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What is Crackle Noise?

• Technical Definition: Crackle occurs when a 
system responds to slowly changing 
external conditions through discrete, 
impulsive events spanning a broad range of 
sizes.



Why Do We Care?

• Tectonic activity can cause crackle in LIGO 
suspensions

• Could cause noise in the sensitivity band

• But, how bad is it? 



LIGO’s Blade Springs
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o the first blade spring internal mode frequency is to a good approximation independent of the 
blade shape factor (or aspect ratio) 

In the following, a theoretical formulation is presented which explicitly includes the shape factor 
and the effective tip mass as a function of frequency. 

Figure 1: Quadruple Suspension 

 

 

 

 

 

2 Boundary conditions 

Each blade spring is rigidly clamped to its associated mass (or in the case of the top blade spring, to 
the upper structure). Each of the suspended masses (from 22 to 40 kg) far exceeds the mass of the 
blade springs (which have masses on the order of 0.5 kg) and so the clamped end (root) of the blade 

m

M

TIP

LOAD

WIRE
EXTENSIONAL

SPRING

BLADE SPRING

BLADE
m

SIMPLIFIED MODEL OF A SINGLE
BLADE SPRING, WIRE AND MASS

VERTICAL ISOLATION STAGE

TIP

BLADE SPRING

MASS LOADED
FREE TIP

CLAMPED
ROOT

WHEN THE EFFECTIVE TIP MASS (AT THE
BEAM BENDING FREQUENCY) IS > ~HALF

THE BEAM MASS, THEN THE TIP
BOUNDARY CONDITION CAN BE

APPROXIMATED AS A SIMPLE SUPPORT

Blade Spring

• We will test blade 
springs for crackle first



Experiment Overview

• Hang test masses from 2 blade springs

• Make these the end mirrors of a Michelson

• Lock differential displacement of masses

• Drive the system at a low frequency

• Output of Michelson will measure 
differential displacement caused by crackle



Experiment Overview



• Adjusting Photo Detector Output Gain

• Unbalanced gains reduces sensitivity

•  .

•  .

• We must minimize coherence between 
sum and difference of signals

Minimizing Other Noise

Va =Ga (dx + IntensityNoise + ShotNoisea )

Vb =Gb(−dx + IntensityNoise + ShotNoiseb )



Minimizing Other Noise
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Ideal Case
Some Gain Imbalance



Minimizing Other Noise
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Minimizing Other Noise
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Minimizing Other Noise

• Designing Better Shadow Sensor Mounts

• Flimsy mounts could cause vibrations

• We needed a more adjustable assembly



Minimizing Other Noise



Minimizing Other Noise



Analysis

• Crackle is proportional to the driving force
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Total Signal With Crackle
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• To demodulate, we use two quantities:

•   .

•   .

• Q exhibits a DC offset in the presence of 
crackle because the signal2 has this term:

•  

• Can make a statistical statement about the 
significance of the offset

Analysis

I = sin(2ω dt) ⋅ signal
2

Q = cos(2ω dt) ⋅ signal
2

2cos(2ω dt) ⋅dx f
2



Analysis
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Crackle Noise Power Density
Background Noise Power Density

Analysis

Gaussian Background Noise
600 second Integration Time

Band Pass Filter at 400Hz-500Hz



Our First Data

• 2 hrs of Driven and 1 hr Un-Driven Data

−1 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1
x 10−25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Q value

N
or

m
al

iz
ed

 F
re

qu
en

cy

Driven and Undriven Q Value Frequency Histogram

 

 
Driven
Un−Driven

Mean QDriven = 1.22•10-27  m2

Mean QUnDriven = 4.53•10-27 m2

(Band Pass Filter at 400Hz-500Hz)



Our First Data

• 95% confidence bounds for the difference 
in Qs is 3.317•10-27 ± 1.588•10-26 m2

• Qmax = 1.919•10-26 m2

• At 100Hz, max noise density would could 
be seeing: 1.385•10-14 m/√Hz
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