whi
hvaries between 500 MV and 1.3 GV over the eleven-year solar 
y
le. Sin
eexperiments are usually undertaken near solar minimum a
tivity, we will
hoose �F = 500 MV for our numeri
al analysis in order to 
ompare ourpredi
ted 
ux with the 
olle
ted data. For the antiprotons, we will not ex-amine the ba
kground from spallation, but simply require that the 
uxesfrom dark matter de
ay lie appropriately below the measurements so as tobe 
ompatible with predominantly se
ondary antiproton produ
tion.4 ResultsBelow, we will present our results for the 
osmi
-ray signatures of de
ayingneutralinos and de
aying hidden gauginos. In both 
ases, we will start withan analysis of the predi
tions that follow when assuming that the visiblese
tor is des
ribed by an exemplary point in the 
oannihilation region ofthe mSUGRA parameter spa
e. This ensures a 
onsistent 
osmology in thevisible se
tor and that all free parameters of the MSSM are �xed. After that,we will go beyond this mSUGRA s
enario and dis
uss how the 
osmi
-raysignatures 
an 
hange in more generi
 
ases. This will in
lude a dis
ussionabout 
as
ade de
ay in light of the apparent double-peak stru
ture of theATIC data.4.1 De
aying NeutralinosThe potentially relevant de
ay modes for the 
ase MX < M�01 , where thelightest neutralino 
an de
ay into the hidden gaugino, are summarized inTab. 1. Beside three body de
ays, whi
h produ
e fermion/anti-fermionpairs, we also have to take into a

ount the de
ay into Higgs- and Z0bosons. Throughout the analysis we will assume that the lightest neutralino�01 makes up the dominant part of the dark matter, ��01 ' �DM.mSUGRA point. As stated above, our exemplary mSUGRA model liesin the 
oannihilation region. The de�ning parameters are m0 = 150GeV,14



m1=2 = 720GeV, A0 = 0, tan� = 10 and sign� = +1. In this model thelightest neutralino has a mass of 301GeV and the 
orre
t reli
 density tobe dark matter, 
h2 ' 0:104.3 As typi
al for models in the 
oannihilationregion, the three right-handed sleptons have masses around 304� 307GeV,whi
h is similar to the mass of the lightest neutralino. Furthermore, thisparti
ular mSUGRA point, whi
h features e.g. a spin-independent 
rossse
tion per proton of 2:6� 10�46 
m2, 
an be probed with the next-to-nextgeneration dire
t DM dete
tion experiments like XENON1T and LUX/ZEP.MX [GeV℄ Bran
hing Ratios for �01 ! ��01 [1026 s℄e�e+X ���+X ���+X h0X Z0X1 28% 28% 32% 8.8% 2.6% 1.850 27% 27% 30% 13% 2.4% 1.7100 24% 24% 28% 21% 2.4% 1.5150 21% 21% 24% 32% 2.6% 1.3200 30% 30% 36% | 3.7%Table 4: Bran
hing ratios for the de
ay of a neutralino �01 into a lighterhidden gaugino X, for di�erent hidden gaugino masses MX . In the visiblese
tor, masses and mixing parameters are �xed by a mSUGRA s
enario inthe 
oannihilation region as des
ribed in the text. The lightest neutralinohas a mass of 301GeV. Bran
hing ratios of three-body de
ays into neutri-nos, �01 ! ���X, and quarks, �01 ! q�qX, are smaller than 0:3% and 0:02%,respe
tively. The two-body de
ay into photons, �01 ! 
X, is one-loop sup-pressed and negle
ted. We also indi
ate the lifetime of the neutralino whi
hgives the best �t to the data.The dominant bran
hing ratios of the neutralino de
ay are summarizedin Tab. 4, for di�erent masses of the hidden gaugino.4 Most interestingly,the fra
tion of de
ays into 
harged leptoni
 �nal states is never below� 65%.Beside the small masses of the right-handed sleptons, the underlying reasonis the large �-term, � = 865GeV, whi
h suppresses the mixing between thebino-like lightest neutralino �01, the hidden gaugino and the higgsinos like� O(MZ=�).To obtain the energy distribution of gamma rays, positrons and antipro-tons that are produ
ed in the neutralino de
ay, we use the event generatorPYTHIA 6.4 [55℄. From these spe
tra, the 
ontribution to 
osmi
-ray 
uxes3The mass spe
trum and reli
 abundan
e were 
al
ulated with the aid of Dark-SUSY 5.0.4 [52℄.4The 
al
ulations were done with FeynArts 3.4 and FormCal
 5.4 [53, 54℄.15



as measurable at Earth 
an be derived as des
ribed in the previous se
-tion. Note that the lifetime of the neutralino is always �xed by requiringa qualitatively good agreement with the positron fra
tion as measured byPAMELA.
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Figure 1: Positron fra
tion, total ele
tron+positron, extragala
ti
 gamma-ray and antiproton 
ux of a de
aying neutralino �01 as predi
ted for ourexemplary mSUGRA s
enario. The used bran
hing ratios are shown inTab. 4. The mass of the de
aying neutralino is 301GeV, the hidden gauginomass varies between 1GeV (solid), 50GeV (dotted), 100GeV (dashed) and150GeV (dot-dashed). We used the MED propagation model. In the lowerleft plot, the grey lines indi
ate the 
ux without ba
kground. In the lowerright plot, we only show the 
ux without ba
kground.Our results are shown in Fig. 1. We �nd that in prin
iple the model
an a

ount for the observed ex
ess in the positron fra
tion around 10 �100GeV if the hidden gaugino is light with a mass MX . 50GeV, althoughthe predi
ted peak seems to rise too slowly to fully mat
h the PAMELAdata. This slow rise is due to the two-body de
ay into Higgs bosons, whosesubsequent fragmentation produ
es rather soft positrons. From the lowerplots of Fig. 1 it is apparent that the model is 
ompatible with the EGRET16



measurements of the extragala
ti
 gamma-ray ba
kground.5 However, the
ontribution to the antiproton 
ux 
an be problemati
 for hidden gauginomasses above � 100GeV.6 Of 
ourse, the peak in the ATIC data around300 � 800GeV 
annot be reprodu
ed in this setup.Idealized three-body de
ay of a heavy neutralino. For di�erent pa-rameters of the underlying MSSM model, the above plots 
an mainly 
hangein two ways. Firstly, a larger value of the �-parameter would redu
e thebran
hing ratio into Higgs- and Z0 bosons.7 As a result, the rise in thepositron fra
tion would be steeper, and the 
ontribution to the antiproton
ux smaller. Se
ondly, a higher mass of the de
aying neutralino would shiftthe peak to higher energies, as suggested by the ATIC data.In Fig. 2 we show our results for the 
osmi
-ray 
uxes in the idealized 
asewhere a bino-like neutralino de
ays only via virtual right-handed sleptons.This resembles s
enarios with a large � term and large masses for the left-handed sleptons. The masses of the hidden gaugino and the neutralino �01are 150GeV and 500GeV (solid lines) or 300GeV and 1850GeV (dottedlines), respe
tively. Note that the thi
k lines 
orrespond to the standard
ase where the neutralino de
ays demo
rati
ally into all three 
avors.As expe
ted, the rise in the positron fra
tion is now steeper and 
an easilya

ommodate the PAMELA data. Furthermore, a very heavy neutralinoaround 1:8TeV allows to also a

ount for the ATIC ex
ess. In any 
ase we�nd a 
lear ex
ess in the extragala
ti
 gamma-ray 
ux at energies above10GeV.The gamma rays 
ome mainly from � de
ays and bremsstrahlung, but thelatter is a subdominant e�e
t as long as the three-body de
ay into 
hargedleptons is demo
rati
. However, the de
ay into taus 
an be suppressed in
ases where the stau mixing angle is large, sin
e the 
orrespondingly largerleft-handed 
omponent of the lighter stau weakens the 
oupling to the bino-like neutralino and the hidden gaugino. For example, if the lighter stauis equally left- and right-handed, the three-body de
ay into taus would be5Gamma rays with energies below � 10GeV stem from the fragmentation of the Higgsboson whereas gamma rays at higher energies mainly 
ome from � de
ay.6 Note that the un
ertainty in the antiproton 
ux at Earth from dark matter de
ay
an be as large as one order of magnitude in both dire
tions [10℄, due to our ignoran
e ofthe pre
ise propagation parameters.7 A 
on
rete lower bound on the �-parameter is extremely model-dependent. However,in the 
on
rete s
enario with a bino-like lightest neutralino where we take tan � = 10,�h = �0:1 and assume that the right-handed sleptons have a mass around 1:02 �M�01 , thelower bound � & O(2M�01) turns out to be suÆ
ient to suppress the bran
hing ratio intoHiggs-bosons below 20%. 17
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Figure 2: Positron fra
tion, total ele
tron+positron 
ux and extragala
ti
gamma-ray 
ux for an idealized, three-body de
aying bino-like neutralino.We negle
t e�e
ts from h0 and Z0 bosons and assume pure demo
rati
 three-body de
ay into 
harged lepton pairs. The masses of the neutralino and thehidden gaugino are 500GeV and 150GeV (thi
k solid lines) or 1850GeVand 300GeV (thi
k dotted lines), respe
tively. The thin lines show thepredi
tions when the de
ay into the tau-
hannel is negle
ted. The mass ofthe right-handed sleptons is assumed to be by a fa
tor 1:1 larger than theneutralino mass.suppressed by a fa
tor of � 0:5. To obtain a lower bound on the predi
tedgamma-ray signal, we also show the 
ase where the neutralino de
ays intothe �rst two generations only (see thin lines in Fig. 2). The gamma-ray 
uxis mu
h smaller in this 
ase and 
omes mainly from bremsstrahlung of theele
trons produ
ed in the three-body de
ay �01 ! e�e+X. Note that in any
ase we obtain a tight 
orrelation between the 
ontributions to the positron
ux and the extragala
ti
 gamma-ray 
ux, where the latter 
omes mainlyfrom � de
ays in most 
ases.Heavy bino-like neutralinos with masses above a few hundred GeV areproblemati
 for 
osmology, sin
e they are typi
ally overprodu
ed, even when18




oannihilation with sleptons is taken into a

ount. At the same time, wino-and higgsino-like lightest neutralinos do not exhibit the desired leptophili
de
ay.8 However, these problems are absent if one 
onsiders s
enarios wherethe hidden gaugino is heavier than the lightest neutralino, MX > M�01 .First, due to the mixing with the bino, the intera
tions of the hidden gaug-ino are automati
ally \bino-like". Se
ond, for the small mixings that we
onsider bounds from overprodu
tion arguments are irrelevant [29℄. Notethat the results from this paragraph 
an also hold in that 
ase, providedone ex
hanges the roles of the hidden gaugino and the lightest neutralino.However, this requires that all sparti
les, apart form the lightest neutralino,are heavier than the hidden gaugino. Generi
ally this will not be the 
aseand the hidden gaugino will 
as
ade-de
ay through the di�erent sparti
lesdown into the lightest neutralino. We will 
onsider this in detail in the nextsubse
tion.4.2 De
aying Hidden GauginosA hidden gaugino that is heavier than the lightest neutralino, MX > M�01 ,turns out to be more appealing from the phenomenologi
al point of view.In this 
ase, the mass of the lightest neutralino 
an be small and of theorder of a few 100GeV, and the hidden gaugino automati
ally possesses the\bino-like" intera
tions whi
h are desirable for the leptophili
 de
ay. We willagain assume that the lightest neutralino makes up most of the dark matter,whereas the hidden gaugino 
ontributes only a subdominant part �X � ��01to the overall matter density of the Universe. Note that in this 
ase thelifetime of the hidden gaugino 
an be as small as �X � 1017 s, the 
urrentage of the Universe, provided that its reli
 abundan
e is small enough. Forde�niteness, we will take �X = 10�3��01 throughout this se
tion.We will �rstly dis
uss the 
ontributions from the de
aying hidden gaug-ino to the 
osmi
-ray 
ux as predi
ted for our referen
e mSUGRA s
enario.Se
ondly we will 
onsider the multi-peak stru
ture of a 
as
ade-de
ayinghidden gaugino in light of the ATIC data.mSUGRA point. The 
onsiderations in this paragraph are again basedon the mSUGRA s
enario des
ribed above. Depending on the mass ofthe hidden gaugino, its de
ay 
an produ
e fermions, neutralinos, 
harginos,Higgs- and gauge bosons as depi
ted in Tab. 1. The 
orresponding bran
h-8Winos only 
ouple to left-handed sleptons, whi
h are typi
ally heavier than the right-handed ones, whereas higgsinos 
an easily de
ay into the Higgs boson.19



ing ratios are summarized in Tab. 5, where we do not show the subsequentde
ays of the neutralinos �02;3;4 and 
harginos ��1;2 for simpli
ity.9MX [GeV℄ Bran
hing Ratios for ~X ! �X [1023 s℄�~� l~l q~q h0�0i Z0�0i W���i600 1.8% 98.2% | 0.1% 0.0% | 1.1700 5.6% 92.9% | 0.6% 0.0% 0.9%800 5.6% 84.6% | 3.5% 0.2% 6.1% 1.0850 0.7% 49.8% | 17.3% 1.2% 31.0%900 15.3% 53.7% | 10.7% 0.9% 19.4% 0.81000 14.1% 81.1% | 1.4% 1.0% 2.4%1200 13.3% 76.8% | 2.7% 2.5% 4.7% 0.71400 13.2% 74.1% 1.6% 2.9% 2.8% 5.4%1600 12.5% 68.5% 8.4% 2.7% 2.7% 5.2%Table 5: Bran
hing ratios of the dominant de
ay modes of a hidden gauginothat is 
as
ade-de
aying into the MSSM parti
le zoo. The underlying s
e-nario is our 
hosen mSUGRA referen
e point as des
ribed in the text. Neu-trinos and 
harged leptons de
ay essentially demo
rati
ally into the threedi�erent 
avors. We also indi
ate the lifetime of the hidden gaugino thatgives the best �t to the PAMELA data, assuming an energy density of�X = 10�3�DM.As apparent from Tab. 5, the de
ay into 
harged lepton/slepton pairs isdominant in the whole mass range MX ' 600� 1600GeV that we 
onsider.The de
ay into quarks is suppressed by the large squark masses, m~q &1:1TeV, whereas de
ay into h0, Z0 and W� bosons is mainly suppressedby the small mixing between higgsinos and the hidden gaugino. However,this mixing 
an be
ome enhan
ed when the masses of the higgsinos be
ome
omparable to the mass of the hidden gaugino, whi
h happens aroundMX �870GeV.Our results for the 
osmi
-ray 
uxes are shown in Fig. 3 for hiddengaugino masses between 600GeV and 1200GeV, where we adjusted thelifetime of the hidden gaugino to �t the PAMELA data. For all 
onsideredmasses of the hidden gaugino the predi
tions for the positron fra
tion are inqualitatively good agreement with the PAMELA data. At the same time,9These subsequent de
ays are taken into a

ount in our 
al
ulations. We singled out thedominant de
ay modes in our referen
e mSUGRA model and used them in the PYTHIA
ode: X ! h0�04, X ! Z0�03, X ! W���2 , �03 ! �01Z0, �04 ! �01h0 and ��2 !��1 Z0(28%); ��1 h0(27%); �02W�(36%). The de
ay of �02 and ��1 only produ
es leptonsand is negle
ted. 20
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Figure 3: Positron fra
tion, extragala
ti
 gamma-ray 
ux, antiproton 
uxand total ele
tron + positron 
ux from the de
ay of a hidden gaugino aspredi
ted by our mSUGRA s
enario. The bran
hing ratios are shown inTab. 5. The mass of the hidden gaugino varies between 600GeV (solid),800GeV (dotted), 1000GeV (dashed) and 1200GeV (dot-dashed).the 
ontribution to the antiproton 
ux lies well below the measurementsand hen
e is safe in all 
ases. Furthermore, we obtain 
ontributions to theextragala
ti
 gamma-ray 
ux, whi
h are mainly due to � de
ays. They are
ompatible with the EGRET measurements but 
ould show up in futureexperiments as an ex
ess above ba
kground. The total ele
tron+positron
ux is also 
ompatible with the di�erent measurements and we predi
t asharp step at high energies.Multi-peak stru
tures from 
as
ade de
ays. As already evident inFig. 3, the energy distribution of parti
les produ
ed in 
as
ade de
ays in gen-eral features several peaks. Their exa
t position 
arries information aboutthe masses of the di�erent intermediate parti
les. It is intriguing to spe
-ulate that the apparent double-peak stru
ture of the ATIC data originatesfrom 
as
ade-de
aying parti
les [12℄.In the 
ase of the de
aying hidden gaugino, the energy spe
trum of21



positrons in general possesses two pronoun
ed peaks. These peaks stemfrom de
ays with intermediate sele
trons. To simplify the dis
ussion, we willnegle
t de
ay modes that produ
e h0, Z0 and W� bosons or left-handedsleptons, and we will assume demo
rati
 de
ay into all three 
avors. Ifwe furthermore assume approximate mass degenera
y for the three right-handed sleptons, we are left with only three free parameters: the mass ofthe hidden gaugino MX , the mass of the lightest neutralino M�01 , and themass s
ale of the right-handed sleptons M~lR .
El Eh
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e�

dE

Figure 4: Energy spe
trum of positrons from an idealized 
as
ade-de
ayinghidden gaugino. Only two-body de
ay into right-handed slepton/leptonpairs is taken into a

ount. The slepton subsequently de
ays into the light-est neutralino. The spe
trum exhibits two pronoun
ed peaks, whi
h wedenote by Eh and El. We show plots for a lightest neutralino with mass150GeV (solid) and with 1TeV (dashed). The position of the peaks is �xedto Eh = 700GeV and El = 200GeV, as suggested by the ATIC data. Themasses of the right-handed sleptons follow then from Eq. (29). We also in-di
ate the part of the positrons that 
omes solely from the tau/stau de
ay
hannel (blue area).In Fig. 4 we show the 
orresponding energy spe
trum of positrons fortwo di�erent sets of parti
le masses. The two pronoun
ed peaks are denotedby Eh and El. Fixing the neutralino mass and the position of the peaks
22



determines the slepton and hidden gaugino masses a

ording toM2~lR = M2�01 + 2E2l 0�s�EhEl � 1�2 +�M�01El �2 � EhEl + 11A ; (29)MX = Eh +qE2h +M2~lR :As a simple attempt to �t the ATIC data with an idealized 
as
ade-de
aying hidden gaugino, we take the values Eh = 700GeV and El =200GeV. After this, a neutralino mass of M�01 = 150GeV (1000GeV) im-plies a slepton mass of M~lR = 177GeV (1117GeV) and a hidden gauginomass of MX = 1422GeV (2018GeV).
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Figure 5: Positron fra
tion and total ele
tron+positron 
ux for an idealized
as
ade-de
aying hidden gaugino. Like in Fig. 4, only leptoni
 de
ay modesare taken into a

ount. We assume demo
rati
 de
ay into the three right-handed 
harged sleptons (thi
k lines), or into only the sele
tron and smuon(thin lines). The mass of the lightest neutralino varies between 150GeV(solid) and 1TeV (dotted). We show the plots for the propagation modelsMED (upper plots) and M2 (lower plots) of Ref. [46℄ (see Tab. 2).The resulting 
osmi
-ray 
uxes for the two neutralino masses are shownin Fig. 5 (upper plots, thi
k lines), where we used the MED propagation23



model. Interestingly, the predi
ted 
uxes are pra
ti
ally the same for thetwo 
ases, although the bump stru
ture is slightly enhan
ed in 
ase of theheavier neutralino. The lower plots are based on the M2 propagation modelas an exemplary model with a thin di�usion zone, L = 1kp
 (as opposed toL = 4kp
 in 
ase of the MED model). Sin
e in these s
enarios ele
trons andpositrons are more likely to es
ape the di�usion zone before having lost mu
hof their energy, the observable spe
trum be
omes steeper. This e�e
t 
animprove the agreement with the sharp features of the ATIC data. However,note that propagation models with thin di�usion zones have problems withthe 
orre
t predi
tion of the 
ux of unstable isotopes like e.g. 10Be or14C [57℄.10Up to now we have assumed a vanishing stau mixing angle and demo-
rati
 de
ay into all three 
avors. However, if the stau mixing angle is largethe de
ay mode into tau/stau pairs would be suppressed, as dis
ussed above.In Fig. 4 we indi
ated the part of the positrons that 
omes from the stau/tau
hannel in the 
ase of demo
rati
 de
ay (blue region). A suppression of this
hannel 
an lead to a relative enhan
ement of the two peak stru
ture of the
as
ade de
ay. This e�e
t is shown by the thin lines in Fig. 5, where we onlytook into a

ount the de
ay modes into muon/smuon and ele
tron/sele
tronpairs. As expe
ted, the peaks at high energy be
ome more pronoun
ed, andthe spe
trum be
omes harder at low energies, although the e�e
t is notdramati
.5 Con
lusionsIn this work we have shown that a simple extension of the MSSM by anadditional hidden abelian gauge group U(1)X , whi
h kineti
ally mixes withthe hyper
harge U(1)Y , 
an a

ount for the observed PAMELA ex
ess ifthe kineti
 mixing parameter is in the range of � � 10�(20:::24). We alsoshortly dis
ussed possible origins of su
h a tiny mixing in s
enarios withwarped extra dimensions. Depending on the masses, either the visible se
torneutralino or the hidden gaugino be
omes unstable and subje
t to de
ay. Wehave demonstrated that this de
ay is dominated by leptoni
 modes in 
ertainparameter regions of the MSSM where the sleptons are light (see Tab. 4 andTab. 5). We found that a de
aying hidden gaugino with a mass around 600�10Furthermore, the 
hange of the propagation model in prin
iple also 
hanges the pre-di
tions for the ba
kground of se
ondary positrons, whi
h were 
al
ulated for the aboveM1, M2 and MED model in Ref. [58℄. However, in Fig. 5 we used the ba
kground fromRef. [2℄ sin
e the ba
kgrounds obtained in Ref. [58℄ are meant to be extreme 
ases.24



1200GeV 
an naturally explain the observed ex
ess in the positron fra
tionwithout overprodu
ing antiprotons (see Fig. 3). Our 
onsiderations suggesta preferen
e for supersymmetri
 models with relatively light sleptons, ase.g. realized in mSUGRA models whi
h lie in the 
oannihilation region. Inany 
ase, we predi
t a 
ontribution to the extragala
ti
 gamma-ray 
ux,whi
h mainly stems from tau de
ays, and whi
h should be observable infuture experiments like the Fermi Gamma-ray Spa
e Teles
ope. We alsodemonstrated that it is diÆ
ult to a

ommodate the sharp double-peakstru
ture in the ATIC data within our model and with standard propagationmodels.A
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