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Displacement noise requirement @ 100 Hz, m/rt Hz Dreq =1.10 21
Motion of manifold @ 100 Hz, m/rt Hz Xmanifold = 8-10 1
ITM Elliptical Baffle displacement @ Xitmellbaf = 1-10 12
100 Hz, m/rtHz
ACB displacement @ 100 Hz, m/rtHz Xacp = 110 12
IS| optical table displacement @ 100 X|g| = 310 14
Hz, m/rtHz
Transfer function @ 100 Hz, ITM AR TFitmar == 316.10 L
Transfer function @ 100 Hz, BS from SR TFqrps = 4.46-10 1
BRDF of BD, sr-1 BRDFy := 0.030
BRDF of oxidized un-polished steel, BRDFoxiunpoIish = 0.03
sr-1
BRDF of chamber wall, sr*-1 BRDFyq == 0.1
BRDF of ITM SUS frame @ BRDFjimsus = 1
normal incidence, sr*-1
laser wavelength, m X\ := 1.064-10" °

T
wave number, m”-1 k:=2—

N
ITM beam radius, m Witm = 0.053168

see T0O70303 with arm cavity gain = 13000
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Ref. T070247

Transmissivity of ITM HR Titmnr == 0.0140
input laser power, W Pps| =125
arm cavity gain G = 13000

o bl

arm cavity power, W

Ref. Hiro e-mail 8/29/11

3 Pa'Titmhr

power in power recycling cavity Prea =
4

arm, W

3
Preg = 2.844 x 10

radius of ITM, m litm := 0.170

hemispherical scattering loss fraction aTp = 10x 10
TM wide angle(ref: T070089)

see TO70303 with arm cavity gain = 13000

The following data comes from ZEMAX Lambertian scatter sensor data; see
/ALIGO/SLC/BS scatter power summary.xIsx

SCATTER PATH LENGTH

distance from BSAR to ITM ELL '—itmellpl = 0.887
BAF PLATE1, m
distance from BSAR to ITM ELL '—itmellpz = 0.912

BAF PLATE2, m
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distance from BSAR to ITM ELL LitmeIIpS = 0.912
BAF PLATE3, m

distance from BSAR to BSAR ELL Lpgen == 0.14

BAF PLATE, m

distance from BSAR to BSC spool Lbsospoolx = 1.699
+X, m

distance from BSAR to BSC Lbscsflngx = 1.802
flange +X, m

distance from BSAR to spool Lbscspoolbscz 3= 2.508
BSC2-BSC3, m -
distance from BSAR to BSC Lbsospooly = 1.403
spool -Y, m

distance from BSAR to BSC Lbscsflngy = 1.423
flange -Y, m

distance from BSAR to BSC2 Lbsccyl = 1.282
cylinder, m

distance from BSAR to BSC2 top, Lbsctop = 1717

m

distance from BSAR to BSC2 Lpschot := 1.497
bottom, m

distance from BSAR to HAM4/MC Lhamame = 1.905
tube, m

distance from BSAR to ITM middle Litmframe = 4714
frame, m

distance from BSAR to ITM SUS Litmsusring = 4,739
ring, m

distance from BSAR to ACB Lacbp6 = 5.87
Plate6, m

distance from BSAR to WIDE ANGLE Lwidbot := 289
BAF BOTTOM LEDGE ITMX, m

distance from BSAR to WIDE Lwidside := 59

ANGLE BAF side ITMX, m



BS INCIDENT ANGLE

incident angle from BSAR to
ELL BAF PLATEL1, rad

incident angle from BSAR to
ELL BAF PLATE2, rad

incident angle from BSAR to
ELL BAF PLATES3, rad

incident angle from BSAR to
BSAR ELL BAF PLATE, rad

incident angle from BSAR to
spool +X, rad

incident angle from BSAR to
flange +X, rad

incident angle from BSAR to
BSC2-BSC3, rad

incident angle from BSAR to
spool -Y, rad

incident angle from BSAR to
flange -Y, rad

incident angle from BSAR to
BSC2 cylinder, rad

incident angle from BSAR to
BSC2 top, rad

incident angle from BSAR to
BSC2 bottom, rad

incident angle from BSAR to
HAM4/MC tube, rad

incident angle from BSAR to
middle frame, rad

incident angle from BSAR to
SUS ring, rad

™

™

™

BSC

BSC

spool

BSC

BSC

™

™
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Oitmellp1 :

Oitmellp2 = 1.02

Oitmellp3 = 1.02

Opserr = 133

Obscspoolx = ~0-17

Opscsfingx = —0-26

Obscspoolbsc2_3 = —045

Obscspooly = 0-09

Opscsfingy = 0-24

ebsccyl =-0.05

ebsctop =088

Opschot = 0-7

Ohamamc = 0.24

Oitmframe = —0-78

0 -0.74

itmsusring =
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incident angle from BSAR to ACB eacpr =-0.7
Plate6, rad
incident angle from BSAR to WIDE Owidpot := —0-68

ANGLE BAF BOTTOM LEDGE ITMX, rad

incident angle from BSAR to WIDE B\yidside == —0-68
ANGLE BAF side ITMX, rad

The calculation is done for BSAR surface scatter in the X-direction; assume that the same
scatter occurs from the BSHR surface in the Y-direction

FRACTION of LAMBERTIAN SCATTER FROM COC HITTING SURFACE

fractional power from BSAR to ITM PFitmeIIpl := 0.0002
ELL BAF PLATEL1, rad

ifractional power from BSAR to PFitmeIIpZ := 0.0003
ITM ELL BAF PLATEZ2, rad

fractional power from BSAR to ITM PFitmeIIpB = 0.023
ELL BAF PLATES3, rad

fractional power from BSAR to PFpsell := 0.0005
BSAR ELL BAF PLATE, rad

fractional power from BSAR to PFbscspoon = 0.0404
BSC spool +X, rad

fractional power from BSAR to PFbscstngx := 0.0255
BSC flange +X, rad

fractional power from BSAR to PFbscspooIbch 3= 0.0292
spool BSC2-BSC3, rad -
fractional power from BSAR to PFbscspoon = 0.0972
BSC spool -Y, rad

ifractional power from BSAR to PFbscstngy = 0.0579
BSC flange -Y, rad

fractional power from BSAR to PFbsccyI = 0.3237
BSC2 cylinder, rad

fractional power from BSAR to PFbsctop = 0.0571

BSC2 top, rad
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fractional power from BSAR to PFpschot := 0.1608
BSC2 bottom, rad

fractional power from BSAR to PFhamamc = 0.1521
HAM4/MC tube, rad

fractional power from BSAR to ITM PFitmframe := 0.0041
middle frame, rad

fractional power from BSAR to ITM PFitmsusring := 0.0006
SUS ring, rad

fractional power from BSAR to PFacpr = 0.0011
ACB Plate6, rad

ifractional power from BSAR to WIDE PFwidbot := 0.0001
ANGLE BAF BOTTOM LEDGE ITMX,

rad

fractional power from BSAR to PFwidside = 0-0002

WIDE ANGLE BAF side ITMX, rad

INCIDENT POWER

ITM ELL BAF PLATE1, W

-6
Pitmellpl = prca'P':itmellpi'OLT|\/| =5.688 x 10
ITM ELL BAF PLATE2, W
P — P, .PF —8531x 10 °
itmellp2 = Trca’ " itmellp2 ®TM = 0994 %
ITM ELL BAF PLATE3, W
4

Pitmellp3 = Prca PFitmellp3 @M = 6541 x 10

BSAR ELL BAF PLATE, W

-5
Phsell = Prca’PFbsell &t = 1422 > 10

BSC spool +X, W

-3
Phscspoolx = PreaPPbscspoolx @M = 1:149 x 10
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BSC flange +X, W

—4
Pbscsflngx = Prca'PFbscsflngx'OL'r,\A =7.252 x 10

spool BSC2-BSC3, W

—4
Pbscspoolbch_S = Prca’PFbscspooIbch_S'O‘TM = 8.304 x 10

BSC spool -Y, W

-3
Phsespooly = Prca PFbscspooly @Tm = 2.764 x 10
BSC flange -Y, W
P = P,.-PF 1647 %10 °
bscsflngy = Frca’ ™" bscsflngy ¥TM = + x
BSC2 cylinder, W
P =P ..-PF ~9.205x 10 °
bsceyl = Trca ™ bsceyl @TM = J-4U9 X
BSC2 top, W
P = P,.-PF ~1624%10 >
bsctop = "rca’" " bsctop@TM = +:04% X
BSC2 bottom, W
P = P,.-PF —4573x 10 °
bschot = Trca’" " bscbot ¥TM = #2195 %
HAM4/MC tube, W
P = P,..-PF —4325x 10 °
ham4mc = Trca’™" ham4mc O@TM = %949 %
ITM middle frame, W
P =P ..-PF ~ 1166 x 10
itmframe = "rca ™" itmframe “TM = - %
ITM SUS ring, W
P =P ..-PF ~ 1706 x 10 °
itmsusring -~ "rca " " itmsusring’ @TM = +- x
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ACB Plate6, W

-5
Pacbp6 = Prca'PFacpr'O‘TM =3.128x 10

WIDE ANGLE BAF BOTTOM
LEDGE ITMX, W

-6
Pwidbot = Prea-PPwidbot @TM = 2-844 x 10

WIDE ANGLE BAF side ITMX, W

-6
Pwidside = Prca’PFwidside @Tm = 5-688 x 10

POWER SCATTERED INTO IFO MODE

wide angle scattered power from TM hitting the adjacent
surface

Rine= Prea @M PFs

power re-scattered by TM into IFO
mode

2 cos(e
Psifo = I:)inc'BRDFs'_Z'O‘TM'
T
Ls

ino)
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combining these equations, we get

2

DN
PsTMifo = Pinc’ O‘TM'—Z'Bl:“:)':s'cos(einc)
m-Lg
ITM ELL BAF PLATE1, W
>\2
Pitmellptifo = Pitmellp1| ®TMm" 2'BRDFoxiunpoIish'COS(eitmellpl)
TLitmellp1
- 25
Pitmellp1ifo = 501 x 10
ITM ELL BAF PLATE2, W
>\2
Pitmellp2ifo = Pitmellp2| ®TMm" 2'BRDFoxiunpoIish'COS(eitmellpZ)
TLitmellp2
- 25
Pitmellp2ifo = 5803 x 10
ITM ELL BAF PLATE3, W
>\2
Pitmellp3ifo = Pitmellp3| ®TMm" 2'BRDFoxiunpoIish'COS(eitmellp?))
TLitmellp3
— 4449 x 107 2

Pitmellp3ifo

TOTALITM ELL BAF, W
note: power adds cohherently

Pitmellbafifo == (Pitmellp1ifo * Pitmellp2ifo * Pitmellp3ifo)

23

Pitmellbafifo = 4-562 x 10
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BSAR ELL BAF PLATE, W

2
PN
Phsellifo = Phsell’ O‘TM'—Z'BRDFoxiunpoIish'cos(ebsell)
T Lpsell
— 23
Pbsellifo = 187 X 10
BSC spool +X, W
>\2
Phsespoolxifo = Phscspoolx’| ¥TM 2'BRDFwaII'COS(ebscspoolx)
TLpscspoolx
— 22
Phscspoolxifo = 1414 x 10
BSC flange +X, W
>\2
Phscsfingxifo = Pbscsfingx’| &TM" 2'BRDFwaII'COS(ebscsflngx>
T Lpsesfingx
— 23
Phscsfingxifo = 7-777 x 10
BSC spool -Y, W
2
Phsespoolyifo = Phscspooly’| ¥TM' 2'BRDFwaII'COS(ebscspooly)
TLpscspooly
— 22
Phscspoolyifo = °:04 x 10
BSC flange -Y, W
>\2
Phscsfingyifo = Pbscsfingy’| @TM" 2'BRDFwaII'COS(ebscsflngy>

TLpsesfingy

10



H:\ADLIGO\SLC\T1300538
BS_ wide-
angle_scatter_ ZEMAX.xmcd

— 22
Phscsfingyifo = 2:846 x 10
BSC2 cylinder, W
2
a N
Phsceylifo = Posceyl| @T™" > 'BRDFwaII'COS(ebsccyI)
T Lpsceyl
— 21
PbSCCy”fO = 2.016 x 10
BSC2 top, W
2
Phsctopifo = Pbsctop’| @TM" Z'BRDFwaII'COS(ebsctop)
TLpsctop
— 22
PbSCtOpifO =1.265 x 10
BSC2 bottom, W
2
B N
Phschotifo = Pbschot | &TM" Z'BRDFwaII'COS(ebscbot)
T-Lpschot
22

Phschotifo = ©:624 x 10

TOTALBSC2, W
note: power adds incohherently

P =[P 2P 2P 2P 2ip 2ip
bsc2ifo ‘= \ "bscspoolxifo T "bscsflngxifo * Fbscspoolyifo * Fbscsfingyifo * Fbsccylifo ™ "bsctopifi

- 21
PbSCZifO =2.181 x 10

11
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HAM4/MC tube, W

2
Phamdamcifo = Phamamc| @M Z'BRDFwaII'COS(eham4mc)
™ Lhamame
— 22
Phamamcifo = 4-172 x 10
ITM middle frame, W
>\2
Pitmframeifo = Pitmframe’| @TM" 2'BRDFitmsus'Cos(eitmframe)
™ Litmframe
— 23
Pitmframeifo = 1.344 x 10
ITM SUS ring, W
2
) A
Pitmsusringifo = Pitmsusring’| ¢TM" 2'BRDFitmsus'Cos(eitmsusring)
T Litmsusring
— 24
Pitmsusringifo = 2:022 x 10
TOTAL ITM SUS FRAME, W
note: power adds cohherently
Pitmsusifo = (Pitmframeifo + I:)itmsusringifo)
— 23
PithUSifO = 1.546 x 10
ACB Plate6, W
>\2
Pacbpsifo = Pacbp6'| @TM" 2'BRDFoxiunpolish'cos(eacpr)
T Lachp6
26

Pacprifo = 7.506 x 10

12
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WIDE ANGLE BAF BOTTOM LEDGE ITMX, W

Pwidbotifo = Pwidbot| @TM——"BRDFgxiunpolish-c05(6widbot)
T Lwidbot

— 27
Pwidbotifo = 6-891 x 10

WIDE ANGLE BAF side ITMX, W

>\2

Pwidsideifo = Pwidside’ O‘TM'—Z'BRDFoxiunpoIish'Cos(Gwidside)
T Lwidside

26

Pwidsideifo = 1-373 x 10~

TOTAL WIDE ANGLE ITM ACB, W
note: power adds cohherently

Pachifo = (Pachpsifo * Pwidbotifo + Pwidsideifo)

— 26
Pacbifo = 9.569 x 10

DISPLACEMENT NOISE @ 100 Hz, m/rtHz
Note: the following calculation is the total noise from the BSAR and BSHR wide
angle scattering, which will add incoherently

Displacement Noise Requirement @ 100 Hz, m/rt Hz

- 21
Dreg = 1 x 10

0.5
2-k~xs

\/E

P .
sTMifo
DNg =y 2'T':itmar'( j

IDpsl

13



TOTALITM ELL BAF

BSAR ELL BAF PLATE

TOTALBSC2

HAM4/MC TUBE

TOTALITM SUS FRAME
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o 05
itmellbafifo 2
DNitmelibaf = V2 TFitmar [—) Xitmellbaf = !

PpsI \ﬁ

28
DNitmellbaf = 2:255 x 10

o 05
bsellifo 2
— | Xsr=kK

psl \/E

DNpsel| = \/E'TFitmar'[

- 30
DNbSE” =4.331x 10

psl \/E

p 0.5
bsc2ifo 2
DNpseo = \/E'TFitmar'[ P } Xmanifold = K

25
DNpggp = 1.247 x 10

p 0.5
ham4mcifo 2
DNhamamc = \/E'TFsrbs'( J “Xmanifold = K

I:)psl \/E

- 26
DNpamame = 7-698 x 10

0.5
itmsusifo 2
ISI \/5

P
DNitmsus = \/E'TFitmar' —k
F>ps.l

30

DN =3.938x 10

itmsus

14



TOTAL WIDE ANGLE ITM ACB
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DNach = \/E'TFitmar'[ P

DN, ., = 1.033 x 10

ach

I:)acbifo

psl

29

0.5
2
.XACB._

Jz

-k

15



5 o 9 0.5
o T Fbschotifo
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