T1300403 Wide Angle Scatter from ETM
8-20-12

Displacement noise requirement @ 100 Hz, m/rt Hz

Motion of manifold @ 100 Hz, m/rt Hz

motion of ACB @ 100 Hz, m/rtHz

motion of ISI optical table @ 100 Hz,
m/rtHz

Transfer function @ 100 Hz, ITM HR

BRDF of chamber wall, sr*-1

BRDF of oxidized un-polished steel,
sr-1

laser wavelength, m

wave number, m”-1

wide angle hemispherical scattering loss
fraction from TM wide, ref: TO70089

see T0O70303 with arm cavity gain = 13000

arm power, W

input laser power, W

arm cavity length, m
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Dyeq = 110

— 11
Xmanifold = 8-10

- 12
XACB =1-10

14
XlSl =310

9

TF; =1110

itmhr -

BRDF g = 0.1

wal

BRDF h = 0.05

oxiunpolis

X = 1.064-10" °

k=2 k = 5.905 x 10°

r
X

oy =10x 10 °

P, = 8.125 x 10°
Post = 125

L ;= 4000
MWV

The following data comes from ZEMAX sensor data; see /ALIGO/SLC/ACB ETM power

summary.xIsx



SCATTER PATH LENGTH

distance from spool 7A2, m

distance from PCal structure, m

distance from BSC bottom, m

distance from BSC front, m

distance from BSC back, m

distance from SUS mid, m

distance from ACB PLATE Top ETM, m

distance from ACB PLATE Bottom ETM, m

distance from ACB PLATE 2 ETM, m

distance from ACB PLATE 3 ETM, m

distance from ACB PLATE 4 ETM, m

distance from ACB PLATE 5 ETM, m

distance from ACB PLATE 6 ETM, m

distance from ACB PLATE 7 ETM, m

distance from peak and cabling, m
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chal = 2371
Lbschottom = 2-248
Lpscfront = 1-566

Lhscback = 1.967
= 0.764

Lacbptop *

LaCbpbOt = 0.572

Lacpp2 := 0.716

LaCbp3 := 0.605

Lacpps := 0.468

Lacpps := 0:475
Lachps := 0:443
Lagpp7 := 0.231

Lacbp2 * Lachps

L =
cable 2




distance from ETM to WIDE
ANGLE BAF TOP LEDGE ITMX, m

distance from ETM to WIDE
ANGLE BAF BOTTOM LEDGE
ETM m

distance from WIDE ANGLE BAF
SIDE right, m

distance from WIDE ANGLE BAF
SIDE left, m

SCATTER ANGLE

angle from spool 7A2, rad

angle from PCal structure, rad

angle from BSC bottom, rad

angle from BSC front, rad

angle from BSC back, rad

angle from SUS mid, rad

angle from ACB PLATE Top ETM, rad

angle from ACB PLATE Bottom ETM, rad

angle from ACB PLATE 2 ETM, rad
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Lcable = 0-58

L = 0.901

wabtop

LW&bet = 0.748

Lwabsr = 0-895

LW&bS' = 0.788

Opcgl = 0.09

Ohschottom = 1.8
Obscfront = 1.83
Ohschack = 1.73
Ogus = 1.81

eacbptop = 0.99

Oachpbot = 0-67

Oachp2 = 082



angle from ACB PLATE 3 ETM, rad

angle from ACB PLATE 4 ETM, rad

angle from ACB PLATE 5 ETM, rad

angle from ACB PLATE 6 ETM, rad

angle from ACB PLATE 7 ETM, rad

angle from peak and cabling, m

angle from ETM to WIDE ANGLE
BAF TOP LEDGE ITMX, rad

angle from ETM to WIDE ANGLE
BAF BOTTOM LEDGE ETM, rad

angle from WIDE ANGLE BAF
SIDE right, rad

angle from WIDE ANGLE BAF
SIDE left, rad
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9acbp3 := 0.605

Oacbp4 = 045

9acbp5 =034

eacpr =031

Oacbp7 = 015

_ Oachp2 * Oachpé

Ocable = 5

Ocable = 0-565

eW&bet = 0,51

0 = 0.54

wabsr *

Gwabs| = 0.46

FRACTION of LAMBERTIAN SCATTER FROM COC HITTING SURFACE

fractional power from spool 7A2, W

fractional power hitting PCal
structure, W

fractional power passing through
hole in ACB, W

PFacbhole = PF7a2 + PFpcal



fractional power from BSC bottom, W

fractional power from BSC front, W

fractional power from BSC back, W

fractional power from SUS mid, W

fractional power from ACB PLATE Top
ETM, W

fractional power from ACB PLATE Bottom
ETM, W

fractional power from ACB PLATE 2
ETM, W

fractional power from ACB PLATE 3
ETM, W

fractional power from ACB PLATE 4
ETM, W

fractional power from ACB PLATE 5
ETM, W

fractional power from ACB PLATE 6
ETM, W

fractional power from ACB PLATE 7
ETM, W

fractional power hitting ACB box, W

PFacbbox

I:'Facbbox
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PFacbhole = 0-04

PFpschottom = 0:0311

PFpscfront == 0.0544

PFpscback = 0-00444

PF achptop = 000444

PFacbpbot = 0.0278

PFacbp2 = 0.0689

PFacbp3 = 00211

PF acbpa = 0.00839

PFachps = 0.0578

PFachpg = 00633

PFacbp7 = 000778

3+PF 4+PF 5+PF

acbp achp achp6
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fractional power from ETM to WIDE
ANGLE BAF TOP LEDGE ITMX, W

fractional power from ETM to WIDE
ANGLE BAF BOTTOM LEDGE
ETM, W

fractional power from WIDE ANGLE
BAF SIDE right, W

fractional power from WIDE ANGLE
BAF SIDE left, W

fractional power hitting ACB plus
wide angle box, W

PFach = PFacpp2 + PF

achp

PF acp = 0.768

INCIDENT POWER

incident power from spool 7A2, W

incident power hitting PCal structure, W

incident power from BSC bottom, W

incident power from BSC front, W

incident power from BSC back, W

incident power from SUS mid, W

incident power from ACB PLATE Top
ETM, W

incident power from ACB PLATE Bottom
ETM, W

acbp3 * PFacbpa + PF

Phscbottom = Pa'PFhschottom &L
Phscfront = Pa-PFhscfront &L
Phscback = Pa'PFbschack L

Psus = Pa-PFsus o

= P,-PF

Pacbptop : acbptop ®L

Pacbpbot = Pa-PFacbpbot &L

PFabtop = 0-0722
PFW&bet = 0219
PFyabsr = 0-192
PFW&bSl = 00567
acbps T PFacbp6 * PFacbp7 + PFwabtop + PFwabbot + PF
Ppcal = PaPFpcarop Ppcal = 0-226

Phscbottom = 0293
Phscfront = 0-442

Phscback = 0-036
Psys = 0.37
= 0.036

Pacbptop

Pachpbot = 0-226



incident power from ACB PLATE 2
ETM, W

incident power from ACB PLATE 3
ETM, W

incident power from ACB PLATE 4
ETM, W

incident power from ACB PLATE 5
ETM, W

incident power from ACB PLATE 6
ETM, W

incident power from ACB PLATE 7
ETM, W

incident power from ETM to WIDE
ANGLE BAF TOP LEDGE ITMX, W

incident power from ETM to WIDE
ANGLE BAF BOTTOM LEDGE
ETM, W

incident power from WIDE ANGLE
BAF SIDE right, W

incident power from WIDE ANGLE
BAF SIDE left, W
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Pacbp2 = PaPFacbp2-oL Pachp2 = 0-56
Pacbp3 = PaPFacbpsoL Pacbp3 = 0-171
Pacbpa = Pa-PFacbpa oL Pacbps = 0072
Pacbps = Pa-PFacbps L Pacbps = 047
Pacbpé = Pa"PFacbps L Pachpe = 0-514
Pacbp7 = Pa-PFacbp7-oL Pacbp7 = 0-063
Pwabtop = PaPFwabtop oL Pwabtop = 0-587
Pwabbot = PaPFwabbot &L Pwabbot = 1779
Pwabsr = Pa"PFwabsr oL Pwabsr = 1.56
Pwabsl = Pa-PFwabsloL Pwabsl = 0-461

POWER SCATTERED INTO IFO MODE
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dQ =1
Pstm=1

ATM =1

Lambertian scatter function for the TM

. cos(6)
T

BRDFL = OLL

differential wide angle scattered light from TM onto adjacent surfaces

dPg,qi == Py BRDF| -dQ2

sadj *

total wide angle scattered light from TM onto each adjacent surfaces

0

s2
cos(6)
Psadj = Pa'OLL'J( T dQ
0

sl

ZEMAX power fraction

incident power hitting the adjacent surface is
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Ping.= Pa-0 -PFs

irradiance of TM by power scattered from adjacent surface, W/m”2

1
Eq:= Pinc'BRDFs‘_2
Ls
Flanagan-Thorne scattering cross-section
) 2
o:= X-BRDF|
power scattered by TM into IFO mode
Psifo = Es'0

2 cos(e- )
PN inc
Rsiter= Pinc'BRDFs'_Z'O‘L'—

T
LS

incident power hitting the adjacent surface is

Ping.= Pa-o -PFs

combining these equations, we get

2 cos(e- )

inc
PeTMifo = Pine BROFg =0 -— ——
L s

s
spool 7A2, W

QL
2L s

L7a2

P7A2ifo = V4P7a2-BRDF g1

- 21
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PCal structure, W

2
A |cos(Opcal|
Ppcalifo = V4-Ppcar — BROFwaroL—————
Lpcal
— 20
PPCaIIfo = 2884 X 10
BSC bottom, W
2
A | C°S<9bscbottom) |

Pbscbottomifo = \/Z'Pbscbottom' 5 'BRDFwaII'O‘L' o

Lbschottom

—21
Phscbottomifo = 8-188 x 10
BSC front, W
2

N | Cos(Qbs.cfront) |

Pbscfrontifo = \/Z'Pbscfront' ) 'BRDFwaII'O‘L' o
Lpscfront
- 20
Phscfrontifo = 3-329 x 10
BSC back, W
2
A | COs(ebscback) |
Phscbackifo == \/Z'Pbscback' ) ‘BRDF a0 - -
Lhscback
21

Phschackifo = 1-065 x 10~

10
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SUS mid, W
2
A |C05(GSU8)|
Psusifo = V4-Psus: 2 "BRDFoxiunpolish L ﬂ
Lsus
— 18
PsuUsifo = 1.069 x 10
ACB PLATE TOP ETM, W
2
A |05{Oacbptop)|
Pacbptopifo = \/Z'Pacbptop' 5 'BRDFoxiunpoIish'O‘L' o
I-acbptop
— 20
Pacbptopifo =1.222 x 10
ACB PLATE Bottom ETM, W
2
N | COS(eacbpbot) |
Pacbpbotifo = \/Z'Pacbpbot' 5 'BRDFoxiunpoIish'O‘L' o
I-acbpbot
-19
Pacbpbotifo = 1.99 x 10
ACB PLATE 2 ETM, W
2
A |205(Oactp2)|
Pacprifo = \/Z'Pacpr' 2'BRDFoxiunpolish'0‘L' o
I-a1cbp2

11
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- 19
Pacbp2ifo = 2.685 x 10
ACB PLATE 3ETM, W
2 0
A |€05(Bachps)|
Pacbp3ifo = \/Z'PacbpS' Z'BRDFoxiunpolish'O‘L' o
I-acbpS
P -1388x 10 *° L, ppra = 0.605
acbp3ifo = +°9¢ acbp3 = %
ACB PLATE 4 ETM, W
2 )
A |05 Gachps)|
Pacbp4ifo = \/Z'Pacbp4' Z'BRDFoxiunpolish'O‘L' o
I-acbp4
- 19
Pacbp4ifo =1.07 x 10
ACB PLATE 5 ETM, W
2 0
A |5 Gachps)|
Pacbp5ifo = \/Z'PacbpS' Z'BRDFoxiunpolish'O‘L' o
I-acbpS
19

Pacbp5ifo =7.071 x 10

ACB PLATE 6 ETM, W

12
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2 0
A |205(Oachps)|
Pacbpéifo = \/z'Pacpr' ) "BRDF gy iunpolish &L =
I-acbp6
- 19
Pacbp6ifo = 8994 X 10
ACB PLATE 7 ETM, W
2 0
A |205(Oachpr)|
Pacbp7ifo = ‘/z'Pacpr ) "BRDFgyiunpolish &L =
I-acbp?

- 19
PaCbp7ifO =4.221 x 10

WIDE ANGLE BAF TOP LEDGE ITMX, W

2 0
N |C°S( Wabtop)|
Pwabtopifo = ‘/Z'Pwabtop' ’ "BRDF giunpolish oL

T
I-wabtop

19

PW&thpifO =1.975x 10

WIDE ANGLE BAF BOTTOM LEDGE
ETM, W

2 0
PN |C°S( Wabbot)|
Pwabbotifo = ‘/Z'Pwabbot' ’ "BRDF oxiunpolish L’

T
Lwabbot

— 18
Pwabbotifo = 1 % 10

13
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WIDE ANGLE BAF SIDE right W

2
\ | COS( ewabsr) |
Pwabsrifo = \/Z'Pwabsr' Z'BRDFoxiunpolish'O‘L' o
Lwabsr
- 19
Pwabsrifo = 6:019 x 10
WIDE ANGLE BAF SIDE left, W
2
X\ | C°S<9wz:1bsl) |
Pwabslifo = \/Z'Pwabsl' 5 'BRDFoxiunpoIish'O‘L' o
Lwabsl
19

Pwabslifo = 2396 x 10

DIFFUSE SCATTERING FROM PEEK AND CABLING

length of cabling, m lg:=2
diameter of cabling, m d. == 0.006
frontal area of cabling, m”2 Aq = lgdy = 0.012
diameter of peek end cap, m de :=.025
number of peek end caps Npc =4
= A+ N Z.d >
total area of scattering surfaces, m"2 Atpe = Ac + Npe 4 PC
Atpc = 0.014
frontal area of ACB, m"2 Agcp = 0.7

14



Incident Power, W

PEEK AND CABLING, W

Power Scattered into IFO Mode, W

PEEK AND CABLING, W

Pocifo = \/Z'Pipc'
Lcable

20

Pocifo = 6463 x 10~

TOTAL ACB BACK, W

2 'BRDFWG.”'OLL'
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At
—PC .o, = 0036
Aach

Pioc = Pa-PFachbox

A
tpc

PFacbcable = PFacbbox'A
ach

-3
PFacbcabIe = 4.388 x 10

| Cos(ecable) |

T

P =[P 2P 2P 2ip 2P 2ip 2
wacbbackifo “= \ "acbptopifo  "acbpbotifo * Facbp2ifo * Facbp3ifo * Facbpdifo * Facbp5ifo -

18

P =1278x 10

wacbbackifo

TOTAL ACB BACK AND BOX, W

, 2 2 2 2 2\2
Pwacbboxifo = \ Pwacbbackifo * Pwabtopifo * Pwabbotifo * Pwabsrifo * Pwabslifo

18

P =1758x 10

wacbboxifo

15
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TOTAL BSC Walls, W

_ 2 2 2\0°
Phscifo = | Phscbottomifo + Pbscfrontifo * Phscbackifo

Poscifo = 343 x 107 20
DISPLACEMENT NOISE @ 100 Hz, m/rtHz 0;:=0 Xg:=1
Displacement Noise Requirement @ 100 Hz, m/rt Hz Dreq =1x10 21
Psita= 1
Amplitude spectral density of sine phase fluctuations of the injected field
S =
M
displacement noise according to Flanagan-Thorne
0.5
P..
sifo N
DN = — ——.sL
s_thorne { Py } AL

displacement noise using Smith_Yamamoto formalism

_ Psifo o 2kxg
DNs_smith = TFitmhr P '

psl \/E

where the factor 1/nt2 was added to correct for the slow phase motion that is below the gravity wave
band

The two different approaches give results within < 5%

16



TOTAL ACB BACK AND
BOX

SUS

TOTAL BSC Walls
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) .S L
P L ACB

0.5
wacbboxifo N
a 4

P
I:)Nwacbboxifo_thorne = (

— 24
DNyyachboxifo_thorne = 1:04 > 10

Ppsl \/E

P 0.5
wachboxifo k
DNyyacbboxifo_smith = TFitmhr‘( j XACB2 =

—24
DNyyachboxifo_smith = 1:089 x 10

DNwacbboxifo_smith

= 1.047

DNWacbboxifo_thorne

p 0.5
SUSifo k
DNgys := TFitmhr‘( P j X2 =

psl \/E

- 26
DNgyq = 2549 x 10

p 0.5
bscifo k
DNpsc := TFitmhr‘( j “Xmanifold 2 =

PpsI \/E

- 23
DNpgc = 1.217 x 10

17



spool 7A2

PCal structure
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p 0.5
7A2ifo k
DN7a2 = TFitmnr “Xmanifold' 2 =
psl \/E
_24
p 0.5
PCalifo k
DNpcal = TFitmhr Xmanifold 2 =
psl \/E
23

DNpgy) = 1116 x 10

18
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+ PF

wabsr wabsl

19
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2 2 2 05
+ Pachpsifo * Pacbp7ifo * Ppcifo )

20
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