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INTRODUCTION

INTRODUCTION
First Indirect Observation

Hulse Taylor Binary

Russell Hulse and Joseph Taylor, showed that 

- over time, the neutron stars were gradually 

spiraling towards each other.

- energy loss agreed with the predicted energy 

that would be radiated by gravitational waves.

Nobel Prize 1993



INTRODUCTION

INTRODUCTION
First Direct Observation

GW150914

The waveform, detected by both LIGO observatories, 

matched the predictions of general relativity for 

a gravitational wave emanating from the inward spiral, 

merger of a pair of black holes and the subsequent 

"ringdown" of the single resulting black hole.

Nobel Prize 2017

Rainer Weiss     Barry Barish      Kip Thorne
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MOTIVATION



INTRODUCTION

KOZAI - LIDOV MECHANISM

Dynamical phenomenon affecting the orbit of a binary system perturbed by a distant third body

under certain conditions.

Leads to a periodic exchange 

between eccentricity and inclination.

Hierarchical triplet : Binary + tertiary companion 

Newtonian

TPQ



INTRODUCTION

Model + Timescales

Time Scales for our Model

𝑃𝑖𝑛 = 0.258 𝑑𝑎𝑦𝑠
𝑃𝑜𝑢𝑡 = 3.334 𝑑𝑎𝑦𝑠
𝜏𝐾𝐿~66 𝑑𝑎𝑦𝑠

𝜏𝑚𝑒𝑟𝑔𝑒𝑟~ 109𝑦𝑒𝑎𝑟𝑠

𝑃𝑖𝑛≪ 𝑃𝑜𝑢𝑡 ≪ 𝜏𝐾𝐿 ≪ 𝜏𝑚𝑒𝑟𝑔𝑒𝑟

Kozai-Lidov Timescale

Hierarchical triplet : Binary + tertiary companion 
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Orbit Evolution Method

𝑚𝑘 , 𝑣𝑘 , 𝑧𝑘 are the mass, velocity 

and coordinates of k-th

component of the system.

Lorentz & Droste,, 1917



INTRODUCTION

Periastron Time Shift

𝑚𝑘 , 𝑣𝑘 , 𝑧𝑘 are the mass, velocity and coordinates of k-th component of the system.

We define the periastron time shift by   ∆𝑝= 𝑇𝑁 − 𝑃0𝑁

𝑤ℎ𝑒𝑟𝑒 𝑇𝑁 is the 𝑁-th periastron time.

Assuming the condition                                as emission energy of GWs is not large.  

We approximate ∆𝑝 as

We then find, 

തⅇ 𝑡 𝑖𝑠 𝑡ℎ𝑒 𝑒𝑐𝑐𝑒𝑛𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒𝑑 𝑜𝑣𝑒𝑟 𝑜𝑛𝑒 𝑜𝑟𝑏𝑖𝑡𝑎𝑙 𝑝𝑒𝑟𝑖𝑜𝑑 𝑜𝑓 𝑖𝑛𝑛𝑒𝑟 𝑏𝑖𝑛𝑎𝑟𝑦.



Gravitational  Waveform
We use Quadruople formula for the evolution of Gravitational Waveform.

Energy spectra is evaluated as 

𝑑𝐸

𝑑𝜔
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𝑟2𝛿𝑖𝑗)

𝑄𝑖𝑗 𝑖𝑠 𝑡ℎ𝑒 𝑄𝑢𝑎𝑑𝑟𝑢𝑝𝑜𝑙𝑒 𝑡𝑒𝑛𝑠𝑜𝑟.

𝑀𝑖𝑗 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑒𝑐𝑜𝑛𝑑 𝑚𝑎𝑠𝑠 𝑚𝑜𝑚𝑒𝑛𝑡.
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Results 
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Result – Periastron Shift 



INTRODUCTION

Result – Gravitational Waveform

H(+)

H(X)



INTRODUCTION

Result – Energy Spectra



SUMMARY AND FUTURE WORK

------------------------------------------------------------------------------------------------------------------------------------------------

 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.

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

 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.


