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LIGO
Motivation for Crackling Noise

e Barkhausen noise in magnetisation
AJ, B

aul) J

Wikimedia Commons

e Stochastic
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Crackling Noise in aLIGO

Quadruple Pendulum

S M Aston et al. Class. Quantum

Grav. 29 (2009) /'
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Potential Source?

Dislocations are the disjunctions in periodic structure

— — —_— —

L.

- - - -

D. Hull, D. J. Bacon, Introduction to Dislocations, 4th ed., Butterworth Heinemann, Oxford (2001)
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Potential Source?

Non-linear collective behaviour of pinned dislocations

Orowan Bowing
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Then, how to study?

e Pure Copper > Maraging Steel
e fcc > bcc
e Well-defined slip planes

MSM Part IA Course D Handout, University of Cambridge (2014)
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LIGO
Then, how to study?

e Monocrystalline Cu nanopillars: 500x1500 nm (1:3)

oo | 8/13/2015 | dwell / v | pressure WD ‘
&% | 2:53:33PM | 30 ps | 30.00 kv | 2.59 ym | 1.74e-4 Pa | 9.7 mm ’
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Why Nanopillars?

Bulk Nanopillar
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Focused lon Beam (FIB)

Ga+ ion beam

Focused Ion

Beam (FIB)
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Focused lon Beam (FIB)

FEI® Versa 3D

LIGO-GO9xxxxx-v1l
LIGO Scientific Collaboration 10

Form FO0900041-v1



LIGO
Well, what's the problem?

e To0O much noise
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Alternative approach?

e Energy dissipation

e Dynamic Mechanical Analysis (DMA)
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Dynamic Mechanical Analysis (DMA)

o(t) = oysin(wt) e(t) = gysin(wt — @)
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Dynamic Mechanical Analysis (DMA)

Continuous DMA
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Dynamic Mechanical Analysis (DMA)

~ screw Z- stage, DC motor

Piezo driver

antenna
» displacement
reading

transducer assembly

FIB milled sample

a Study of Micro-mechanics of
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Dynamic Mechanical Analysis (DMA)

Hysitron® Triboindenter
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Dynamic Moduli

E = Estorage + 1Ejoss

0o .
E = - (cos@ + ising)
0
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Standard Linear Model of Solids
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But...how can we be sure?

e Machine artefacts: thermal drift?
e Calibration?
e Are machine parameters actually constant?

LIGO-GO9xxxxx-v1l
LIGO Scientific Collaboration 20

Form FO0900041-v1



LIGO
Fused Silica Nanopillars

e Amorphous
e No dislocation

o0 | 8/16/2015 dwell HV HFW pressure WD
4° | 1:02:29PM |300ns | 5.00 kV | 2.59 Pm | 1.59e-4 Pa | 10.1 mm
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Result for Fused Silica
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Size Effect

e Cu 1 um nanopillars

8/13/2015 dwell HV HFW pressure WD | —1pym —

&® | 3:44:51PM |30 ps | 30.00 kV | 5.18 ym | 1.63e-4 Pa | 9.7 mm CalTech
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Amplitude (GPa)
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Conclusion

Non-constant loss moduli in the elastic regime
Not from machine artefacts

Non-trivial microstructure evolution

Existence of crackling noise?

Need a theoretical model to confirm

Further experiments
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