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California Institute of Technology
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BITNET: kip@caltech.bitnet ARPANET: kipO@abbott.caltech.edu

21 August, 1988

Mike Burka, re: Scattering in
Peter Saulson, Fabry-Perot's
Andrej Cadez

Dear Mike, Peter, and Andrej,

Leaning somewhat on the calculation for reflection from baffles by Mike and
Peter and the general calculation of Andrej, I have extended my May 1987
calculation of scattering for a Michelson in the LIGO to scattering for a
Fabry—-Perot. My final conclusions are these. (They surely need checking:
I've done this hurriedly because of my impending departure for Moscow,
and, moreover, | have set to unity all factors of 2 and m.)

1. Reflection off baffles, while perhaps more important in overall ampli-
tude than diffraction (I have not checked), is less important in terms of
sensitivity to baffle motion. The ratio of reflection effect to diffraction
effect, in terms of equivalent gravitational-wave amplitude A, is

4n—E”L) ~ 10-5 (1)
where D ~ 100cm is the diameter of the vacuum pipe, L = 4 km is its
length, and p ~ 10 microns is the radius of curvature of the baffle's
edge. See page 4 of my enclosed calculations.

2. The two dominant effects, it seems to me, are these: (i) Scattering off
the end mirror to the edges of the moving baffles, followed by diffrac-
tion from the baffles to the corner mirror, followed by transmission
through the corner mirror and beam splitter onto the photodiode; I call
this the direct effect. (ii) Scattering off one of the mirrors to the edges
of the moving baffles, followed by diffraction from the baffles to the
other mirror, followed by scattering from that mirror back into the
main beam in the Fabry-Perot cavity; followed by transmission of that
augmented main beam through the corner mirror and beam splitter
and onto the photodiode; I call this the double scattered, or simply scat-
tered effect.

3. I estimate that the double scattered effect is smaller than the direct
effect by a factor of order 50; item 7 below.

4. The direct effect for a Fabry—Perot is the same as that for a Michelson
(with the number of Michelson bounces B replaced by the Fabry-Perot
Finesse @), to within factors of order unity, with one exception: because
the Michelson has B spots on the end mirror from which scattering can
take place, its noise (in terms of equivalent gravity—wave amplitude h)
is larger by a factor VB ; see page 7 of attached notes.
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If §(f) is the square root of the spectral density of displacement of a
typical point on a typical baffle, then the corresponding square root of
the spectral density of the equivalent gravity—-wave noise A(f) due to
the direct effect is

A
A2(7) = VET=-Re )52 [\/—3—"‘—] (1-m) &L o yo-10Er) (2)

lem

Here B(1—-Rg) =~ 1078 is the coefficient in the scattering law for the end
mirror,

dP - ﬂ(l—RE) (3)

an 62
with 6 the scattering angle and 1-Rz ~ 10—+ the transmissivity of the
end mirror; Q ~ 100 is the Fabry—-Perot finesse; A ~ 4x10-%cm is the
wavelength of the light; L ~4x10*5cm is the length of an arm; D ~ 100
cm is the diameter of the beam tube; d ~ 1 cm is the height of a baffle;
and 7 is the efficiency of the photodiode averaged over the spot that the
incoming beam makes on it.

The above formula for the direct effect assumes that the light from the
various baffles superposes incoherently, and assumes a "Cornu-
spiral-type' cancellation of the contributions of all the Fresnel zones
on a baffle edge except the largest one, and assumes a "1/VN " averag-
ing away of contributions from different Fresnel zones on the photo-—-
diode. If, somehow, these cancellations do not occur; i.e. if all the baf—
fles and all Fresnel zones somehow were to contribute coherently, the A
noise would be larger than Eq. (2) by a factor

4
D_Dp3
E(?\L)"/z] ~103. (4)

The ratio of the double scattering effect to the direct effect is

£S VAL, 1 1
Fﬂ[ﬁ(l—f?g) A Q(l_mzl - (5)

In the most pessimistic case [Eq. (2) multiplied by Eq. (4), so
R(f)~10"15(f)/1cm] the goal of ultimately achieving A ~ 10-23/VHz
at frequencies of order 100 Hz will require that the wall motion be kept
smaller than

§<107%cm/VHz . (9a)

For comparison, for my most pessimistic estimate in the case of a
Michelson was

§510-%m/VHz (9b)

(see my 1987 Michelson calculations). The best guess formula (2) is
probably not too bad; it corresponds to requiring

£ <107 %cm/VHz (9¢)
for a Fabry—Perot. The corresponding best guess for a Michelson was
£<10%m/VHz (9d)
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(see my 1987 notes). None of these limits is accurate to any better than
a factor ten; recall, especially, that in the Fabry—-Perot calculation I
made no attempt to keep factors of 2 and .

10. The above calculations and limits are somewhat shaky because they are
based on a non-recycled model of the detector. The calculation should
be generalized to include recycling.

I am off to Moscow for three weeks this coming Wednesday. I hope to
learn, when I return, whether you agree with my analysis and conclusions or
not.

Best wishes

ﬁorne

Kip S.

Ce: R Vet
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