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Introduction

� Quantum noise 
in a recombined-type FPMI
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� Quantum noise  
in a recombined-type SR-FPMI
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Kimble et al. 2001

Buonnano & Chen 2001

2-dips in the noise curve
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Locked-type FPM
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Locked-type FPMI

� Signals are detected in each arm.
� PBS transmits the light with horizontal

polarization and reflects that with vertical
polarization.

assumption

1. Cavity’s end mirrors are
completely reflective.

2. No phase shift for
the carrier light other than 
in the FP cavity.

3. Negligible phase shift for 
the sideband except 
in FP cavity.

4. All optics are lossless.
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Vacuum fluctuations injected into the IFO

b
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a

q

Vacuum fluctuations injected into the IFO

b

Vacuum fluctuation injected into this IFO 
is only “a”.  What we want to know is 
the relation between “a” and “b”



LIGO-G070078-00-Z

a

q

Vacuum fluctuations injected into the IFO
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Vacuum fluctuation injected into this IFO 
is only “a”.  What we want to know is 
the relation between “a” and “b”
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Locked-type SR-FPMI
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Sensitivity curve
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Interpretation of dips
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Decomposition of spectral density

en bb - Noise signal GW signal
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Analyzing each term will gives the interpretation of the dips.
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The number of dips

0=hS
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The number of dips

0=hS

The number of dips depends 
on        and       . 
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The number of dips

0=hS

optical dip

mechanical dip

High laser power
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1-dip

none

1=n

The number of dips depends 
on        and       ! q f
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?s?s?s?s

The reason for the increase of optical dips

?r?r?r?r

?t?t?t?t

?u?u?u?u

The circulating light passes through 
the FP cavity twice during the light trip 
in the interferometer.

It doubles the light path in the interferometer 
compared with that of a recombined-type.
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The reason for the increase of optical dips

0,0 2211 == ZZZZ SS

recombined type locked type
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Comparison with recombined-type
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Comparison of Inspiral range with Adv-LIGO

Classical noise impairs the advantage of the locked-type RSE.
But, lower classical noise allows us to improve the sensitivity.

Adv-LIGO(quantum)

Locked RSE
)32.1,09.1( == qf

Mirror thermal

Suspension thermal

Seismic
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Comparison of Inspiral range with LCGT

LCGT(tuned, detuned)

Mirror thermal

Suspension thermal

Seismic

SQL

Locked RSE2
)61.0,38.1( == qf

Locked RSE1
)49.1,13.0( == qf
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Summary

� We considered quantum noise in a locked-type FPMI
and applied signal recycling to it.

� There appears at most 3 dips in the sensitivity curve.

� Then, applying locked-type RSE to a real IFO and 
making the third dip in low frequency, gives 
the improvement of the SNR for binaries
by the factor 1.4 - 2.9.

� It is important to reduce the classical noise level 
(particularly, thermal noise) in order to take advantage of
the quantum technique.  
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Input –output relation
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Decomposition of spectral density

21 DD ®

Numerator =0

Denominator =0

The dip of quantum noise

GW suppression

Assuming                and taking the leading term about       ,1<<t t

gives 
the spectral density 
for the other quadrature.
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Decomposition of spectral density
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The number of dips

0,0 2211 == ZZZZ SS

2 real solutions BèwhenAíAíAíAíAíAíAíAíAí, degenerated sonlutionBépfq =+ )(2
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2 optical dips
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GW suppression

01 =D

02 =D

01 =D 02 =D
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Validity of the high reflectivity approximation  

� Larger       makes the deeper dips.AíAí
� The resonant frequencies of a full calculation 

greatly agree with that in the approximation.

r
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Inspiral range of binaries
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Fourier component

(Flanagan & Hughes 1998)
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Parameters for Inspiral Range Calculation

SNR

parameter


