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Outline

Fisher matrix (FM) for parameter estimation
: How to use the FM formalism for parameter estimation to calculate the
   measurement error.

Effective Fisher matrix method 
: What is the effective FM, why we need, how to calculate.
   Comparison with the standard analytic FM.  

    
Conclusion, on going work, future work
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Parameter Estimation Analysis

9~15 parameters: mass, spin, position, ...

Detector output 
(data)

Theoretical 
waveform

Detector noise 
sensitivity

/⊗

==>

parameters
several million overlaps !!

==> Needs very large computational costs !! 

�d|h� = 4

� ∞

0

df

Sn(f)
Re[d̃(f)h̃(f)∗]

2013년 6월 10일 월요일



Marginalized Posterior PDF (one spin binary)
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Simple method? Fisher matrix

To find the real parameter values, we should do Parameter Estimation analysis.
But very expensive and takes long time depending on binary models or waveform
models (week ~ month).

Before PE analysis, can we estimate the measurement accuracies for a given
signal?

Fisher matrix: analytic method, simpler, cheaper.

Where we assume Strong GW signal (High SNR) + Stationary, Gaussian noise

Then, the probability density function (PDF) of each parameter can be expressed 
by a Gaussian.
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Σij = Γ−1
ij

p(∆λi) ∼ e−Γij∆λi∆λj/2

p(∆x) ∼ e−Γ∆x2/2

σ2 = Γ−1

σ2 =
�
Σii cij =

Σij�
ΣiiΣjj

Properties of Gaussian function

1-D Gaussian

Variance

Fisher Matrix (n by n)

n-D multi-Gaussian

Covariance matrix

Variance and correlation
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h = h(λ1,λ2, . . . .)

Standard Fisher matrix: fully analytic 

Standard FM is based on differentiating a wave function 
w.r.t each parameter, so needs a analytic wave function.

But the post-Newtonian waveform is numerical data.
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w(t) =

� t

0
ẇ(w)dt, ψ(t) =

� t

0
w(t)dt, x =

�
GMω

c3

�2/3

h+(t) = −2Gµ

c2R
(1 + cos2 ι)x(t) cos 2ψ(t)

h×(t) = −2Gµ

c2R
(2 cos ι)x(t) sin 2ψ(t)

Post-Newtonian waveform: 3.5PN

time domain data => FFT => frequency domain numerical data
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h(f) ∝ f−7/6eiψ(f)

SPA waveform (TaylorF2): approximation

frequency domain analytic function => Fisher matrix

Stationary phase approximation
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Why Effective FM? 

SPA waveform is available for the inspiral motion, 
so only valid for the low mass binaries. 
High mass binary needs full IMR waveforms.

SPA waveform can only be used for the 
non-precessing cases.

We need an Effective method to use the time domain
precessing waveforms or full IMR waveforms.
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Γij =

�
∂h
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�
≡ −∂2 lnL(λ)

∂λi∂λj

����
λi=λj=λtrue

lnL ∝ −(1− �h(λ)|h(λ+ δλ)�)

Effective Fisher matrix: semi-analytic

Overlap and Derivative:Derivative and Overlap:

Overlap can be calculated numerically 
using both FD and TD waveforms.
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Γij = − ∂2P

∂λi∂λj
=

����
2p1 p12
p12 2p2

����

�h(λ)|h(λ+ δλ)�

P = 1− [p1(δλ1)
2 + p2(δλ2)

2 + p12(δλ1)(δλ2)]

How to calculate the Effective FM: 2-D case

Find the quadratic fitting function at a proper scale

∆P

∆P ∼ 0If                     ,

Effective = Analytic
δλ1

δλ2

P
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Binary model: no spin
BH-NS binary model

i-LIGO nose curve

low frequency = 40Hz

SPA wave function

m1 = 10M⊙, m2 = 1.4M⊙

η = m1m2/M
2 ∼ 0.1

Mc = Mη3/5 ∼ 3

                                           

 
                                              

P=0.99

P=0.999

overlap contour is a clear 
ellipse: a quadratic function 
fits well
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Comparison to Standard FM 1

very good agreement at all scales !!

∆P ∼ 0If                     ,

Effective = Analytic
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Binary model: aligned spin
BH-NS binary model, maximally rotating BH ( a=1 ),   
SPA wave function

P = 0.99

long, thin ellipsoid
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Comparison to Standard FM 2

good agreement only at the very fine scale!!
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FD vs TD Effective FMs (no spin)

SpinTaylorT4 3.5pN waveform

similar results
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Conclusions 

Effective FM is consistent with the standard analytic FM for non spinning and
aligned spin BH-NS binaries.

Using Effective FM, we can determine the PE accuracies for various time domain
wave functions, e.g,. SpinTaylorT4, EOBNR, SEOBNR, etc...

On going work: 

Comparison to the full PE analysis using time domain wave function.

To do: 

We will investigate PE accuracies for the precessing BH-NS binaries using 
SpinTaylorT4 wave function and compare to the full MCMC results.

Collaboration item:

Using KAGRA noise curve ?
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