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Dissipation in Fused Silica
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Loss has frequency power law
dependence

Broad distribution of relaxation times
arising from thermally activated
asymmetric double-well potentials

poc f* a=T/319
Frequency range (500 Hz — 500 GHz)

Temperature range (32 — 300 K)

Wiedersich, Adichtchev, and Roessler, PRL 84, pp2718-2721, March 2000
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® Bulk Frequency Loss Term — asymmetric double-well
potential from strained Si-O-Si bonds — C4 = 0.77

® Surface Loss Term — strained Si-0-Si bonds with larger angle

distribution near surface — C2 < 0.1

® Thermoelastic Term — compression/expansion creates

thermal gradient. Loss from heat flow.




Suprasil 312

~
O
Y
QN
-
<
7]
78!
Q
-
—
~
=
—
o0
o
—

I
~
@)

/

|
o
/

|
o
W
/

I
\©
/

= (6.82e—09 S/V > + 7.31e—12 {7

SO
ST
TSI SRR
\‘\“\&\“\2\\‘ X
SOOI
\\:t“:s“‘\\‘ QAR

S
SN

S

o3eeds

o\ D20

RO RRIIRISARIKL

BRI
:‘\s‘s“\\’s NSRS

N>
N
WO
‘:\\\\‘!\‘\‘3
1 \\\‘\s\\\“ IN

CISIRSIHIRIIKS
< SRS ORSIRIIIEIS SIS
‘\\$“\\‘ S QORISR SIILISISIRIZIILAL,
RS RN SRS SRR ARIIRHI ISR,
TS QSRS R SSRISIRRSLZSKES SRBRELLRISIALY
NN QARSI > LIRSS
QORTSNRNS NS, QOSSN QXRSLLRAELASTR
R S RS I S TSNS ST NSNS IR Ve REILRAIALS
T RRENSNIOR SN X SIS SIRIRIRRLS
CORSIRINN A N O N COSRRRIY S0
<S N S S 'o.o,:::o

0.5

log(V/S) (mm)

Authors:
Alexander Ageev
Dan Busby

Gregg Harry
Andre Gretarsson
Kenji Numata

Steve Penn
Phil Willems




~——150.0mm

|

Cantilever Rod Sample

1 Required * Suprasil 312 » 11 March 2005
Steven Penn 315-781-3759

Hobart and William Smith Colleges

LIGO Science Collaboration

® Suprasil 312 rod with attached bob
made from Suprasil 311-3 raw stock

® Slow Anneal:

® | °C/hr from anneal point to
stress point (1150-1030 C)

® 2°C/hr down to 900 C
oV/S=55mm

®fo=198,722,1894,3610 Hz

djdwies JoA3I3UeY) 938487

® ORDERED MARCH 2005
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Large Cantilever Modes

eigfreq_smsld(17)=0.198318 Subdomain: Total displacement [m] Edge: Total displacement [m] Max: 10.85  eigfreq_smsld(24)=0.721841 Subdomain: Total displacement [m] Edge: Total displacement [m] Max: 11.279
Subdomain marker: Total displacement [m] Deformation: Displacement [m] Subdomain marker: Total displacement [m] Deformation: Displacement [m]

B max: 11.2794
. max:10.8502 ORE B
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eigfreq_smsld(34)=1.894281 Subdomain: Total displacement [m] Edge: Total displacement [m] Max: 11.179  eigfreq_smsld(45)=3.610288 Subdomain: Total displacement [m] Edge: Total displacement [m] Max: 11.496
Subdomain marker: Total displacement [m] Deformation: Displacement [m] Subdomain marker: Total displacement [m] Deformation: Displacement [m]

- max: 11.179494 4 max: 11.4959
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Phil Willems suggests an alternate low-loss suspension.
“Just suspend the sample rod at the nodal points.”




Nodal Suspension
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Annealed, then Damaged Q = 102 million

T LU R -

| Annealed again, Still minor damage: Q = 161 million
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Measurement Q

Before Annealing 86 million

Annealed,

Badly damaged 102 million

Annealed again,

i 161 million
Still some damage




Large Cantilever Sample
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DAMAGE

Pits in surface
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* High loss with low frequency
dependence indicative of
suspension loss.

* Suspension has high torsional
mode and thin (100 micron)
fibers. Possible source of loss.
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* Moving to thicker suspension
fibers (1-2 mm) and model the
loss.

e Need to work with Heraeus to
correct surface defects.

1500 2000 2500 3000 3500 4000
Frequency (Hz)
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Conclusions

® Our model tor the mechanical loss in tused silica explains
the existing low loss data, but we need to tinish
measurements in regime of low frequency and high V/S.

Hai-Ping Cheng of UFlorida does atomic level modeling ot
FS. She is trying to develop a predictive model for loss in
FS that describes our data and hopetully agrees with our
model. If that works, then hopetully she can expand that
model to the various coating materials.

Gari has ordered the fused silica cylinders for studies of
optimal annealing cycle vs sample size.
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