Dark matter annihilation in the Galaxy

V. S. Berezinsky^{a,b} , V. I. Dokuchaev^a and Yu. N. Eroshenko^a

a Institute for Nuclear Research of the Russian Academy of Sciences 60th October Anniversary Prospect 7a, 117312 Moscow, Russia b INFN, Laboratori Nazionali del Gran Sasso, I-67010 Assergi (AQ), Italy

Abstract

The annihilation of dark matter in the Galactic halo is enhanced due to the presence of small-scale dark matter clumps. The small-scale clumps are efficiently disrupted at early stages of structure formation starting from the time of clump detachment from the universe expansion. The survived clumps can be further destructed in the galaxies by tidal interactions with stars in the Galactic bulge, disk and halo. The resulting enhancement (boost factor) η of annihilation signal due to the halo clumpiness strongly depends on the primordial perturbation spectrum and varies in the range η ∼ 10 − 100.

One of the promising indirect manifestation of Dark Matter (DM) particles is their possible annihilation in the Galactic halo [1]. The most intriguing signature of DM annihilation was found in the EGRET gamma ray data, which shows a clear excess for energies above 1 GeV in comparison with the expectations from conventional galactic models in all sky directions [2].

A local annihilation rate is proportional to the square of number density of DM particles. Therefore, annihilation proceeds more efficiently in the dense DM substructures of the Galactic halo. The inflation models predict the power-law primordial fluctuation spectrum with an power index n_p ≃ 1.0. The small-scale clumps are formed earlier than the larger ones and captured by the larger clumps in the process of a hierarchical clustering in the expanding Universe. Both analytical calculations [3, 4, 5, 6] and numerical simulations [7, 8, 9] with the inflationaryproduced adiabatic density fluctuations predict the existence of DM clumps in the Galactic halo. The enhancement of the annihilation signal due to the presence of substructures in the Galactic halo depends on the fraction of the most dense small-scale clumps [5, 10]. The relative enhancement (or boost factor) of the annihilation signal due to the presence of DM clumps in the Galactic halo can than be written as η(r) = I_{dif} + I_{cl}/I_{dif} , where I_{dif} and I_{cl} are an annihilation signal from diffuse DM in the halo and clumps respectively.

The most essential characteristics of clumps for calculations of DM annihilation in the Galactic halo are the minimum mass and distribution function of clumps. At the same time the tidal destruction of clumps [5] strongly influences the number density of clumps in the Galaxy. Clumps at the central part of the halo are tidally destructed by stars [12, 13, 14] and by the Galactic disk shocking when clumps intersect the Galactic plane [11]. The tidal destruction of clumps by the Galactic disk is the most important process. The fraction of survived clumps P (r) was calculated in [11]. For disk shocking this fraction depends on galactocentric radius r and the clumps mean density ρ_{cl}. For destruction by halo stars there is an additional weak dependence on the clump mass M. At the same time the destruction of clumps by halo stars is much weaker in comparison with the disk destruction. With good accuracy we may neglect the M dependence. All small-scale DM clumps are totally destroyed by stars inside the Galactic bulge at distances r ≤ 3 kpc. Therefore there is a void in clumps distribution with a size 3 kpc. See in the Fig. 1 the fraction of survived clumps P (r) in the galactic halo and the integrated along the line of sight (observed) enhancement factor η(θ) for some galactic halo model [15] in dependance on angle θ between the directions to the Galactic center and the line of observation.

Figure 1: In the left panel is shown a survived fraction of small-scale clumps P (r) in the Galaxy halo inside the radial distance 100 kpc. The mean internal density of clump ρ_{cl} is in GeV cm^{−3}. In the right panel is shown an integrated along the line of sight (observed) enhancement factor η(θ) for clump internal density profile ρ_{cl}(r) ∝ r^β, β = 1.8, minimal clump mass M_{min} = 2·10^{−8}, n_p = 1.0 and n_p = 1.05 in the case of Navarro-Frenk-White spherical symmetric halo model.

Acknowledgments: This work was supported in part by the Russian Foundation for Basic Research grants 04-02-16757 and 06-02-16342, and the Russian Ministry of Science grant 1782.2003.2.

References

[1] J. Silk and H. Bloemen. Astrophys. J. 313 (1987) L47.

[2] W. de Boer, C. Sander, V. Zhukov, A.V. Gladyshev and D.I. Kazakov, Astron. Astrophys.

444 (2005) 51.

[3] J. Silk and A. Stebbins. Astrophys. J. 411 (1993) 439.

[4] A.V. Gurevich, K.P. Zybin and V.A. Sirota, Sov. Phys. — Usp. 167 (1997) 913. [5] V. Berezinsky, V. Dokuchaev and Yu. Eroshenko, Phys Rev. D68 (2003) 103003. [6] P. Brax, C. van de Bruck, A. -C. Davis and A. M. Green, Phys. Lett. B 633 (2006) 441. [7] B. Moore et al., Astrophys. J. 524 (1999) L19.

[8] S. Ghigna, B. Moore, F. Governato, G. Lake, T. Quinn and J. Stadel, Astrophys. J. 544 (2000) 616.

[9] A. Klypin, S. Gottlober, A.V. Kravtsov and A.M. Khokhlov, Astrophys. J. 516 (2002) 530. [10] J. Diemand, B. Moore and J. Stadel, Nature 433 (2005) 389. [11] V. Berezinsky, V. Dokuchaev and Yu. Eroshenko, Phys. Rev. D73 (2006) 063504. [12] H. S. Zhao, J. Taylor, J. Silk and D. Hooper, arXiv:astro-ph/0502049. [13] B. Moore, J. Diemand, J. Stadel, and T. Quinn, Nature 433, 389 (2005). [14] H.S. Zhao, J.E. Taylor, J.Silk, and D. Hooper, arXiv:astro-ph/0508215. [15] V. Berezinsky, W. de Boer, V. Dokuchaev and Yu. Eroshenko, in preparation (2006).