16 GONZÁLEZ-MORALES ET AL.

Fig. 1. Energy perturbation due to encounters with subhalos on to the Neptune’s orbit for the standard value of local DM density(solid)(Green 2010) and for two orders of magnitude higher(dashed).

forces, and we model them as streams of cylindrical symmetry (González-Morales 2011, in prep.). As an illustration we present the case of Neptune’s orbit. In Figure (1) we show a Montercalo realization over the perturber-planet impact parameter and relative velocity distributions, assuming the spherical mass approximation, for two different values of the local DM density. Our halo and subhalos parameters are motivated by larger scale N-body simulations that assumes a neutralino power spectrum. The histogram shows the fraction of possible Solar System-substructure encounter histories corresponding an energy injection ΔE/E over 4 Gyr, approximately the Solar System age. It can be notice that the most important parameter is the amount of DM in the local neighborhood, an uncertainty quantity. This study can be seen as an upper limit for the local DM density if one assumes that neutralinos conform the DM. On the other hand, if local DM density were determined with high accuracy and its value changes significantly from the actual value, then our method would be enough to put a strong constraint on the cut-off of the mass power spectrum, with Solar System information only.

3. CONCLUSIONS AND FUTURE WORK Although we have only presented the case for Neptune’s orbit constraints on dynamical perturbation triggered by dark matter substructure, the same can be applied to Earth-Moon’s orbit, were accuracy of orbital elements is even higher. As we mentioned this can be applied also to study the existence of wide stellar binaries in dSphs, which according to some authors should be in disagreement with the

DM hypothesis (Hernandez & Lee 2008; Peñarrubia et al. 2010). We are applying the formalism expecting to show either of (1) catastrophic encounters are sufficient enough and disrupt the wide binaries (Peñarrubia et al. 2010) (2) dominant encounters are diffusive but they are sufficient enough to disrupt the binaries or (3) the effect of the dynamical friction due to DM that is not bound in substructure (Hernandez & Lee 2008) in conjunction with the diffusive encounters allows the existence of the wide binaries. The first two scenarios implies that the existence of wide binaries are not consistent with the existence of DM substructure as the cold DM predicts, and warm DM could be a better option, or any other candidate with a power spectrum cut-off at sub-galactic scales. Independent additional constraint to the DM power spectrum could be obtained from the high redshift 21-cm power spectrum, fluctuations in gravitational lensing images and searches of low mass galaxies in the nearby Universe. We are currently making predictions for some of those future experiments (González-Morales 2011, in prep.).

We want to thanks Myriam Mondragón (Instituto de Física, UNAM) for the helpful discussions about the particle physics involved in this work and to organizers for the scholarship grant to AXGM.

REFERENCES Angulo, R. E., & White, S. D. M. 2010, MNRAS, 401, 1796 Binney, J., & Tremaine, S. 2008, Galactic Dynamics (Princeton: Princeton Univ. Press) Colín, P., Avila-Reese, V., & Valenzuela, O. 2000, ApJ, 542, 622 Diemand, J., Moore, B., & Stadel, J. 2005, Nature, 433, 389 Hernandez, X., & Lee, W. H. 2008, MNRAS, 387, 1727 Johnson, M. C., & Kamionkowski, M. 2008, Phys. Rev. D, 78, 063010 Klypin, A., Kravtsov, A. V., Valenzuela, O., & Prada, F.

1999, ApJ, 522, 82 Green, A. M., Hofmann, S., & Schwarz, D. J. 2004, MN- RAS, 353, L23 Green, A. M. 2010, arXiv:1004.2383 Murphy, T. W., et al. 2008, 16th International Workshop on Laser Ranging, ed. S. Schillak, http://cddis.

gsfc.nasa.gov/lw16

Peñarrubia, J., Koposov, S. E., Walker, M. G., Gilmore, G., Wyn Evans, N., & Mackay, C. D. 2010, arXiv:1005.5388 Pitjeva, E. V. 2005, Sol. Sys. Res., 39, 176 Xu, D. D., Mao, S., Cooper, A. P., Wang, J., Gao, L., Frenk, C. S., & Springel, V. 2010, MNRAS, 408, 1721 Zhao, H., Taylor, J. E., Silk, J., & Hooper, D. 2005, arXiv:astro-ph/0502049