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 Excess magnetic coupling in OAT 
Injection coils at ITMY in pseudo-Helmholtz configuration  
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 3.5 Hz Injection 

Evident in one arm test arm length and optical lever 

Red: OAT arm length 

Blue: ITMY optical lever pitch 

Black: ITMY optical lever yaw 
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 Coupling at HEPI, ISI, SUS cables? 
Injection shows up on HEPI & ISI as well as SUS channels 

Cable feedthroughs 
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 Coupling is not to coil circuits 
Disconnected SUS at satellite amp, ISI at coil drive, HEPI off 

Magnetic 
field 
near 
ITMY 

Red: pitch, Blue: yaw, Thick: disconnected, Thin: connected  

Optical 
lever 
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Results  
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Similar coupling at EY  
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PUM to TM coupling  

Thanks to Mark Barton 
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UIM to TM coupling  

Thanks to Mark Barton 
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 Checks 
1) Coupling to optical lever? 
Much higher fields at 
optical lever and its 
electronics produced 
smaller peak in optical lever 
channel. 

2) Linear coupling? Increased 
field by 2.98 increased 
motion by 3.00 (would go as 
B2 for induced moments).  

3) Calibration? In-situ 
magnetometer calibration 
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Quad magnets  
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Removing M0 ECDs  
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M0 BOSEM signals, M0 yaw injection at 10.2 Hz, external magnetic injection at 10.28
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M0 BOSEM signals, M0 yaw injection at 10.2 Hz, external magnetic injection at 10.28
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L1 BOSEM signals, if mag field coupled only at M0, the mag peak would be as attenuated as the M0 injection peak

T0=16/10/2012 22:00:49 Avg=5 BW=0.00585933

H2:SUS-ETMY_L1_DAMP_L_IN2_DQ

H2:SUS-ETMY_L1_DAMP_P_IN2_DQ
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L1 BOSEM signals, if mag field coupled only at M0, the mag peak would be as attenuated as the M0 injection peak
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Coupling at multiple levels  

 L1 

 Level M0 
BOSEM 
injection 

 BOSEM signals 

 M0 

 External 
magnetic 
injection 

 If coupling were only at M0, at L0 the two signals 
would be equally attenuated 
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Removal of L1(UIM) blade dampers  
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Suggested AOSEM cuts to reduce eddy 
current coupling (not tested yet) 

 BOSEMs are already slit 
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Results after ECD removal  
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Measurements of gradients at PUM 
magnet locations  

Fz = mmagnet dB/dz 
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Measured fields and large scale 
gradients in BSC1  

•  Check of injected field (37% lower than external magnetometer)  

•  Used to estimate how well magnets at different actuators cancel

•  Measured earths field for estimates of magnetization of parts 



magnet

magnetometer
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Measurements of magnet 
moments  

Fz = mmagnet dB/dz 

τ  = mmagnet x B 
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Measurements combined to estimate 
motion from coupling to magnets 

 Yellow estimates exceed spec. 
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Other magnetic quad components  
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Relative permeability measurements  

 Testing kit 

 UIM 
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Measured relative permeability  
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Measuring magnetic moment  
 Balance offloads most weight, mg scale measures change in 
force as magnetic field is turned off and on 
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Coupling mechanisms to 
paramagnetic parts  

Fz = m dB/dz 
Fz = χ V/µ0  B dB/dz 

τ  = m x B 
τ  =  χ V/µ0  B B 

Bearth     dBambinet 
Bmagnet   dBambinet 
Bambient  dBmagnet 

~ 

~ 
~ 

Bearth  Bambinent 
~ 



26 

Ambient fields coupling to parts 
magnetized by earths field  
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Moment induced by magnets  
 Magnets are placed at the same distance from parts as in quad 
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Moment reduced when canceling 
magnets moved closer together 



29 

Magnetization or gradient from 
nearby permanent magnets   
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Summary of worst coupling  

 Magnetic 

1.0E-24 

1.0E-23 

1.0E-22 

1.0E-21 

1.0E-20 

1.0E+01 1.0E+02 

St
ra

in
 p

er
 s

qr
t(H

z)
 fo

r 2
0p

T 
fie

ld
!

Frequency (Hz)!

aLIGO 25W, T=35% SRM 

Displacement assuming yaw 
coupling at PUM 

UIM blade spring 

PUM magnets (proper) 



31 

Global correlated magnetic noise  
 Magnetic coupling is also important for stochastic GW analysis  

 From paper by Eric Thrane, Nelson Christianson, Robert Schofield  

 Schumann resonances 
(atmospheric cavity 
excited by lightning) 



32 

Critical coupling    

 UIM blade 
spring 

 PUM 
magnets 

 iLIGO 
coupling  
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Summary of most important results  
•  Have found nothing that can explain yaw coupling from post ECD

•  If we ignore yaw, removal of ECD magnets reduced coupling by a 

factor of about 4

•  Pitch coupling could be explained by 1 or 2 reversed UIM or PUM 

magnets but not by coupling to paramagnetic materials

•  The worst estimated coupling is to the UIM steel blade springs, not the 

304 steel on the UIM and PUMre (2e-19/sqrt(Hz) @ 10 Hz, about 10 x 
spec. and right at the aLIGO noise floor at 10 Hz)


•  The worst predicted coupling to the blade springs is, for reaction 
chain, varying ambient magnetization in gradients from permanent 
magnets, followed by magnetization from permanent magnets in 
varying ambient gradients


•  These two mechanisms could be reduced by moving the cancelling 
magnets closer


•  This coupling is about ten times worse than Stochastic desires

•  Magnetic coupling to electronics and cables has not yet been tested
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M  
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