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ETM Drive voltage [Vpkpk]
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Causation

• Other 
correlations?
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Excess f-4

Text

September 17 LHO ilog

*T0=17/09/2006 00:30:40 Avg=20/Bin=2L BW=0.0468742*T0=17/09/2006 00:30:40 Avg=20/Bin=2L BW=0.0468742

Frequency (Hz)

-1
10 1 10

2
10

Frequency (Hz)

-1
10 1 10

2
10

)
1

/2
M

a
g

n
it

u
d

e
 (

m
/H

z

-1910

-1810

-17
10

-1610

-1510

-14
10

-1310

-12
10

-11
10

-1010

-910

-810

-7
10

Power spectrum

*T0=17/09/2006 00:30:40 Avg=20/Bin=2L BW=0.0468742

H1:LSC-DARM_ERR

H1:LSC-DARM_ERR(REF0)

Power spectrum

*T0=17/09/2006 00:30:40 Avg=20/Bin=2L BW=0.0468742

Frequency (Hz)

10
2

10

Frequency (Hz)

10
2

10

)
1

/2
M

a
g

n
it

u
d

e
 (

m
/H

z

-1910

-1810

-17
10

-1610

-1510

Power spectrum

*T0=17/09/2006 00:30:40 Avg=20/Bin=2L BW=0.0468742

H1:LSC-DARM_ERR

H1:LSC-DARM_ERR(REF0)

Power spectrum

SUSPOS (damping) 
filter modification

*T0=28/01/2007 08:58:47 Avg=20/Bin=2L BW=0.046875

Frequency (Hz)

-1
10 1 10

Frequency (Hz)

-1
10 1 10

M
a
g

n
it

u
d

e

1

10

2
10

310

4
10

Power spectrum

*T0=28/01/2007 08:58:47 Avg=20/Bin=2L BW=0.046875

H1:SUS-ETMX_COIL_LL

H1:SUS-ETMX_COIL_LL(REF84)

H1:SUS-ETMX_COIL_LL(REF72)

H1:SUS-ETMX_COIL_LL(RMS)

H1:SUS-ETMX_COIL_LL(RMS)(REF85)

H1:SUS-ETMX_COIL_LL(RMS)(REF73)

Power spectrum

*T0=28/01/2007 09:12:36 Avg=20/Bin=2L BW=0.046875

Frequency (Hz)

-1
10 1 10

Frequency (Hz)

-1
10 1 10

M
a
g

n
it

u
d

e

1

10

2
10

310

Power spectrum

*T0=28/01/2007 09:12:36 Avg=20/Bin=2L BW=0.046875

H0:PEM-EX_SEISX

H0:PEM-EX_SEISX(REF28)

H0:PEM-EX_SEISX(REF64)

Power spectrum

*T0=28/01/2007 09:12:36 Avg=20/Bin=2L BW=0.046875

Frequency (Hz)

-1
10 1 10

Frequency (Hz)

-1
10 1 10

M
a
g

n
it

u
d

e

1

10

2
10

310

4
10

Power spectrum

*T0=28/01/2007 09:12:36 Avg=20/Bin=2L BW=0.046875

H1:SUS-ETMY_COIL_LL

H1:SUS-ETMY_COIL_LL(REF86)

H1:SUS-ETMY_COIL_LL(REF74)

H1:SUS-ETMY_COIL_LL(RMS)

H1:SUS-ETMY_COIL_LL(RMS)(REF87)

H1:SUS-ETMY_COIL_LL(RMS)(REF75)

Power spectrum

*T0=28/01/2007 09:12:36 Avg=20/Bin=2L BW=0.046875

Frequency (Hz)

-1
10 1 10

Frequency (Hz)

-1
10 1 10

M
a
g

n
it

u
d

e

1

10

2
10

310

Power spectrum

*T0=28/01/2007 09:12:36 Avg=20/Bin=2L BW=0.046875

H0:PEM-EY_SEISY

H0:PEM-EY_SEISY(REF30)

H0:PEM-EY_SEISY(REF66)

Power spectrum

PEPI Feedback



Waldman UC March LSC mtg G070068 9

0 20 40 60 80 100
0

200

400

600

800

1000

1200

1400

Coil Vmon [Vpkpk]

M
in

ut
es

 [p
er

 1
00

 m
V 

bi
n]

216,000 minutes H1
193,000 minutes L1

Coil based noise
should be worse 
at Livingston



Waldman UC March LSC mtg G070068

UC injections

• This series from 
LLO in August

• narrowband POS 
excitation into 
L1:SUS-
ETMX_LSC_EXC

• ~ f1/2,  I3/2
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~f-4 Noise
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Data from Feb. 07

• Non-trivial 
frequency 
dependence

• Need more data

• Not yet 
predictive
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Pringle

13

• Initial test in Aug. 
showed Pringle = Pos

• Follow up in Feb. w/ 
improved method ≠

• Follow up to the 
Follow up this week
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Time dependence 

• Stay for Jordan’s talk

14
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Jackson Magnetostatics
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H =
1

µ0

B − M

H = magnetic field

B = induction field

M = magnetic moment

Hard ferromagnet relaxes 
to an H0 depending on 
geometry
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Edge-effects

• Solved for rectilinear 
geometry (Engel-Herbert 
& Hesjedal)

• Magnetic field (and 
stress) peaks in corners

• All test mass magnets 
similar size, material, field
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Money in Noise

• Barkhausen noise 
(domain wall 
rotation) stress-
dependent

• Power law 
distributions of  
HC and magnetic 
viscosity

• (American Stress 
Tech)

17
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Bench Tests
• Rai Weiss @ LLO 

over the last ~8 
months

• Visible in time, 
frequency, multiple 
apparati

• Magnet alignment 
matters

• Qualitatively 
supported by the 
literature
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The time domain Barkhausen noise 

Figure 1  The lower blue trace is 1/2 of the voltage across the drive coil. The peak varying B field 

is 390 Gauss. The upper trace is the sense signal with magnet D in the coil. When the magnet is 

removed the trace becomes a smooth 8 Hz sine wave with about the same rms amplitude. There 

are two significant features in the trace. The high frequency structure occuring when the drive is 

on a rising slope looks like the conventional Barkhausen noise. The coherent bumps occuring at 

the peaks of the drive are the most likely source of the up-conversion signal we are seeing at low 

frequencies. The peak value of the bump is about 3 microvolts across the primary of the trans-

former corresponding to a magnetic field fluctuation of 30 milliGauss in about 2 milliseconds. 

The size of a region of the magnet that would need to change magnetic polarization to do this is 

around   of the volume or about a size of about 20 microns.1
5–

!10

Figure 1 Mostly pedagogic picture to show the coherence of the noise envelopes in the magnets. The red 

curve at the bottom is the noise in the experiment with no drive on the bridge. The red-violet curve, almost 

coincident with the red curve at the bottom, is the case with balanced bridge driven with a 5 Vpk 8Hz exci-

tation. The two magnets  inserted in the two bridge coils are polarized in the same direction. This is the 

state in which the experiment was run originally. The 8Hz harmonics are excitations of some turns in the 

coil even after the coil was doped. The green curve at the top is the spectrum with only one magnet in one 

coil and the light blue is the case with oppositely polarized magnets in the two bridge coils.

Figure 2 Up_conversion spectra of the case with two coils and two magnets oppositely polarized. The 

spectrum displayed is the difference between the 8Hz drive on with amplitude indicated in the figure and 

the background of the undriven case. The resistance of the coil and series resistor is 43 ohms ( 23ma for 

1volt). The spectra above 40Hz have been fit by , see table 1.

0 Vpk sym mag

5 Vpk sym mag

5 Vpk single mag

5 Vpk inverted mag

8 Hz sinuosoidal drive

5 Vpk

4 Vpk
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1 Vpk

 8 Hz Sinusoidal drive

A

(f-f0 !
-------------

10-10 nV/rHz

10-8 nV/rHz
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Figure 4: The figure shows the drive frequency dependence. A single magnet in one coil driven by 5 Vpk 

sinusoids at 8, 4 and 2 Hz . There is a low pass filter in the drive circuit to reduce harmonics. At the time 

the data was taken the assumption I made was a linear dependence of the noise on drive amplitude. The 

corrections applied to the spectra to normalize the drives and compensate for the low pass filter are given 

in the bottom left corner of the figure. The fact that the spectra grow with the 3/2 power of the amplitude 

make the normalizations somewhat invalid but nevetheless the initial assumption of a linear dependence of 

the up-conversion spectrum on the frequency is clearly wrong . The spectral model, results shown in Table 

1, seems to be better than it deserves

5 Vpk

4 Vpk

3 V pk

1 Vpk

to normalize for LP filter in drive
2 Hz  x 0.677
4 Hz  x 0.726
8 Hz x 1.0
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Mitigation Smoking 
Guns

20

• Feedforward & Feedback to pre-isolator

• Chamfer the existing magnets

• High-µ “Hats” 

• Replace NdFeB with SmCo

• High frequency bias - “domain shaking”
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BN isn’t the only Noise
Many have been proposed, few have been 
definitively ruled out

• Barkhausen noise

• Charge motion

• Optical scattering

• Stick-slip suspension noise (eg. clamp)

• “Other” actuation noise

• Electronics noise

21


