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Back Scattered Light Interferometric Gravitational Wave
Detectors

Bz :

Scattered light in interferometric gravitational wave detectors needs to be
reduced so that it will not harm the actual signals coming from a gravitational
wave. We have investigated the scattering coming from multilayer coatings on
the surfaces of high-performance mirrors which are usually used in such
detectors and compared the results with single-surface scattering theories,
which are traditionally used in the field of gravitational wave detectors. We have
performed simulations using LightTools to show the differences between
multilayer scattering and single-surface scattering models in the back-
scattering of mechanical structures close to the mirrors and the impact on the
sensitivity of the Japanese gravitational wave detector KAGRA which is currently
under construction. We show that the back-scattering by using those coatings
can be larger by up to almost two orders of magnitude and they also give rise to
additional scattering features that should be taken into account for all optical
applications in gravitational wave detectors.
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Figure 2: Mirror (blue) and
Figure 1: llluminescense result of back-scattering simulations with LightTools showing its recoil mass (grey) in
the scattered light coming back from the recoil mass to the mirror’s surface. KAGRA
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Scattering; Interferometer

HRASE :

In interferometers, mirrors are used to guide a laser into cavities which then
interferes with itself and serves information about the experienced phase
difference. For gravitational-wave detectors as KAGRA, the expected phase
differences due to gravitational waves are very small. Hence, their sensitivity to
noise is extreme high. One of the main contributions to phase noise is
scattering light.

In order to get information on the back-scattering of structures close to the
mirrors, first a probable scattering distribution calculated with the aid of
scattering theories (multilayer or single surface) has been applied as a light
source in LightTools. The subsequent scattering back off structures other the
the mirror has been counted by a detector-surface below the light source in
LightTools.

From the hemispherical distribution of the back-scattered light, the part that will
be scattered a last time toward the direction of the laser is calculated and used
for estimating the scattering-light noise in KAGRA.

YI7box7HAER:

We used LightTools mainly for the calculation of how much of the secondary
scattered light will come back to the mirror where the first scattering appears.
These calculations have been done by using 50 million rays per run.

V7 bz 7RIABRR:

Our results show that the usage of multilayer coated mirrors have a significant
difference in the amount of scattered light that is coupled back into the main
beam, compared to polished surfaces. Depending on the position of the mirror
in the KAGRA detector, the difference can be a factor of 100.

We found that multilayer coated mirrors in KAGRA show an increased scattering



especially toward wider angles of incidence which affects the secondary
scattering from recoil masses.

FdH:

We have successfully calculated the amount of scattered light that couples back
into the main laser beam of an interferometric gravitational wave detector. Our
calculations were based on multilayer-coated mirrors and achieved with the
LightTools software which we used for the realistic, numerical simulation of the
situation around the mirrors in KAGRA, the Japanese gravitational wave
detector.
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Publication based on these results:

“Calculation method for light scattering caused by multilayer coated mirrors in
gravitational wave detectors”; Simon Zeidler, Tomotada Akutsu, Yasuo Torii,
Eiichi Hirose, Yoichi Aso, Raffaele Flaminio; Optics Express, vol. 25, no. 5; 4741 -
4760 (2017)



