ACB scatter
Black Glass panels
7/2/13

SS Center Plate Edge

BG Baffle Plate Hole
Edge
BG Baffle Plate Bend Edge

Cryo Baffle

Opening




\/

\ Rooius
5SS Baffle
Bendc

ROdIUS
>SS coge




Radius
Block Glass
- oge

Arm cavity power, W P, := 840000
optimum radius of SS baffle edge, m Tedgess == 1x 10 >
optimum radius of BG baffle rough-cut edge, m Tedgebgfp = 1x 10 4
radius of SS baffle edge, m Jedgoss,= O'O(;OOA' edgess = 8 ¥ 107 °
radius of SS baffle bend, m "bendss := 0-0024
radius of BG baffle rough-cut edge, m redgebgr :=0.01.0.0254

edgebgr = 2-54 10~
radius of BG baffle fire-polish edge, m r = M-0.0254

~edgebgfpy 4

~8128x 10 *

"edgebgfp



length of baffle plate hole edge (BG cut edge), m

length of baffle bend (BG cut edge), m

Frontal area of SS center plate cut edge, m"2

Frontal area of SS baffle bend edge, m"2

Frontal area of BG baffle rough-cut edges, m”2

Frontal area of BG baffle fire-polish edges, m”"2

BRDF of SS cut edge, sr'-1

BRDF of rough-cut black glass edge, sr-1

BRDF of photodetector, sr'-1

BRDF of screw head sr"-1

number of photodetector

number of screw heads

radius of photodetector ring, m

Photoconductor radius, m

Hp = 0.678

Hy, = 0.998

Assbp(redgess) = 2-Tedgess Hp

-5
Agsp(Tedgess) = 1:085 x 10

Assb(rbendss) = 2-Tpendss Hb

Assb(rbendss) =479x10°°

Apgh(Tedgebgr) = 2 Tedgebgr(2Hp + 2:Hp)

-3
Angb(edgebgr) = 1703 x 10

Angbl"edgebgfp) = 2 Tedgebgfp'(2Hb + 2-Hp)

-3
Abgb(redgebgfp) = 5.449 x 10

BRDFeggess = 0.1

BRDFedgebgr =01
-3

BRDFpq = 110
-2

BRDFgj, := 510

di =16

NSh = 3di

rpdbc = 0.196

00114

rpd = >



fog=57x 10 °

photoconductor area, m”2 Apd = 1T-rpd2
—4
Apd =1.021 x 10
Screw head radius (#10), m fsp = -004
Screw head area, m"2 Agh = 1T-rsh2
-5
Agp = 5.027 x 10
laser wavelength, m X\ := 1.064-10" °
wave number, m”-1 k.= 2-E
6
k = 5.905 x 10
ACB displacement @ 100 HZ, m/rt HZ XACB = 1-10 12
IFO waist size, m Wifo == 0.012
N2 9
solid angle of IFO mode, sr AQjg, = =2502x 10
™ Wifo
Transfer function @ 100 Hz, ITM HR TFitmhr = 1.1.10 9
Gaussian beam radius at ITM, m w = 0.055
IFO arm length, m Larm = 4000
PSL laser power, W Ppsl =125

Arm Power, W PO = 834174



radius of Cryopump aperture, m

half-angle from centerline to Rcp, rad

half-angle from centerline to Rcp, rad
(see ACB_PD_scatter_8-29-12)

BRDF, sr*-1; CSIRO, surface 2, S/N 2

radius of manifold/cryo baffle, m

height of ledge, m

radius of ACB hole, m

area of ACB hole, m"2

area of manifold/cryo baffle ledge, m"2

area of exposed ACB, m”2

power through the cryopump baffle aperture
(hits the arm cavity baffle), W

Rep = 0.3845
Rep
ch = C
arm
"ndbc
Opg = LF’_
arm
2755.12
BRDF{(6) := 55
8 2 1.23597
(1 + 8.50787-10 -0 )
0.769
Reryo = —— = 0.385

H :=0.769 — 0.655 = 0.114

Hy = Repyo — HL = 0.271

raCbhOle = 0.172

2
Ah = ﬂ'facbho'e = 0.093

Ap, = 0.093
(Rcryo > >
AL = J 2. /Rcryo —HdH
Hq
A = 0043

2
AACB = ’Tr'RcryO - 2Ah - AL = 0.236
0

cp
0

Pacp = 14.573



Area of cryopump baf aperture, m"2

incident intensity, W/m”"2

tilt angle of baffle edge, rad

incident angle, rad

input angle range, bend, rad

input angle range, bend, deg

input angle range, edge rad

BRDF #4 Oxidized stainless steel, 3 deg inc.

Reflectivity of baffle surface

break-over angle, rad

micro-roughness angle, rad

max BRDF, sr*-1

final slope modifier

micro-roughness constant

large angle BRDF, sr*-1

2
ACp = '”'ch = 0.464

ny =0

ei(et,exy) = acos(cos(exy)cos(et))

s
exymaxbend = 57@ = 0.995

180

exymalxbdeg = exymaxbend'? =57

T
Oxymaxedge = 60'@

R := 0.02
MWV

0y = 8-—— = 0.014
180

0y := 10.—— = 0175
180

BRDF := 7.5
B:=0.7
. Z(B) 1
Cor= —2
0
1

3
Cppr = 8.678 x 10

BRDFg, := 0.03



BRDF

BRDF function, sr-1 BRDFACBoxy3(®i) = S BRDFg,
2
(1 + le’.ei )
180
O4an(0i) = 0;-——
deg( |) -
9= 0,0.00001 .. 10-6,
10 T T T T T
1+ -
BRDFACBoxyS(ei)
0.1~ 7]
0.01 1 1 1 1 1
1x100Y 1x100® o001 0.1 1 10 100
edeg(el)
BRDF #4 Oxidized stainless steel, 57 deg inc.
Reflectivity of baffle surface R;=.04

break-over angle, rad

micro-roughness angle, rad

T
0, := 0.6—— = 0.01
A 180

T
0, := 10-—— = 0.175
AR 180



max BRDF, sr*-1

final slope modifier

micro-roughness constant

large angle BRDF, sr*-1

BRDF function, sr-1

Nemg(ei) = ei-%

6 := 0,0.00001 .. 10-6,,

BRDEq, = 40

B:= 0.95
1
B
o= ;
01

3
Crpyr = 9797 x 10

BRDEgo,,= 0.04

BRDFACBoxy57(%i) =
2
(l + Cmr~6i )

BRDF

100

107

BRDF ACBoxya| i)

BRDFAcgoxys7( i)

1

0.1

0.01

1x10~

4

1x10~ 0.01 0.1

1 10

100



BRDF Black Glass 57 deg inc.

specular reflectivity Rp7:= 1510 3
T
break-over angle, rad 0, := 1.— = 0.017
MR 180
micro-roughness angle, rad Ba,:= 5-L = 0.087
180
max BRDF, sr-1 BRREe,= 002
final slope modifier B:=14
1
,B®
micro-roughness constant Cpp =
0 2
1

3
Ciyr= 2103 x 10

-5
large angle BRDF, sr-1 BRDFg,,= 4-10
_ BRDF
BRDF function, sr-1 BRDFpg57(6j) := — BRDFg,
2

(1 + le"ei )

back-reflection angle, rad 057 = 57-l = 0.995
180

back-reflection BRDF, sr-1 BRDFy57(057) = 4.045 x 107 °

BRDF Black Glass 15eg inc.

specular reflectivity Rq5 = 0.042



break-over angle, rad /Q/l/\:: 0.5~l =8.727x 10 3
180
micro-roughness angle, rad 92.:= 5. _ 0.087
max BRDF, sr-1 BRREe= 0.12
final slope modifier B:=.75
1
,(B)
micro-roughness constant C,.. =
AR 0 2
1

4
Cmr =1.996 x 10

large angle BRDF, sr*-1 BRDFgq,;= 1.5:10 >
BRDF,
i -\_ — -
BRDF function, sr™-1 BRDFpq15(6j) := S BRDFg,
2
1+ Chr6 )
back-reflection angle, rad 045 = 15~l = 0.262
180
. -4
back-reflection BRDF, sr*-1 BRDFbgl5(615) = 5.482 x 10
BRDF Black Glass 5 deg inc.
specular reflectivity Rg = 0.05
T -3
break-over angle, rad 84,= 0.5— =8.727 x 10
180
micro-roughness angle, rad 92.:= 5. _ 0.087

max BRDF, sr-1 BRDFq,=0.15



final slope modifier B:=.85

1
NORS
micro-roughness constant C.. .=
MR 2
0
1

4
Cpyr = 1.655 x 10

large angle BRDF, sr’-1 BRDFgq,;= 1:10° >
BRDF
H A_ — -
BRDF function, sr’-1 BRDFbgs(ei) = ; + BRDFg,
2
1+ Cmr-ei )
back-reflection angle, rad Og = S.L = 0.087
180
. -3
back-reflection BRDF, sr-1 BRDFng(GS) = 2.452 x 10
BRDF Black Glass fire polish (empirical estimate)
T -3
break-over angle, rad 4= 05— =8727x 10
180
micro-roughness angle, rad Ba,:= 5 - 0.087
max BRDF, sr-1 RRRGo= 0.1
final slope modifier 3:=0.85
1
NORS
micro-roughness constant C,.. =
WA 0 2
1

4
Cpyr = 1655 x 10



large angle BRDF, fire polish, BRDFbgfp = 4.10
srh-1
BRDFO
1 A — -
BRDF function, sr*-1 BRDFI@gtz‘ei) = " + BRDFbgfp
(1 + Cmr~9| )

6 := 0,0.00001 .. 10-6,,

BRDFng(Oi) 001k

BRDFyg5( ) =10 3

1x10 T _
1)(1075 | | | | |
1x100% 11000 o001 0.1 1 10 100
edeg(ei)
_3
2.452 x 10 0.05
BRDF := | 5482 x 10 * Ri=| 004
_3
4.045 x 10 ° 15x10
5
0:=| 15



60

45
=4

D

20
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MIXED BAFFLE SCATTER: OXIDIZE SS CENTER PLATE
EDGE, BLACK GLASS LOUVER--ROUGH-CUT EDGE

ACB displacement @ 100 HZ, m/rt Xacg = 1% 10 12

HZ

Scatter from SS center plate edge

power incident on SS center plate edge, W

Pitmbafpedgess = Ii'Assbp(redgess)

4

Pitmbafpedgess =3.404 x 10

Scattered power into IFO from SS center plate edge

TWifg

-6
Pacboxyedgebsifo(et’redgess) = Ii'Assbp(redgess)'BRDFedgess' ) 'BRDF1(3O'1O )'AQifo
L
arm

displacement noise @ 100 Hz,
m/rtHz

0.5
Pacboxyedgebsifo(et’ redgess)}

2
DN Oy, = TF; . -X —-k
acboxyedgeb\ Vt>'edgess itmhr ACB
yeag ( g ) ( ppsl 2

26

DNacboxyedgeb(et’redgess) =4.71x10

Scattered power into IFO from the louver portion of BG baffle

. n ) ™ Wifo ( _6)
Pacbbglouvsifo(et) = Ii'AACB'BRDFb957 257'@ ‘ ) "BRDF1130-10 7)-A%g,

— 20
Pacbbglouvsifo(et) =2.86x 10

T -5
displacement noise @ 100 Hz, BRDFbg57(2'57'Ej = 400610

m/rtHz



( ) Pacbbglouvsifo(et) 05 2
DN 0,):= TF; . -X —-k
acbbglouv\ t) - itmhr ACB

J Ppsi V2

— 25
DNacbngouv(et) =1.389 x 10

Scattered power into IFO from BG baffle rough-cut edges

power incident on BG baffle rough-cut edges, W
Pacbedgebgr(redgebgr) = Ii'Abgb(redgebgr)

Pacbedgebgr(redgebgr) = 0053

power scattered into IFO from BG baffle rough-cut edges, W

T Wifo -6
Pacbedgebgrifo(et’redgebgr) = Ii"o‘bgb(redgebgr)''-D’RD':edgebgr' > 'BRDF1(3O'1O )'AQifo

arm

-19
Pacbedgebgrifo(et’redgebgr) =5.158 x 10

displacement noise @ 100 Hz,
m/rtHz

P 0 0.5
] acbedgebgrifo( t’redgebgr) 2
DNacbedgebgr(et’redgebgr) = TFitmhr ‘XACB

<k
Ppsl \/E

- 25
DNacboxyedgeb(etaredgebgr) = 2.654 x 10

Scatter from photodetectors
number of photodetector di =16

photoconductor area, m”"2 Apd =1.021 x 10 4



Power hitting the PD, W

A

_ pd -3
Pod = PO.BRDFl(epd).—2 = 3.706 x 10
Larm
power scattered by photodetector,
into IFO mode, W
2
. T Wifo
desifo(et) = /di~de~BRDde~ > ~BRDF1(9pd)~AQifO
Larm
— 22
Podsifo(t) = 7-304 x 10
displacement noise @ 100 Hz,
m/rtHz
0.5
P qcifq(©
pdSIfO( t) 2
DN (6f) := TR o] ————= | -Xpcp-—-k
d\t itmhr ACB
P ( ) ( I:)psl V2

DNpg(0y) = 2221 x 107 *°

Total Power Scattered from the SS center plate, BG rough-cut
edge, BG louver, and PD

Pacboxybgrtsifo(et’redgess’redgebgr) = Pacboxyedgebsifo(et’redgess) + Pacbedgebgrifo(et’redgebgr) :

—19

Pacboxybgrtsifo(et’redgess’redgebgr) =5.484 x 10
total displacement noise @ 100 Hz,
m/rtHz

0.5
. IDalcboxybgrtsifo(et’ Tedgess: redgebgr)
DNacboxybgrtsifo(et’redgess’redgebgr) = TFitmhr P XACB"
ps
DN 0 - 6.085 x 107 2°
acboxybgrtsifo( t’redgess’redgebgr) = 0.060 x



redgebgr = 2.54 x 10_

Ledgelgr= 0,0.000001 .. 0.001 =3 —

1x10” 2 .

DNacboxybgrtsifo(et’ Tedgess’ redgebgr)
~24
DNacbedgebgr(et’ redgebgr) 1x10

DNacboxyedgeb(et’ redgess)

DNapbngouv(et)

26 ] ]

1x107° 1x10~ %

1x10~

1x10 1x10

Tedgebgr

choose value to match scattering from BG louver

-5
Tedgebgr = 210

MIXED BAFFLE SCATTER: OXIDIZE SS CENTER PLATE
EDGE, BLACK GLASS LOUVER--FIRE-POLISH EDGE

Scattered power into IFO from SS center plate edge

-21
Pacboxyedgebsifol Ot Tedgess) = 3:286 x 10

displacement noise @ 100 Hz,
m/rtHz



DNacboxyedgeb(et’redgess) =4.71x10

Scattered power into IFO from the louver portion of BG baffle

— 20
Pacbbglouvsifo(et) = 2.86 x 10

displacement noise @ 100 Hz,
m/rtHz

— 25
DNacbngouv(et) =1.389 x 10

Scatter from photodetectors

power scattered by photodetector,
into IFO mode, W

-22
Podsifo(t) = 7-304 x 10

displacement noise @ 100 Hz,
m/rtHz

DNpq(6r) = 2221 x 10 2

Scattered power into IFO from fire-polished BG
baffle plate edge

incident angle, rad

T
0, = 3-—— = 0.052
M7 180

ei(et,exy) = acos(cos(exy)cos(et))

26



”exymaxedge B

(
Sedgebgfp(et) = i
J

14

sedgebgfp(et) =4947x 10

4

fedgebg = 254 % 10~

BRDFjyg1p(6s + 2-0i(01. 0y ) J Wig,” - Mo (65

Pacbigedgebgfpifol ®t ecigebgfp) 'i'Abgb(redgebgfp)'BRDF1(30'10_ 6)'Aﬂifo'(SeolgebQﬂO(et))

Pachbgedgebgfpifo( Ot fedgebg) = 9-024 x 10

= 10.,0.001..05

20

etdeg(e)t) = 0p—

21

180

s

1x10~

Pachbgedgebgfpifol Ot 0-000025)

Pacbbgedgebgfpifo( O, 0'0%9 %‘5)21—

Pacbbgedgebgfpifo(et,0.00025)

22

1x10~
0.01

100



displacement noise @ 100 Hz,

m/rtHz
O = 3-——
180
0.5
) Pacbbgedgebgfpifo(et’ redgebgfp) 2
DNacbbgedgebgfp(et’redgebgfp) = TFitmhr p XacB =K
psl \/E
DN =1 10 25
acbbgedgebgfp(et’redgebgfp) = 1.396 x 10
O=10,0.001..0.5
110~ 2 T T T
DNacbbgedgebgfp(et’ redgebgfp)
1><10_ 25 | | 1
0.01 0.1 1 10 100

etdeg(et)

Total Power Scattered from the SS center plate, black glass
fire-polish edge, BG louver, and PD

0 = 3-—— = 0.052
180

Pacboxybgfptsifo(et’ redgess’redgebgfp) = pacboxyedgebsifo(et’redgess) + pacbbgedgebgfpifo(et»redgebg



Pacboxybgfptsifo(et’ Tedgess> redgebgfp)

total displacement noise @ 100 Hz,
m/rtHz

DNacboxybgfptsifo(et’ Tedgess® redgebgfp) = TFitmhr'( =

DNacboxybgfptsifo(et’redgess’redgebgfp) =2.037x 10

— 26
DNacboxyedgeb(et’redgess) =4.71x10

— 25
DNacbngouv(et) =1.389 x 10

- 25
DNacbbgedgebgfp(et’redgebgfp) = 1.396 x 10

DNg(6r) = 2221 x 10 2

9= 10,0.001..05

24

=6.149 x 10

20

Pacboxybgfptsifo(et’ Tedgess: "edgebgfp

psl

25

1x10

DNacboxybgfptsifo( 9% Tedgess® redgebgfp)

DNacbbgedgebgfp(et’ redgebgfp)

DN 0.1
acboxyedgeb( t edgess) 1)(10,25_

DNacbngouv(et)

Ddi(et)

26

1x10
0.01

100

)JO.S'XAQ



Choose value to match to louver scatter Afedgehgf\pv:: 1-10
r = 0,0.000001 .. 0.001 0, = 3-——
~resigessn — V0" S t= '180
1x10~ %4 T T
DNacboxybgfptsifo( 9% Tedgess® redgebgfp)
DNacbbgedgebgfp(et’ redgebgfp)
DN 0,1 T T T
acboxyedgeb( t edgess) 1x10~ 3k _
DNacbngouv(et)
Ddi(et)
1x 10— 26 | |
1x10"° 110" ° 110" %103
Tedgess
—4
Choose value to match to louver scatter redgess =1x 10

Jedgebgfp, = 0>0-000001..0.001



24

1x10~

DNacboxybgfptsifo( Ot: Tedgess® redgebgfp)

- 25
DNacbbgedgebgfp(et’redgebgfp) 1x10

DNacboxyedgeb(et’ redgess)

E'V_apbbglouv(et)

e e — e — - — - — e — e — e — 2]

— 26
1x10” 2%
DNpq(6y) .
1x10~ 2’
110
=110 °
Tedgebgfp = *

OXIDIZED SS BAFFLE

1x10"°

"edgebgfp

BRDF geometric scatter function from baffle bend

/QIA:: 0

exymaxbend

Sboxy(et’ BRDFACBoxy?,) =

- 12
Shoxy( - BRDFACBoxy3) = 1176 x 10

i
Jze(epe

Wifo
arm

Wifo

Xy) Larm

1x10~ %

1x10~

BRDFACBoxy3(fs + 2‘9i(9t’9xy))'ﬁ



Scattered power into IFO from baffle bend

Pacboxybendsifo(et»rbendss) = 'i'Assb(rbendss)'BRDFl(?’O'lO_ G)AQifo'(Sboxy(et’ BRDFACBoxyS))

- 19
Pacboxybendsifo(et’0'001) = 2514 %10

180

s

;= 0,0.001..05 Sidegl &) = 8¢

1x10” 18 T T T

IDacboxybendsifo(et, 0.001)

Pacboxybendsifo(et’lg'%z)9

I:’acboxybendsifo(et’ 0'004)

1x10
0.01 0.1 1 10 100



displacement noise @ 100 Hz,
m/rtHz

DNacboxybend(et’rbendss) = TF;

Jz

0.5
Pacboxybendsifo(et’ rbendss) 2
tmhr’ XxacB = K
I:)psl

- 25
DNacboxybend(et,o.om) = 2.825 x 10

O=10,0.001..05

1x10~ 24 T T T

DNacboxybend(et’ 0'001)

DNacboxybend(et’ 0'002)

DN

acboxybend(et» 0-004)

25 I I I
0.01 0.1 1 10 100

1x10



Power Scattered from the louver portion of baffle

T
BRDF ACBOXy57(2.57.Ej = 0.042

-BRDF1(30~10_ 6)'A9if(

2
B T 1T'Wif0
Pacboxylouvsifo = li-AacB BROFAcBoxys7| 257 700 |

Larm

17

Pachoxylouvsifo = 2:98 x 10

displacement noise @ 100 Hz,

m/rtHz
0 = 3-——
180
p 0.5
acboxylouvsifo 2
DN 0y) = TF; | —— X -—-k
acboxylouv\ ¥t itmhr ACB
Y ( ) ( Ppsl } V2
— 24
DNaCbOXymuv(et) = 4.485 x 10
Scatter from screw heads
number of screw heads Ngp = 48
Screw head area, m"2 Agp = 5.027 x 10 S
Power hitting the screw head, W
A
sh -3
Psp = P0~BRDF1(9pd)~—2 =1.825 x 10
Larm

power scattered by screw head into IFO
mode, W



T W;
ifo
Pspifo(6t:Nsh) = /Nsh-Psh BRDFgh:——--BRDF1 (6)- AQifo
Larm
- 20
Pshifo(Ot-Nsh) = 3-115 x 10
displacement noise @ 100 Hz,
m/rtHz
0.5
Pehifal 05, N
ShIfO( t> sh) 2
DNy (05, Nepy) := TRy po| ————2 | Xpep—-k
sh{¥t>-"Vsh itmhr ACB
( ) [ F)psl J V2
25

DNgpy (6. Ngy) = 1.45 x 10

Total scattered power into IFO from SS ACB

5

redgess =254 x 10

Pacboxytsifo(et’ Tedgess: "bendss> Nsh) = F>acboxyedgebsifo(et’redgess) + F>acboxybendsifo(et’rbendss) +

— 17
Pacboxytsifo(et’ fedgess: "bendss> Nsh) =3.012x 10

total displacement noise @ 100 Hz,
m/rtHz

T

0; .= 3-
M g0

0.5
I3&1(:boxytsifo(et’ Tedgess: "edgess® Nsh) 2
P XACB =

Jz

DNacboxyt(et’ Tedgess: "bendss> Nsh) = TFitmhr I
ps

24

DN ) = 4.489 x 10

acboxyt(et’ fedgess: "bendss> Nsh

5

redgess =254x%x 10

3

rbendss =24x 10



= 10.,0.001..05

110~ 2 T T T
DNacboxyt(ev Tedgess’ "bendss> Nsh)
DN 0
o _a_cboxylouv( t) 110~ 24{ |
DNacboxybend(et’ rbgbend)
DNacboxyedgeb(et’ rssedge)
S —
— 25| i
1x10
(DNsh(et’ Nsh))
1x10” 2 : ' '
0.01 0.1 1 10
etdeg(et)
0 = 3-——
180

Comparison of oxidized SS bafle to mixed baffle with rough-cut BG edge

5

ledgess = 254 x 10

3

rbendss =24x 10

DN O, T 1 -N
acboxyt(t edgess- "bendss Sh) = 11.086

DNacboxybgrtsifo(et’ "edgess® redgebgr)

100



Comparison of oxidized SS bafle to mixed baffle with fire-polish BG edge

DN 6 ’r ,r 3N
acboxyt( t>"edgess> "bendss Sh) = 26.249

DNacboxybgfptsifo(et’ Tedgess® redgebgfp)

Comparison of mixed baffle with fire-polish BG edge to rough-cut BG edge

I:)'\‘acboxybgrtsifo(et’ Tedgess® redgebgr)

DNacboxybgfptsifo(et’ Tedgess® redgebgfp)



Hole






+ Pacbbglouvsifo(et) + desifo(et)

SIS



- 2-ei(et,exy))]2-imz 6 |-co5(6yy) 0Oy
arm




|fp) + Pacbbglouvsifo(et) + desifo(et>






L
Vifo: ~ [Larm (6 - 2-ei(et,exy))]2-—arm2 06 | co5(6y) 0Oy
arm




Pachoxylouvsifo * desifo(et) + F>shifo(et’Nsh)



