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Detection of GW so far beautifully corresponds to two-body systems
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GRAVITATIONAL WAVES

Detection of GW so far beautifully corresponds to two-body systems
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If we ever detect a new feature in data, we have (as 19th century
astronomers) two possible explanations:

® Modification of GR

® Perturbation by an « environment » (this talk)



GRAVITATIONAL WAVES

THIS QUESTION IS NOT PURELY ACADEMIC !

® 90% of low-mass binaries are expect to belong to a ‘hierarchical’ triple system
Tokovinin et al. 2006

e ‘Migration traps’ around SMBH at R ~ 20 — 600 Rg.p,

Bellovary et al. 2015 ﬁ

GW190521

GW190521 close to a SMBH!
Graham et al. (2020)
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Can we see the imprint of third body in waveform ?



THREE-BODY PROBLEM IN GR: THEORY



A COMMON MISCONCEPTION

H3_vody = Hio2 + Hioss + Hoos
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s body — Hios2 + Hios , 53

A COMMON MISCONCEPTION

GR IS A NONLINEAR THEORY !

Juv 7+ gﬁ},) + gsz,,) (would not solve R, = 0)
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The equivalence principle fixes nearly everything!
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PRECESSION RESONANCES
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PRECESSION RESONANCES

® Resonances are a fascinating phenomenon of the 3-body problem
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PRECESSION RESONANCES

® Resonances are a fascinating phenomenon of the 3-body problem
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® When relativistic effects are included, there are other kinds of resonances

Outer orbit frequency

Perihelion angle |
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PRECESSION RESONANCES
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PRECESSION RESONANCES

FEATURES OF THE RESONANCE

e Happen in the very relativistic regime where usually e ~ ()
e Exchange of (Newtonian) energy of outer orbit and (PN) energy of inner orbit
® At the resonance, exponential eccentricity growth

® Could happen in or close to LISA bandwidth!
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INTERFERENCE OF GW
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INTERFERENCE OF GW

A Qdml h(l) Asin (2w(t — dy) + 2¢1)
dﬂ h(z) A sin ( w(t — ds) 2gb2)
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INTERFERENCE OF GW

. R = Asin (2w(t — dy) + 2¢1 )

dﬂ h(z) Asin (2 ( w(t — ds) 2gb2)

= h(xl) + h(XZ) = 2Asin [Zw(t —d) + ¢1 + ¢2}
X cos [¢p2 — ¢1 + wn - R

Interference pattern!
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INTERFERENCE OF GW

A lenl (1) = Asin (2w(t — dy) + 2¢1)

. - | | (2)
‘

X COS [q52 — @ +wn-R]
Interference pattern!

If¢2=¢1+gand wR<K1& RK \aw :
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INTERFERENCE OF GW

A lenl h) = Asin (2 (2w(t — d1) + 2¢1)
dﬂ h(><2) = Asin (2w(t — da) + 2¢2)

= h(xl) + h(XZ) = 2Asin [Qw(t —d) + ¢1 + ¢2}
X COS [qﬁg — @ +wn-R]
Interference pattern!

If¢2=¢1+gand wR<K1& RK \aw :

Destructive interference everywhere!
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RADIATION-REACTION FORCES

In the case of coherent emission whR < 1:

Energy loss is modified!

d&l dCL1
d? d? Peters ( i COS(¢1 ¢2))
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RADIATION-REACTION FORCES

In the case of coherent emission whR < 1:

Energy loss is modified!

d&l dCL1
dt dt Peters ( i COS(¢1 ¢2))

Remarks:

e When there is no coherent emission the radiation-reaction force is also modified
R \ AK 2023

® Even if the quadrupole emission is suppressed, there will be octupolar waves
22



CONCLUSIONS

Very rich phenomenology in the Newtonian 3-body problem, even more
in the relativistic one...

Eccentricity can be non-negligible even for very relativistic systems due
to precession resonance

Gravitational waves can interfere!

Future work: more precise waveforms for 3-body problem
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