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Arm cavity power, W

radius of SS baffle plate edge, m

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

P, = 834174

ledgess = 0002

fhendss = 0-0024

Hp = 0.655

Hy, = 2:0.230 = 0.478

Assbp(redgess) = 2-Tedgess Hp
-3

Assbp(redgess) =2.62x 10

Assb(rbendss) = 2Thendss Hb

-3
Assb(rbendss) = 2294 x 10

BRDF =01

edgess *

-3
BRDde =1-10

-2
BRDFgy, := 5-10

di = 16
NSh = 3di

rpdbc = 0.196

00114
rpd = >

fhd=57x10 3

2
Apd = ﬂ'rpd



i
Agg = 1.021 x 10

Screw head radius (#10), m rgp == -004
2
Screw head area, m"2 Agp 1= TIgp
-5
Agp = 5.027 x 10
laser wavelength, m = 1.064.10" °
T
wave number, m”-1 ki=2—
k = 5.905 x 106
ACB displacement @ 100 HZ, m/rt HZ Xpcp = 1107 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) 0q = If’_



2755.12

BRDF, sr*-1; CSIRO, surface 2, S/IN 2 BRDF(6) :=
8 2 1.23597
(1 + 8.50787-107-6 )
radius of manifold/cryo baffle, m Rervo = 0.769 = 0.385
y 2
height of ledge, m H_ = 0.769 — 0.655 = 0.114
Hl = RnyO - HL =0.271
radius of ACB hole, m lacbhole = 0:172
area of ACB hole, m"2 Ap = “'racbholez = 0.093
Ay, = 0.093
thickness of baffle plate, m t:= 0.047-.0254
B t
maximum width of exposed hole edge, m We -
cos| 33-—
180
Wy = 1423 x 107 °
exposed area of baffle plate hole edge, m”"2
0 0
2 2 2 2
Appe = J 2| Tacbhole — X dX - J' 2'\/racbhole - (X - We) dx
~ Tacbhole ~ TacbholetWe
-4
Abpe =4.897 x 10
(Rcryo
area of manifold/cryo baffle ledge, m"2 AL = J 2- /Rcryoz - H2 dH
Hy
AL =0.043

area of exposed ACB, m"2 ApCB = “'Rcryoz - 2.A, - A_=0236



6

cp
power through the cryopump baffle aperture Pach = Pa-J 2-7-0-BRDF4(6) d6
(hits the arm cavity baffle), W 0
Pach = 14.472
Area of cryopump baf aperture, m"2 Acp = TF-RCpZ = 0.464
: Pach
incident intensity, W/m~2 lj:= —— =31.158
Ac
p
tilt angle of baffle edge, rad O == 1.-= — 0.017
180
exy =0
incident angle, rad ei(et,exy) = acos(cos(exy)-cos(é)t))
input angle range, bend, rad exymaxbend = 57-% = 0.995

180

input angle range, bend, deg exymaxbdeg = exymaxbend'T

=57

T
input angle range, edge rad ) = 60-——
put ang ge, edg Xxymaxedge 180
BRDF #4 Oxidized stainless steel, 3 deg inc.
Reflectivity of baffle surface R=0.02
T
break-over angle, rad 0 :=.8—=10014
180
micro-roughness angle, rad 0o = 10~% = 0.175

max BRDF, sr*-1 BRDFq := 7.5

final slope modifier B:=07



NI
micro-roughness constant Cypi= ————
0,

3
Cppr = 8.678 x 10

large angle BRDF, sr*-1 BRDFg, := 0.03
_ BRDF
BRDF function, sr*-1 BRDFACBOXyS(ei) = —B + BRDFg,
2
(l + Cmr~9i )

BRDF #4 Oxidized stainless steel, 57 deg inc.

Reflectivity of baffle surface R;=.04
T
break-over angle, rad 0, := 06— =0.01
A 180
micro-roughness angle, rad o= 10— = 0.175
180
max BRDF, sr-1 BRREe,= 40
final slope modifier B:=0.95
1
N
micro-roughness constant Crn=
0 2
1

3
Conr=9.797 x 10

large angle BRDF, sr*-1 BRDFg,,,= 0.04
_ BRDF,
BRDF function, sr-1 BRDFACBoxy57(%i) = PE— BRDFg,

2
(1 + Cmr~9i )



back-scatter angle, rad 057 = 2~57-i =199
180
back-scatter BRDF, sr*-1 BRDFACBoxy57(957) = 0.042

180

edeg(ei) = ei-T

Bi=0,0.00001..10-6,

100 T T T T T

10

BRDFACBoxyS(ei)

BRDF AcBoxys57( i)

=

1x10~ 1x10 0.01 0.1 1 10 100

BRDF DLC @ 57 deg inc.

specular reflectivity Rylcs7 = 011
T
break-over angle, rad 0, := 4.—— = 0.07
ST

micro-roughness angle, rad 2= 60~% =1.047



max BRDF, sr™-1 BRDFq ;= 0.02
final slope modifier B=11
, O
micro-roughness constant = —
01
Cpyr = 180.116
-5
large angle BRDF, sr*-1 BRDFga,= 6.5-10
. BRDF,
BRDF function, sr-1 BRDFjc57(6i) = — BRDFg,
2
(1 + le’.ei )
back-scatter angle, rad O = 2.57.L - 1.99
back-scatter BRDF, sr-1 BRDFgc57(657) = 7.952 x 10 S
BRDF DLC 15 deg inc.
specular reflectivity Rylc1s = 0.0076
break-over angle, rad 0, = 1.5-L = 0.026
A 180
micro-roughness angle, rad 2= 60-—— = 1.047
180
max BRDF, sr*-1 RRRE,= 0015
final slope modifier B:=07
1
O
micro-roughness constant C,... =
NAWA 2



3
Cppyr = 2468 x 10

-6
large angle BRDF, sr*-1 BRDFao,= 1.0-10
. BRDF
BRDF function, sr*-1 BRDFdIclS(ei) = — + BRDFg,
2
1+ Cmr'ei )
back-scatter angle, rad 015 = 2~15~L = 0.524
180
back-scatter BRDF, sr’-1 BRDFdIc15(915) —1574x 10
BRDF DLC 5 deg inc.
specular reflectivity Rylcs = 0.0048
™ -3
break-over angle, rad 4= 05— =8727x 10
180
micro-roughness angle, rad Ba,:= 10— - 0.175
180
max BRDF, sr*-1 BRREg= 03
final slope modifier B:=09
O
micro-roughness constant Cppi= ———
0 2
1

4
Cpr = 1523 x 10

large angle BRDF, sr™-1 BRDFga,= 5-10 6



BRDF

BRDF function, sr*-1 BRDFdIcS(ei) = —B + BRDFg,
2
1+ Cmr~9i )
back-scatter angle, rad Og = 2-5-l =0.175
180
back-scatter BRDF, sr-1 BRDFdIcS(QS) =1197 x 10 8
6; := 0,0.0001..10-6, 0, = 0.175
1 T T T T
0.1 B
BRDFd|C5(ei |
BRDFgj15( )
BROFgies7(01) 1,073
110 %
1><1075 | | | |
%103 0.01 0.1 1 10 100

Odegl )

5 BRDFd|C5(65)

BRDFyc = | 15 BRDFgjc15(015)

57 BRDFd|C57(657)



D
BRDFy.

5 Ryics

_|15 R
Rdic* dic15 6 = BRDFy 0
57 Ryic57
Ryc=48x 10 ° Ry e = 4.8x 10
dlcs = +© % oG = O
6x 102 dotg= 76 % 10
Rd|C15 = 7. X 1 R = 7 X 1
Ryles7 = 0-11 Ratoszi= 0-11
0.01 p
1x103——X ‘
\ ,
AN
\ T
\ |
\\ !
K\ !
1x107 4 —
1x10° 1
0 20 40 60



(D
Rdlc

Scatter from photodetectors

0.1

0.01

1x10

20

(0
Rdlc

40



number of photodetector di =16

photoconductor area, m"2 Apd =1.021x 10 4
Power hitting the PD, W
A
- ed -3
Pod = Pg-BRDF{(8q): > = 3706 x 10
Larm
power scattered by photodetector,
into IFO mode, W
Tr-Wif
desifo(et) = /di.de.BRDde- ” -BRDFl(epd)~AQifo
arm
— 22
Podsifo(t) = 7-304 x 10
displacement noise @ 100 Hz,
m/rtHz
0.5
Phdeitol ©
pd3|fo( t) 2
DNpd(6t) = TFitmhr| =5 — | XAacB =K
P ( ) I:’psl V2
— 26
DNpq(6r) = 2:221 x 10
Scatter from screw heads
number of screw heads Ngp, = 48
-5
Screw head area, m"2 Agp = 5.027 x 10
Power hitting the screw head, W
A
sh -3
Pgp = PO-BRDFl(epd)~—2 =1.825 x 10
Larm

power scattered by screw head into IFO



mode, W

TWifg
” "BRDF4(64)- AQ;g,

Pshifo(Bt-Nsh) = \[NshPshBRDFgp:
Larm

- 20
Pshifo(Bt-Nsh) = 3-115 x 10

displacement noise @ 100 Hz,
m/rtHz

0.5

(9 ) TE. shifo(et’Nsh) « 2 K

Ngh(9t-Nsh) = TFitmnr “ACB 5~
s itmhr Ppsl \/E

DNgp (64 Ngy) = 1.45 x 10 2

OXIDIZED SS BAFFLE

Scatter from oxy SS baffle hole edge

BRDF geometric scatter function from baffle hole edge

6i( O Oy = acos{cos(Byy )-cos(0y))

ﬂexymaxbend
ifi
2: 9 Gt, I 0
[ Larm
SboXY(et’ BRDFACBOXyS) = | BRDFACBOX)’3(65 * Z'Oi(et’exy))'\/;
I
J ifo
2. 9 et,
L arm
“0

-13
Spoxy(8t- BRDFACBoxy3) = 7-008 x 10

Scattered power into IFO from baffle hole edge

Pacboxyholesifo(et) = 'i'Abpe'BRDF1(3O'1O_ 6)'AQifo'(Sboxy(et’BRDFACBoxyS))



20

Pacboxyholesifo(et) = 3.651 x 10

displacement noise @ 100 Hz,

m/rtHz
0.5
P (0
acboxyholesﬁo( t) 2
DN 6;) = TF; . -X —-k
achoxyhole\“t) - itmhr ACB
Y ( ) ( I:)psl \/E
— 25
DNacboxyhoIe(et) =157x10
Scatter from SS center plate edge
power incident on SS center plate edge, W
Pitmbafpedgess = Ii'Assbp(redgess)
Pitmbafpedgess = 0.082
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
Larm
P 0 —7881x 10 °
acboxyedgebsifo( t’redgess) - x
displacement noise @ 100 Hz,
m/rtHz
0.5
. Pacboxyedgebsifo(et’ redgess) 2
DNacboxyedgeb(et’redgess) = TFitmhr = XacB =K
psl \/E

- 25
DNacboxyedgeb(et’redgess) = 7.294 %10

Scatter from oxy SS center baffle bend



BRDF geometric scatter function from oxy SS baffle bend

WGt,eXy) = acos(cos(exy)-cos(et))

Pexymaxbend r W
(2 e et’ ) ifo
rm

Sboxyl Ot-BRDFACBoxy3) = i BRDFACBoxy3(%s + Z'Oi(et’exy))'\/;
J Wifo
2:6{(6, By )—— -
.;0 L arm
13

Sphoxy( 8 BRDFACBoxy3) = 7-008 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> =7.128x 10
displacement noise @ 100 Hz,
m/rtHz
0 0.5
acboxybendsifo( t’rbendss) 2
acboxybend(et’rbendss) = TFitmhr XACB =K
IDpsl \/E

— 25
DNacboxybend(et,O-OOI) =2.194 x 10

Power Scattered from the oxy SS louver portion of baffle

T
BRDF ACBOXy57(2.57.Ej = 0.042

. ) ™ Wifo ( -e)
Pacboxylouvsifo = li-AacB BRDFACBoxys7| 257 7o5 | , BRDF1130-10 J- A
L
arm



17

Pachoxylouvsifo = 2:999 x 10

displacement noise @ 100 Hz,
m/rtHz

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

psl \/E

24

DN (et) =447 x 10

achoxylouv

Total scattered power into IFO from oxy SS ACB

Pacboxytsifo(et’ Tedgess: 'bendss> Nsh) = I:>z';1<:boxyedgebsifo(et’redgess) + IDacboxybendsifo(et’rbendss) +

— 17
Pacboxytsifo(et’ Tedgess: 'bendss> Nsh) = 3.062 x 10
y :=0.0001,0.00011..0.01
~REIGeSSA
1x10” 1° |
(Pacboxytsifo(et’ Tedgess: "bendss- Nsh) )17
1x10 “ -
I:’acboxyedgebsifo(et’ redgess) JPPT
~18 T
Pacboxybendsifo(et’ rbendss) 1x10 * Jtons 7
Pacboxylouvsifo 19 = gt
—-- w10 T .
Pacboxyholesifo(et) N,
desifo(et) 110 2% .
Pshifol Ot Nsh) ”
- 1x10 " 2T
1x10~ % :
1x10”* 1x10~ 2 0.01



fedgess = 0-002

Note: the SS edge scatter does not dominate for edge radius < 0.003 m

total displacement noise @ 100 Hz,

m/rtHz

DNacboxyt(et’ Tedgess: 'bendss> Nsh) = TFitmhr (

DNacboxyt(et’

DLC_SS BAFFLE

Tedgess: 'bendss> Nsh)

= 4544 x 10

Scatter from DLC SS baffle hole edge

0.5
acboxytsifo(et’ Tedgess: "edgess® Nsh) 2
XACB

<k
P V2

psl

BRDF geometric scatter function from baffle hole edge

@det,exy) = acos(cos(exy)cos(et))

Spaic(8t- BRDFcs) =

Spdc( 8t BRDFjc5) = 2.766 x 10

Scattered power into IFO from baffle hole edge

"exymaxbend

(2 0;(6, 0

|
|
J2 0;(6y, O

-15

|f0
arm >
BRDFdIcS(es + Z'Gi(et’exy))'\l Wifo ~ [Larr
ifo
arm

Pachdicholesifo( ®t) = 'i'Abpe'BRDFl(SO'lo_ 6)'AQifo'(delc(9t’BRDFdICS))

Pacbdicholesifo

(6r) = 1441 x 10

22

displacement noise @ 100 Hz,

m/rtHz



0.5
P i (0
acbdlcholesﬁo( t) 2
DNacdechoIe(et) = TFitmhr{ J

X —.k
ACB
Ppsl V2

- 27
DNacdechoIe(et) =9.864 x 10

Scatter from DLC-SS center plate edge

BRDF geometric scatter function from DLC-SS center plate edge

"exymaxbend r Wi
(6]
(2. ei(et, exy)4L—'
arm
Sedlc(®t BRDF gjcs) = I BRDF y1c5(05 + 2:6;(6. 6 )) /Wifoz ~[Lan
oo o 1
z-ei(et,exy)—l_—'o
L arm

-15
Sedlic(8t» BRDFjcs) = 2.766 x 10

Scattered power into IFO from DLC-SSbaffle center plate edge

-3
redgess =2x10

Pacbdlcedgebsifo(et’ redgess) = 'i'Assbp(redgess)'BRDF1(30'10_ 6)'Aﬂif0'(sedlc(9t’ BRDFdIcS))

— 22
Pacbdlcedgebsifo(et’ redgess) =7.711 x 10
displacement noise @ 100 Hz,
m/rtHz
0.5
_ IDacbdlcedgebsifo[et’ (redgess)] 2
DNacdecedge[et’(redgess):l = TFitmhr = XacB =K
psl \/E



DNacdecedge[et’(redgess)] — 2282 x 107 2

Scatter from DLC-SS baffle bend

BRDF geometric scatter function from DLC-SS baffle bend

"exymaxbend r Wi
[1¢]
(2. 0;( 0. exy)+L—
arm
@bdl«z(et’BRDFdlcS) = | BRDFdIcS(es + Z'Gi(et’exy))'\l Wifo2 - [Larr
|
J2.ei(et, Ory)- - o
arm
J O -
15

Spdic(8t- BRDFjc5) = 2.766 x 10

Scattered power into IFO from DLC-SS baffle bend

Pachdicbendsifo( ®t fbendss) = 'i'Assb(rbendss)'BRDFl(SO'lo_ 6)'AQifo'(delc(et’ BRDFc5))

— 22
Pacbdlcbendsifo(et’0'001) = 2.814 x 10
displacement noise @ 100 Hz,
m/rtHz
0.5
P i (01, 11
acbdlcbendsﬁo( t bendss) 2
DNacdecbend(et’rbendss) = TFitmhr XaCB =K
Ppsl \/E

— 26
DNacdecbend(etaO-Om) =1.378 x 10

Power Scattered from the DLC-SS louver portion of baffle

s -5
BRDFdIcS?(Z'STE) =7.952 x 10



BROF(301079)- a0y,

2
) ™ Wifo

Pacbdlclouvsifo(et) = Ii'AACB'BRDFdIc57(2'57'E)'
L

arm
- 20
Pacbdlclouvsifo(et) =5.636 x 10
displacement noise @ 100 Hz,
m/rtHz
0.5
P e (0
acbdlclouvmfo( t) 2
DN 0;) := TFp 1 Xacp — -k
achdlclouvi ¥t itmhr ACB
( ) { ppsl j V2
25

DNacdecIouv(et) = 1.951 x 10

Total scattered power into IFO from DLC-SS ACB

Pacbdlctsifo(et’redgess’rbendss’ Nsh) = Pacbdlcedgebsifo(et’redgess) + I:)acbdlcbendsifo(et’rbendss) + Py

— 20
Pacbdlctsifo(et’redgess’rbendss’ NSh) =8.983x 10

Tilt the baffle so that edge scatter does not dominate

180
Otdeg(®t) = M-

8= 0,0001..0.1



19

1x10
(Pacbdlctsifo(et’ Tedgess’ "bendss: Nsh))
I:’acbdlcedgebsifo(et’ redgess.) 1x10~ 200
Pacbdlcbendsifo(9t> rbendss)
Pacbdlclouvsifo(et) o
- 1x10 T
Pacbdlcholus*sifo(et)
desifo(et)
_____ 1x10”
Pshﬁo(9t=Nsh)

1x10” 22

0.01

etdeg(et)

Note: the edge scatter does not dominate for tilt angles >1 deg

0y = 0.052
Fedgessi= 0.001,0.002..0.01
1x10 1
(Pacbdlctsifo(et’ Tedgess’ "bendss: Nsh))
I:’acbdlcedgebsifo(et’ redgess.) 110~ 200
Pacbdlcbendsifo(9t> rbendss)
Pacbdlclouvsifo(et) o
- >0
Pacbdlcholesifo(et)
desifo(et) |-
_____ 1x10”
Pshﬁo(9t=Nsh)
1x10 2
1x10" 3

0.01



fedgess = 0002

Note: the DLC edge scatter does not dominate for edge radius < 0.01 m

total displacement noise @ 100 Hz,
m/rtHz

6, = 0.052

-3
redgess =2x10

FJacbdlctsifo(et’redgess’rbendss.’Nsh) oo 2
DNacdect(et’ Tedgess: 'bendss> Nsh) = TFitmhr "XACB’

Ppsl

/z

— 25
DNacdect(et»redgess’rbendss’ Nsh) =245x10

Comparison of DLC coated SS to oxidized SS baffle

I:)Nacboxyt(at’ Tedgess- "bendss> Nsh)
DNacdect(et’ Tedgess: "bendss> Nsh)

= 18.539



Edge



L
Vito: ~ [Larm (6 - 2-ei(et,exy))]2-—arm2 06 -cos(6,., ) dy,
Larm




L
vifo2 - [Larm'(es - 2'ei(et’exy)ﬂz'im2 des 'COS(OXY) deXy
arm




Pachoxylouvsifo * desifo(et) + IDshifo(et’Nsh) + IDacboxyholesifo(et)



(8~ 2:6(6p. 8, ) ]| — d6|-cos(6) dOy
Larm

N
w




L
(05— 2:6;(6. exy))]z.imz 06 |-cos(B,,,) d6,.,
arm




L
(65— 2:0;(6. exy))f-imz 06 |-cos(B,,,) db,.,
arm




led|C|OUVSifO(9t) + desifo(et) + Pshifo(et’Nsh) + F>acbdlcholesifo(et)






