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Lico Stacked Doublet Coatings LSC
Geometry and Notation —
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Lico Alternative, Isoreflective LSC |
Non QWL Coatings
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LIGO Coating Brownian Noise
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uGo F

lain vs. Doped Tantala
Brownian Noise Only

Brownian Noise Only. t = 0.9727ppm, f = 100Hz
O QWL coating O Optimized coating
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Thermal Fluctuations of
LIGO Test Mass Face Position

Effective fluctuations of the test-mass (coated mirror) front - face
position with respect to the mirror center of mass may occur as an
effect of

-Thermal expansion of the coating layers (thermoelastic

effect),
) AXT® =g . d AT

-Thermal variations of the refraction indexes n, , of the
coating materials (thermorefractive effect),

AXT™ =B A AT
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Temperature Fluctuation
LIGO pyiyven Displacement Noises

Power spectral density (PSD) :
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Temperature Fluctuations LSC
&0 P In the Coating —
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SO A — [V. Braginsky, Phys. Lett A264 (1999) 1]
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Sg%).(f) _ ‘PabSEA [S. Rao, PhD Thesis, Caltech, 2003,
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Coating Thermal
GO NoisgeJ Budget

Total Coating Noise PSD

Ax(TE)  Axp(TR) ) : .

b*Si“(f)bﬁ’(fH( ————— N

The thermal - driven elastic and refractive fluctuations
should add coherently . Indeed, the temperature in the
coating does not fluctuate

- on the space-scale (thickness) of the coating,

- on the time scales whereby the field in the coating
builds up.
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Thermoelastic
LIGO Noise Coefficient

5 10-1 |1 [V.B. Braginsky and S.A. Vyat-
L chanin, Phys. Lett. A312 (2003)
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Thermorefractive Coefficient LSC
B+ INn a Nutshell

LIGO
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LIGO  Braginsky's Ansatz

* High reflectivity coatings, thus Ny very large;

* For N, very large (N4 — o0), addition of a further doublet does
not change the coating input admittance;
 For this single added doublet we accordingly have
Ein —V — Eout
ZOHin i ZOHout
combined with single-doublet transmission matrix equation

Eout _( ©11 B2 ) Ei,
ZoHouwt )\ ©O21 Ogo ZoH

gives an equation in Y, . Yields formula “1” for QWL case.

[V. Galdi and I.M. Pinto, 2007]
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Lico Validating Braginsky’s

ANnsatz
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Thermorefractive Coefficient :
LIGO Which Formula ?

2 2
B — nyBr +nfo [Braginsky, Gorodetsky and Vyatchanin,
Peff A(n2 —nZ) Phys. Lett. A 271 (2000) 303]

ededuced for QWL coatings only
ededuction based on a consistency argument
* B4 does not vanish in the limit n, — o

3 nrng (3;_ -+ ’3[{) [Braginsky and Vyatchanin, Phys. Lett.
Meft — 1 (n% - n%{ ) A312 (2003) 244]

« claimed to fix an error in previous formula
* no details given about deduction
* B Vanishes in the limit n, — oo
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Coating Input Admittance
LIGO Alternative Derivation (QWL)

[V. Galdi and I.M. Pinto, 2007]
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LIGO Coating Input Admittance
Alternative Derivation (QWL), contd.
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These terms vanish
as Ny — o, since n,>n, .
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Thermorefractive
U0 Noise Coefficient
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Non-Brownian vs Brownian
LIGO Coating Noise Components
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Plain Tantala
LIGO 1y Coating Noise Budget
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Non-Brownian vs Brownian
LIGO Coating Noise Components
TiO, _Doped Tantala
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LIGO

Doped Tantala
Total Coating Noise Budget
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Back to Plain vs. Doped Tantala
LIGO Brownian Noisg Only

Brownian Noise Only. t =.9727ppm, f=100Hz
O QWL coating O Optimized coating
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Event Rate Boost
LGO Vs. Frequency
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Event Rate Boost
LIGO (Isotropic/Homogeneous
Source Distribution)

(Total Noise Budget))

7 =0.9727 ppm Event rate boost(@ 100Hz
Plain Tantala. QWL 1
Plain Tantala. OPT 1.38 1
Doped Tantala, QWL 1.54 1.11 1
Doped Tantala, OPT 2.05 1.48 | 1.33
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LIGO Conclusions

*Coating thickness optimization should be considered as
almost mandatory to minimize coating noise, even
more so when using doped Tantala, yielding in all
cases a substantial increase (> 30%@ \O0OHz) in the
expected event rate, as compared to the QWL design.

*Among all proposed coating noise reduction techniques
(new materials, cryogenic mirrors, flat-top beams) thick-
ness optimization offers a cheapest reliable addition

*Coating thickness optimization has been shown to be
effective in reducing the total coating noise even when
using the controversial Inci’'s values for a, By.

*Optimized coating prototypes are scheduled for testing
at Caltech TNI; and (still) waiting for delivery from LMA.
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