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1 Introduction

A new design for the BS Elliptical Baffle is proposed, in which black glass replaces the
current stainless steel (SS) material.

The cut edge of the beam hole in the black glass baffle is a major scattering element and
the edge must be fire-polished to avoid this being a dominant scattering surface.

In the following analysis, the scattered light displacement noise is calculated for two
cases: 1) all oxidized polished stainless steel surfaces, 2) the black glass material as
described above. A factor 18 times reduction in scattered light displacement noise could
be achieved with the black glass baffle.

Figure 1: Model of BS Elliptical Baffles Installed on the BS SUS
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2 Scattering Analysis

The power recycling cavity beam passes from the ITM through the hole in the ITM

Elliptical Baffle, and gets further clipped by the BS Elliptical Baffle hole.

Power hitting BS baffle, W

Pospaf = 1.0931

2.1 Oxidized Stainless Steel Baffle
2.1.1 BRDF of Oxidized Stainless Steel

The incident angle of the light hitting the surface of the BS Elliptical Baffle is 45 deg,
and the incident angle hitting the edge of the central plate of the baffle is centered at 0

deg.

The BRDF was measured for oxidized polished stainless steel at incidence angles of 57
deg and 3 deg as a function of the angle away from the specular directions, as shown
below. The BRDF data is approximately symmetrical for plus and minus angles about the

specular direction.

Posbaf = Pitmellbatran(0:0 — PitmarbselIbat
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Figure 2: BRDF of Oxidized Stainless Steel
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2.1.2 Scatter by SS BS Elliptical Baffle

Power scattered into IFO mode
from both arms, W

Posellbatsss = V2 Ppshaf ‘BRDRlbafss ‘2 itma

—10
Ppsellbafsss = 2-4015< 10

displacement noise @ 100 Hz, m/rtHz

p 05
bsellbafsss
DNpsellbafss = TFitmar'[ J *sus”
psl
—23
DNpsellbafss = 1-1339< 10
2.1.3 Scatter by SS Baffle Hole Edge
horizontal edge, m X = Tpsellipy
vertical edge, m y:=C(
4Prea
exitance function from ITM at edge, W/m”"2 Mx, y) =2 -
T Witm

i y) = 1.0494x 10°

maximum width of exposed edge, m Whshafe = 2 ledgess

Radius of baffle hole, m Rosbaf = Mosellips

2

7

-k
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exposed area of baffle hole edge, m”2

0 0
2 2 2 2
Absbafess = J’ 2 |Roshaf X dx - [ 2'-\/Rbsbaf = (X~ Whshae )@

RpsbafWhshafe

Rbsbaf

=5
Apspafess = 1.0668x 10

power incident on BS Baf hole edge, W
Posbatdgess = litrr Tbsellipse 0)-Absbafess

Posbafedgess = 0-011

power scattered from two BS Ellip Baf hole edge toward BS W

Pbsbafedgesss = \/_Z'Pbsbafedgess 'BRDFedg&s Ajtma

—~12
Phsbafedgesss = 8-1983< 10
P 05
displacement noise @ 100 Hz, m/rtHz DNpshafedgess = T Fitmar "bsbafedgesss 'Xsus;i-k
Ppsl V2
24

DNpspafedgess = 2-0951x 10

DNbsbafedgess
DNpsellbafss

ratio of edge scatter to baf scatter =0.1848

2.1.4 Total Scatter by SS BS Elliptical Baffle
Total SS baf scatter power, W Pbsbal’ssts = Pbsellbafsss + Pbsbafedgesss

- 10
Ppsbafssts = 2-4835x 10
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total SS baffle displacement noise @ 100 Hz, m/rtHz

05
Phsbafssts 2
“sus

DNpshafsst = TFitmar‘[ —k
psl

2

—23
DNpspafsst = 1.1931x 10

2.2 Black Glass BS Elliptical Baffle

2.2.1 BRDF of Black Glass

The BRDF was measured for black glass at incidence angles of 57 deg and 5 deg, as a
function of the angle away from the specular direction.

As will be shown in the following section, the cut edges of the beveled black glass hole
of the baffle are the dominant scattering surfaces, and it will be necessary to fire-polish
the cut edge of the glass. An estimated BRDF of the fire-polished edge at 0 deg was
constructed, based on the BRDF data at 5 deg; the two free parameters BRDFbgfp62 and
BRDFO can be adjusted to represent the degree of roughness of the fire-polished cut
edge.

BRDF Black Glass fire polish (empirical estimate)

break-over angle, rad 0y := 0.5 —8.7266x 10 °
180
micro-roughness angle, rad 0, = 5 —0.0873
180
max BRDF, sr-1 BRRM,=0-
final slope modifier B:=0.8
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1
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4
Cpyyr=1.6548< 10
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Figure 3: Measured BRDF @ 5 deg and Estimated BRDF of Fire-polished Black
Glass @ 0 Deg Incidence
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2.2.2 Scatter from Black Glass Elliptical Baffle Surface

Power scattered into IFO mode
from both arms, W

Posellbabgs = V2 Posbaf ‘BRDRllbatg 2 itma

- 13
Ppsellbaigs = 7-2046x 10

p 05
bsellbafhgs 2
- v .XSUS- -k

P V2

displacement noise @ 100 Hz, m/rtHz DNbseIIbafog = TFitmar‘[
psl

- 25
DNpsellbafbg = 6-2109x 10

2.2.3 Scatter from Rough-cut Black Glass Baffle Hole Edge
maximum width of exposed edge, m Whshafo,, = 2 redgebgr
Radius of baffle hole, m Ryshaf = 0-105

exposed area of baffle hole edge, m”2

0
2 2 2 2
2 [Rospap ~ — X dx— J 2'\/ Rosbaf ~ ~ (X~ Woshate )0

RbsbafWhshafe

0
Apsbafebg = J’
~ Rpsbaf

_4
Apshafebg = 1:0668x 10

power incident on BS Baf hole edge, W

Posbakdgebg = litrr Tbsellipx 0) Absbakehg

Posbafedgebg = 0112

11
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power scattered from two BG ITM Ellip Baf hole edge toward
IT™™, W

F)bsbafedgebgrs = \/_2 Pbsbafedgebg 'BRDFedgebgr “Ajtma

—11
Poshafedgebgrs = 8-1982x 10

displacement noise @ 100 Hz, m/rtHz

p 05
bshafedgebgrs 2
- v v .XSUS. -k

DNpshafedgebgr = T Fitmar -
e F>psl V2

24
DNpshafedgebgr = 6-6253« 10

ratio of rough cut edge scatter to baf scatter

DNbsbafedgebgr
DNhsellbathg

=10.6673

12
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2.2.4 Scatter from Black Glass Baffle Fire-polished Hole Edge

Gt =

ei(et, exy) = acos (oos (exy)-oos (et))

"exyrmxedge— W A
2:0i(04,0, )+ I.'trmro
S = [ e \/ 2 7 litmaro
edgebg (et,BRDFbgfp) = | BR Dﬁw,fp(es + 2-ei(et,exy))- Witmar0 — Ditmar()(es - 2-ei(et,exy))] : ; doy -cos(exy)de)()
| litmaro
J Witmar0
2004,
L itmar0 |

13
Sedgeng (Ot BRDRgfy ) = 2.883x 10

Posbafedgebgfps = Iitn{rbsellipx’c’)"o‘bsbzatrtebg “Sedgebg (etaBRDrb gfp)

— 14
Phsbafedgebgfps = 3:2273x 10

13
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displacement noise @ 100 Hz, m/rtHz

05
P
bsbhafedgebgfps 2
DN = TR, | — PP ok
bsbafedgeb itmar Xsus
gebytp [ I:’psl j V2

- 25
DNpshafedgebgp = 1-3145x 10

DNhshafedgebgfp
DNhsellbathg

ratio of edge scatter to baf scatter =0.2116

2.2.5 Total Scatter by Black Glass BS Elliptical Baffle

Total BG baf scatter power, W Pbsbajbgfpts = Pbsellbalbgs + Pbsbafedgebgfps

13
Phsbatbgfpts = 7-5273 10

total black glass baffle displacement noise @ 100 Hz,
m/rtHz

p 05

bsbafbgfpts 2
DN TR | — B 2 K
bsbafbgfipt - itmar XSus
9fp [ PpsI j V2

— 25
DNbsbafogfpt =6.3485x 10

2.2.6 Comparison of Black Glass Baffle with Scatter from aLIGO
Oxidized SS Baffle

Using black glass for the BS Elliptical Baffle with a fire-polished edge will decrease the
scattered light displacement noise by approximately 18 times.

DN
ratio of SS to BG baf scatter bsellbafss =17.8617

DNpshafbgfit
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