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QPDs critical but not very orthogonal, 
include lens for far field QPD
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Dither sensing of cavity 
length

Sensing noise @ 8 fm/
√Hz

~300 fm RMS residual, 
all below 10 Hz

0.3nm/V PZT 
coefficient (both sites)
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06: L1:OMC−LSC_I_OUT_DAQ
fs = 4096 : 300s from 2009−03−15 03:00:00, 
nfft=40960, nolap=5.00, enbw=0.15, navs=59
rms, dc=503.489
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01/08/2009 iLog

Linear and quadratic 
OMC length noise      
<< 10x below DARM

Basic design works well
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DARM error signal
OMC length quadratic noise
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0.5 K,  200 seconds per 
FSR

Don’t want to go any 
slower
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Mechanical adjustment 
good

Limiting aperture bad

g-factor variance good 
and bad

Alignment shift bad
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Resonances are 
“insulting”

New tombstone/
breadboard with higher 
frequency

8



Waldman 
ISC Face2Face

Caltech 3/2009

In vacuum PDs very successful for eLIGO

advLIGO needs development

Get preamp off OMC  (SUS constraint)
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*T0=13/03/2009 17:44:17 Avg=20 BW=0.374987
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*T0=13/03/2009 17:44:17 Avg=20 BW=0.374987
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Definite nullstream noise possible as a 
function of OMC length noise

Not understood,  not a problem currently
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More complex

Better,  lower noise 
control
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Before: After:

det =  0.85
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TT1

TT2

Fixed
mirror

scale: 12.8 cm / cm drawing

for R1 = 2, R2 = -0.5, R3 = 2
L12 = 0.76, L23 = 1.79, L3o = 0.35 
theta = 85 deg.
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T0=20/03/2009 04:06:26 Avg=20 BW=0.187499
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No dither

High hi freq. noise

High power issues

Coupling to WFS (?)
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QPD estimates of 
alignment noise 
coupling 

Sensor noise limited

Includes linear/
quadratic estimate

Red herring
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Before DC,  RIN ~ 15%

After DC,  DARM_CTRL 
exact
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08: L1:OMC−READOUT_OUT_DAQ
fs = 32768 : 172s from 2009−03−14 23:25:14
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*T0=16/01/2009 19:59:07 Avg=15 BW=0.187499
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DARM - BLACK: nominal, BLUE: injection into H1:OMC-TT2_SUSPOS_EXC, RED: shaking with outside shaker

*T0=16/01/2009 19:59:07 Avg=15 BW=0.187499

H1:LSC-DARM_ERR(REF0)

H1:LSC-DARM_ERR(REF11)

H1:LSC-DARM_ERR(REF13)

DARM - BLACK: nominal, BLUE: injection into H1:OMC-TT2_SUSPOS_EXC, RED: shaking with outside shaker
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Tip tilt 2 shadow sensors, position signal - colors same as above

*T0=16/01/2009 19:47:38 Avg=15 BW=0.187499

H1:OMC-TT2_SUSPOS_IN1_DAQ(REF3)

H1:OMC-TT2_SUSPOS_IN1_DAQ(REF12)

H1:OMC-TT2_SUSPOS_IN1_DAQ(REF14)

Tip tilt 2 shadow sensors, position signal - colors same as above
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A2L for tip/tilts but we don’t have 
sensor for L.  

Look at linear scattering and 
diagonalize?
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Livingston

n+m=2~5%

no evidence for IFO 
power dependence

Hanford

IFO heating 
dependent optical 
gain
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Variable mirror 
ROC?  

Incorporate 
heater into tip/
tilt similar to 
OMC “feature”
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Incorporate REFL diode onto OMC

Incorporate AFWFS?
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How to sense mode matching?
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Improve mechanical characteristics

get pre-Amps off OMC?

DCPD radiator mounting,  design
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Improve mechanical characteristics

get pre-Amps off OMC?

DCPD radiator mounting,  design
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Improve cavity scattering,  loss

Possibly reduce nullstream issues
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Improve cavity scattering,  loss

Possibly reduce nullstream issues

26



Waldman 
ISC Face2Face

Caltech 3/2009

Slow actuator,  
mechanical connection
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• Baseline AFWFS

• Analog mod/demod and run front ends 
at 16 kHz

• Incorporate REFL on OMC

• Incorporate AFWFS on OMC?

• Improve Tip/Tilt isolation

• 1/f noise in DCPD tests

• Variable mode matching
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• Adjustable g-factor

• Calculate angle noise based on Lisa’s 
work

• Baffle DCPD diodes

• Stiffen OMC breadboard, tombstones

• Stick with ~  500 um,  g / ~ 1-1/4

• Stick with low range PZT,  high range 
HTR
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