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INTRODUCTION

First Indirect Observation
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INTRODUCTION

First Direct Observation
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MOTIVATION
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KOZAI - LIDOV MECHANISM

Dynamical phenomenon affecting the orbit of a binary system perturbed by a distant third body
under certain conditions.
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Model + Timescales

Hierarchical triplet : Binary + tertiary companion
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Orbit Evolution Method

1st order post-Newtonian equation of motion

Einstein-Infeld-Hoffmann equation Lorentz & Droste,, 1917
dvy, c Z X — Xn
% _ - g
at n#k lxk xnl
» 1—462 Z m,, { k—xn).(xn—zxn,)}+v5
| %) — xnrl |0 — 21| 2|x,, — 2,7}
n'#k n'#n
3 (xk - xn) " Un ’
€ o ; e
+ 207 — 4V, - U, 2{ T
Vi, — VD .
-G ) m, s (e — %) - (30 — 4) My, Vk, Z, are the mass, velocity
oy k= *n and coordinates of k-th
_—02 Z Z Ty (X component of the system.
ka xnl |xn xn

integrate with 6th order Implicit Runge-Kutta method
>¢no GW back reaction



Periastron Time Shift

We define the periastron time shift by A,=Ty — PyN
where Ty is the N-th periastron time.

t
Assuming the condition ]/ dt'P(t')| < P, as emission energy of GWs is not large.
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We approximate A,, as Ap = P ), dt/o dt'P(t')

We then find,
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e(t) is the eccentricity averaged over one orbital period of inner binary.



Gravitational Waveform

We use Quadruople formula for the evolution of Gravitational Waveform.
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Qij — Ml — §6iijk — fd?’xp(t,x)(xixj _%Tz(gij)
Q;j is the Quadrupole tensor.

M;; is the second mass moment.

Energy spectra is evaluated as
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Result — Periastron Shift
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Result — Gravitational Waveform
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SUMMARY AND FUTURE WORK

v" Kozai-Lidov effect can be seen in the time evolution of the cumulative shift of periastron time and the
waveform of the inner binary in a hierarchical triplet.

v" Due to high eccentricity, we can see many harmonics in the energy spectra of the waveform.

v" The timescale of this effect corresponds to the Kozai-Lidov timescale.

» Now we are doing parameter search ( for detectable range) and consider more realistic models.

» Future Task : Including back reaction effect in orbital evolution.



