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The small-scale dark matter clumps are efficiently disrdijgteearly stages of hierarchical struc-
ture formation and later in the Galaxy by tidal interactiovith stars. It is demonstrated that a
substantial fraction of clump remnants survive througHtittted destruction during the lifetime of
the Galaxy if a clump core radius is rather small. The resglihass spectrum of survived clumps
is extended down to the core mass of a minimal mass clump.eThesived dense remnants of
tidally destructed clumps provide a suitable contributiorthe amplification (boosting) of dark
matter annihilation signal in the Galaxy.
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Results of numerical simulations and theoretical modelBark Matter (DM) clustering at
the scales of subhalos and smaller heavily depend on the¢um® form of initial perturbation
spectrum. The form of perturbation spectrum at small sczdesot be recovered from the nowa-
days and future cosmic microwave background observatibmshe lack of unique fundamental
theory of cosmological inflation, the only possible chare®btain information on the perturba-
tion spectrum at small scales is the observation of anmitileboosting produced by the clumpy
DM structures in the Galaxy.

The cold DM component is gravitationally unstable and iseeted to form the gravitationally
bounded clumpy structures from the scale of superclustegalaxies and down to very small
clumps of DM. The minimum mass of clumps (the cutoff of the ssBectrum)Mnmin is determined
by the collisional and collisionless damping processes ¢sg. [1] and references therein). Recent
calculations [2] show that the cutoff mass is related tdifsit between DM particles and cosmic
plasma similar to the Silk damping. In the case of the HamriZeldovich spectrum of primordial
fluctuations with CMB normalization the first small-scale @Mmps are formed at redshift- 60
with a mean density ¥ 10722 g cm 3, virial radius 6x 102 pc and internal velocity dispersion
80 cm st respectively. Only very small fraction of these clumps sy the early stage of tidal
destruction during the hierarchial clustering [3]. Nelietess these survived clumps may provide
the major contribution to the annihilation signal in the &8 [3, 4, 5, 6, 7].

The unresolved problem of DM clumps is a value of the centabity or core radius. Numer-
ical simulations give a nearly power density profile of DMrolpss. Both the Navarro-Frenk-White
(NFW) and Moore profiles give formally a divergent densityti@ clump center. A theoretical
modelling of the solitary clump formation [8] predicts a paaw profile of the internal density
of clumps

o)=L 5 (1) ", )
wherep andR are the mean internal density and a radius of clump, resedctB ~ 1.8 — 2 and
pint(r) =0 atr > R. A near isothermal power-law profile (1) wifh~ 2 has been recently obtained
in numerical simulations of small-scale clump formatioh [®dditional indication that mergers do
not play a pivotal role in establishing the universal insrclump density profile comes from the
recent numerical simulation [10]. We consider the relativee radius<. = R;/R of DM clumps
as a free parameter in the rang@@.— 0.1 and investigate the dependence of the probability of
clump survival in the Galaxy on this parameter under theoaatif tidal forces from galactic disk
and stars.

It must be noted that density profiles of small-scale DM clarapd large-scale DM halos may
be quite different. The galactic halos are well approxirdaig the Navarro-Frenk-White profile
outside the central core where dynamical resolution of migaksimulations becomes insufficient.
The theoretical estimation of the relative core radius of BIMmp x; = R;/R was obtained in
[8] from the energy criteriony. = R;/R ~ 5§’q, wheredeq is a value of density fluctuation at the
beginning of matter-dominated stage. A similar estimatelf clumps with the minimal mass
~ 10-®M,, originated from 2 fluctuation peaks givedq~ 0.013 andR;/R~ 1.8 x 10° respec-
tively. The other possibility is that a real core radius isedmined by the relaxation of small-scale
perturbations inside the forming clump [11].



Remnants of clumps Vyacheslav Dokuchaev

1014
@
s

1012 |
s
(@]
o
5 K
ST
=3
c
©

108 L/ ‘ ‘ ‘
1078 1076 1074
MM,

Figure 1: Numerically calculated modified mass function of clump remts for galactocentric distances 3
and 85 kpc. The solid curve shows the initial mass function.
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Figure 2: The survival probability?(r, p) for clumps, which survives the tidal destruction by thelatedisk
and the halo stars, plotted as as a function of distance finengalactic centar and a mean internal clump
densityp in the case. = 0.1 (left panel) and = 0.05 (right panel). The density of clumps is normalized
to the density B x 1022 g cm 3 valid for clumps with mas#l = 10-5M...

We describe a gradual mass loss of small-scale DM clumpsrasguhat only the outer layers
of clumps are involved and influenced by the tidal strippihgthis approximation we calculate a
continues diminishing of the clump mass and radius duriegstitcessive galactic disk crossings
and encounters with the stars. An effective time of massflasBM clump remains nearly the
same as in our previous calculations [3, 12]. However thepldestruction time has now quite
different physical meaning: it provides now a charactirisime-scale for diminishing of clump
mass and size instead of the total clump destruction. Thanséat small remnants of clumps
may survive in the Galaxy. See details in [13] In Fig. 1 is shdhe final mass function of small-
scale in the halo at the present epoch for two distances tersalactic center [13]. We supposed
in numerical calculations that a core radius is very smallalhmasses of remnants are admissible.
With a finite core size the final mass function has a cut-offr lea cores mass of clump with a
minimal masdMmin. One can see from in Fig. 1 that clump remnants exist belovivthg. Deep
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Figure 3: Left panel: the amplification (boosting) of the annihilatisignal(l¢; + 1) /14 as function of the
angle between the line of observation and the directioned3hlactic center. Right panel: the annihilation
signal in the Galactic disk plane, in the vertical plane sing the Galaxy rotation axis and from the diffuse
DM halo.

in the bulge (very near to the Galactic center) the clump ertsiare more numerous because of
intensive destructions of clumps in the dense stellar enuirent in comparison with the rarefied
one in the halo. The main contribution to the low-mass tathefmass function of remnants comes
from the clumps with the near-disk orbits where the destrastare more efficient.
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