T1300716-v1 ACB Multi-AR coating on SS
8/27/13

SS Center Plate Edge

Baffle Plate Hole Edge

Baffle Plate Bend Edge

Cryo Baffle

Opening
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SO

Arm cavity power, W P, := 840000

radius of SS baffle edge, m ess = 0.00005

Tedg




radius of SS baffle bend, m

length of baffle plate edge, m

length of baffle bend, m

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

Frontal area of SS baffle bend edge, m”2

BRDF of SS cut 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

photoconductor area, m"2

Screw head radius (#10), m

fhendss = 0-0024

Hp = 0.655

Hy, = 2:0.230 = 0.478

Assbp(redgess) = 2-Tedgess Hp
-5

Assbp(redgess) = 6.55x 10

Assb(rbendss) = 2Thendss Hb

-3
Assb(rbendss) = 2294 x 10

BRDFgggess = 0-1

-3
BRDde =1-10

—2
BRDFgy, := 5-10

di =16
NSh = 3di
rpdbc = 0.196

00114
rpd = >

fhd=57x 10 3
2
Apd = ﬂ'rpd

—4
Apg = 1,021 x 10

gp = 004



Screw head area, m"2 Ash = "”shz

Agp = 5.027 x 10 >

laser wavelength, m X = 1.064-10 °
T

wave number, m”-1 ki=2—

k = 5.905 x 106
ACB displacement @ 100 HZ, m/rt HZ XACB = 1.10 12
IFO waist size, m Wifo == 0.012

N 9
solid angle of IFO mode, sr AQjtg = 5 = 2502 x 10
TWifo
Transfer function @ 100 Hz, ITM HR TFiympr = 1.1:10° o
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 ch = 0.3845
. ch
half-angle from centerline to Rcp, rad Ocp =
Larm

half-angle from centerline to Rcp, rad Modbe
(see ACB_PD_scatter 8-29-12) Opg = If’_



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

Area of cryopump baf aperture, m”"2

incident intensity, W/m”2

tilt angle of baffle edge, rad

2755.12

BRDF(0) :=
1(6) 1.23597
?)

(1 + 8.50787.10%6

0.769
Rcryo = —2 =0.385
H_:=0.769 — 0.655 = 0.114

Hy = Reryo — HL = 0.271

racbhole = 0.172

2
Ap = TTachhole = 0-093

A, = 0.093
f‘Rcryo > >
AL = J 2. /Rcryo — HdH
Hy
A| =0.043

2
AACB = ’Tr'RcryO - 2Ah - AL = 0.236

6

cp
Pacp = Pa-J 2.7r-6-BRDF 4 (6) d6
0
Pacp = 14.573
Acp = TRy = 0.464
ep = T™Rep = 0.46
Pacb
lj = —= ~ 31376
cp
0 = 3-—— = 0.052
180



Oy, :=0

Xy
incident angle, rad ei(et,exy) = acos(cos(exy)cos(et))
input angle range, bend, rad exymaxbend = 57»% = 0.995
. 180
input angle range, bend, deg exymaxbdeg = exymaxbend'_ =57
T
. T
input angle range, edge rad 0 = 60-—
Xymaxedge 180

BRDF #4 Oxidized stainless steel, 3 deg inc.

Reflectivity of baffle surface R=002

break-over angle, rad 01 = .8-l = 0.014

micro-roughness angle, rad 0y = 10— - 0.175

180
max BRDF, sr™-1 BRDFg:= 7.5
final slope modifier B:=07
1
NOR
micro-roughness constant Cr =
0,°
Cipr = 8.678 x 103
large angle BRDF, sr*-1 BRDFg, := 0.03
. BRDF
BRDF function, sr-1 BRDFACBoxyS(ei) = PE— + BRDFg
2
(1 + Crnr 6 )

BRDF #4 Oxidized stainless steel, 57 deg inc.

Reflectivity of baffle surface .04

=



break-over angle, rad 0, .= 0.6.—— = 0.01
A 180
micro-roughness angle, rad o= 10— - 0.175
180
max BRDF, sr-1 BRREa= 40
final slope modifier B:=0.95
1
, NORS
micro-roughness constant Con= >
0
1

3
Cyp = 9797 x 10

large angle BRDF, sr*-1 BRDF g2~ 0.04
. BRDF,
BRDF function, sr-1 BRDFACBoxy57(%i) = — BRDF,
(1 ‘ cmr-eiz)
back-scatter angle, rad 057 = 2~57~L =1.99
180
back-scatter BRDF, sr™-1 BRDFACBoxy57(957) =0.042
180

9i:=0.,0.00001 .. 10-6,



100

1017

BRDF ACBoxy3| i)

BRDFAcgoxys7( i)

0.1

0.01
1x10~

BRDF Multi-AR 57 deg inc.

specular reflectivity

break-over angle, rad

micro-roughness angle, rad

max BRDF, sr-1

final slope modifier

micro-roughness constant

1x10~ 0.01 0.1

5

10

’Tr —
0, := 0.05-—— = 8.727 x 10
A 180

T
0, := 20-—— = 0.349
AR 180

BRDFEg,:= 2000

B:=17

4

100



5
Cyr=1661x10

large angle BRDF, sr*-1 BRDFgo,= 3:10 6
BRDF
BRDF function, sr™-1 BRDFaRs7(9i) = — 5 BRDFg
2
(1 + Cpr 6 )
back-scatter angle, rad »QBZN:: 2-57-% =1.99
back-scatter BRDF, sr™-1 BRDF, AR57(657) —3.025x 10 °
BRDF multi-AR 15 deg inc.
specular reflectivity RmAR15 = 0.08
T — 4
break-over angle, rad Ba.= 0.0l?-a = 2.967 x 10
micro-roughness angle, rad o= ZO-% = 0.349
max BRDF, sr-1 RRRGo,= 5000
final slope modifier B:=16
NOR
micro-roughness constant Cr=————
2
0
1

6
Cinr = 6.159 x 10

-7
large angle BRDF, sr*-1 BRDFg,= 9-10



BRDF,

BRDF function, sr-1 BRDFaR15(9)) = — BRDFg
2
(1 + Cmr'ei )
back-scatter angle, rad 045 = 2~15~% = 0.524
back-scatter BRDF, sr*-1 BRDF AR15(915) ~ 1443 x 10 °

BRDF multi-AR 3 deg inc.

specular reflectivity RmAR3 = 0.09
™ -4
break-over angle, rad o= 0.04-E =6.981 x 10
micro-roughness angle, rad Ba,:= 20~% = 0.349
max BRDF, sr*-1 RRRK, = 2500
final slope modifier B:=16
NORS
micro-roughness constant C =—=
9 AR 5
01
C, .= 1112 x 10°
mr = +4e X
-6
large angle BRDF, sr*-1 BRDFgo,= 2-10
BRDF,
BRDF function, sr-1 BRDFmAR3(9i) = —B + BRDFg;
2
1+ Cmr-ei )

back-scatter angle, rad 05 = 2-3~1l = 0.105



back-scatter BRDF, sr*-1

180

queg(ei) = ei.T

6; := 0,0.00001 .. =
2

1x10%
1x10°
100

10

BRDF Summary

back-scatter BRDF, sr*-1

BRDFaR3(83) = 7-26 x 10~

4

BRDFaR3(83) = 7-26 < 10~
BRDFaR15(015) = 1443 x 10

BRDFaR57(657) = 3.025 x 10

3

01 1 10
Odeg| i)
4
6
6
BRDFaR3(®3)  BRDFmaR3(%3)

100

BRDF := | 15 BRDFyyaR15(015) BRDFyaR15(015)
57 BRDFpaRs57(957) BRDFpaRs7(f57)



(o

incident angle Oinc = BRDF
3
Oinc = 15
57
back-scatter BRDF BRDF = BRDF<1>
mARbscat -~
7.26% 104
BRDFnARbscat = | 1.443 x 107 °
6

3.025 x 10



BRDFmARbscat
ooo

BRDFmARbscat

Reflectance Summary

1x10°°

N ik
\ |
\ Il
\ |
\ |
o\ :
1x10 \ i
\\ |
\ T
\ I
\ 1
\\ |
1x107° \ 1
\ |
\ \
\ |
\ .
\ — 7
b— |
1x10° ‘
0 20 40 60
Oinc
RmaRg = 0.09
RmAR1s = 0.08
(7810419710 4+ 811079
RmAR25 = 3
4

—4

-5

-5



Reflectance

incident angle

ReflectanceDF

RmAR =

3 RmarR3 RmaRs
15 Rmar15 RmAR15
25 Rmar2s RmAr2s
35 RmaR3s RmAR3s
57 RmaRs7 RmARs7

70 RmaR70 RmAR70

(@

Oinc = RmAR

15
25
inc ™| 3
57
70

RmAR =

/N
0.09
0.08

8533 x 10

1.06x 10”4

26x 10 °

5

21x 10
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Scatter from photodetectors
number of photodetector di =16
photoconductor area, m”2 Apd =1.021x 10 4
Power hitting the PD, W
A
- _pd -3
Pod = Pg-BRDF{(8) > = 3706 x 10
Larm
power scattered by photodetector,
into IFO mode, W
. T Wifo
desifo(et) = [NpdPpd BRDF g ” -BRDFl(epd)~AQifo
arm

displacement noise @ 100 Hz,

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



m/rtHz

0.5
Phdeitol ©
pd3|fo( t) 2
DNpd(®t) = TFitmhr| — 5 — | XacB =K
P ( ) I:’psl V2
— 26
DNpq(6r) = 2:221 x 10
Scatter from screw heads
number of screw heads Ngp, = 48
Screw head area, m"2 Agp =5.027 x 10 °
Power hitting the screw head, W
A
sh -3
Pp = PO-BRDFl(epd)~—2 =1.825 x 10
Larm
power scattered by screw head into IFO
mode, W
T Wifq
Pshifo(et,Nsh,BRDFSh) = [Ngh-Psh-BRDFgp- > -BRDFl(epd)-AQifo
L
arm

— 20
Pehifol 6. Nsp- BRDFgp) = 3.115 x 10

displacement noise @ 100 Hz,
m/rtHz

2
XacB =K

DNgp(6¢. Ngh, BRDFg) := TF; G

0.5
F’shifo(et’ Ngp> BRDFsh)
itmhr’

Ppsl

- 25
DNgp(6¢. Ngy, BRDFgpy) = 1.45 x 10

OXIDIZED SS BAFFLE



Scatter from oxy SS center plate edge
power incident on SS center plate edge, W

-5
redgess =5x10

Pitmbafpedgess = Ii'Assbp(redgess)

3

Pitmbafpedgess = 2.055 x 10

Scattered power into IFO from oxy SS center plate edge

2
. T Wifo ( - 6)
Pacboxyedgebsifo(et’redgess) = Ii'Assbp(redgess)'BRDFedgess' ) -BRDF130-10 ) AQ;g4
L
arm

displacement noise @ 100 Hz,
m/rtHz

Pacboxyedgebsifo(et’ redgess) oo 2
DNacboxyedgeb(et’redgess) = TFitmhr = XacB =K

Jz

psl

- 25
DNacboxyedgeb(et,fedgess) =1.157 x 10

BRDF geometric scatter function from oxy baffle bend
incident angle, rad

0, = 0.052

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



Pexymaxbend r

Spoxy( 8- BRDFACBoxy3) = BRDFACBoxy3(fs + 2:6i(8r exy))'\/;

- 13
Shoxy( 8 BRDFACBoxy3) = 5529 x 10

Scattered power into IFO from oxy SS baffle bend

Pacboxybendsifo(et’ rbendss) = Ii'Assb(rbendss.)' BRDF1(3O'1O_ 6)'AQifo'<Sboxy(9t> BRDFACBoxys))

— 20
Pacboxybendsifo(et’0'001> = 5.663 x 10
displacement noise @ 100 Hz,
m/rtHz
T
0; = 3-—
M 180
0.5
) Pacboxybendsifo(et’ rbendss) 2
DNacboxybend(et’rbendss) = TFitmhr = XACB =K
psl \/E
25

DNacboxybend(et,O-OOI) = 1.955 x 10

Power Scattered from the louver portion of baffle

T
BRDF ACBOXy57(2.57.Ej = 0.042

2
. ) ™ Wifo ( -e)
Pacboxylouvsifo = li-AacB BRDFACBoxys7| 257 7o5 | ‘BRDF1(30-10 ) AQ;g,

Larm



17

Pachoxylouvsifo = 2:98 x 10

displacement noise @ 100 Hz,
m/rtHz

psl \/E

0.5
P .
acboxylouvsifo 2
DNacboxonuv(et) = TFitmhr'( = ] XacB =K

24

DN (6) = 4.485 x 10

achoxylouv

Total scattered power into IFO from oxy SS ACB
Pacboxytsifo(et’redgess’rbendss’’\Ish’BRDFsh) = Pacboxyedgebsifo(et’redgess) + Pacboxybendsifo(et’rb

— 17
Pacboxytsifo(et’ fedgess: "bendss> Nsh> BRD':sh) =2.999 x 10

Vedgess= 0.0001,0.00011 .. 0.01



16

1x10 " T
(Pacboxytsifo(et’ Tedgess’ "bendss’ Nsh> BRPxFﬂlﬁ )7— .
Pacboxyedgebsifo(et’ redgess) - )
_____ —18 - i
1x10 S
Pacboxybendsifo(et’ rbendss) ety
—19[— _,,»"—’ .
Pachoxylouvsifo 1x10 PPt
Poaaico(®)
dsifol 't _
p ( ) 1x10~ 2% -
Pshifo( Ot Nsh- BRDFgp)
1x10 2 s
1x10” %2 :
—4 -3
1x10 1x10 0.01
Tedgess
-5
redgess =5x10
Note: the louver scatter dominates for oxy SS surface with edge radius < 0.003 m
total displacement noise @ 100 Hz,
m/rtHz
BRDF;

DNacboxyt(et’ fedgess® 'bendss> Nsh> BRDI:sh) = TFitmhr o
ps

24
DNacboxyt(et’ fedgess® 'bendss> Nsh> BRDFsh) = 4.489 x 10

Multi-AR_SS BAFFLE

Scatter from mAR-SS center plate edge

BRDF geometric scatter function from mAR-SS center plate edge

( Pacboxytsifo(et’ Tedgess: "edgess® Nsh>



incident angle, rad

6; = 0.052

0i(6r. 6xy) = 0.052

SpmAR(6t: BRDFmaR3) =

"exymaxbend

SpmAR(6t:BRDFmaR3) = 7

858 x 10

17

i Wifo
Fei( 0. exy)aL—
arm
| BRDF, AR3(95 + 2-ei(et,exy))- /wifoz
|
Wit
J 2.6,(6;. exy)—L—'o
L arm

Scattered power into IFO from mAR-SSbaffle center plate edge

-5
Tedgess = ° % 10

PacbmARedgebsifo(et’redgess) = Ii'Assbp(redgess)'BRDFl(?’O'lO_ 6)'A9ifo'(8bmAR(et’ BRDFmARS))

PacbmARedgebsifo(et’redgess) =5514x 10

displacement noise @ 100 Hz,

m/rtHz

DNacbmARbend[et’(redgess)] = TFitmhr

DNacbmARbend[et’(redgess)] =6.101 x 10

25

28

0.5
PacbmARedgebsifo[et’ (redgess)] 2
5 XacB =K
psl \/E



BRDF geometric scatter function from mAR-SS baffle bend
incident angle, rad

6; = 0.052

0i(6r. 6xy) = 0.052

"exymaxbend r Wi
110
[2-ei(et, exy)aL—
arm
Met»BRDFmARS) = | BRDFmARS(es + 2'9i(9t’9xy))'\l Wifo2
|
Wi
) 2.6,(6;. exy)—L—'o
J, L arm
17

SpmAR(6t: BRDFpaR3) = 7.858 x 10~

Scattered power into IFO from mAR-SS baffle bend

PacbmARbendsifo(et’rbendss) = 'i'Assb(rbendss)'BRDFl(?’O'lO_ G)AQifo'(SbmAR(et’ BRDFmARS))

- 23
PacbmARbendsifo(et»rbendss) =1.931x 10

displacement noise @ 100 Hz,
m/rtHz

2
XacB =K

0.5
PacbmARbendsifo(et’ rbendss)}
2

%@W\bend(et’ rbendss) = TFitmhr'( =

psl

- 21
DNachbmARbend|( 8- 0-001) = 2.331 x 10

Power Scattered from the mAR-SS louver portion of baffle



™ -6
BRDFmAR57(2'57'Tgo) = 3.025 x 10

2
7\ ™Wifo -6
PacbmARIouvsifo(et) = 'i'AACB'BRDFmAR57(2'57'E)' 'BRDF1(30'10 )'AQ

Larm

—21
PacbmARIouvsifo(et) = 2159 x 10

displacement noise @ 100 Hz,
m/rtHz

PacbmARIouvsifo(et) oo 2
DNacbmARIouv(et) = TFitmhr

5% —.k
ACB
Pps| V2

— 26
DNacbmARIouv(et) =3.818 x 10

Total scattered power into IFO from mAR-SS ACB

PacbmARtsifo(et’redgess’rbendss’’\lsh’BRDFsh) = PacbmARedgebsifo(et’redgess) + PacbmARbendsifo(

- 20
PacbmARtsifo(et’ fedgess: "bendss> Nsh> BRDFsh) = 3.406 x 10

-5
redgess =5x 10

—21
PacbmARIouvsifo(et) = 2159 x 10

PacbmARedgebsifo(et’redgess) =0



Reduce reduce screw head BRDF so that louver dominates the scatter

BRDFE .= 0.003

Tilt the baffle so that edge scatter does not dominate

180
Otdeg(®t) = M-

= 0,0001..0.1

~19
1x10 T q.3 T
|
|
(PacbmARtsifo(et’ Tedgess> "bendss> Nsh> BRBE@]?)ZO— ‘ —
—_— |
|
PacbmARedgebsifo(et’ redgess) ’1 ST TR T T T T
""" 1x10” hNE ; —
I:’acbmARbendsifo(et’ rbendss) AN
N |
-22| N B
PacbmARIouvsifo(et) 1x10 N
o Y
Poeifo( © BN
dsifol V't . ! N
p ( ) 1x10~ 23 | . _
| N\
Pshifo(et’ Ngp BRDI:sh) ; S
1x10” 24 3 . i
:
|
1x10” 2 ' ‘ '
0.01 0.1 1
etdeg(et)

Note: the edge scatter does not dominate for tilt angles >0.3 deg

0, := 0.052

Ordeg(O) = 2.979

10



BRDF),= 0.0001,0.00011..0.01

1x10~ % . —~ =
"""
e e e
(PacbmARtsifo(et’ Tedgess® "bendss’ Nsh> BRlDFng))zl et
_ X - - | —
- |
I:’acbmARedgebsifo(et’ redgess) =T |
'''' Pl |
-7 |
PacbmARbendsifo(et’ rbendss) 110 22 T | -
|
|
PacbmARIouvsifo(et) !
- wel | i
desifo(et) 1x10 |
|
|
Pshifol Ot Nsh» BRDFgp) o |
_____ x10 " T : 1
___________________________________ A
1
|
1x10” % ! ‘
—4 -3
1x10 1x10 0.01
BRDFSh

BRDF, := 0.003

Note: the screw head BRDF must be < 0.003 sr*-1 for louver scatter to dominate

total displacement noise @ 100 Hz,
m/rtHz

6, = 0.052

-5
redgess =5x10

-3
BRDF, = 3 x 10

DNacbmARt(et’ fedgess: "bendss> Nsh> BRDFSh) = TF;

PacbmARtsifo(et’ Tedgess: bendss> Nsh» BRD
tmhr’ P

psl

— 26
DNacbmARt(Gt’redgess’rbendss’ Ngp> BRDFSh) =1568x 10



Comparison of mAR coated SS to oxidized SS bafle

DNacboxyt(et’ Tedgess: Mbendss> Nsh> BRDFsh)

= 79.004
I:)NacbmARt(et’ Tedgess- "bendss> Ngp» BRDFsh)
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Vif02 - [Larm'(es - 2.ei(et,exy))]2-

L
IR ALY
2

arm

S

: COS( 0

x)

ae

Xy



»endss) + Pachoxylouvsifo * desifo(et) + Pshifo(et’’\lsh’BRDFsh)



)j

2 "
'XACB'T



- [larm (B = 2:64(8. 0y )] - 06 -cos{,) a0y
Larm




~[Larm (8 - 2-ei(et,exy))]2-im2 065 -cos( B, ) d6y,,
Larm




'ifo

9t’rbendss) + IDacbmARIouvsifo(et) + desifo(et) + Pshifo(et’’\lsh’BRDFsh)
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