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Question

What is the effect of the massive black hole on the dark matter

distribution at the galactic centre?

Why do we care?

® If BH formation increases the DM density locally, it also boosts the number of

secondary particles and improves the prospects for indirect DM detection.

@ If formation of a rotating BH makes the DM distribution non-spherical, then
its gravity might affect the precession of stars’ orbital planes near SgrA"
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Assumption:

The growth of the massive black hole is adiabatic (slow).
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Assumption:

The growth of the massive black hole is adiabatic (slow).

Eddingtons Adiabatic integration in
: Method Invariants the phase space
Pi - Ji - Sy > Pf




Newtonian Analysis

— /f(r,v)dSV Change of variables: v — FE | L, L,
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I.(E,L) = ]{vrdfr

Adiabatic Invariants: < lo(L,L.) = ]{UGGW

Iy(L2) = ]{%dqﬁ

L and L, remain constant.
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Lhi(Bi, L) = 1 y(Ef, L) => B, = E;(Ey, L)

-~

DM DM+BH

| 11(Bs. L) = Fi(B(Ey. 1), D) ]




Relativistic Analysis

L
Mass current:  JH (gj) — /f(4) (p)p—\/—gdéj‘p
1
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= o= ()Y
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Change of variables:  p°, p", pe, p? = E,C, L,, u
N\ e

constants of motion

Spherical symmetry limit: (O = [?



Kerr metric in Boyer-Lindquist coords:
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Schwarzschild BH:
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Schwarzschild BH:  p(T)
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Schwarzschild BH:  p(r) = / f(E,L) dEAL?dL,

_r4\/1 —2Gm/rsiné u"uf
L2
9 — z
U = T 2\/L2 — Sin29 N Lz’min, Lz,max
u’l" — V T 2
2
Vi) =& (1- 220+ 1)




/

4 E
Schwarzschild BH:  p(r) = / f(E,L) dEdL?dL,

riy/1 —2Gm/rsin 0 u"uf
LQ
6 __ —2 z
v =" \/L2_81n2(9 ~ Lz,mina Lz,maw
u’ = Vir 2
) v L
2m L?
=2 - (1-")1+ =
Vi =t - (1- 204 L

} captured




/

4

Schwarzschild BH:

_r4\/1 — 2Gm/rsin @

} captured

dEdL?dL,

[ fe.1)



Schwarzschild BH:
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bounded non-relativistic
DM particles



constant distribution function: f(E,L) = fo = const
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Hernquist profile density: Pi(”’“) — PH (T) — (

If DM particles self-annihilate:

p(r) =

PcorepP f (T)

B Pcore T Pf (7)

log1g (p [GeV /em?])

Po

rfa)(1+7/a)’

—  Relativistic
——— DM annihilation
— = Non-relativistic
—— Initial profile




Periastron precession with a DM spike: oL ~
M(r) = 4W/p(r)r2dr ~ 2r
r ER
M(T) Nmo(—)q éo 8T
"0 10k —— no annihilation
mo a oN1/9 — with annihilation
AwDM = —7'('(]( m )(To)q(l — € ) / fq(e) 12 1 5 3 .
logyg (7/TSschw)
1 < fqle) <2
[ 10° My , g=1 no self-annihilation B 4 104
Mo = { 1 My , q=3 with self-annihilation » 70 =Tsen X 107 =107 x (2m)

For S2 star (a = 4.6 mpc, e = 0.88, P = 15.5 years) :
Awgr = 44 arc sec/yr

Awpn = 7.5 arc Sec/yr , (no annihilation)
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summary:

® We have developed a fully relativistic approach for adiabatic growth of BH in
DM distribution.

@ Significant differences with results of G&S (1999) have been found:

In particular p vanishes at r=4m not 8m, and it is substantially larger at small
r than what G&S found (The profile is more cuspy).

® The pericenter precession caused by the DM spike is potentially detectable if
DM does not self annihilate.

Future work:

® How will the enhancement of the DM density due to relativistic considerations
boost the prospect for the indirect detection of DM?

® Considering a rotating BH: How non-spherical does the DM distribution
become?
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