arXiv:astro-ph/0403322 v1 13 Mar 2004

Neutrinos from Dark Matter annihilations at the Galactic Centre

Gianfranco Bertone^a , Emmanuel Nezri^b, Jean Orloff^c, Joseph Silk^d a NASA/Fermilab Theoretical Astrophysics Group, 60510 Batavia IL b Laboratoire de Physique Théorique des Hautes Energies Université Paris-Sud, F-91405 Orsay c Laboratoire de Physique Corpusculaire, Université Blaise Pascal, F-63177 Aubiére d Astrophysics, Denys Wilkinson Building, Keble Road, Oxford OX1 3RH, UK

We discuss the prospects for detection of high energy neutrinos from dark matter annihilation at the Galactic centre. Despite the large uncertainties associated with our poor knowledge of the distribution of dark matter in the innermost regions of the Galaxy, we determine an upper limit on the neutrino flux by requiring that the associated gamma-ray emission does not exceed the observed flux. We conclude that if dark matter is made of neutralinos, a neutrino flux from dark matter annihilations at the GC will not be observable by Antares. Conversely, the positive detection of such a flux would either require an alternative explanation, in terms of astrophysical processes, or the adoption of other dark matter candidates, disfavouring the case for neutralinos.

PACS numbers: ... FERMILAB-Pub-04/032-A, LPT Orsay-04/22

I. INTRODUCTION

There is robust observational evidence for the dominance of non-baryonic dark matter over baryonic matter in the universe. Such evidence comes from many independent observations over different length scales. The most stringent constraint on the abundance of dark matter comes from the analysis of CMB anisotropies. In particular, the WMAP experiment restricts the abundance of matter to lie in the range Ω_M h^2 = 0.135^{+0.008}_{−0.009} [1]. The same type of analysis constrains the amount of baryonic matter to be in the range Ω_bh^2 = 0.0224 ± 0.0009, in good agreement with predictions from Big Bang nucleosynthesis 0.018 < Ω_bh^2 < 0.023 (e.g. Ref. [2]).

It is commonly believed that such a non-baryonic component could consist of new, as yet undiscovered, particles, usually referred to as WIMPs (Weakly Interacting Massive Particles). It is intriguing that some extensions of the standard model of particle physics predict the existence of particles that would be excellent DM candidates. In particular great attention has been recently devoted to candidates arising in supersymmetric theories. The lightest supersymmetric particle (LSP), which in most supersymmetric scenarios is the so–called neutralino, is stable in theories with conservation of R–parity, and can have masses and cross sections of typical WIMPs.

One possible way of probing the nature of dark matter particles is to look for their annihilation signal [3]. For this purpose, the best regions to examine are those where the dark matter accumulates, the annihilation rate being proportional to the square of the particle number density. A wide literature exists discussing the prospects of observing annihilation radiation from the Galactic centre (e.g. Refs. [4, 5, 6]), high energy neutrinos from the Sun (e.g. Refs. [7, 8, 9]), gamma-rays and synchrotron from dark matter clumps in the galactic halo (e.g. Refs. [10, 11, 12, 13]), gamma-rays from external galaxies (e.g. Refs. [14, 15, 16, 17]), positrons and antiproton (e.g. Refs. [18, 19, 20, 21]) and more.

Large uncertainties are associated with predictions of annihilation fluxes, due to our poor knowledge of the distribution of dark matter, especially in the innermost regions of the Galaxy. Numerical simulations suggest that the dark matter density is well approximated by “cuspy” profiles, with a power-law behaviour ρ ∝ r^{−γ} . Estimates of γ vary between having no cusp, γ ∼ 0, [22], to a cusp γ = 1 that is further steepened by adiabatic compression of the baryons [23]. One can trace these differences in large part to uncertainties in the stellar mass in the inner galaxy as inferred from microlensing experiments. The poor knowledge of γ implies uncertainties of several orders of magnitude in the annihilation flux. The situation is made even worse by the possible influence on the dark matter profile of the probable adiabatic formation of the supermassive black hole lying at the Galactic centre. Such uncertainties make indirect searches less effective for constraining the physical parameters (such as mass and cross sections) of dark matter particles.

We suggest here a method for evading the astrophysical uncertainties in the neutrino flux, by requiring that the associated gamma-ray emission does not exceed the flux observed by the EGRET experiment in the direction of the Galactic centre. In fact, if we normalize the gamma-ray flux to the EGRET data, the corresponding neutrino flux will be an upper limit on the actual neutrino flux measurable on Earth. Choosing the EGRET normalization corresponds to fixing the product JσvN_γ , where the quantity J, defined below, includes all of the astrophysical information, σv is the total annihilation cross section and N_γ is the number of photons produced per annihilation.

This paper is organised as follows: we first discuss the gamma–ray source observed by the EGRET satellite in the direction of the Galactic centre ; in Sec. III we briefly review the results on the distribution of dark matter from observations and N-body simulations. In Sec. IV we present the particle physics details of our candidate, the neutralino, arising in supersymmetric theories, in Sec. V we review the prospects of indirect detection of such candidates through gamma–ray and neutrino emission, for a typical dark matter profile, and in Sec. VI we compare the prospects of indirect detection through annihilation radiation from the GC with other searches. We present in Sec. VII the upper limit on the neutrino flux, obtained by normalizing the annihilation flux to the EGRET data, and we finally give our conclusions in Sec. VIII.

II. THE EGRET SOURCE AT THE GALACTIC CENTRE

The Galactic centre region has been observed by EGRET, the Energetic Gamma Ray Experiment Telescope, launched on the Compton Gamma Ray Observatory in 1991, and sensitive to an energy range 30MeV– 30GeV. A strong excess of emission was observed in an error circle of 0.2 degree radius including the position l = 0^∘, b = 0^∘, the strongest emission maximum lying within 15 degrees from the GC [24].

The radiation exceeds, and also is harder than, the expected gamma ray emission due to the interaction of primary cosmic rays with the interstellar medium (see e.g. Strong et al. 1998 [25]). At the energies we are interested in, E >∼ 1 GeV, the main source of photons is the decay of π^0 mesons originating from processes such as p + X → π^0

He + X → π^0 where X is an interstellar atom. The interested reader will find a detailed estimate of the background radiation in Cesarini et al. 2003 [26].

It is intriguing to conjecture that such excess emission could originate from dark matter annihilation at the Galactic centre . However, such an interpretation is problematic. In fact, as noticed by Hooper and Dingus [27], the EGRET source is not exactly coincident with the Galactic centre , which would make the interpretation of the signal as due to the annihilation in a spike around the Galactic centre at least problematic.

Furthermore there is some evidence, although weak, that the source could be variable. Such a result could rule out completely the interpretation of the excess emission as due to annihilation radiation from the Galactic centre . The variability of 3EG J1746-2851 has been recently discussed in Nolan et al. 2003 [28]. An additional flaw has been pointed out by P.Salati [58], namely the fact that the HI column density was merely interpolated in the region of interest, where it was thought to be unreliable due to strong self-absorption and high optical thickness. It is an open question how the conclusions would change if different assumptions are made about the HI column density.

Here, we will regard the EGRET observation as an upper limit on the annihilation gamma-ray flux from the Galactic centre.

III. DARK MATTER DISTRIBUTION

The usual parametrization for dark matter density profiles is ρ(r) = ρ_0 (r/R)^γ [1 + (r/R)^α]^{(β−γ)/α} . (1)

where r is the galacto-centric coordinate, R is a characteristic length and α, β and γ are free parameters.

There is consensus, at present, about the shape of the profile in the outer parts of halos, but not in the innermost regions, due to loss of numerical resolution in Nbody simulations and to the poor resolution in observation of rotation curves of outer galaxes. Navarro, Frenk & White [29], found with N-body simulations that the profile could be well approximated at small radii with a power-law ρ(r) = r^γ with γ ∼ 1. Other groups reached different conclusions (see e.g. Refs. [30, 31]).

The most recent N-body simulations [32, 33, 34] suggest that profiles do not approach power laws with a welldefined index at very small radii. Profiles continue to become shallower, i.e. the (negative) logarithmic slope becomes higher, when moving towards the centre. Some authors however contend that convergence is reached with γ ≈ 0.2 − 0.3 at 0.3% of the virial radius [35].

An additional complication of the dark matter profile at the center of our Galaxy, is the well-established presence of a a 3.6 × 10^6 solar mass black hole (see e.g.Ref. [43]), that would accrete dark matter, producing a so-called ’spike’ [44], and leading to an enhancement of the annihilation flux by several orders of magnitude (see Ref. [6], and references therein, for a discussion of indirect detection of dark matter in presence of spikes, and of dynamical effects that could potentially destroy them).

The observational situation is even less clear. The analysis of rotation curves of galaxies has led some authors to claim inconsistency of the observed ’flat’ profiles with the cuspy profiles predicted by N-body simulations. Other groups [46, 47] claim instead that cuspy profiles are compatible with observations. Hayashi et al [32] compared the observational data directly with their numerical simulations (rather than fits of their simulations) and found no significant discrepancy in most cases. They attributed the remaining discrepancies to the difference between circular velocities and gas rotation speed in realistic triaxial halos.

It is clear that the predictions of annihilation fluxes are strongly affected by the uncertainties in dark matter distribution. In particular, since the annihilation rate is proportional to the square of the particle density, different profiles can lead to uncertainties of many orders of magnitude. To get around these, we will use the gamma–ray flux observed by EGRET in the direction of the Galactic centre , to get rid of astrophysical uncertainties and produce a robust upper limit on the neutrino flux from dark matter annihilation at the Galactic centre .

IV. SUPERSYMMETRIC DM: NEUTRALINOS

Neutralinos are by far the best studied dark matter candidates. They arise in supersymmetric theories with conservation of R-parity, in which the lightest supersymmetric particle (LSP) cannot decay in standard model particles, and is thus stable. In most cases the LSP is the neutralino, i.e. a linear combination of the supersymmetric partners of the gauge and higgs bosons

χ(≡ χ̃^0_1) = z_{11}B̃ + z_{12}W̃_3 + z_{13}H̃^0_1 + z_{14}H̃^0_2 . (2)

The matrix z diagonalizes the neutralino mass matrix, which is expressed as

M_1 0 −m_Z c_βs_W m_Z s_βs_W 0 M_2 m_Z c_βc_W −m_Z s_β c_W −m_Z c_βs_W m_Z c_β c_W 0 −μ m_Z s_β s_W −m_Z s_βc_W −μ 0 (3) in the basis (B̃, W̃_3, H̃^0_1 , H̃^0_2 ).

Similarly defining V_{11(2)} as the wino (higgsino) fraction of the lightest chargino, the neutralino annihilation channels and cross-sections most relevant for indirect detection are

χχ^A−→ bb̄ : σ ∝ [z_{11(2)}z_{13(4)}]^2 χχ^Z−→ Zh : σ ∝ [z^2_{13(4)}]^2

χχ^{χ+}−−→ W^+W^− : σ ∝ [z_{13(4)}V_{12}]^2 and/or [z_{12}V_{11}]^2 (4) Annihilation in these channels thus increases with the wino or higgsino fraction of the neutralino. The spectra of the indirect detection signals studied here keep an imprint of the dominant channel.

For muon via neutrino production: the W^+W^− and Zh channels produce more energetic neutrinos, i.e a harder neutrino spectrum than bb̄. Both the neutrinonucleon cross section (σ_{ν−N} ) and the muon range (R_μ) being proportional to neutrino energy, harder spectra give higher muon detection rates for the threshold considered here (5 GeV): ϕ_μ ∝ ϕ_νσ_{ν−N} (E_ν)R_μ(E_ν ).

For gamma production: the bb̄ and also tt̄ channels dominate the γ spectra around 2 GeV but at higher energies, the harder W W and Zh channels come in. Experiments with different thresholds can thus see different processes.

The influence of the dominant annihilation channel is displayed on figure 6 below.

We have performed a scan of SUSY models at the GUT scale, computing renormalisation group equations and radiative electroweak symmetry breaking with Suspect [36], the neutralino relic density with Micromegas [37] and detection rates with Darksusy [38] [59]. The SUSY models explored fall in 3 classes (see [8] for definitions) CMSSM: with universal scalar m_0 and gaugino m_{1/2} mass parameters in the ranges:

50GeV < m_0 < 4000GeV, 50GeV < m_{1/2} < 2000GeV, A_0 = 0, tan β = 5, 20, 35

Non universal gaugino mass M_2|_{GUT} : same values as above, except for M_2|_{GUT} = 0.6m_{1/2} (instead of 1m_{1/2}), leading to M_2 ∼ M_1 in the neutralino mass matrix (eq. 3); the resulting non-zero wino contents (z_{12}) allows for non-negligible relic densities.

Non universal gaugino mass M_3|_{GUT} : same values as in the universal case (tan β = 20, 35 only) with M_3|_{GUT} = 0.6m_{1/2} (instead of 1m_{1/2}), to decrease the μ parameter in the neutralino mass matrix (eq. 3) to favour the higgsino fraction (z_{13(4)}) and decrease scalar masses, in particular the pseudo scalar A mass. We do not relax Higgs sector universality, whose interesting effects on dark matter are similar to those of a lower M_3|_{GUT} .

Finally, we apply the following conservative cuts on our models:

• Higgs mass: m_h > 113.5 GeV [39],

• Chargino mass: m_χ+ > 103.5 GeV [40],

• Relic density: 0.03 < Ω_χh^2 < 0.3, but we also show the WMAP [1] range Ω^{W MAP}_{CDM} h^2 = 0.1126^{+0.0161}_{−0.0181},

• b → sγ Constraint [41]:

2.33 × 10^{−4} < BR(b → sγ) < 4.15 × 10^{−4},

• The muon anomalous magnetic moment [56]:

8.1 10^{−10} < δ^{susy}_μ = δ^{exp}_μ − δ^{SM}_μ < 44.1 10^{−10} [2σ].

Given the recent evolution of this last range, the ongoing debate about the use τ -decay data [57] and the drastic effect of this 2σ cut, which both excludes the SM and many interesting dark matter models, the range 0 < δ^{susy}_μ < 8.1 10^{−10} will not be discarded, but displayed in pale on all plots.

V. GAMMA–RAY AND NEUTRINO FLUX FROM THE GC

Indirect detection of Dark Matter is based on observation of annihilation products like gamma-rays, neutrinos or synchrotron emission of secondary electron–positron pairs. The spectrum of secondary particles of species i from annihilation of DM particles whose distribution follows a profile ρ(r) where r is the Galacto–centric coordinate, is given by Φ_i(ψ, E) = σv dN_i dE 1 4πM^2 ∫ line of sight d sρ^2 (r(s, ψ)) (5) where the coordinate s runs along the line of sight, in a direction making an angle ψ respect to the direction of the GC. σv and dN_i/dE are respectively the annihilation cross section and the spectrum of secondary particles per annihilation, while M is the mass of the annihilating DM particle.

To isolate the factor depending on astrophysics, i.e. the integral of ρ^2 along the line of sight, we introduce, following [5], the quantity J(ψ)

J (ψ) = 1 8.5 kpc ( 1 0.3 GeV/cm^3

)_2 ∫

line of sight d sρ^2 (r(s, ψ)) . (6) and its average over a spherical region of solid angle ΔΩ, centered on ψ = 0, J(ΔΩ).

With these definitions the flux from a solid angle ΔΩ is Φ_i(ΔΩ, E) ≃ 5.6 × 10^{−12} dN_i dE (_{σv} pb ) (_{1TeV} M )_2 J (ΔΩ)

× ΔΩ cm^{−2}s^{−1} . (7)

Apart from astrophysics, large uncertainties on the quantities in eq. 7 are associated with the details of particle physics. The dependence of the annihilation cross section on the mass M_χ is different for each DM candidate, and even in the framework of a specific supersymmetric scenario, cross sections for a given mass could span over several orders of magnitude.

FIG. 1: Gamma–ray flux from neutralino annihilation at the GC, assuming a NFW profile. For comparison we show the EGRET and GLAST sensitivities. Shades paler than in the legend denote a low δ^{susy}_μ value.

We show in Fig. 1 the gamma–ray flux from neutralino annihilation at the Galactic centre assuming a NFW profile, along with EGRET and GLAST sensitivities. We see that all the supersymmetric models predict fluxes below the EGRET sensitivity in this case, but many of them could produce fluxes observable by GLAST.

Nevertheless, as already mentioned, EGRET did observe a source at the Galactic centre , although it is unclear whether this emission is actually to be attributed to WIMP annihilations. We adopt a conservative approach and consider the EGRET source as an upper limit on the WIMP annihilation flux. In this sense, we see from Fig. 1 that if neutralinos are the dark matter particle, then there is room for profiles even more “cuspy” than NFW.

Always assuming a NFW profile, we show in Fig. 2 the neutrino-induced muon flux from dark matter annihilation at the GC. We show for comparison the expected sensitivity of the Antares telescope (e.g. [48], currently under construction in the Mediterranean sea. The telescope sensitivity depend on the incoming neutrino spectrum, we thus show two sensitivity curves (for a 3-years period of observation), one relative to a hard flux (relevant for the W^+W^− and Zh channels), the other relative to a soft flux (relevant for the bb̄ channel).As can be seen, the predictions fall several orders of magnitude below the Antares sensitivity. Of course, at this stage, this does not necessarily imply that Antares will not observe any neutrinos from the Galactic centre , as we have seen in the previous section that it is possible that the actual dark matter profile is steeper than NFW, adopted for Figs. 1 and 2.

FIG. 2: Neutrino-induced muon flux from neutralino annihilation at the GC, assuming a NFW profile. For comparison we show the expected Antares sensitivity. Shades paler than in the legend denote a low δ^{susy}_μ value.

VI. COMPARISON WITH OTHER SEARCHES

In this section we compare, for completeness, the prospects of detection of the SUSY models discussed above with other detection techniques, which are actually insensitive to the profile of dark matter in the innermost regions of the Galaxy.

In Fig. 3 we show the flux of neutrinos from neutralino annihilation in the solar core. The projected sensitivities of both Antares and IceCube [49] appear to be able to probe the supersymmetric models with the non-negligible higgsino fraction necessary for an efficient neutralino capture rate in the Sun.

FIG. 3: Neutrino-induced muon flux from neutralino annihilation in the solar core. Shades paler than in the legend denote a low δ^{susy}_μ value.

We also show in Fig. 4 the potential of direct detection techniques to probe the neutralino nature through the search for neutralino-nucleon interactions in large detectors, such as Edelweiss [50] and CDMS [51]. There are a couple of orders of magnitude between the present -day experiment sensitivities and the most optimistic predictions for neutralinos. But this gap could be bridged by next-generation experiments such as Edelweiss II (e.g. [52]) and Zeplin [53].

VII. UPPER LIMIT FOR THE NEUTRINO FLUX

In order to maximize the neutrino flux from dark matter annihilation at the Galactic centre , we normalize the flux of gamma–rays, associated with such a neutrino flux, to the EGRET data. This corresponds to fixing, for each model, the product J σv N_γ , with N_γ = ∑ i N_i R_i; here R_i is the branching ratio of all the channels i contributing N_i gamma–rays above a given threshold energy.

Having fixed the particle physics contents of our dark matter candidate, the ratio between the number of photons and the number of neutrinos emitted per annihilation is known. We can thus estimate the neutrino flux from the Galactic centre associated with a gamma-ray

FIG. 4: Prospects of neutralino direct detection. Shades paler than in the legend denote a low δ^{susy}_μ value.

emission reproducing the EGRET data. Finally we can convert the flux of neutrinos into a flux of muons, produced by neutrinos interactions with the rock around detectors on Earth, in order to compare with experimental sensitivities.

The rescaled flux of muons ϕ^{norm}_μ (> E_{th}) will thus be given by

ϕ^{norm}_μ (> E_{th}) = ϕ^{NFW}_μ (> E_{th}) ϕ^{EGRET}_γ (E_∗) ϕ^{NFW}_γ (E_∗) (8) where the label NFW reminds that NFW profiles have been used to compute profile-independent flux ratios, and E_∗ is the energy at which we decide to normalize the flux to the gamma-ray data (in our case E_∗ = 2GeV).

The results are shown in Figs. 5 and 6. The muon flux normalised to the EGRET data represent an upper limit, as the observed gamma–ray emission could be due to processes other than dark matter annihilation. The comparison with the Antares sensitivity shows that only the highest mass neutralinos can possibly be detected in the Galactic centre. Insisting on the WMAP relic density in Fig. 6 and using the hard neutrino spectrum sensitivity appropriate to the relevant Zh channel, we need at least 700 GeV neutralinos, whose contribution to the muon anomalous moment is similar to the (excluded?) Standard Model.

If neutrinos are nevertheless observed above the given fluxes, then their interpretation as due to neutralino annihilation is problematic and would actually require either the adoption of other dark matter candidates annihilating dominantly into neutrino pairs or a different explanation, e.g. in terms of astrophysical sources.

FIG. 5: Neutrino-induced muon flux from the Galactic centre normalized to EGRET with relic density values. Shades paler than in the legend denote a low δ^{susy}_μ value.

Concerning other dark matter candidates, a case-by-case analysis is needed. For Kaluza–Klein candidates (e.g. Ref. [54] and references therein) , in particular, there are several channels contributing to the neutrino flux (see Ref. [55]). Neutrinos coming from the decay of charged pions originating in quark fragmentations have a relatively soft spectrum, and cannot be detected with Antares, even normalizing the gamma–ray flux to the EGRET data. A similar conclusion applies for neutrinos from prompt semi-leptonic decay of secondary heavy quarks, despite the fact that the spectrum in this case is harder. One last channel could be potentially interesting, the direct production of neutrinos, which is nearly forbidden in the case of neutralinos. This channel is particularly interesting since in this case the spectrum of neutrinos is a line, at energy equal to the mass of the Kaluza–Klein particle. Rescaling the fluxes obtained in Ref. [55] we estimate this flux to be comparable with the Antares sensitivity to line spectra. A detailed analysis of this case will be presented elsewhere.

Finally, to show how our upper bound on the neutrino flux from the Galactic centre would evolve with new data on gamma ray fluxes, we show in Fig. 7 the flux above 60 GeV coming from the same neutralino annihilations in the Galactic centre, applying the same normalization to EGRET that we used for neutrinos in Fig. 5. As in that figure, the points trace an upper bound on the gamma flux above 60 GeV, given the EGRET measurement. If Hess sees a signal (which is not excluded according to Fig. 7), e.g. two orders of magnitudes below this gamma upper bound, the upper bound on the neutrino flux Fig. 5 can accordingly be reduced by two orders of magnitudes.

FIG. 6: Neutrino-induced muon flux from the Galactic centre normalized to EGRET, for models with WMAP-preferred relic density sorted by leading (≡ BR > 0.5) annihilation channel. Shades paler than in the legend denote a low δ^{susy}_μ value.

VIII. CONCLUSIONS

The flux of neutrinos from dark matter annihilation at the Galactic centre depends on the assumed dark matter profile and on the details of annihilation of the specific candidate adopted. It is nevertheless possible to obtain an upper limit for the neutrino flux, by requiring that the associated gamma-ray emission do not exceed the flux observed by EGRET in the direction of the Galactic centre .

We have estimated such upper limits in the case of neutralinos and concluded that any associated neutrino flux lies below the experimental sensitivity of Antares, unless the neutralino mass is above ∼ 700 GeV . In this case, corresponding to models with a low δ^{susy}_μ value, and even assuming that the gamma-ray emission observed by EGRET is entirely due to neutralino annihilation, the upper limit on the neutrino flux is barely above the minimum signal observable by Antares in 3 years.

This means that Antares will not be able to see neutrinos from neutralino annihilation at the Galactic centre . Conversely, the positive detection of such a flux would either require a different explanation in terms, e.g., of other astrophysical sources, or the adoption of dark matter candidates other than neutralinos.

FIG. 7: Gamma–ray flux (above 60 GeV) from neutralino annihilation at the GC normalized to EGRET. For comparison we show the HESS sensitivity. Shades paler than in the legend denote a low δ^{susy}_μ value.

Acknowledgements

It is a pleasure to acknowledge the friendly computer cooperations with Jean-Loc Kneur, Geneviève Bélanger and Yann Mambrini, without whom the code merging used in this work would not have been possible. GB would like to thank Günter Sigl for helpful discussions and John Beacom for useful comments. GB is supported by the DOE and the NASA grant NAG 5-10842 at Fermilab.

[1] D. N. Spergel et al., arXiv:astro-ph/0302209. [2] K. A. Olive, arXiv:astro-ph/0301505.

[3] J. Silk and M. Srednicki Phys. Rev. Lett. 53 (1984) 624 [4] V. Berezinsky, A. Bottino and G. Mignola, Phys. Lett. B 325 (1994) 136 [arXiv:hep-ph/9402215].

[5] L. Bergstrom, P. Ullio and J. H. Buckley, Astropart.

Phys. 9 (1998) 137 [arXiv:astro-ph/9712318]. [6] G. Bertone, G. Sigl and J. Silk, Mon. Not. Roy. Astron.

Soc. 337 (2002) 98 [arXiv:astro-ph/0203488]. [7] J. Silk, K. A. Olive and M. Srednicki Phys. Rev. Lett. 55 (1985) 257 [8] V. Bertin, E. Nezri and J. Orloff, Eur. Phys. J. C 26 (2002) 111 [arXiv:hep-ph/0204135] and JHEP 0302, 046 (2003) [arXiv:hep-ph/0210034].

[9] L. Bergstrom, J. Edsjo and P. Gondolo, Phys. Rev. D 58 (1998) 103519 [arXiv:hep-ph/9806293].

[10] L. Bergstrom, J. Edsjo and P. Ullio, Phys. Rev. D 58 (1998) 083507 [arXiv:astro-ph/9804050].

[11] P. Blasi, A. V. Olinto and C. Tyler, arXiv:astro-ph/0202049.

[12] A. Tasitsiomi and A. V. Olinto, Phys. Rev. D 66 (2002) 083006 [arXiv:astro-ph/0206040].

[13] F. Stoehr, S. D. White, V. Springel, G. Tormen and N. Yoshida, arXiv:astro-ph/0307026.

[14] E. A. Baltz, C. Briot, P. Salati, R. Taillet and J. Silk, Phys. Rev. D 61 (2000) 023514 [arXiv:astro-ph/9909112].

[15] A. Falvard et al., arXiv:astro-ph/0210184. [16] A. Tasitsiomi, J. Gaskins and A. V. Olinto, arXiv:astro-ph/0307375.

[17] L. Pieri and E. Branchini, arXiv:astro-ph/0307209. [18] P. Chardonnet, G. Mignola, P. Salati and R. Taillet, Phys. Lett. B 384 (1996) 161 [arXiv:astro-ph/9606174].

[19] L. Bergstrom, J. Edsjo and P. Ullio, arXiv:astro-ph/9902012.

[20] E. A. Baltz, J. Edsjo, K. Freese and P. Gondolo, Phys.

Rev. D 65 (2002) 063511 [arXiv:astro-ph/0109318]. [21] F. Donato, N. Fornengo, D. Maurin, P. Salati and R. Taillet, arXiv:astro-ph/0306207.

[22] J. Binney and W. Evans Mon. Not. Roy. Astr. Soc.˙327 (2001) L27 [23] F. Prada, A. Khlypin, J. Flix, M. Martinez and E. Simonneau, arXiv:astro-ph/0401512 [24] H. Mayer-Hasselwander et al., Astron. Astrophys. 335 (1998) 161 [25] A. W. Strong, I. V. Moskalenko and O. Reimer, Astrophys. J. 537 (2000) 763 [Erratum-ibid. 541 (2000) 1109] [arXiv:astro-ph/9811296].

[26] A. Cesarini, F. Fucito, A. Lionetto, A. Morselli and P. Ullio, [arXiv:astro-ph/0305075].

[27] D. Hooper and B. L. Dingus, arXiv:astro-ph/0210617. [28] P. L. Nolan, W. F. Tompkins, I. A. Grenier, P. F. Michelson, [arXiv:astro-ph/0307188] [29] J. F. Navarro, C. S. Frenk and S. D. White, Astrophys.

J. 462 (1996) 563 [arXiv:astro-ph/9508025].

[30] B. Moore, T. Quinn, F. Governato, J. Stadel and G. Lake, Mon. Not. Roy. Astron. Soc. 310 (1999) 1147 [arXiv:astro-ph/9903164].

[31] A. V. Kravtsov, A. A. Klypin, J. S. Bullock, J. R. Primack, Astrophys.J., 502, 48 (1998)[arXiv:astro-ph/9708176] [32] E. Hayashi et al., [arXiv:astro-ph/0310576]. [33] T. Fukushige, A. Kawai and J. Makino, arXiv:

astro-ph/0306203 [34] F. Stoehr, arXiv: astro-ph/0403077

[35] J. Diemand, B. Moore and J. Stadel, arXiv:

astro-ph/0402267 [36] A. Djouadi, J. L. Kneur and G. Moultaka, [arXiv:hep-ph/0211331].

[37] G. Belanger, F. Boudjema, A. Pukhov and A. Semenov, Comput.Phys.Commun. 149 (2002) 103-120, [arXiv:hep-ph/0112278] [38] P. Gondolo, J. Edsjo, P. Ullio, L. Bergstrom, M. Schelke and E. A. Baltz, [astro-ph/0211238].

[39] ALEPH Collaboration (A. Heister et al.), Phys.Lett.

B526 (2002) 191.

[40] ALEPH Collaboration (A. Heister et al.), Phys.Lett.

B533 (2002) 223.

[41] M. Battaglia, A. De Roeck, J. Ellis, F. Gianotti, K. T. Matchev K. A. Olive, L. Pape, G. Wilson, Eur. Phys. J. C22 (2001) 535.

[42] M. Davier, S. Eidelman, A. Hocker and Z. Zhang, Eur.Phys.J. C27 (2003) 497-521 [43] R. Schödel et al. Nature 419, 694 (2002) [44] P. Gondolo and J. Silk, Phys. Rev. Lett. 83 (1999) 1719 [arXiv:astro-ph/9906391].

[45] de Blok, W. J. G., McGaugh, S. S., Bosma, A., and Rubin, V. C., ApJ 552, L23 [46] R. A. Swaters, B. F. Madore, F. C. V. Bosch and M. Balcells, Astrophys. J. 583 (2003) 732 [arXiv:astro-ph/0210152].

[47] F. C. van den Bosch, B. E. Robertson, J. J. Dalcanton and W. J. G. de Blok, arXiv:astro-ph/9911372.

[48] D. Bailey. Ph.D. Thesis available on http://antares.in2p3.fr [49] http://icecube.wisc.edu [50] A. Benoit et al.. Phys. Lett. B 545, 43 (2002), arXiv:astro-ph/0206271.

G. Chardin. Edelweiss dark matter search, talk given at the school and workshop on neutrino particle astrophysics, les houches 21 jan -1st feb 2002.

[51] D. Abrams et al. [CDMS Collaboration], Phys. Rev. D 66 (2002) 122003 [arXiv:astro-ph/0203500].

[52] http://edelweiss.in2p3.fr [53] R. Luscher. arXiv:astro-ph/0305310.

Talk given to the XXXVIIIth Rencontres de Moriond ELECTROWEAK INTERACTIONS AND UNIFIED THEORIES, 15th to March 22nd 2003, Les Arcs France.

[54] G. Servant and T. M. Tait, Nucl. Phys. B 650 (2003) 391 [arXiv:hep-ph/0206071].

[55] G. Bertone, G. Servant and G. Sigl, Phys. Rev. D 68 (2003) 044008 [arXiv:hep-ph/0211342].

[56] K. Hagiwara, A. D. Martin, D. Nomura and T. Teubner, [arXiv:hep-ph/0312250].

[57] M. Davier, S. Eidelman, A. Hocker and Z. Zhang, Eur.

Phys. J. C 31 (2003) 503 [arXiv:hep-ph/0308213]. [58] P.Salati, 2003, private communication [59] The correction in the latest version Darksusy 4 would reduce all absolute fluxes reported here by a factor of 2, but our main results on ratios between different fluxes or fluxes normalized to EGRET are insensitive to this correction.