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LIGO

Background/Motivation

 LIGO is a signal and power
recycling Michelson
interferometer with Fabry-Pérot
arms

* Since the strain of a gravitational
wave is weak, high precision is
needed for detection

* Some limiting sources of noise
are: Thermal noise, seismic noise
and shot noise
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LIGO Thermal Noise

* Brownian Noise: Mechanical displacement from thermal
fluctuations in dielectric coatings

 Thermo-optic Noise: Statistical fluctuations of the
temperature of a system which are caused by random heat
fluxes
1. Thermo-elastic Noise: Changes in the linear expansion
coefficient cause surface displacement

2. Thermo-refractive Noise: Changes in refractive index from
temperature fluctuations

R.Nawrodt,“Challengesinthermalnoisefor3rdgenerationofgravitationalwavedetectors,” Gen. Relativ. Gravit., 2011.



LIGO Fluctuation Dissipation
Theorem

e (Callen and Welton’s FDT relies on the assumption that the response of a system
in thermodynamic equilibrium to small forces being applied is analogous to the
response of a system to random fluctuations

So(f) = BL[Re[Y (f)]

 Mechanial dmiance
Normal-Mode Decomposition Direct Calculation

Compute and sum up 2kgT Wiss
Re[Y (/)] (1) = T h

for each normal-mode

Yu. Levin, “Internal thermal noise in the LIGO test masses: A direct approach,” Phys. Rev. D 57, 659, 1998.



LIGO Pound-Drever-Hall
Locking

* Frequency locking a laser to a Fabry-Perot cavity that is known to be stable
* Adjust frequency of the laser to match the resonant mode of the cavity
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EricD.Black,“AnIntroductiontoPound-Drever-HallLaserFrequencyStabilization,” Amer- ican Journal of Physics 69-79, 2001.



LIGO Coating Thermal Noise
Experiment

Two Fabry-Perot cavities with .
silica tantala mirror coatings are "‘- |
used R T
Each cavity has its own
stabilized laser, which is locked
to the cavities with the PDH
technique

Cavities are keptin a

temperature stabilized vacuum
chamber m
Pick off light to use as frequency & “« e
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LIGO Initial Setup

&)
* Mode- 160MHz | |
Matched into CDPhotodlode
1 R
the fiber Mirro%o 50/30 BS -

N\
* Double passed 1 NAL _l:)\/z
through AOM A2 Mirror %

Look at beat

Farada
frequency N2 IsoIato?l =

MC

* Measure PLL i I
control signal cF)ith | D\
AOM raer
Driver Beam
IMirror 1064nm Laser
Beam N4

8

Dump



__Noise Budget

Measured PLL control signal ||
Expected CTN '
Driver noise
Marconi noise
VCO Noise
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LIGO
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Long-Sheng Ma, Peter Jungner, Jun Ye, and John L. Hall, “Delivering the Same

modulated such that the first order

am emerges and is double passed
ck through the fiber

Optical Frequency at Two Places: Accurate 10

Cancellation of Phase Noise Introduced by an Optical Fiber or Other Time-Varying Path,” Optics Letters, Vol. 19, No. 21, 1994.



LIGO New Setup
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:LIGO Results

_Noise Budget
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LIGO Results
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LIGO Conclusions/Future Work
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LIGO Conclusions/Future Work
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