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Introduction
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Reducing coating thermal noise is key 
challenge for future detectors 

Number to beat: 
Mechanical loss Ti:Ta2O5 = 2 x 10-4 

Changes in mechanical loss are the result of 
changes in atomic structure 

1.5 Current and future interferometric gravitational wave detectors 16
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Figure 1.6: Plot showing the noise budget for Advanced LIGO (see Section 1.5) where

the di↵erent noise sources are combined to produce the total noise and

subsequent sensitivity plot for the detector [56].

Germany [7], the Virgo interferometer located near Pisa [8] and the TAMA

interferometer located in Tokyo [9]. They all compare results by working to-

gether, when they are all operational, to rule out local anomalies such as

earthquakes, weather conditions and disturbances from other sources such as

aircraft. They will also be able to use triangulation to determine the origin of

the detected gravitational waves in space. Figure 1.7 shows images of one of

the LIGO detectors, Virgo and GEO600.

Figure 1.8 shows some of the most recent sensitivity curves from recent

observing periods from the 4km LIGO, GEO600 and Virgo detectors.

Second generation of detectors

There are upgrades planned for the GEO600, LIGO and Virgo detectors with

the aim of improving detector sensitivities. GEO-HF will see the original

GEO600 detector optimised to improve sensitivity in the high frequency ranges,

aLIGO noise budget  (GWINC)

Measure structure at the short (< 0.5 nm) and medium range (> 0.5 nm)
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Tantala: order and disorder

GWADW 2016 - Elba

[R Bassiri et al, APL Materials, 3, 036103 (2015)]
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Tantala: order, disorder and mixing
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[R Bassiri et al, Acta Mat., 3, 036103 (2015)]

Zr  

Ti  

Vibrational modes of primary structural units : 
Zr dopant suggested to make structure more flexible 
Experimental results underway - at least as good as 
Ti:Ta2O5  
Si and Mg suggest to make sample more rigid - 
potentially reducing RT loss  
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Measurement techniques: 
GI-XPDF: Grazing Incidence X-ray Pair Distribution Function
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G(r) = 4

Z 1

0
'(q)sin(qr)dq

[B Shyam et al, under review]
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Measurement techniques: 
FEM: Fluctuation Electron Microscopy

V (k,Q) =
hI2(r, k,Q)i
hI(r, k,Q)i

2

� 1

[M. Hart et. al., J. Non-Cryst. Solids, 438 10 - 17 (2016)]
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Tantala: GI:XPDF

[B Shyam et al, under review]
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Modeling medium range order: 
Extend primary structural unit 
Suggests existence of rings similar to SiO2 structure 

MRO important to understanding loss mechanisms 

Tantala: GI:XPDF

[B Shyam et al, under review]
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[M. Hart et. al., J. Non-Cryst. Solids, 438 10 - 17 (2016)]

Tantala: FEM

[I W Martin et al, Class. Quant. Grav. 27 225020, 2010]
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Where to next?
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Near term: 
Medium range order in theoretical studies vs. experiment 
Work with Hai Ping Cheng at U Florida to incorporate MRO to loss modeling 

Medium term: 
Combine experimental to data to better constrain models 
Test materials which could have lower loss from predictions (Mg, Si doped tantala) 

Ultimate aim: develop a predictive tool for lower thermal noise coatings 
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Annealed and Zirconia doped
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[B Shyam et al, under review]


