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Introduction

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



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) 



What is DFI ?

Sensitive region is decided by shot noise
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Reference reports

1. Displacement-Noise-Free Gravitational-Wave Detection (2004)
The principle of the DFI

2. Displacement-and Timing-Noise-Free Gravitational-Wave Detection 
(2006)

This report is considered about frequency noise as well as 
displacement noise

3. Interferometers for Displacement-Noise-Free Gravitational-Wave 
Detection (2006)

This report propose the concrete configuration of DFI



1. Displacement-Noise-Free Gravitational-
Wave Detection (2004)

This report is the first report which presented idea of DFI 



1. Displacement-Noise-Free Gravitational-
Wave Detection

We consider a following figure 
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1. Displacement-Noise-Free Gravitational-
Wave Detection

GW Signal Displacement 
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1. Displacement-Noise-Free Gravitational-
Wave Detection

𝜏𝐵𝐴= +𝑆𝑔 + (𝐵𝑒−𝐴𝑟𝑒)/𝑐

𝜏𝐴𝐵= −𝑆𝑔 + (𝐵𝑟𝐴−𝐴𝑟𝑒)/𝑐

𝜏𝐵𝐶= +𝑆𝑔 + (𝐶𝑟𝑒−𝐵𝑒)/𝑐

𝜏𝐶𝐵=−𝑆𝑔 + (𝐶𝑟𝑒-𝐵𝑟𝐶)/𝑐

𝜏0 = 𝜏𝐵𝐴 − 𝜏𝐴𝐵 + 𝜏𝐵𝐶 − 𝜏𝐶𝐵 = 4𝑆𝑔
only GW’s effect

(with approximation that 𝐵𝑟𝐴 ≈ 𝐵𝑟𝐶)



1. Displacement-Noise-Free Gravitational-
Wave Detection

Contribution of light travel times 
・Displacement noise
→ at the instance light reaches 
the detectors

・GW
→ at the all time light travels 
from detectors to detectors

This difference 
enables DFI
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DFI signal expression
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𝑗≠𝑘

𝐺 𝑗𝑘 𝑒−𝑖Ω𝑒𝑧∙𝑋 𝑘 :

𝑝

෨ℎ𝑝 𝑒
𝑝

Frequency 
noise term

GW signal term Displacement 
noise term

necessary condition 

𝑗≠𝑘

𝐴(𝑗𝑘) = 0 

𝑗≠𝑘

𝐵(𝑗𝑘) = 0



GW signal of DFI

1D :when σ𝑗≠𝑘𝐴(𝑗𝑘) = 0, σ𝑗≠𝑘𝐵(𝑗𝑘) = 0,



𝑘



𝑗≠𝑘

𝐺 𝑗𝑘 𝑒−𝑖Ω𝑒𝑧∙𝑋 𝑘 = 0

→No DFI signal

2,3D :we define  Τ ≡
𝑠

ℎ

Τ~(𝑓𝐿/𝑐)𝑝𝐿/𝑐 𝑓 ≪ 𝑐/𝐿 𝑝 =
3 2𝐷
2 3𝐷 3D is better



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

DFI signal 

Test mass 

Laser

d=3 → N≥5

(signal channel )≥( noise channel)
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Mach-Zehnder interferometer

A and B are Beam Splitter
𝐶1, 𝐶2 , 𝐷1, 𝐷2 are mirror

There are four Mach-Zehnder
interferometers

All edge lengths are equal to 2L
→laser noise is cancelled



Displacement noise

MZ1-MZ2
→ Displacement of C2 and D2 are cancelled
MZ4-MZ3
→ Displacement of C2 and D2 are cancelled

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

Displacement noise are cancelled

input 1

input 3 input 2

1

C2

1



GW signal

GW signal is not cancelled
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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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