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The small-scale dark matter clumps are efficiently disrupted at early stages of hierarchical

structure formation and later in the Galaxy by tidal interactions with stars. It is demonstrated

that a substantial fraction of clump remnants may survive through the tidal destruction during

the lifetime of the Galaxy if a radius of clump core is rather small. The resulting mass

spectrum of survived clumps is extended down to the core mass of a minimal mass clump.

These survived dense remnants of tidally destructed clumps provide a suitable contribution

to the amplification of dark matter annihilation signal in the Galaxy.

1 Introduction

The nature of dark matter (DM) particles is still unknown. The cold DM component is gravi-
tationally unstable and is expected to form the gravitationally bounded clumpy structures from
the scale of superclusters of galaxies and down to very small clumps of DM. The study of DM
clumps are important for understanding the properties of DM particles, because annihilation
of DM particles in small dense clumps may result in visible signal. A local annihilation rate is
proportional to the square of DM particle number density. Thus the annihilation signal from
small clumps can dominate over diffuse component of DM in the halo.

One of the unresolved problem of DM clumps is a value of the central density or core radius.
Numerical simulations give a nearly power density profile of DM clumps. Both the Navarro-
Frenk-White (NFW) and Moore profiles give formally a divergent density in the clump center.
A theoretical modelling of the clump formation 1 predicts a power-law profile of the internal
density of clumps
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where ρ̄ and R are the mean internal density and a radius of clump, respectively, β ≃ 1.8 − 2
and ρint(r) = 0 at r > R. A near isothermal power-law profile (1) with β ≃ 2 has been recently
obtained in numerical simulations of small-scale clump formation 2. We consider the relative
core radius xc = Rc/R of DM clumps as a free parameter in the range 0.001−0.1 and investigate
the dependence of the probability of clump survival in the Galaxy on this parameter under the
action of tidal forces from galactic disk and stars.

We describe a gradual mass loss of small-scale DM clumps assuming that only the outer
layers of clumps are involved and influenced by the tidal stripping. In this approximation we
calculate a continues diminishing of the clump mass and radius during the successive galactic disk
crossings and encounters with the stars. An effective time of mass loss for DM clump remains
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Figure 1: Numerically calculated modified mass function of clump remnants for galactocentric distances 3 and

8.5 kpc. The solid curve shows the initial mass function.

nearly the same as in our previous calculations 3. However the clump destruction time has now
quite different physical meaning: it provides now a characteristic time-scale for diminishing of
clump mass and size instead of the total clump destruction. This means that small remnants of
clumps may survive in the Galaxy.

In the Fig. 1 is shown the final (nowadays) mass function of small-scale in the halo at
the present moment for two distances from the Galactic center 4. We supposed in numerical
calculations that a core radius is very small and all masses of remnants are admissible. With
a finite core size the final mass function has a cut-off near the cores mass of clump with a
minimal mass Mmin. The adiabatic correction leads to the accumulation of remnants of some
mass corresponding to violation of momentum approximation. One can see from the Fig. 1 that
clump remnants exist below the Mmin. Deep in the bulge (very near to the Galactic center) the
clump remnants are more numerous because of intensive destructions of clumps in the dense
stellar environment in comparison with the rarefied one in the halo. The main contribution to
the low-mass tail of the mass function of remnants comes from the clumps with the near-disk
orbits where the destructions are more efficient.
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