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WA PSS The Virgo optical system

((@»);; [_] * Mechanical noises: seismic, newtonian, thermal

< 15¢cm —

- Optical quantum noise: "
- radiation pressure
- shot noise
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WAV S A typical noise spectrum

Classical — . :
Quantum =T Newtonian Noises covered
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LAMGRS Fluctuation of local gravity

e Origins

4 Seismic fields g
4 Seismic point sources i
¢ Atmosphere I
e Characteristics R i

Frequency [Hz] Frequency [Hz)

¢ Rayleigh waves are strongly attenuated with depth
¢ Atmospheric noise important below 10Hz. More investigations needed

e Cancellation of Newtonian Noise
¢ 2D array of seismometers . ° ° .

Time-Varying Terrestrial Gravity
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LAGRY Creep noise

Cantilever blades | e Several
COmpOnentS are
under high stress

¢ Creep is possible

4 Is it continuous or has
it a shot noise like
behavior?
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L&t Creep noise in wires and fibres

Interferc

meter /
o A simple mocdae| G Cagnolieral. / Physics Letters A 237 (1997) 21-27 '
Mirror

¢ Poissonian sequence of wire length steps

of magnitude g5 and average rate A
: : : A
4 Vertical to horizontal coupling done through .
Earth curvature and mechanical imperfections Spring
IZ( w))l - @o qs‘/x Wire under - 3cm
‘/(wz _ w(z))2 +yl? @ 7Kg tension
10°F
g% - Compatible M}, ¢ =2.46i0.03x10'”"’T2 60c10°
| A=18+0.1x10°s™ '
E [ with thermal I Sy oo
g " noise K s
i 2.0x10°F
§ ’ ) Y g L
a U‘J ! £ o0l
B -14 “ i '-g i
1P . 2.0x10°F
: : L ) 4.0x10°F
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frequency in Y~ ) . . ‘ . 1
A Y. Ageev er al /Physics Letters A 227 (1997) 159-164  6.0x10 % = % s P % =
Other Works from MOSCOW U, 1A, Bilenko, N Y. Lyaskovskava / Physicy Letters A 339 (2005) 181187 time in sec
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LANE . Thermal noise level in GW detectors

Class. Quantum Grav. 29 (2012) 235004

e The observable:
the position along the laser
beam of a portion of the

Three stages of maraging — mirror front face

steel blades for vertical
isolation —_— 0

e Reduction of the problem:
modal expansion

4 Pendulum thermal noise
separated from
Mirror thermal noise: OK !

4 Mode expansion not used on

Fused silica _—>
fibres 44

Z
4§ikgtﬁ‘*°‘ted Mirrors
I N T The FDT ----------- B
7 . o 4kgT X(w) |
| Main chain Reaction chain i Gx(f) = — = Im[Hx(w)] Hy(w) = m i

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
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The advanced modal expansion

WAV S

1
]

Displacementm/Hz

YAMAMOTO, ANDO, KAWABE, AND TSUBONO PHYSICAL REVIEW D 7§, 082002 (2007)
K. Yamamoto, S. Otsuka, M. Ando, K. Kawabe, and K. Tsubono, Phys. Lett, A 280, 289 (2001)
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WoVS S The Levin’s direct approach
( A

Structural loss angle o: AL

« E2E(1+1i¢) 2

1/f noise Levin Y., PRD 57, 2, 659 (1998)

0.1 Hz < Freq. <100 kHz oy

* No viscous elastic S.(f)= ﬂ Waiss
\ model used ) B v A

Wiiss :Zui

U, is the static strain energy of part i
@; is the loss angle associated to the material of part i

Applied to the mirror thermal noise immediately:
E Bondu, P. Hello, and J-Y. Vinet, 'Phys. Lett. A 246, 227 (1998)

EASJCOHGM IMPORTANCE OF LEVIN’S FORMULA COMES IN COATED MIRRORS
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LML The coating thermal noise

e Optical Interference Coatings are used to reflect light with
sub ppm absorption of light

e Transparent materials with different refractive indexes:
¢ SilicaSiO,;n~14 ANy v
¢ Tantala Ta,0Og:n~2.1 I

4 18 pairs for 99.999%
reflection (~6um total)

G. Harry er al, Classical Quantum Gravity 19, 897 (2002)

w— Quantum noise

—Gravity Gradients

—Suspension theermal noise }

N Coating Brownian noise
Coating Thermo-optic noise
Substrate Brownian noise
Selsmic noise

= = = Excess Gas

S—Total ncise

v |
<00 . ]
— Gaussian shaped pressure I
&5 107"
same shape as beam intensity [ ?
(Levin) Bl ey T
10 10’ w0 10° 10*
8 (Poisson ratio = 0) Frequency [Hz]
o —
S (f 2kgT 1 d (Y Y
\(f) e . ’/7 ¢sub>lnle ﬁ; 7¢|| + 7(]5*1
N\ /
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M%oﬁkm The Advanced detectors start taking data

LMA produced e S—

\ the main mirrors ok g
for Advanced Vi rgo —gﬁ:géﬂgomozﬁzrmal noise
6L ' and Advanced LIGO S g SO

Substrate Brownian noise
= Gravity gradients
Residual gas
Sum of noises

Special coating material TiO,/Ta,0s
developed by LMA in collaboration -
with labs in LIGO and U. of Glasgow :

Class. Quantum Grav. 24 (2007) 405-415
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LAGES The future of GW detectors

Ultimate R&D + Design *Cosmic Explorer—New Facility

8, Cryo, 1550nm R&D Voyager - Current Facility
4

¢ Voyager: 4km, larger mirrors cryogenic
4 Cosmic Explorer: 40km, larger mirrors

e Einstein Telescope ’ -

Coating, Suspension R&D

‘ 10 km Iong 2013 7020 20125 2030
4 200 kg mirrors 1E-21
4 2 types of detectors
* Room T, HF & 1E-22
* Cryogenic T, LF HE
e| Lower mechanical losses |s 1e23
4 Factor 3 at least 7
FOR ALL
1E-24
Maximum distance of detection
NS-NS Binaries ~z=2
BH-BH Binaries ~z =17 1E-25
1 10 100 1000 10000

UPoN, July 14t 2015 Frequency [Hz]



j Intro GW UNewtonlanU Creep | [ Thermal \ [ Coatings \/Conclusions\l
The amorphous materials wall

T T LB R | LB N LR | LB R R ] T

10_2 ; KA. Topp, David G. Cahill Z. Phyx B 101, 235245 (1996} — . AlmOSt a” the amorphous
- GeO2 .
0 Pt ] materials have a loss angle
o o " A“;’“Bg?/s ; between 104 and 107
| > a0 e 3
o MAAAAAAMAAA‘& o TN 1 . .
: o smpespaBEianl mUANINGT | @ “Anomalies” are found in
g F o ¢ 00908% 040000 o‘m)x»““i i o
S 104 U;jgj +A++++f++++o+v+++++++ iy fused silica at room T
v :‘ — calb — — . .
£ LA e T T T \ and in amorphous Silow T
g [ Upper limit imposed by future detectars
5 107° | ‘ 3.06-08
% Ly O \ o
a-ol Lk ’3.40000 (? (P 2.5E-08 o
10-6 | X. Liuetal., PRL 113, 025503 (2014) i Z 2.0€-08 + o o
Amorphous Solids fusslgé% . | '
; Y3 1oe.08 |
10—7 bl MR PR | ] IR |
5.0e-09 { ! ! !
0.01 0.1 1 10 100 1000 @3'x0.1’ Suprasil® disc - LMA
temperature (K) s 0 5C~XJO 10600 1% ZW 7‘36“)

Frequency [Hz]
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Laa . Open problems in coatings noise

15 O Senak Comter

e Bulk losses o
¢ Are losses in films anisotropic? j TiO,/Ta,05
¢ Shear and bulk ?

e Interface losses
¢ If any they are not dominant {
e Mixing oxides X *+
4 Why the internal friction is reduced 0, Clncariaton faton pwcartage)
for some particular combination of oxides?

e Annealing
4 Annealing reduces mechanical losses
4 How to avoid crystallization?

e Origin of thermal noise In 1 sic
amorphous materials o Gwaow 2012 =
¢ Universal law? SR

m
2
=

"~
o
$

Loss Angel ¢”

&0

Loss Angel q}ll

Annealing temperature [°C]
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(WAVS S A phenomenological model
K. S. GiLroy and W, A, PHILLIPS PHILOSOPHICAL MAGAZINE B, 1981, VoL. 43, No. 5, 735-746
e Asymmetric Double g v

Well Potential (ADWP) -, P2 =€

— 2 energy levels at +A/2 ' >
and -A/2, divided by a \ //
barrier of height V . (Bve)/2

— The strain ¢ changes A, (AyE)/2 %:pﬁpz

1 is the typical relaxation time
between the two equilibrium populations
— The modulus defect AY and the time t are:

2

AY(A)= Ny -sech{ A

Ak, T 2k, T

] T =10sech exp

2kgT kgT |

— There are two distributions: f(A) and g(V)
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I " ,’\' 2y '- \ - ¢ Y
AN ' A\ Y ) E \ y
S\ D Wi &%

—

AY+0 for A~OQ:
f(A) is assumed cnst.

e g(V) exponential:

Agreement with data

WT\ A

.1+(0)TV,A)2

A )= ” A\\({(A)

R

-f(A)-g(V) daav

. kBT
— It seems the right olo)=2T_. K.T-(ot, )V
B 0
. - 4Y
choice for fused silica R
-
e For Ta,O: or SiO, film B
Lo 12000 Hz
g(V) comes from the curve
IOSS angle VS.] I :;'Efg;;}?o ] % 100 200 300
What are these ,;IU( I;%E ..........

. ) Exas 135 el JETEN
relaxat]On ME *1!%;% _ 200 300
meCh an-isms? ; ! = 3 Materials Science and Engineering A 521-522 (2009) 268-271

¢ N 1 F. Travasso et al.
2 | I W Martin et al
Class. Quantum Grav. 26 (2009) 155012
UPoN, July 14t 2015 1o ' T T T T ' 19/24
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WAV S Structure investigations

2000

e Correlation studies
4 RDF, varying fraction of TiO2

u.)

31500
>

Raman, varying annealing time
v AND YET, WHAT ARE THE RELAXATIONS ?

~ R. Bassiri et al. | Acta Materialia 61 (2013) 10701077 —

Raman intensitv (a
8
o
o

®  Ticoncentration (cation %) 0 500 -
5F Linear Fit =
— 83 i
= T] Oz/Ta205 0 - - - - -
> 200 300 400 500 600 700
- 4F E Wavenumber (cm™)
é’ e seanmw o N S .
TS 538 A ' /-‘ 20— saam |1 | S]Oz +
= 20.4 257 & \’_/‘ = 1
© 3 = .,.. ’_%—ﬁ—i—?- A - L 3 30F
g —+— %3 M\~ ] S |
= , | < 28
E 1 | ©
2 " { i ;r(A): — Ty 8 24 ++ -
1 " 1 i 1 i 1 " 1 cg -—y® L
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WAV 5N Structure modeling

e Molecular dynamics
¢ Structure
¢ Density and elastic constants
¢ Vibrational properties
¢ Relaxations ?

S
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3 — 027
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S 002 | E
§ 0.01 ///"'l “a
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M Calculation of losses by I\/ID

—

Hamdan, Trinastic, and Cheng J. Chem. Phys. 141, 054501 (2014) 4 R N
e Calculation partially based on the ADWP | S8 8" 58

¢ Identification of the relaxation mechanisms BN

4 Estimation of f(A) and g(V)

¢ Estimation of the deformation potential y
¢ Finally, calculation of loss angle ¢

. 2 . . azo ? 25):10‘3
% . g :1‘- 15 .
10 2.
N M t T o _ 1.5}
d 25% HIO, doped Si0, 10 'o
~ ENCOURAGING 1f
¢ AGREEMENT WITH 05l
EXPERIMANTAL DATA
M~ (SLIDE 19 AND OTHERS) o : . - ;
V{eV) Q m 10—0 1@ m m

Temperature (K)
UPoN, July 14th 2015 —o—10%2 Hz = = =10* Hz = = 10° Hz22/24
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The known unknown

e |In GW future detectors there will be s« #55"

. B8~9K
thermal gradients
T heal links
¢ www.rarenoise.Inl.infn.it 00K T T T geer T T=F
= — bafes
4 How to control it? Th.Ns reduction 3L Lo ]
4 What is the role of the materials? =20m Y 34w :
a

ratio of nonequilibrium fluctuations to equilibrium fluctuations at the same average

temperature
Q g 1.35
B;‘,v’ 20— L. Conti et al, J. Stat. Mech. (2013) P12003 ®)
1.25
1.20 l

115

Heater Thermopil 1.10
- \ 1.05
[N . . ))/ ﬂ:l 1‘00 1 L L L L L L L
o 0015 0.02 0.025 0.03 0.035 .04 0.045 %%
T, . . ATIT,
2 Relative temperature difference "

Mass
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LGRS Last comments

e Among other topics e Unsolved problems

| have not talked about: presented here

¢ Suspension Th. Noise 4 Newtonian noise

¢ Crystalline coatings cancellation

¢ Thermorefractive noise ¢ Existence of creep noise

INn semiconductors 4 Origin of relaxations in
amorphous materials
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