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Summary

The usage of the optical rigidity allows to obtain better than
Standard Quantum Limit (SQL) sensitivity without
Increasing laser pumping.

The gain In sensitivity is inversely proportional to the
bandwidth where this gain is achieved. One can modify \on
line" the sensitivity dependence on frequency from a
single minimum to a double minimum dependence.

The optical losses degrade sensitivity of measurements
with usage of optical rigidity by relatively small value in
contrast with other measurements beating SQL which
degradation due to losses is considerable.

This \narrow band" regimes provides the gain in signal to
noise ratio even for signals with wide spectrum and the
losses decreases this gain by relatively small factor.
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Advanced LIGO inteferometer with losses In arms

T, As As

A, ldentical Arms
| =Xg — YE — (XN — YN)

(a—/

— YE L XE——

L Ts; Rs




‘ ] Physics dept. Moscow St. University, Optical Rigidity with Losses 4

Introduction

The sensitivity of interferometer () consists of two terms:

_ Sn( ) _ 2 2 _
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If Sx and Sg do not correlate: Sg( ) Sx( ) h?=4. Then
_ 120y _ . _
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in the bandwidth where jZ( )j<mg 2
as for conventional oscillator.
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The sophisticated frequency dependence
of optical rigidity provides sensitivty:
2 — Sh ’

= — (4)
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For conventional oscillator sensitivity Is worse:
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Approximations and notations for di erence mode

L
T Ts; ra; r2 1 LIS e 1; ¢ L
cT?Rg Sin 2 .
0= A 5 | detuning
2L 1 + Rge?!
o= Qad 4+ ©ss. | relaxation rate of di erence mode
load — CT2T52 : Iooss — C(A% 5 A%) A% — !)OSS
AL 1+ Rge2i ° 4L load

\loaded" {©24 is produced by transparencies of SR and input
mirrors and \intrinsic" % is produced exclusively the intrinsic
losses in mirrors. ¢ o
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Parameters planned to use in Advanced LIGO

Transmittivity of SR mirror T2 = 0:05
Transmittivity of input mirrors in arms T2 = 0:005

Loss coe cient of each mirror in arms Az =A5=15 107°
Length of interferometer arm L =4 km

E ective loss factor jAgj> = 0:24
Relaxation rate of di erence mode 0=29s1
\Intrinsic™ relaxation rate l0ss = 0:56 s~1

Mean frequency of gravitational wave 0 =2 100 s—1
range




Optical rigidity
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I, Is the light power circulating inside each arm.

The so sticated dependence K( ). Resonance:
K( )-m 27~0:

Coventional oscillator: K { const, one resonance frequency
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Optical rigidity: sophisticated dependence on frequency
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Double resonance (second oder pole of susceptibility)
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