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SummarySummarySummary

●● Introduction Introduction 

●● Current Status of Mesa Beam ExperimentCurrent Status of Mesa Beam Experiment

●● Tilt SensitivityTilt Sensitivity

●● Results of work doneResults of work done

●● Future workFuture work
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IntroductionIntroduction

Thermal noise limits the Thermal noise limits the 

sensitivity of sensitivity of gravitational wave gravitational wave 

interferometricinterferometric detectorsdetectors

Gaussian BeamGaussian Beam

Mesa BeamMesa Beam

Gaussian BeamGaussian Beam Mesa BeamMesa Beam
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IntroductionIntroduction

The Mesa Beam is a superposition of minimal Gaussians with The Mesa Beam is a superposition of minimal Gaussians with 
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IntroductionIntroduction
TEM00 TEM01

TEM10 TEM11
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IntroductionIntroduction
Excepted Thermal noise reductionExcepted Thermal noise reduction

Gaussian

Mesa

Ref. Ref. AgrestiAgresti LIGOLIGO--G050310G050310--0000--RR
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FabryFabry--Perot CavityPerot Cavity

Reshaping the FP arm cavity mirrors it is possible Reshaping the FP arm cavity mirrors it is possible 

to obtain a flat top beamto obtain a flat top beam

Caltech prototypeCaltech prototype

●● Rigid, folded and suspended Rigid, folded and suspended 

●● L = 7.3 mL = 7.3 m

INVAR rodINVAR rod

MH mirrorMH mirror

Flat folding mirrorFlat folding mirror

Vacuum pipeVacuum pipe

2x 3.5 m

Flat input mirrorFlat input mirror
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Cavity FinesseCavity Finesse

F = 51.2389

F = 56.911



99

Mirror mapsMirror maps
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Mirror mapsMirror maps
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Current statusCurrent status

Production of acceptable flat beam w/ imperfect optics Production of acceptable flat beam w/ imperfect optics 
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TiltTilt

Tilts of Tilts of sphericalspherical mirrorsmirrors
translate optical axistranslate optical axis

Tilts of Tilts of MHMH mirrors:mirrors:
●● change in the change in the optical axisoptical axis
●● resonant beam resonant beam phasephase frontfront changechange with with 
the alignmentthe alignment
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Tilt SensitivityTilt Sensitivity

Investigate the susceptibility of mesa field to tilts of MH mirrInvestigate the susceptibility of mesa field to tilts of MH mirror or 
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Tilt measurement,Tilt measurement,
first approach: first approach: PZTPZT

PZT procedure:PZT procedure:
●● Lock the cavityLock the cavity
●● Sweep one mirrorSweep one mirror

PZTPZT

PhotodiodePhotodiode
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Tilt measurement, Tilt measurement, 
Second Second Approach:Approach:OpticalOptical Lever & CCDLever & CCD

LASERLASER

CCDCCD

PZTPZT

HPHP
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Tilt measurement, Third Approach:Tilt measurement, Third Approach:
Optical Lever & QuadOptical Lever & Quad--PhotodiodePhotodiode

CCDCCD

LASERLASERQUADQUAD--
PHOTODIODEPHOTODIODE

PZTPZT

HPHP

Control electronicsControl electronics

Laser offLaser offLaser onLaser on



1717

ResultsResults

0 µrad

1.09 µrad

2.18 µrad

3.28 µrad

2.09 µrad

4.19 µrad

6.29 µrad

0 µrad

PZTPZTOPleverOPlever
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Future WorkFuture Work

Caltech Caltech 

●● Improve methods for tilt measurement  Improve methods for tilt measurement  

●● Subtract beam jitter awaySubtract beam jitter away

●● FibreFibre--coupled lasercoupled laser

●● Triggered beam capture with lockTriggered beam capture with lock--in detectionin detection

●● Power RecyclingPower Recycling

●● New Flat Mirrors (LMA)New Flat Mirrors (LMA)
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Future WorkFuture Work

Possibly ElsewherePossibly Elsewhere

●● Build a nearly Concentric MH mirror cavity Build a nearly Concentric MH mirror cavity 

●● Thermal noise measurements (MHThermal noise measurements (MH--TNI)TNI)
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Thanks...Thanks...Thanks...

●● Riccardo De Salvo                    Riccardo De Salvo                    

●● InnocenzoInnocenzo M. PintoM. Pinto

●● VincenzoVincenzo GaldiGaldi

●● John MillerJohn Miller

●● Monica Monica VarvellaVarvella

●● JuriJuri AgrestiAgresti

●● Marco Marco TaralloTarallo
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