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Problem :

e LIGO Il sengitivity Is
projected based on the thermal
noise of sapphire mirrors.

e Their avallability is, however,
uncertain.
Assumption:
e Silicon mirrors are avallable.

e Sensitivity to gravitational
wavesis limited mainly by
thermal motion of the mirrors.



Simple possibilities
e \When b-folded cavity is made
only by SI\O, mirrors:
gain ~ \/B

x However, b islimited to asmall number
by the tube diameter.

e \When end mirror is replaced by
S mirrors:

gain ~ \/E

— not very much improvement.

Further improvement?



2 Silica mirrors
—1  (in one arm)
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Silica + Silicon




Hybrid folded cavity
b-folded cavity composed of

SIO,-coupling mirror
Si-reflector x b
thermal-noise limited sensitivity
— 2 1
hin = \/_ [(Xsoz) + (4b - 3)(xs) ]
/. arm length of the interferometer

V2 two arms of an interferometer

Ab-3) =2%(b-1)+1:

(b — 1) mirrors have two reflections
In around trip that must be added
linearly.
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Silicon mirrors:
¢ higher Q than SIO, mirrors

e bigger substrate available
(used only In reflection)

If silicon mirrors are low noise
enough, hybrid folded cavities
provide an improvement of ~ b
(limited by SIO, mirror thermal motion).

Maybe sufficient for realizing
LI1GO Il sensitivity.

Further improvement?



Thermal motion canceler

Measuring thermal motion
Independent of the main (GW)
detector, and subtract it from
the main detector output.

Requirements:

1. areferencethat isless noisy
than the GW test mass.

2. asensor that has better
displacement sensitivity than
the main (GW) detector.



Possibility of
optical measurement

Solutions:

1. asilicon mirror can be used as
the reference to measure the
thermal motion of a SIO, mirror.

2. ahigh-finesse cavity can be
used as a sensor that has a better
displacement sensitivity than
the main (GW) detector.

— thermal motion detector
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Sengitivity of
optical measurement

Shot-noise limited displacement
sensitivity of acavity .
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Theman GW detector :

e loNng cavity (Lo ~ b x 3km)

to Increase the GW effect

e relatively low finesse

to retain a meaningful bandwidth

e power recycling

to increase the light power
Thermal motion detector :
e short cavity (Ly ~ 3m)

e very high finesse

to achieve high displacement sensitivity



An example
GWD TMD

cavity lengghL. ~ ~3km ~3m

light power P ~ 100P, Py
finesse ~200  ~20000
Xl X0 ~1/2000  ~1/20000

pandwidth Af  125Hz  1.25kHz
he/Xqo  1.7x10°7 1.7 %1075

Assumptions:
e minimum loss per reflection ~ 25ppm

e both detectors are illuminated by the
light power P, from the source.

e GWD optimized with power recycling



| mplementation of
thermal motion detector

Measuring the same point
= angular separation of two beams

... .1 coupling mirror
V-shaped cavity: =~ 2pref|%ctors

e Optical response:
Identical to a Fabry-Perot cavity.

e Sensitivity to the coupling mirror
motion:
2 cosd times better than asimple
Fabry-Perot cavity.

o Referencenoise level :
reference is the average of 2 mirrors
(1/+/2 of single mirror)

e Coupling mirror reflectivity :
lower than a simple Fabry-Perot cavity.
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Coupling mirror reflectivity

Problem : How to realize

e |ow finesse for the main (GW)
detector, and

¢ high finesse for the TMD.

Solution:

e use of different wavelengths and
dichroic coating

e angular-dependent reflectivity

e high-finesse arm cavity with
resonant sideband extraction



Conclusion

e Provided that silicon mirrors are
avallable, hybrid folded cavity
exhibits a considerable
Improvement on the
thermal-noise limited sensitivity.

e In addition, it ispossible to
cancel the thermal noise of the
silica coupling mirror by using
thermal motion detector.

e These can be fallback options
If sapphire mirrors are not
avallable.



