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For a axis sapphire
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Worst case scenario
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for the azimuthal alignment, while [5] and [7] require a control of the roll mode of
é( CO) < ¢mm (0))
166 >
for shot-noise limited performance. Relation [10] requires the azimuthal angle of
birefringent optics for the power recycled Fabry-Perot Michelson interferometer be

aligned to
0<56107 rad

and [11] requires the roll mode be stabilized to
6(100 Hz)<6.910™" rad / VHz

(11]

(12]

[13]
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Fabry-Perot Mirror roll

The roll mode of the optics is degenerate for beams reﬂecting' off the centered or passing
through isotropic optics. For optics with birefringence: however, roll of the optics alters
the polarization state of the light. Assuming the birefringent optics have their principle
axes aligned with the polarization state of the beam, as has been proposed for Fabry-Perot
mirror made of crystallin optics such as sapphire,

_ 1 OTE,
Eu=|, e,-y[ ol [1]

If the azimuthal orientation of the optic is misaligned by 6 then

P [cos@ —sin 9:’[ 1 0 }[ cos@ sin 9][ I]E. 2]
* |sin@ cos® |0 e”|-sin® cos@ |0 "
To second order in 8 this gives
- 1-8*(1+€”
Eout z" 6?1 Eleiy) )}Em [3]
which represents a rotation of the polarization angle by
ot [4
giving an expected angle between polarization states of the two interfering beams of
B =~26]1 - " [5]
The excess power on the dark port due to polarization misalignment is
B, =sin*(B) B, [6]
and the power spectral density of the power due to polarization misalignment is
P, (@) =2sin(B)B(w) A, 7]

where [ is the angle between the polarization state of the interfering beams. To keep the
dark port power below a threshold power P the total differential birefringence seen

Pmax
B< 1/—,%— 8]

For sapphire optics with beam propagating along the a axis, the indices of refraction
differ by 0.008 around a mean value of 1.76. Over the an optic of length L this gives a
retardation

must be small

=——1L [9]

of many radians. It is realistic to assume that there could be as much as 7 radians of
retardation, modulo 2x for such an optic. Thus [5] and [8] give

1 [P
< —— /ﬂ 10
242\ P, 101



Input polarization state (i.e. Power Recycling mirror)
The power recycled Fabry-Perot Michelson is not sensitive to the. alignment of the input
polarization angle but can see noise if the input polarization angle fluctuates, as the path
length difference of the interfering beams couples input polarization fluctuations into
differential polarization fluctuations at the detector. The power that does not
destructively interference at the detector is

P, =PR, [14]
where f is the angle between the polarization of the interfering beams. So output power

fluctuations of
B, (@) =2pRf(@) [15]
are present if the polarization angle fluctuates at the output. The asymmetry in path
length of the power recycled Fabry-Perot Michelson interferometer converts input
fluctuations in polarization angle to output power fluctuations. Consider the main
interfering beams with a path length difference of AL/2 between the beamsplitter and the
Fabry-Perot cavities of the arms. A fluctuation in the input polarization 6(¢) will produce
fields at the output of the Fabry-Perot cavities with a fluctuating polarization that is
different between the two arms by the amount the input polarization fluctuated as one
beam was travelling the additional length AL. The Jones vector representation of the
output field can be represented by
l:Ex(t):I _E, [cos(@(t)):l_ E, [cos(@(t—AL/ c))} 6]
E(r)| — 2J2|sin(6()| 242 |[sin(6(t—AL/c))
If the Jones polarization axes x and y are chosen so that the nominal input polarization is

an equal superposition of x and y polarizations the output filed can be expanded for small
fluctuations around the angle 7 /2. This gives

E (1) E [1-A6@1)] E [1-A68(t—AL/c)
=0 _Zo [17]
E.(t) L. 2 L1+A6(D] 2 |1+A8(t+AL/c)
to first order in A@. This can be simplified to
E (1) E,[-A6(r)+A8(t—AL/c) (18]
E()| —~ 2| A6(t)-A6(t+AL/c)
which gives a field spectral density of
E(@)] _ E,[-AB()+AO(@)e ™" (191
E(w)], 2| A6@) -Ad(@e™"

This can be written as

E (o) | el Q@) sin(wAL / 2¢)
- =iEy s ) ) [20]
E(w)] —e “D(w)sin(wAL / 2¢)

which corresponds to an output field with magnitude



E,, ()|~ E,sin@AL/ c) B(@). . [21]

The mixing of the output field with a local oscillator, used for!‘ homoiiyne or heterodyne
detection, gives a power spectral density of the light on the detector of

- WAL -~ _

Poul(w) = o PR _C— 0(w). [22]
The requirement on input polarization fluctuations for the power recycled Fabry-Perot
Michelson interferometer from [22] is

B(w) < SPmin(@) -I’)'i [23]
LO

for shot-noise limited detection which gives
6(100 Hz) <6.510°° rad / VHz [24]
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