ournee de renconftre des
unes chercheurs
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Sis title: AIGaAs crystalline mirrors for the space-time metrology
J their application to gravitational wave detectors

: Searching for methods to reduce thermal noises on the mirrors
rgo

od solution to reduce thermal noises : Crystalline coatings
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interferometer Virgo
mal noises

al noise models
xermal noise model for small beams

ermal noise model for Higher Order Modes

opment of crystalline coatings
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BUICTION

O Intferferometer: Detection of Gravitationnal Waves

half-silvered
mirror
coherent A
light source ‘ c A

s M

E
detector
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| m—Cluantum noise

= main limitation of the
IS The thermal noises on the
the interferometer

z]

—— Total noise

Gravity gradient

| = Suspension thermal noise
| mm——— Coating Brownian noise
:{ = = =+ Coating thermo-optics noise

Substrate Brownian noise
Excess gas

thermal noises in the coating:

Strain [1/

IN Noise

optic noise

Substrat

.........

.....................................................

coating
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N NOoIse

aused by Brownian motion of mirror surface
Jrgest conftribution to the overall detector noise by the opfics

Coating thickness
Temperature

\ / Substrate Young Modulus

ser beam radius ,
Coating Coating Young

mechnical loss
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lon of thermal noise

datings used for now : amorphous coatings
1a,0:/SiO,
- Made at LMA (Laboratoire des Materiaux Avances)

W to reduce thermal noise?
Operating the interferometer at cryogenic temperature
Manufacturing new coatings

ction of thermal noise with crystalline coatings
ole et al. 2013)

er mechanical properties
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olse

Brownian noise in two different coatings for@=5cm>

AlGaAs/GaAs |
Ta,0./Si0, | ]
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fHz
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opftic noise

O noises that compose coating thermo-opftic noise :
ermoelastic noise and Thermorefractive noise

uced by the fluctuations of the temperature in the coating
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kth layer

oelastic noise

astic noise is the apparent expansion of the
)ating into the probe beam causing change

4nm >
—a x0T

( AprE
ting coefficient of thermal expansion

Coating thickness

2\ 2k T? b

uctivity Substrate heat capacity | 6?(1"’, t)
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orefractive noise

fractive noise comes from both the physical
in size of coating layers and the change in
e index with temperature in the coating

. I

A

icient of thermorefraction (f = %)

ength of the laser ﬂ
2\ 2k T? (B

m‘ozm‘g

T \
A lar f
ostrate thermail nguiarirequency

Juctivity Substrate heat capacity
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astic noise

Thermoelastic noise in two different coatings for r0=5cm

TE noise in AlGaAs/GaAs mirror
TE noise in TEQDEJFSiDQ mirror

a . (Ta205/5i02)
10720
&
% d(1a205/5102) 6 um
£
&
1021 (04 (AlGGAS/GOAS) 2e-5 K-!

d (A|GCIAS/GCIAS)

102 10° 10*
fHz
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ractive noise

Thermorefractive noise in two different coatings for r0=5cm

TR noise in AlGaAs/GaAs mirror
TR noise in TEQDEJFSiDQ mirror

S (T0205/5i02)

o
]
=]

10

B (AIGaAs/GaAs)

STR.m.vHz

=
]
—
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pfIC noise
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W\ | e Total noise
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pfIC noise
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= = = Substrate Brownian noise : : :

TR and TE noise are correlated
tend to « compensate » each o

B 1| we—Total noise
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Expansion => Refracti
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IC NolIse

Comparison of TO noise with TE and TR noise for r0=5cm

TO noise in AlGaAs/GaAs coating
TE noise in AlGaAs/GaAs coating |

TR noise in AlGaAs/GaAs coating |

-

<
]
]

e
S
g
et
H
e

-
<
g
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=

1l hoise model for small bea

> cannot test coatings directly in Virgo
sed to do the measurements in Lab : short cavities => small beams

iermal noise increases when r0 decreases (Thermal noise « $)=> eqasi
>asure

I now: coating thermal noises measured for ry~cm — mm
pproximations can be applied => thermal diffusion negligible
all radius (~100um)

oroximation not valid anymore at low frequencies

to build a new model
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olse model for small b

to be comparedtory, [l > 1ry = thermaldiffusions

TR noise for small beams in two different coatings for r0=100um

Theory AlGaAs
1017 | Model AIGaAs | |
> [ ¢ / /
dif fusion length .
onductivity 2 108
L9
1071

10° 10" 102 10° 10*
f,Hz
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se model for smal

TE noise for small beams in two different coatings for r0=100um

Theory AlGaAs |
107 | Model AIGaAs | |

ThenryT32C15 :
Model Ta,O,

S

S

g

g 10718

w2

10" 102 10°
fHz
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se model for smal

TR noise for small beams in two different coatings for r0=100um

Theory AlGaAs
Model AlGaAs
Theory Ta 205

Model Ta 205

10717 |

STR.mvVH:z

—
o
L
oo
T
/
[
L

10" 102 10°
fHz
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noise model for small be

TA

Substrat

High frequency
>at volume -> Thermal diffusion negligeable
-> Heat essentially in the coatin

sentation JRIC - November 26t 2019 - centre nautique de Moulin-Me



se model for smal

Thermo-optic noise for small beams in two different coatings for r0=0.1mm

Theory AlGaAs
Model AlGaAs

10717 |

10" 102 10°
fHz
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se model for smal

Thermo-optic noise for small beams in two different coatings for r0=0.1mm

Theory Ta, 0, |
Model Ta,O, -

10717 |

10" 102 10°
fHz
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noise models with higher
odes

TEM20

TEMO2
TEMOO

| LAsER |

cannot only use small rO

educe laser noises we need to work with
er order modes

experiment TEMOO

educing laser noise ' . ' .

=sasurements of thermal noise

ydel to describe thermal noise
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noise model with H

TE noise in different coatings with TEM20 and TEMO02

laser modes for r0=100um_

Model AlGaAs w/ HOM :
Model AlGaAs w/ 00 mode |

_ Theory AlGaAs

102
fHz
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tive noise model wit

TR noise in different coatings with TEM20 and TEM02
laser modes for r0=100um

Model AlGaAs w/ HOM
Model AlGaAs w/ 00 mode
Theory AlGaAs

....................................................................................................................................................................

.......................................................................................

10" 102 10°
fHz
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noise model with H

Thermo-optic noise for small beams in different coatings
with TEM02 and TEM20 Iasar modas for rﬂ 0.1mm

Model AlGaAs w/HOM modes |
Model AlGaAs w/ 00 mode :

~ Theory AlGaAs coat

10'1‘B B

STO

10719 SRR A S T R R R

10’ 102 10°
f,Hz
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I now, measurements of thermal noise on small coatings (~cm)
r Virgo => bigger mirrors (30+cm)
al : to make bigger coatings at CEA Leti

Substrate SiO2

] 2 N4 3

Substrate SiO2
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ypment of crystalline mirrors

As and Silica Substrates characterized at CEA

aAs substrate sent to LAAS (Laboratoire
\nalyse et Architecture Systemes)

MBE to grow crystalline coatings

aracterization at LMA
attering map
ofaults map

Substrate SiO2
on silica substrate at CEA
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racterization at LMA

Cartography of LAAS mirror BSDF A1195 x107
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aracterization at LMA

Cartography of LAAS mirror BSDF A1197 x107

6

B

Mean : 60 ppm

w
o

w

Virgo : 5-10 ppm

Sample Y(mm)
S

(@)
o

20 30 40 50 60 70 80
Sample X(mm)
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Characterization at LMA

Mir cristallin AL195

l - I
UNIVERSITE
SAVOIE

MONT BLANC

Measurement

Area:

Diameter:

80@.00 mm |

Total Scans
281086

Franes:|llll

Focus Map

Load Ref

Test Image

Cleax

Parame ters
Threshold:
| 168 || 255 |

Pix/Point

10: 0688 28019-16-108

800 defects/cm?
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slopment of crystalline mirrors

ollaboration between three laboratories

CNRS/LAPP
» Thermal noise measurements on optical bench

~ CEA/LETI
» Epitaxy for growth of cristalline coatings, wafer transfer, wafer bondings

CNRS/LMA
» Optical characterizations on cristalline mirrors

oY

-

__ |LABORATOIRE

' ﬁ a .y - MATERIAUX

tique de Moulir . e e AVANCES
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yise model for smal

. rﬂ=1cm

. rﬂ=1cm

. rﬂ=1mm

. rﬂ=1mm

. rﬂ=1ﬂﬂ,um

. r0=1ﬂﬂ,um
cut freq rﬂ=1cm
cut freq r0=1mm

cut freq rﬂ=1ﬂﬂpm

1072 10°

< LAPP
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yise model for smal

Farsir,=1cm
Evans rﬂ=1cm
Farsi r,=1mm
Evans rﬂ=1mm
Farsi rﬂ=1ﬂﬂ,um
Evans rﬂ=1ﬂﬂpm
cut freq rﬂ=1cm
cut freq r =1Tmm

cut freq rﬂ=1ﬂﬂ,um

1072 10° 102

< LAPP
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< LAPP

yise model for smal

TR noise in AlGaAs/GaAs coating w/ cut frequency

.r0=1cm
.r0=1cm
. r0=1mm
. r0=1mm
.r0=100pm
. r0=100pm

cut freq for rﬂ=1cm

4  cutfreq for rﬂ=1mm
cutfreq for rﬂ=1ﬂﬂ,u.m -

s
=
-
£
o't
B

1072 10°
fHz
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ng thermal noise

tuation dissipation theorem  Sar(w) < Re(Z(w))

) linear system, fluctuation of a observable is linked to the
plitude of its dissipation

ting a force F and we study the energy dissipated by this force
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INg thermal noise

plication fo the thermal noise

sction of Entropy and study of the temperature dissipation

| T
| a)) X Pyigs (T(Z' t)) Q‘{ Mirror ﬁ

erature dissipation given by the diffusion equation

condifions given by the study of how the light is reflecte
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oelastic noise is the apparent expansion of the mirror coating
he probe beam causing change in phase

_| | | e

coating
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< LAPP

yise model for smal

.r0=1cm

.r0=1cm

. r0=1mm

. r0=1mm

.r0=100pm

. r0=100pm
cut freq rﬂ=1cm

cut freq rﬂ=1mm !
cut freq rﬂ=1ﬂﬂ,u.m :

s
=
-
£
o't
B

1072 10°
fHz
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aredas

aboration with CEA Leti
Design of crystalline coatings

valuation of substrate surface state

pitaxy (crystalline growth from crystalline substrate GaAs)

ansfer techniques to separate the coating from the substrate and then
onding with silica substrate

oration with LMA

al measurements (diffusivity, reflectivity, defects...)
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