LISA'S POTENTIAL TO TEST THE KERR
HYPOTHESIS: SYMMETRY-BREAKING
EFFECTS IN EXTREME-MASS-RATIO
INSPIRALS
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Introduction



Laser Interferometer Space Antenna (LISA)

. LISA is an international mission led by ESA
IN partnership with NASA.

- Three identical spacecraft, exchanging
laser beams across 2.5 million kilometer

arms. @& p—— e = = _\ " =

. Maximal sensitivity in the millihertz band. e — e

. Adopted in January 2024, with launch
planned for 20335!




Extreme-Mass-Ratio Inspirals (EMRIs)

. Inspirals of stellar-mass compact objects
(~1-100 )1, ) captured by supermassive
black holes (~ 104 %M, )

. Highly relativistic orbits

. Event rates: ~1-1000 EMRIs per year.




Fundamental Physics with LISA

. LISA Science Objetive (S05): investigate
whether massive objects observed at the
centres of galaxies are consistent with the
rotating Kerr MBHs predicted by GR.

- EMRIs are ideal for probing spacetime
geometry near MBHSs.




Testing Strong Gravity within General Relativity

« For Earth’s gravity field: ESA’s satellite GOCE
measured up to larax ~200.

. In General Relativity, provided the no-hair
conjecture is true, black holes are characterized by
Just two physical parameters: its mass and its spin
angular momentum.




Testing Strong Gravity within General Relativity

.+ EMRI systems can detect Kerr Ml —|— ZSZ — M(ZCL)Z

quadrupole deviations to 10-4
level!

« Measurement of additional Q o S 'Z I d

higher moments can pinpoint the
where Q — M 2

Identity of the body.




Multipole Moments in post-Newtonian Gravity



Different Tests of the Kerr Hypothesis

e Measuring the constraint on Q provides a test of the “Kerr-ness”.

e Constraint on Q+ offers an accurate estimate of how effectively we can detect deviations
from axisymmetry.

e Measuring the constraint on O gives an estimate of how well we can observe equatorial
symmetry breaking.

e Constraint on O+ provides an estimate of our ability to detect an object that is neither
axisymmetric nor equatorially symmetric.
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Radiation Reaction Effects

Eccentricity: Dissipative terms; Mixed PN orders

Orbital frequency: Dissipative terms; Mixed PN
orders

Apsidal precession angle: Non-dissipative effects

Nodal precession angle: Non-dissipative effects
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Analytic Kludge EMRI Waveform

e Barack and Cutler [2004]
e PN inspiral trajectory
e Assume constant inclination

e |[nstantaneous Keplerian ellipses + PN
precession

e Waveform generation: Peters-
Matthews (quadrupolar)

Barack and Cutler (2004)
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Analytic Kludge Modified EMRI Waveform

LISA can measure equatorial symmetry breaking to 5.3%.

Comparison of EMRI Waveforms
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Analytic Kludge Modified EMRI Waveform

LISA can measure axial symmetry breaking to 0.3%.

omparison of EMRI Waveforms le—21 omparison of EMR| Waveforms

Quadrupole deviation Axial Symmetry Breaking

14



Results

e Axial symmetry breaking will provide the most prominent test of the Kerr
nypothesis.

e LISA will be able to distinguish Kerr black holes from fuzzball geometries to a
evel of 1077 (or better) - beyond the reach of any other technique!

TABLE I: Measurement accuracies for EMRI parameters with SNR = 30.
The simulation parameters are M = 10°Ms, p = 1My, S = 2.5 and ey = 0.1.

Parameter | A(In p) &(cﬂa A)
Constraint 2.6 x 1072 [1.7 x 107* (3.2 x 1073 |3.¢ ‘

Parameter | A(ln M) m
Constraint [5.03 x 107° (1.9 x 10~* [3.9 x 1077 5.

Parameter | AQy | A(¥q)

Constraint 3.3 X 10™23(7.5 x 102/4.3 x 102 |5.
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Future (ongoing) work

e Efforts towards materialising the LISA spacetime-
mapping program.

e Build a quasi-Kerr spacetime.

e Generate more realistic modified EMRI waveforms
using Numerical Kludge models.

e Perform parameter estimation for LISA and Einstein
Telescope.

Einstein
Telescope
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Thank you



