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Particle Shedding from Baffles

Cone | Teeth
#18 (MIT shake) Serrated 18 31 3 > 100 500 160
#19 (MIT shake) Serrated 14 17 2 > 100 18 9
CIT mockup #1 Serrated 17 21 16 > 100 360 22
WA BT #1 Serrated 21 > 500 500 70
WA BT #2 Serrated 21 > 500 60 9
WA BT #3 Serrated 16 > 500 40 7
WA BT #4 Serrated 16 > 500 20 4
WA BT #5 Non-serrated 20 > 500 2-5 .2-.6
CIT mockup #2 | Non-serrated 4-8 4 > 100 21 5
Maximum allowable: 1
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Assumptions

All serrated baffles on hand are suspect or NG.
All serrated baffles already installed must be removed.

Non-serrated baffles (all on this arm are already installed) may be ok or may
need to be removed (further investigation needed).

CBI installation schedule must be maintained.

CBI will install at the planned 10 sections/week (5 sections/week on each mod-
ule, or 20 sections on each module in 4 weeks).

We can go at least 20 sections (400m) deep into the tube to install baffles, at
least in the low-density regions.
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Contingency Actions

o Stop installation of baffles (effective ~1/7)

e Oxidize 30 unglazed baffle substrates from West Coast Porcelain in-process
stock (ready)

» Fabricated and oxidize 50 baffles using #2B (bright-annealed) cold-rolled SS
(should be ready around 2/1)

e Conduction lab experiments on samples of glazed material (on-going)
e Decide how to handle Capitol and West Coast Porcelain contracts
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Alternative Materials

Optical Performance

BRDF o | R*BRDF,q | Sum Efsf‘:rc;i on
' ' @1um, 55° -1 -1 .
Material Oxide 1 o:)lo.srﬂ 1000esr 1000sr™" | oo nsitivi ty
Glass - 1-3 <.13 <1 1-3 1
#2B none 1-3 .5-.55 15-18 16-21 3
#2B 450°C, 4hr 1-4 .4-.45 10-12 11-16 2.5
#2B 450°C, 8hr 4 .35-.45 7-12 11-16 2.5
#2B 450°C, 40hr 13 22-.4 3-10 16-23
Grit-blasted SS | glass firing 60 diffuse - 60
process
BT wall mat'l 30 diffuse - 30 4
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Schedule Considerations

CBI INSTALLATION —»
66/411m NON-SERRATED BAFFLES

MODULE - | CORNER
X1 L | STATION

{ | I

-
» 5/100m - 2.5/100m | |
MlD-SJS’QON \ SERRATED BAFFLES : 40/100m :
\
| |
< \ 2.5/100m - |

\

MO)[()ZULE | | END
IIIIIIIH|||IIIIIIIIIII|IIIIIIIIII;IIIIIIIIIIIIWW' STATION

STATUS AS OF: 1/3/97 3/28/97
X1 X2 X1 X2
# 20m SECTIONS 14 17 75 75
# N.S. BAFFLES 64 - 66 -
# SER. BAFFLES 14 9 55 40
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X1 X2
100 100
66 -
123 107
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Install NO baffles
Fab fallbacks

Install fallbacks
Develop fix, tests
Establish NS cond.
Tech Bd Mtg

Rework glass baffles

Begin installing fix

Remove/replace
near mid-station

Plan/mod BDF,
temp clean room

gf%

A Recovery Plan

1/3 1/31 2/28 3/28
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FIG. 1. Diffraction noise (thick curves), compared to backscatter noise (thin .curves), at Hanford for the present baffle
configuration. The thick solid curve is for the main-beam axis 20cm away from the nearest baffle tops; the thick dashed curve
is for the main-beam axis at the center of the beam tube.
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II. DEPENDENCE OF NOISE ON BAFFLE MATERIAL

The backscatter noise is shown in the above figure for several baffle materials that were being discussed in spring
1995; these materials were assumed to have BRDF’s

e §~0.01 to 0.02 for beam-tube steel.
e B~ 10~3 for Martin black. Thw curves
o 3~ 1073 for black glass.

The noise scales as

ho \/B. (1)

Our present baffles, as I recall, have 8 = (a few) x 1073, i.e., a little worse than Martin black, when one includes both
the actual backscatter off the baffles and reflection, tube-backscatter, reflection. —Twheck curves

If we change baffle surfaces to something whose total BRDF (including actual backscatter, and reflection, tube
backscatter, reflection) is a factor - larger than the present BRDF, our noise will increase by a factor
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Dependence of Scattered-Light Noise on Baffle Materials and Serrations

Kip S. Thorne
Caltech Relativity Theory Group (CaRT)
(15 January 1997)

I. NOISE FOR PRESENT BAFFLE CONFIGURATION

Our best noise estimates for the present baffle configuration are shown in the figure below. The assumptions going
into these noise estimates are discussed in LIGO-T950102-00-E [Flanagan and Thorne, “Scattered-Light Noise for
LIGO”, 2 April 1995]. The noise shown below is identical to Fig. 9 of that reference, except that the diffraction
noise has been increased by about a factor 2 as a result of taller baffles than assumed in that report, and extensive
numerical computations that Flanagan and I carried out in the summer and autumn of 1995.

Present Configuration
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FIG. 1. Diffraction noise (thick curves), compared to backscatter noise (thin curves), at Hanford for the present baflle
configuration. The thick solid curve is for the main-beam axis 20cm away from the nearest baffle tops; the thick dashed curve
is for the main-beam axis at the center of the beam tube.

II. DEPENDENCE OF NOISE ON BAFFLE MATERIAL

The backscatter noise is shown in the above figure for several baffle materials that were being discussed in spring
1995; these materials were assumed to have BRDF’s

e 3~ 0.01 to 0.02 for beam-tube steel.
¢ 3~ 1073 for Martin black.
¢ (3 ~ 107° for black glass.

The noise scales as

hoc B (1)

Our present baffles, as I recall, have 8 = (a few) x 1072, i.e., a little worse than Martin black, when one includes both
the actual backscatter off the baffles and reflection, tube-backscatter, reflection.

If we change baffle surfaces to something whose total BRDF (including actual backscatter, and reflection, tube
backscatter, reflection) is a factor 7 larger than the present BRDF, our noise will increase by a factor

(,’—) =7 @
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This worsening of noise would be about a factor 5.5 for v = 30, and 1.7 for v = 3.
If we use baffles with backscatter factor 7; in the tube ends, going downward a distance {; from the corner and end

mirrors, and then switch to baffles with backscatter factor 2 in the central regions of the tube, then for the 4 km
interferometers, the noise will increase by a factor [cf. Eq. (8) of the above referencel:

R _ \/’71111(11/10)+’721n(12/11)+731n(13/12) @)
ho) s In(Z/to)

Here ly ~ 12m is the distance from the corner or end mirror to the first baffle, {; is the distance from the mirror to
the location where the new baffle material begins, I3 = L — l; is the distance from the mirror to the location where
the baffle material changes again, and L = 4km is the tube length. For example, if the central 2 km uses baffles with
v = 30, and the two outer 1 km stretches use baffles with v = 1 [so [y = 12m, {; = 1km, l; = 3km, 7 = 1, 72 = 30,
the backscatter noise will be increased by a factor 2.5, which is significantly less than /30 = 5.5 for baffles all with
~v = 30. However, in this case the backscatter noise in the 2km interferometer would go up by nearly V30 = 5.5.

III. DIFFRACTION NOISE

Contrary to what I had remembered, in the absence of serrations every baffle will contribute roughly equally to the
diffraction noise, whether it is near the tube center or near a tube end. This is because the diffraction noise can be
thought of as due to light from an extremely thin strip (thickness <« wavelength of light) along the bafile edge, which
is uncovered then recovered as the baftle vibrates, and such a thin strip radiates roughly isotropically.

This means that we cannot keep our diffraction noise down by using serrations only near the tube center and
switching to unserrated or gently scalloped baffles near the ends.

If all the presently serrated baffles were made unserrated, or were very gently scalloped, then the noise would
increase by the following amounts:

When the beam is centered in the beam-tube cross section (the most dangerous case), then removing the serrations
would increase the noise by a factor [cf. Eq. (9) of above reference]:

) 1/2
(g) - (pSn A (w_:‘f_)) ~ 35 % 10 = 350. @
ho Diff, centered VAL AL/

Here R = 60cm is the tube radius, # = 8.4dcm is the mean baffie height, AH = 0.8cm is the mean depth of the
serrations, A is the wavelength of the light, and L = 4km is the tube length. The first factor 2 comes from the
weighted sum over all baffles [the last term in Eq. (9) of the above reference]. The first term in Eq. (4), whose value
is 35, is the factor we lose because the serration edges produce an averaging of the noise over a number of Fresnel
zones; and the second term, whose value is 10, is the factor we lose because the serrations’ randomness was enforcing
incoherence around the baffle edge. In reality, irregularities in the mirrors may well enforce incoherence around the
baffle edge without the aid of baffle randomness, so we may well not worsen the noise by this second factor 10; the
net worsening may be only 35 rather than 350. Moreover, Eanna’s and my numerical calculations suggest that we
might not gain the full factor 35 from serration edge averaging; it might be anywhere between 17 and 35.

The bottom line is that removing the serrations will increase the amplitude of the diffraction noise
for centered mirrors by a factor between 17 and 350.

When the beam is substantially off center, a distance Y from the mean baffle top, then removing the serrations
increases the diffraction noise by [cf. Eqs. (10) and (11) and associated discussion in above reference]

(i) _  8nYAH %)
ho ) Ditt, Off-Cen VAL

This noise increase comes entirely from the baffle-edge averaging over Fresnel zones; for off centered beams the Fresnel
zone pattern always, in effect, enforces incoherence: random serrations are not needed for that purpose.

If the beam is a distance Y = 20cm from the mean baffle tops, as in the above figure, then this
increase in the amplitude of the diffraction noise is a factor 10.

I believe that we cannot afford to give up our baffle serrations; the increase in diffraction losses — a
factor 17 to 350 for centered beams, a factor 10 for significantly off-centered beams -— is unacceptably
large.




