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LIGO
AdLIGO PSL RED - Peten King

e Develop a Low-noise, vacuum compatible photodetecton

» 100mA of photocwuient

» bandwidth of at Least TMHz

» materials and component vacuum qualigication
» vacuum compatible fabrication technigues

» neliability qualigication

»  thermal management

o Make progress towarnds demonstrating the AdL PSL RIN
nequirement at 10 Hz, namely 2x107° / Sqrt[Hz]
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LIGO
Outline

® [asens

e Optics
» Cone Optics
» Optics Testing and Specigication
» Modeling and Simulation
» Auxiliary Optics Systems
» Thexrmal Compensation System
» Thermal Noise

® Suspensions and Iso0lation
® Intengerometen CongLgurations
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LIGO Cone Optics - Garndlynn
Billingsley

Demonstrhate ™M polishing ability at Thind Vendon

Develop FM/BS polish/coating sthategy to ensuwre
gLatness

Check the efgect o high temperature annealing on
optical gLgure

Check the efgect o Magneto Rhealogical Finishing
(MRF) on surngace scatten and absorption

Investigate and properly attribute the scatten
observed in initial LIGO
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LIGO(Optics Testing and Specification
- BA8L Kells & Liyuan Zhang

RTS (Reflection, Trhansmission & Scatten)

» Improve integrhating Aphere scatten sensitivity

»  Funthen improve absorption scan sensitivity

Investigate in situ scatten calibration vs cavity Loss
BRDF (angle resolved) scatterometen bench & compare

Point Scatten

» Develop dirnect scattern [camera] imaging Ain Optical Testing Facility (OTF) at
Caltech

» Betten distinguish/characterize "point degects"
- 15 it mostly "dust" (orn: surface component vs embedded component)

Coated optic 1064 nm phase gront progilometen

»  Dinect determination of coated optic micrho-roughness

Dinect calibration (via standand) of 1064 nm HR mid scale (“mm)
roughness.
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LIGO Modeling and Simulation
- Hino Yamamoto

e Static Intenferometern Simwlation (SIS)
» Code development to simulate the gull advLIGO
» Analysis of thermal egpects in TCS design
» Complete analysis gorn COC design requirement

® End to End time domain simulation (eZe)

» Lock acquisition
- High powern including radiation pressure
- Robust Lock acquisition strhategy

» Code development gorn the gast simulation of the
dual recycling Michelson cavity using modal model
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LIGO AOS R £ D - Mike Smith

® BRDF Measurements

» Auper-polished window
» black glass

» oxtdized stainless steel
» HR mUuvon sunfaces

® Bagsles

» Arum Cavity Baggle
» Eﬁﬂipiicaﬁ Baéﬁﬁe

® A0S Swspension Damping Test
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LIGO  Themat Compensation and Photon
Calibratorn Researnch - Phil WilLems

o Charnacterization of absorption in initial
LIGO optics

® Upgrade TCS gorn Enhanced LIGO

» Lasen intensity stabilization gor reduced noise injection
» Axdicon optics for more efgicient powern delivery

® Upgrade Pcal fon final S5 calibration and
improved Enhanced LIGO calibration (Lmprove
power characterization)
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LIGO

Therumal Noise: Coatings
- Ghegg Hwuvy

Focus on Coating Reseanch 10_22\ -’::er;n‘oop:;c-?rgtarss’oa e [
. —~~Inermooplic - Inci /

, . . - | =—total (intermediate thermoopic) R
Wreitten plan involving Lab and o\ —wem /
LSC :IE ' SRR |
Work with LSC and multiple 5" ;:ﬂff'?_f-._"""-;-__'f?j'f?_f'7{':'7_:'?_:'?_7_:'?_:'?.f??_f?_f.ff?_f.f?_:_f o]
vendons to thy new coating N |
materials and technigues 0 T (R ETE e i

» Haé}’!/(:a, a/eum/(:VLCL, maMa-IaVbta/@a- 10 Ilrot:quency[Hz] 1o

silica, zLiconla
» S40, thin §iLms

Coondination and Samples
o Most coating samples and runs

Q measwuing to be done in Lab will be provided to LSC by Lab
gorn some samples (others o (Ouerall researnch direction and
e Lsewhere ) Rogistics provided by COC Team
. ) » Reseanch plan divided into AdvLIGO
Dinect thermal noise on develLopment (mostly in Lab) and
selected Aampﬁu - TNI nesearnch gorn guturne (mostly in LSC)
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LIGO 7NT and Thesmal Noise - Exic Black

e Broadband noise measwrement in optimized, aperiodic,
undoped silica-tantala coatings

» Model validation of Benevento genetic method

» Independent measurement of thin-gLm silica Loss, cwiently not well
known

e Broadband noise measuwrement in optimized, doped
coatings
o Dinect, broadband measurement of thermo-optic noise
» Collaboration with Andri Gretarnsson
o Measurement of thermo-mechanical properties of doped
coatings, aperiodic coatings
» Photothermal apparatus

»  Separates thermo-mechanical egpects grom thermo-refractive ones
» CompLiments dn/dT measurements at ERAU

o Continte ring-dampen work I
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LIGO  orioutc ISOLATION - Ken Mason

® The cwuient SEI wonk 48 focused on the intenferometen upgrade.

» The design, gabrication and testing o the HAM ISI (Internal Seismic
Is0lation) system 45 gast thacked to meet the Enhanced LIGO schedule.

»  Construction and procurement 48 well underway with an initial construction
and testing phase scheduled to take place at the HPD gacility 4in Boulder Co.

» The st commissioning will take place at Hangond §ollowed by more extensive
work at MIT on the thind pLatform.

® The BSC ISI 44 being reassembled in a vacuum compatible gashion
at MIT., 1t will be mated to the Quad-noise prototype soon and
the entine assembly will be tested in the LASTI vacuum system.

® Once the SEI systems are understood, a cavity will be gormed
between suspensions on those platforms as an integrated test

® These activities will be intensive through most of 2008.
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LIGO Suspensions work in LIGO
- Norna Robertson

o Development of multiple pendulum suspensions gorn Enhanced and
Advanced LIGO

» Test mass quadruple pendulum: UK GEO group responsibility in collaboration
with LIGO. Noise prototype cwuently being assembled at LASTI. Full
progham of tests, including foint tests with 1SI, 4in 2007/2008. Controls
prototype cavity tests will ginish when noise prototype ready gor
installation

»  Output modecleaner double pendulum: cwuiently undengoing tests at Caltech.
Two suspensions due to be installed and commissioned gor Enhanced LIGO
oven next 12 months

» Recycling miorn thiple pendulum: cwuently in detailed design phase.
Prototype to be constructed at Caltech. Preliminary testing at Caltech
prion to deliveny to LASTI for gurthern tests, scheduled gor early 2008.

»  Beamsplittern trhiple pendulum: detailed design starnting Lin UK - LIGO Lab
supporting development.

» Input modecleaner triple pendulum: modest redesign work and §inal
prototype scheduled or Late 2008.

o Investigation of excess noise in clamps and stand-of4s

» Study of LIGO-1 clamp and stand-ofg design (MIT with HWS group). Has
potential application to Enhanced LIGO and forn wine suspensions in Adv
L1IGO
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LIGO

® Wavegront sensing

»  alignment tolerances of mesa beams are predicted to be sLightly
more stringent than Gaussians

o Thhee mirorn coupled cavity

» Anteraction of Gaussian and non-Gaussian cavities
» alignment & Locking signals

» coupling eppiciency

» applications to powern and signal recycling

< — I
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LIGO
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LIGO  Tyommat Noise Internferometen

Coa/t(’,ng Thejlma/e NO,{AQ IAAU.QA le-16 gy TNI Total Noise

o Dinectly measure thermal nolse
on selected coating samples
»  Optimization of thicknesses in

le-17

tantala/silica ;
»  Silica-titania/silica as AdvLIGO g
bachup %1 18
» Look §on thermo-optic noise £
» Other coatings as developed and "
/600’2 p)Lom/(‘A/(:ng e : 500 1000 5000 100040 50000 100000
» Final AdvLIGO coating check (Likely Frequency (iz) '
optimized titania-tantala/silica) Othern Issues
® Try to measure coating thermal e Modeling and calewlations to
noise versus beam Apot position see practicality of seeing
» Test of coating homogeneity othen noise sownces
® look gorn thermo-optic noise in » Charging Gaussian noise, suspension
Q,X./('A/t(:ng da/ta thermal noise
o Thenmoelastic parameterns in Rao ® Examine non-Gaussian noise Lin
apparatus data ‘
»  CHEPREELERL of thermal expansion » Try o isolate sowrce 8

and thermal conductivity



LIGO Suspension Thermal Noise in
Initial and Enhanced LIGO

Measurements (both t and §
domain) at sites show Q's wonse
than expected grom wire
material properties and
variable §fon a given mode

» Likely due to rubbing griction

Experiments at MIT and HWS
indicate nubbing 45 at standoff

tandoff Top
+ BK7PrsmLR
+ BK7PrsmFB | |

3 33
Log Frequency (Hz)

and not at the clLamp 'Futune PLans ,
» Possible clamp is a Lessern effect ¢ EUC{/KUWOVL 0§ groove made Ain
being masked by standof4 JorAAMm
Recent nesults show Lmproved v Lasern cutting, wire saw
Q's with a BK7 prism standofs » Zééeqt on Q, effect on optic
» Only gor wirne motion perpendicular ) angang )
to beam o Difpernent standoff materials
» AL material Limit at highen » Silica, sapphine
grequencies, nearn Lt at Low

o Cxamine metal nibbons to neduce
dissipation dilution gacton
® Test whether changes Lo clamps

grequencies
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