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In the case of extreme mass ratio inspirals (EMRI) systems
there are mainly two reasons for studying “bumpy” black
nole (non-integrable non-Kerr) spacetime backgrounds:

1) To take into account the perturbation of the supermassive
black hole (SMBH) spacetime due to the accreting matter.

2) To check whether the super massive objects at the centre
of galaxies are indeed Kerr black holes.
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Weyl-Papapetrou metric element in prolate spheroidal coordinates:
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From the prolate spheroidal coordinates (x,y) of the Weyl-
Papapetrou metric to the Boyer-Lindquist (r,0):

r=x (M2-(S/M)2)"2+M, cos 8=y, where x € [1,=), y € [-1,1]

By the above transformation the event

horizon lies on x=1. e A
From the prolate spheroidal coordinates "
(x,y) of the Weyl-Papapetrou metric to e
the cylindrical (p,z): SN,

p = f{\/{-\‘z — 1)(1 — y?), z = kxy



In the generic case of stationary and axisymmetric spacetime
background, the energy E and the azimuthal angular momentum

| L_are constants of motion:
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Each bounded geodesic is labelled by the

3 fundamental frequencies w , w,, W, ;



The Kerr metric has the 4th integral of motion Q, the Carter
constant. carter, PR (1968)

Though the Hamiltonian has not been yet expressed in
action-angle variables, the characteristic frequencies
w, w, w, were found "analytically” as functions of:

the black hole spin a and mass M,
the constants of motion (E, L , Q) and /
the geometrical characteristics of the orbit
(turning points of r and 6). schmidt, cQG (2002)

The ratio v,(E,L )= w/w, seems to be strictly monotonic

function along a foliation of invariant tori. (numerical
indications, not proven!)



Consider a weak perturbation of a Kerr background that

“breaks” the Carter constant, but leaves the background

stationary and axisymmetric, e.g. a compact object more
prolate or oblate than Kerr black hole.

HNew=HKerr+q HPerturbation (q<<)

By the two remaining integrals of motion E, L, we can reduce

the number of degrees of freedom from 4 to 2, i.e. instead of 4
coupled ODEs we can study 2 coupled ODEs.

D";'/\ A A . . L
ODES DT =" rl,uf.f'!'“'rl =0

Thus, we restrict the motion and the dynamics on the meridian
plane ( (r,0) Boyer-Lindquist, (p,z) Weyl-Papapetrou).
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If the perturbation is weak enough, then most of the
non-resonant tori survive (KAM theorem)
and the resonant tori transform into the Birkhoff chain
(Poincare-Birkhoff theorem).

Resonance condition:
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The rotation number v, is the ratio of two fundamental

frequencies of the system.
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The resonance and the stickiness effect are generic
characteristic of the geodesic motion in any non-
Integrable Hamiltonian describing a stationary and
axisymmetric background, i.e. in any (weak) perturbation
of Kerr spacetime which remains stationary and
axisymmetric.

15



—

LIVE AT THE UNIVERSITY, PRAGUE

~ GRAVITATIONAL WAVES AND THE RESONANCES
| T & b L L i

16



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16

