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Coating thermal noise in AdvLIGO

Figure 3. Design noise for the initial LIGO interferometers (on left). The solid line is the design noise for the 4 km long
interferometers, while the dashed line is for the 2 km long one. Also shown is the measured noise in all three initial LIGO
interferometers as of March 2004. On the right is the design sensitivity of the proposed Advanced LIGO interferometer.
Note the difference in Y-axis offset between the two graphs; Advanced LIGO will have about a factor of 15 lower noise
compared with initial LIGO in most bands.

at the output port, forming a further cavity. This allows the sensitivity of the interferometer to be tuned, so the
most sensitive band can occur at different frequencies and/or with different bandwidths. This is known as signal
recycling3 and is currently being used in GEO 600.

The design noise for initial LIGO is shown in Fig. 3, which also shows the measured noise in each LIGO
interferometer as of March 2004. All the LIGO mirrors are isolated from ground motion by multi-stage vibration
isolation stacks to reduce seismic noise. The pendulum suspensions and careful clamping and connection to the
mirrors helps keep down the thermal noise. The laser is carefully controlled so frequency and amplitude noise
are below the shot noise level.

Fig. 3 also shows the planned sensitivity of Advanced LIGO, which is being designed now. In Advanced
LIGO, the mirrors are better isolated from seismic noise, so that it no longer dominates above about 10 Hz.
The addition of the signal recycling mirror mixes the shot noise and the radiation pressure into a single optical
noise, which is dominant in most of the low and high frequency bandwidth. The Fabry-Perot arms also will
have higher finesse, about 1000, for increased stored power. Between about 40 Hz and a few hundred Hertz,
the most sensitive region, thermal noise from the mirrors sets the sensitivity limit. This can be divided into a
contribution from the mirror substrate and the mirror coating. The graph in Fig. 3 assumes silica mirrors with
a silica/tantala dielectric coating. Sapphire mirrors are also under consideration for use in Advanced LIGO.
The frequency dependence of substrate thermal noise is steeper in sapphire, as it is dominated by thermoelastic
loss.4 Coating thermal noise will still cause an increase in noise at the most sensitive bandwidth in a sapphire
interferometer, but over a smaller band.

3. COATING THERMAL NOISE

Thermal noise is caused by mechanical dissipation in a system, according the the Fluctuation-Dissipation The-
orem of Callen and Green.5 This theorem can be applied to the problem of thermal noise in a coated mirror
being monitored by a Gaussian shaped laser beam6 to give

Sx (f) = 2kBTφeff (1 − σ) /
(

π3/2fwY
)

, (2)

where Sx (f) is the power spectral density of position noise, kB is Boltzmann’s constant, T is the temperature,
σ is the Poisson ratio of the substrate material, w is the half-width of the Gaussian laser beam, and φeff is the

G.M.Harry et al, www.ligo.caltech.edu/docs/P/P040023-00
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TD noise, sapphire with Ta2O5 + SiO2

PSfrag replacements

SQL

TD bulk

TD layer

Thermorefractive

Brownian

√
S
h

10−25

10−23

10−24

10 100 1000

V.B.Braginsky, S.P.Vyatchanin, Phys. Lett. A 312, 169

(2003).



Coatingless corner reflectors
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therefore, the more is the number of layers n, the
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Brownian: S ∝ n
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The surface fluctuations are relatively small for
the input mirrors (ITM) and is considerably
larger for the end mirrors (ETM).
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Layout of the interferometer armPSfrag replacements
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ITM, IETM are similar thin-coating mirrors;
EETM is a thick-coating one.
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Circulating optical power
PSfrag replacements

R1 R2

A
W w

l + δl

IETM EETM

1−R1 ≈ 5× 10−2 , 1−R2 . 10−5 , A . 10−5 .

w ≈ 1−R1

4
W



Circulating optical power
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Influences of not only coating noise of the EETM
mirror but of all possible kinds of its surface
fluctuations are suppressed by the same factor
(1−R1)/4 ≈ 10−2.

This includes:
brownian fluctuation in the suspension and
seismic noise ⇒ simplified suspension system can
be used for EETM mirror;

the mirror quantum fluctuations ⇒ its mass can
be as small as

m &
(

1−R1

4

)2

M ∼ 5 gr
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Conclusion

1. Proposed method allows to reduce the
coating Brownian noise spectral density by
factor

nETM

nITM
∼ 10 .

2. It allows to reduce the coating thermoelastic
noise spectral density by factor

(
nETM

nITM

)2

∼ 102 .

3. Its implementation does not looks as a very
difficult one because small EETM mirror with
simplified suspension system can be used.
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