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Introduction

There are various noises
when we try to detect a
gravitational wave
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We want a detector which have lower noises



What is DFI ?

DFI is displacement and
frequency noise free
interferometer

It can cancel displacement
noise and frequency noise

e.g. thermal noise, seismic
noise, radiation pressure noise ..  One of the DFIs(4 Mach-
Zehnder interferometers)



Gravity Signal [1/rHz]

What is DFI ?

4 Seismic noise 4 Seismic noise
Sensitive region — \ Sensitive region
I [ ]
of gravity wave S of gravity wave
Shot noise Tg Shot ngise
>
E
\ : Thermal noise 5 Thermal noise
I I | > | ' | >
10 102 103 10 102 103
Frequency[Hz] Frequency[Hz]

Sensitive region is decided by shot noise



Reference reports
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1. Displacement—Noise—Free Gravitational—
Wave Detection (2004)

This report is the first report which presented idea of DFI

Displacement-Noise-Free Gravitational-Wave Detection
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We present a new idea that allows us to detect gravitational waves without being disturbed by any
kind of displacement noise, based on the fact that gravitational waves and test-mass motions affect the
propagations of light differently. We demonstrate this idea by analyzing a simple toy model consisting
of three equally-separated objects on a line. By taking a certain combination of light travel times
between these objects, we construct an observable free from the displacement of each object, which has
a reasonable sensitivity to gravitational waves.
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1. Displacement—Noise—Free Gravitational-
Wave Detection

We consider a following figure




1. Displacement—Noise—Free Gravitational-
Wave Detection
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1. Displacement—Noise—Free Gravitational-
Wave Detection
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1. Displacement—Noise—Free Gravitational-
Wave Detection
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GW
— at the all time light travels
from detectors to detectors enables DFI
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2. Displacement—and Timing—Noise—Free Gravitational-Wave Detection
(2006)

=) This report is considered about frequency noise as well as
displacement noise
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DFI signal expression
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GW signal of DFI
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Test mass
Condition to realize DFI

N : a number of detectors
d : dimensionality

Displacement noise — Nd

Laser noise — N
Signal — N(N-1)

Necessary condition N(N-1) > N(d+1)— N > d+2

(signal channel )=>( noise channel)

memm) d=3 = N=5
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3. Interferometers for Displacement—Noise—Free Gravitational-Wave
Detection (2006)
= This report propose the concrete configuration of DFI



Mach—Zehnder interferometer

A and B are Beam Splitter
Cy,C,,Dq,D, are mirror

There are four Mach—Zehnder
iInterferometers

All edge lengths are equal to 2L
—|aser noise Is cancelled




Displacement noise - J\E A

MZ1-MZ2

— Displacement of C2 and D2 are cancelled
MZ4-MZ3

— Displacement of C2 and D2 are cancelled

C1

(MZ1-MZ2)~(MZ4~MZ3) )
— Displacement of A and B are cancelled

¥

Displacement noise are cancelled nput’3 input 2



GW signal

GW signal




Summary

*DFI is displacement and frequency noise free
interferometer

* 3—dimensional configuration has a better sensitivity in
a low frequency than 2—dimensional one

*To realize DFI, N >d+2 must be satisfied

*4 Mach—-Zehnder interferometers of DFI is proposed
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