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A gravitational wave is measurable as a phase
change in the electromagnetic �eld that is re-

ected out of an optical resonator driven

by monochromatic light (carrier �eld)
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The detector can be designed in order to make
the application of the basic idea work easier and
a more complex scheme is used for this purpose
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In an ideal interferometer the amplitude of the
�eld at the dark port is proportional to the phase
variation induced by the gravitational wave

	DP =
1

2
[reff (�1)e

i'1 � reff (�2)e
i'2]	RC

at the working point

�1 = �2 = 0 '1 = '2 = 0
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A reference frame for detecting the variation of
the phase

	 = 	le
i� cos!modt

' J0(�)	l + iJ1(�)	le
i!modt + iJ1(�)	le

�i!modt

= 	CR0 + 	SB+
0 ei!modt + 	SB�0 e�i!modt

Ψ0

SB+
Ψ

SB-

0

ωmodt −ωmodt

ψ CR
0

PDP = j	DP j2 = j	CRDP j2 + j	SB+
DP j2 + j	SB�DP j2 +

2<[(	CRDP	SB��DP +	SB+
DP 	CR �DP ) exp(i!modt)]

+2<[	SB+
DP 	SB��DP exp(2i!modt)]

For the \ideal" con�guration
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In a \realistic" interferometer
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�Requirements for limiting any variation equiv-
alent to a phase change due to some gravita-
tional signal

~x(10Hz) � 10�19m=
p
Hz TMs displacement noise

� laser frequency and amplitude must be stabi-
lized to reduce 
uctuations

relative intensity noise � 10�9 � 10�8=
p
Hz

laser frequency noise Æ�0 � 10�7Hz=
p
Hz

Any di�erence in amplitude between the two side-
bands may couple with the carrier light that exits
the dark port because Æreff 6= 0.
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If the contrast defect is not perfect, the amount
of carrier light at the dark port may be quite
large and even for a small sideband amplitude
imbalance, the magnitude of the in-phase signal
VI can be comparable or larger than VQ.

Even if the magnitude of the in-phase signal can
become relevant and in
uence the gravitational
wave channel, if they are completely separated
and there is no mix at all between them, there
is no impact on the information contained in VQ.
The angle � is of the order of a few degrees and it
is empirically tuned. In this case the gravitational
wave channel would become
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Mix problems due to a common phase shift af-
fecting the sidebands

In an ideal interferometer the modal content of
the carrier and the sidebands would be the same.

If it is not:

1. the sidebands accumulate a phase shift corre-
sponding to the discrepancy between the Gouy
phases

�CRG 6= �SB�G

2. the amplitude of the sidebands is still the same
only if all the cavity lengths are integer mul-
tiples of �mod=4. This macroscopic condition
implies that the resonant curves of the side-
bands are overlapped and the gain is the same
for any microscopic tuning of the longitudinal
degrees of freedom.

Contribution of the contrast defect to the gravi-
tational signal
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Mix problems due to the e�ective length of the
recycling cavity

The ideal case would be maximum sideband
power stored in the recycling cavity when the car-
rier resonates.

Some problems arise when:

1. the recycling cavity does not satisfy the macro-
scopic condition for its common length so that
the sidebands accrue same and opposite phase
shift when the carrier is on resonance. The
sideband �elds are complex conjugate and the
gain is the same.

2. the sideband power is not the same in the two
branches of the Michelson interferometer, that
is the e�ective re
ectivities from the two arms
are not the same. Because of the Schnupp
asymmetry the common length is a weighted
sum of the two lengths

Partition of the gravitational wave signal between
the channels
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The resonant curves of the sidebands for one Ligo
interferometer
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This graph shows a typical situation: the reso-
nant curves of the sidebands are shifted and split
because of (1) and (2) respectively. The plot-
ted data correspond to the sideband power ver-
sus an o�set introduced for exploring the resonant
curves.

Power at the dark port and round-trip phase
versus length tuning
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Arg(<prompt reflection|leaked field>)-Pi at the recycling mirror
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If alignment is not perfect
the demodulated signals are a�ected
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Conclusions and recommendations

� the sensitivity to di�erential length changes of
the long arm cavities may be corrupted by
the behaviour of the sidebands in real inter-
ferometers. In the ideal case the sideband gain
would be maximum at the working point. If
the interferometer is not perfectly balanced
and matched, the gravitational signal VQ is
a�ected. The basic mechanism can be inter-
preted in terms of resonant curves: the carrier
and sideband peaks occur for di�erent longitu-
dinal tuning of the recycling cavity.

� when higher order modes are involved, because
of mirror imperfections or misalignment, the
longitudinal degrees of freedom are adjusted
to minimize the impact on the fundamental
mode. As a consequence any change in VI and
VQ due to transversal perturbations is mainly
due to parasitic modes. In order to reduce
those variations a mode-cleaner should be de-
signed for the output port.


