Destruction of dark matter clumps in Galaxy
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What happened to the central cores of tidally destructed dark
matter clumps in the Galactic halo? We calculate the probability
of surviving the remnants of dark matter clumps in the Galaxy by
modelling the tidal destruction of the small-scale clumps. 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 core is rather small. The resulting mass
spectrum of survived clumps is extended down to the mass of the
core of the cosmologically produced clumps with a minimal mass.
Since annihilation signal is dominated by the dense part of the
core, destruction of of the outer part of the clump affects relatively
weakly annihilation rate and the survived dense remnants of tidally
destructed clumps provides a large contribution to the annihilation
signal in the Galaxy.



Gamma luminosity of Galaxy

Mpmin = 10° — 108 My, (Aloisio, Blasi & Olinto, 2002)
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Minimum mass of clumps (the cutoff of the mass
spectrum)

Minin ~ 10712 My, (Zybin, Vysotsky, Gurevich, 1999)
Miin ~ (1077 —107%)M, (Schwarz, Hofmann, Stocker, 2001)
My ~ 10~* Mg, (Loeb, Zaldarriaga, 2005)
Mpin ~ (107> — 10~*) Mg, (Bertschinger, 2006)

e & ¢ ¢

Kinetic decoupling = ~ H(t)

Trel



Numerical simulations

3 kpc 60 pc 0.024 pc
N=62-10°, m=12-10"1%M,, z=350—26

(Diemand, Moore, Stadel, 2005)
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(Diemand, Moore, Stadel, 2005)



Clump structure

Density profile:
Pes r < Re;
r -8
pint(r) = Pe (—) , R.<r<R,
Re
r>R,

)

ofy-profile, c=1.6
O M=5110"° Msolar

where (§ ~ 1.8 (Gurevich, Zybin, 1988)
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Core size R./R ~ 0.01 (Moore et al., 2005)



Annihilation of DM in clumps

@ Rate of annihilation inside single clump
. oo
No=4m [ rdrpd, (r)m ?(oannv)
0
@ Observable signal

rmax

fy = T2 / dCsinC / 27"2‘” [ am [ R naticg.r). m R
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0 Minin
@ Signal from diffuse DM
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@ Amplification of the signal

I ll m _in
n = el T Thom r-’?ﬁl—l-fS(Xc,ﬁ)? t
hom PDM

@ Typical values:
S~5
pH ~ 0.3 GeV cm™3
Ping ~ 10720 g cm 3
fraction of DM in the form of clumps - £ ~ 0.001

n ~ 102




Free (unconfined) clumps

1/2 2
2 p 0. dog -0
dM = | — — 4 = dMm
dps (77) M D(t)oZ, dM &P {2D(t)2U§J

(Press, Shechter, 1974)

Small-scale DM clumps in the Galactic halo




@ Criterium for destruction AE > |E| ~ GM?/2R

@ Time of energy gain 7 * E/]E|

@ Fraction of survived clumps e 7, where

dty, —pr _ p_ t?
B

At
J~ / ~ >y —
Z T(p; pn) p P t7

- the sum is over mtermedlate hosts
@ Mass function

dM e v*/2 O?F(M, ty)
—— dv=dMd dty |~ | e~ I(tt)
S N / H oMo | €
t(voeq)
vdv _p» dlog oeq(M)
~ V12 () 28T
~ e )
var ¢ RO

where
2[M(1/3) —T(1/3,7)]
1(7) 3V 27T’yl/3 1(7) "




@ Integral mass function and number density of clumps

dM dm
int —— =~ 0.02 —_
fltM 00(n+3)M

na(M,R)dIn Md In R = %A/(Ir@)g(/w, v)d In Mdv

(Berezinsky, Dokuchaev, Eroshenko, 2003, 2006, 2008)
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(Diemand, Moore, Stadel, 2005)



Destruction by disk
Gravitational shocking (Ostriker, Spitzer, Chevalier, 1972):

Tidal forces: (Gnedin, Ostriker 1997, 1999), (Gnedin, Hernquist,
Ostriker, 1999), (Gnedin, Lee, Ostriker, 1999), (Gnedin, 2003)
A(a) - adiabatic correction (Weinberg, 1994), (Gnedin, Ostriker
1999)

a=wry, Ala)=1lifaxland A(a) < 1ifa>1

A(a) = (1 + a?)~3/? (Gnedin, Ostriker 1999)

isotropy halo model:

0
p(r) = 4x / dE\/2[E — U(N)](E)
u(r)

exponential disk: gn,(r) =271Gos(r), os(r) = 2":;’2 e~r/n
0




@ Destruction by stars

1
AE = §/d3fp(r)(vz —72)?
E = /27T /Vre] dl AE(/) Ny, t;l = W/fvreln* + %

I*

@ Survival probability:

1 sin a

1
) ATV2 cos (Y2 F(c)eAE/IE
P, )—ﬁ(x)sma/dpo/d Z([)da[a VOI2F (o)



2
2
S S SIS
S S S SIS0 N
S S SIS SIS N

15 20
r, kpc

(Berezinsky, Dokuchaev, Eroshenko, 2006)
Left: Fraction of survived clumps with M = 107°M,, and v = 2. Right:

the same in dependence of clump density p.; in GeV cm~3.



Local amplification factor 7

np=1.1

3t np=1.0

20 40 60 80
r, kpc

B=1.8, Myin=2-10"8M, n, =1.0 and n, = 1.1

100



Boost factor 7, integrated over line of sight

0 25 50 75 100 125 150 175
6, degrees

B =18, My =2-10"8Mg, n, =1.0and n, = 1.1



Anisotropy
AE = 282822 /(V2), var = Jsina/(mr), AEJ|E| = C/sin’~

P(r,a)

degree

(Berezinsky, Dokuchaev, Eroshenko, 2007)
Left: The normalized fractions of DM clumps in the halo P(r,«) which
survive the tidal destruction by the stellar disk as a function of angle «
between a radius-vector 7 and the disk polar axis. Radial distances from
the Galactic center r =3, 8.5 and 20 kpc (from the bottom to the top).
The curves must be multiplied by factors 0.04, 0.4 and 0.9 respectively.
Right: The annihilation signal in the Galactic disk plane and in vertical
plane as a function of the angle ¢ between the line of observation and the

30 &0
o, degree

direction to the Galactic center.



Remnants (cores) of clumps

@ Simple criterium - > (AE); ~ |E|
J
@ Gradual mass loss — remnants. Core size = 7
Rc/R ~ 1.8 x 107> (Gurevich, Zybin, 1995)
Rc/R ~ 0.01 (Diemand, Moore, Stadel, 2005)

r

3—0B _/r\B8 .
pint(r) = Tﬂ p (E) , N /47rr2drpi2nt(f)
0



@ Disk. Change of density and mass loss:

0 R
Sp(r) =252 / ve—1y(r)fa(e)de, oM = —47r/ r25p(r) dr
0
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@ Stars. o
m 4

* - 2 Gp: 2

@ = o2 a5, 3 P

rel

Xmax ds n.(s ( ) Vel <5—M>
—y/s

l<ﬂ> ~ /2 Idi
M\ dt ), \/—277Gp Ve—o(

@ Number density of stars in the halo and bulge:
nh+(r) = (pn/m.)(re/r)?

m, = 0.4Mg, ro, = 8.5 kpc, pp = 1.4 x 107> Mg, /pc
(Bell et. al, 2007)

= (pp/ M) exp [—(f/fb)m}

np, *( )
(Launhardt, Zylka, Mezger, 2002)

pb = 8Mg /pc3, r, = 1 kpc
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Isothermal density profile: M(t) o< R(t), p(t) oc M(t)~2
dM _ (dMY [ dM
d  \ dt ), dt ).

th—tg<t<t
Analytic approximation A(a) = 0:

2ty
2tg + ts) exp(2ty/ts) — ts

/1‘2(t0) = (



Numerical calculation
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(Berezinsky, Dokuchaev, Eroshenko, 2008)

The survival probability P(r, p) plotted as as a function of distance from

the galactic center r and a mean internal clump density p in the cases

x. =0.1 and 0.05.
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Left: The annihilation signal (upper curve) as a function of the angle ¢
between the line of observation and the direction to the Galactic center.
Right: amplification of the signal (/. — )/ la.
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Transformation of the mass function
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Numerically calculated modified mass function of clump remnants for
galactocentric distances 3 and 8.5 kpc. The solid curve shows the initial

mass function.



Conclusion

Despite the small survival probability of clumps during early stage
of hierarchial clustering, they provide the major contribution to the
annihilation signal (in comparison with the unclumpy DM). The
amplification (boost-factor) can reach 102 or even 103 depending
on the initial perturbation spectrum and minimum mass of clumps.
This boost-factor must be included in calculations of the
annihilation signals. These remnants of DM clumps form the
low-mass tail in the standard mass distribution of small-scale
clumps extended much below M,,;, of the standard distribution.
The numerical estimate of the boost-factor for DM particle
annihilation inside clumps is very model-dependent. It depends on
nature of DM particles and on their interaction with ambient
plasma. Another parameter variation which affects strongly the
boost-factor is the spectral index of density perturbation n,.



