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Better glasses on mirrors
and
replacement of steel wires with
silica fibres
made possible the detection of GW
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The situation today

F Acernese et al Class. Quantum Grav. 32 (2015) 024001
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Can amorphous materials take the
challenge of future detectors ?
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Figure 3.3: Virgo sensitivity after the modification of the arm cavities optical design. The solid curves
“~_correspond to a factor of 3 reduction of coating losses with respect to the state-of-the-art (dashed

curves). The results for the two possible configurations in which the beam size is increased either on

E TMs or in all test masses are presented.
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The two main actions S
supporting the coating developmentin Virgo

e Materials (VCR&D) |e Coaters and
Fundamental_\ metrOIOgy (LMA)

o~ Pragmatic —— ~ physics

Selection and ¢ Density of TLS f _ )
Optimization and structure e deaI.W|th dne Problc.em i
« Materials o TLS distribution extending the uniformity and
e and structure metrology on large test masses

parameters ¢ Crystallization ¥ J
¢ Metrology dynamics

\ y ¢ Ultra-stable
glasses
¢ Geometric
((m‘ frustration of
&D . relaxations )
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((QRspThe Virgo Coatings R&D
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¢ Physicsof depositionan
ultrastable glasses ¢ ROMA 2 C SEM, XRD y,
¢ Molecular Dynamics andModelling | LaserPollshlng
. ¢ Calorimetry and Dielectric response| ¢ GeNS 300K 1’ ROMA 1
¢ FEAand AFM
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¢ Sample production _ ¢ Ellipsometry SALERN
. SANNIO
¢ Characterization
e ROMA 1 o SALERNO/SANNIO
¢ Structural ¢+ IAD
characterization ¢ SEM, TEM,AFM and XRD
_ Mie-metamaterials

¢ Thermobalance ¢ nanolayered composites and
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Materials tested at room temperature
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| osses of other materials atlow T

" K.A. Topp, David G, Cahill 2. Phys B 100, 235-245 (1596) ]
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Research lines of VCR&D

Study on silica
POST DEPOSITION ANNEALING To show the evolution of the TLS distribution
E EAL ILM, LMA, Naval Research Lab (USA)

LMA is completing the installation of the sample

On hold because it seems that annealing erases all the
DEPOSITION PARAMETER OPTIMIZATION | production history

Presented above

NANO-LAYERING Sannio/Salerno, Genova, Roma2
Samples has been asked to Schott
HIGH INDEX SILICA GLASSES ILM

ZnS deposited by SILO

LMA has restarted the production

NITRIDES LMA, ILM
Definition of the material under investigation
CRYSTALLIZATION Pisa, ILM
Detection of the absorption mechanisms in amorphs
ORIGIN OF ABSORPTION Genova, ILM
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IBS SiNx from LMA

A. Amato et al, J. Phys. Conf. Ser. 957, 012006 (2018) e First tests done by
N S. Chao on

r ® ® ® 0® ° LPCVD Si3N4

N ikely LIGO-G1700304
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Geometrical conditioning of TLS distribution:
Ling-CHi Kuo, Huang-WEI Pan, C|-L| CHANG, NSHIUH CHao* Opti CS Lett ers -
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A possibility for a KAGRA upgrade?

* SI3N4 as high index material
« SI02/AI203 nanolayers for the low index film
Further tests are waited
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Substrates and suspensions —em— s
at cryogenic temperatures (20k)

\

Quantum noise

Gravity Gradients e Silica cannot be used
e Syspension thermal noise

——— Coating Brownian noise ® Sapphire IS a gOOd
Coating Thermo—oplic noise|
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Seismi
e ¢+ Transparentat 1064 nm

~ M thermo-relractive ¢+ Very high elastic constants
}J.:. - = = Magnetic noise ¢+ Density almosttwice that of
= L sica
% e |ssues to solve
¢+ Lowerthe absorption from the
50 ppm of today value
s + Remove the bubbles inclusion
: [ during the crystal formation
: (| . ol - . ¢+ Demonstrate the polishing at
10 10 10 10 the sub-nm level
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The project G SA G

e Gravitational Astronomy Sapphire Optics

e Project submitted to a University funding
scheme (IDEXLYON)' 1.2 M€
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o Objectlves
¢ D450 mm, 200 mm thickness

¢ 10 ppm/cm absorption
¢ 50% success rate of bubble-free ingots production
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The expertize in Lyon: fibre growth .
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The expertize in Lyon: bubble inclusions =

Molten zone
(h meniscus=210pum

Two bubbles have Ba rrEI
been identified in
the molten zone

b Bubble2
static law

Bubble 1 oscillates
and deforms

the interface C ross %
section

Bubble 1 passed

Y » through the crystallization \ -
interface, inside the crystal 1
Bubble 1 incorporation in the crystal EJ - = \
e Article about to be .
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e There are some evidences supporting that
amorphous materials can be used for coatings
at room as well as at cryogenic temperature

e Sapphireis a valuable material for cryogenic
detectors as long as crystal growth projects
are supported

Thank you
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