Scattering from SR2 Scraper Baf
7-8-12

REF: H1 SIGNAL RECYCLING CAVITY beam size 2-27-12.xmcd

wavelength, m \:= 106410 °

index of refraction of fused silica n:= 1.458464

distance from SR3 TO SR2

| = 14.888
R3_SR2 f
SCRAPER BAF, m SR3_SR2scrapba

distance from SR3 TO SR2, m 'SRS SR2= 15.4612

distance from SR2 TO SRM, m 'SRZ SRM= 15.7409

distance from SRM AR TO SRM

' = 0.14
RM f
AR Baff, m SRM_srmarba

distance from SRM AR TO OFI

IsRm ofi:= 04
INPUT OPTICSf, m -

distance from BS Ellip Baf to SR3, m 'BSeIIipbaf gr3= 19.653

distance from ITM to BS Ellip Baf, m ™ bsellip = 4.890

radius1 of SR3 m R18R3:: -36.000
thickness of SR3, m tgr3 = 0.100
radius2 of SR3, m R2cpai= 1004

’ SR3~
radius1 of SR2 m RlSRZ:: 6.430
radius1 of SRM m RlSRM:: 5.690

thickness of SRM m tgrm = 0.075



radius2 of SRM m R2grpy = 10°*

Beam curvature radius at SRM AR, m RCqrmar = —3.841
Beam curvature radius at ITM HR, m Rijtm = —1.824 x 104
ITM beam radius, m Wity = 0.053168

BS ellip baf beam radius, m Whsellbaf = 0.053297
Beam curvature radius at SR3, m Rgr3 = 1.326 x 103
SR3 beam radius, m W3 = 0.054152
horizontal aperture in BS ellip baf, m bsellipx = 0-105
vertical aperture in BS ellip baf, m "bsellipy = 0-130
SRM HR beam radius, m Wgrmpnr := 0.002077
SRM AR beam radius, m Wgrmar = 0-002049
SRM beam waist m Wgrmo = 0.00035

X coordinate of SRM AR Baf, mm Xg:=0

Y coordinate of SRM AR Baf,, m yg:=0

axial coordinate of SRM AR Baf, m zg:= _|SRM_srmarbaf
X coordinate of SRM surface, m x:=0

Y coordinate of SRM surface, m y=0

axial coordinate of SRM surface, m z:=0



BRDF of baf, sr*-1 BRDF,¢ == 0.030

Motion of baffle @ 100 Hz, m/t Hz Xpamsei == 110
solid angle of IFO mode, sr Ajfo= 272110 o
N 2
Solid Angle of SRM beam waist, sr Agrmo = | ™| ———
TWermo
)
Agrmo = 2.942 x 10
N 2
Solid Angle of SRM AR Baf beam, sr Agrmbaf = | ™| ———
T Wsrmar
8

Asrmbaf = 8.583 x 10

laser wavelength, m X = 1.064.10" °

MWV

™ 6

wave number, m”-1 k.= 2~; k = 5.905 x 10
Transfer function @ 100 Hz, SRM TFgm = 4.22:10 10
ITM beam radius, m Wit = 0.053168
SRM HR beam radius Wormhr == 2.077
IFO waist size, m Wifo == 0.0120
IFO arm length, m L := 4000.0

MWV
radius of ITM, m litm = 0.170
Transmissivity of ITM HR Titmhr == 0.0140

. . L 1iT™_bsellip
translation BS Ellip Baf to ITM TBSeIIipbaf IT™ = -
- 1



translation SR3 to BS ellip baf

SR3 mirror

translation SR2 to SR3

translation SR3 to

SR2scraper baf

translation SR3 to SR2

SR2 mirror

translation SR2 to SRM

first surface SRM

1 4.89
TBsellipbaf_ITM = | g 4

(1 IBsellipbaf_SR3
TBSellipbaf SR3 =

0 1
. 1 19.653
BSellipbaf_SR3 ~ 0 1
1 0
Mlgpz:=|_ 2
Rlsr3

T (1 Isr3 sr2
SR3_SR2 =
- 0o 1

) 1 ISRG‘;_SRZscrapbaf
TSR3 SR2scrap = 0

1
T (1 Isr3 sr2
SR3 SR2 =
— 0 1
10
1 0
Mgro:=| 2 Msr2 = | 311 1
Rlsro

(1 Isr2_srm 1 15741
TSR2 SRM = . TSR2 SRM =

1 o 1
1 0
M1 1-n 1 M1 ! 0
SRM = — SRM ™| _0.055 0.686,
n-Rlgpm N



1t 1 0.075
thickness of SRM Tigrm=| M Tlgry = ( j
0 1 0 1
1 0
1 0
second surface SRM MZSRM =] n-1 MZSRM = (0 . 458]
R25rMm '

translation SRM AR to

1 ISRM_srmarbafj
SRM AR Baf

TSRMar_SRMarbaf = ( 0 .

1 0.14
TSRMar_SRMarbaf = |, 4

Determine height of BS Ellip Baf ray at SRM AR

ray vertical height at BS Ellip Baf, m =0.105

"bsellipx

ray matrix from BS Ellip Baf to SRM AR baf

Mbsellipbaf_SRMarbaf ‘= TSRMar_SRMarbaf M2srM" T1srM"M1srM Tsr2 _srm TSR3 sr2'M1sr3

determine horizontal ray launch angle at BS ellip baf to hit center of SRM AR Baf

guess: ray horizontal angle at BS Ellip Baf

ray horizontal angle at SRM AR Baf

Othse"ipX :=0.00471

ahgrmarbaf =

6432 x 10

Mhsellipx = 0-105

hhsrmarbaf "osellipx
h = TSRMar_SRMarbaf'Mbsellipbaf_SRMarbaf' Pee 1

®Nsrmarbaf ®Npsellipx

Mgy marbaf 7.422x 10 °

ANgrmarbaf 6432 x 107 °

3



Calculate horizontal ray height at SRM AR

Msrmar = ®Ngrmarbaf- ISRM_srmarbaf

4

rh -9.004 x 10

srmar ~

determine vertical ray launch angle at BS ellip baf to hit SR2 Scraper Baf

guess: ray vertical angle at BS Ellip Baf Wisellipy = 0.005770 Thsellipy = 0.13
hVsrmarbaf \ "bsellipy
= Mpsellipbaf_SRMarbaf
WVermarbaf phal- Vhsellipy
NVsrmarbaf 8.673 x 10 °
Vsrmarbaf ) | _7.874 x 107
ray vertical angle at SRM AR Baf WVermarbaf = —7-874 x 10~ 3

Calculate vertical ray height at SRM AR

NVermar = ®Vsrmarbaf |SRM_srmarbaf

3

r -1.102 x 10

Vsrmar =

solid angle from SRM AR Baf to SRM AR

h 2
Msrmar + errmar]

Wsrmarbaf_srmar == ™ o
"'SRM_srmarbaf

4

Wsrmarbaf_srmar = 1:607 x 10

Ref. T070247

input laser power, W Ppsl =125



transmissivity of SRM HR T =02

srmhr =
reflectivity of SRM AR Rermar = 5010 °
transmissivity of SRM AR Tsrmar = 1 = Rsrmar Tormar = 1
reflectivity of SRM HR Rermhr =1 = Tsrmnr Rermnr = 08
as port signal ratio G,g = 0.00108
output signal power, W Porm = PpsI'Gas Psrm = 0.135
o : : Psrm

power in signal recycling cavity, W Pere = Pgrc = 0.675

Tsrmhr

SRM AR Beam Reference Field

IFO field at SRM AR

2.2 2
X“+y X4y

2-R 2
srmar Weemar

|
=~

Esrmar(X.y) =€

normalize arm cavity field

T 2
_,W

Esrmaro = 5 Vsrmar

Field coupling for arm cavity beam

Esrmar(X:¥) Egrmar(X.Y)

dx dy
J EsrmarO EsrmarO

ovi=1



Power coupling coupling factor for arm cavity beam

pcr = |ovi?|

PCF =1
SRM AR Baf SCATTER

distance from SRM AR Baf to SRM AR
surface

distance from SRM AR TO SRM ISRM srmarbaf = 0.14
AR Baff, m -

Fsv= |SRM_srmarbaf

Zsrmbaf_srmar(xs’ys’Zs’X’y’Z) = [(Xs - X)2 + (yS - y)2 * (

Zsrmbaf_srmar(xs’ys’Zs’X’y’Z) =014
SRM_GBARS3 Power incident on SRM AR Baf, W

R R

Pgbar3_srmbaf = Psrm Rsrmar Rsrmhr Tsrmar

-6
Pgbar3_srmbaf = 94 x 10

scattered power from SRM AR Baf surfaces, W

Psrmbaf(zs’ F>srm) = Ingar?,_srmbaf'BRDFbaf "*’srmarbaf_srmar'Rsrmar'R

15

Psrmbaf(zs’Psrm) =1.041x 10

Point Source Field

ZS—Z

srmhr’ Tsrmar

ik



constant distance of scatter source from SRM AR
z,=10.14 ZC(ZS) = Zg
assume that phase factor is unity

5@(25) =0 5@(25) = Zg

constant phase factor for scattered field

-ikz|(z
q’srmbaf(zs) =¢€ C( S)

®grmbaf(2s) = 0.946 + 0.325i

Normalized Scattered field at SRM AR

o= 0 Nev= 0 zg= 0.14
K= 0 Y= 0 2= 0

() (ys)”

— ik
2 Zsrmbaf_srmar(xs Y5255 %Y, Z)

Esrmarbafsrmar(xs’ys’Zs’x’y’z) = ‘I’srmbaf(zs)'e

Egrmarbafsrmar Xs: Ys: Zs - Y 2) = 0.946 + 0.325i

normalize arm cavity field

-7
average SRM field radius, m fermave = j4~(7.926 x 10 )

s

Msrmar ( Vermar

(

4
Psrmbafifolptnormalize(zs> = —2J Jl

TTsrmave ~ 0

srmarbafsrmar(xs 'Ys 25, X,

Psrmbafifolptnormalize(Zs) =0.984



Field coupling for point source on-axis

[rhsrmar [rvsrmar'
. 4
Egrmbafifoipt(Zs:Psrm) = —2.J J [Permbat (s Psrm) Estmarbatsn
TT-T
Srmave 0 0
- 10 10
Esrmbafifolpt(Zs-Psrm) = ~8:519 x 107 + 6.109i x 10

Coupled power, W

Psrmbafifolpt(zs’ Psrm) = Esrmbafifolpt(zs’ Psrm)' Esrmbafifolpt(zs’ F)srm)

— 18
Psrmbafifolpt(Zs’Psrm) =1.099 x 10

Power coupling factor

Psrmbafifolpt(zs» Psrm)

Psrmbaf(zs’ I:’srm)

PCFsrmbafifolpt(Zs’ Psrm) =

-3
PCFsrmbafifolpt(zs»Psrm) = 1.055 x 10
zs=0.14
RMS value
Zg = 0.14
52 := 0.0001

Z.+02
sT9%g
1

Psrmbafifolptrms(zs’Psrm) = 7 J
S z4-0z

2
F)srmbafifolpt(zs’psrm) dzg

- 18
Psrmbafifolptrms(zs’Psrm) = 1246 x 10



— 18
Psrmbafifolpt(Zs-Psrm) = 1:099 x 10

Zgo=0.10,0.1001..0.18

1x10” Y T T T

1x10” mﬁ

1x10" °H .

F)srmbafifolpt( Zg» F>srm)

1x10” % -

110~ 4 -

1x10~ 22
0.1 0.12 0.14 0.16 0.18

Z5'= ISRM_srmarbaf

effective scattering solid angle

Psrmbafifolpt(zs’ Psrm)

Aw iol Za, P =
effsrmbaflptonaxis\“s>"srm) -
P ( ) PgbarS_srmbaf "BRDFpat -Rermar Rsrmhr Tsrmar

— 7
AL*’effsrmbaflptonaxis(zs’Psrm) = 1.696 x 10

ZS,P

I:’srmbafifolptrms( srm)

Aw i z.,P =
effsrmbaflptonaxisrms{“s>"srm)
P ( ) PgbarS_srmbaf "BRDFpat -Rermar Rsrmhr Tsrmar

7

AL*’effsrmbaflptonaxisrms(zs’Psrm) = 1923 x 10



Compare with IFO solid angle

scaled-up IFO arm solid angle, used for previous calculations

Wifo 6

Z.AifO =3.197 x 10

Wsrm0

Solid Angle of SRM beam waist, sr

6

Agmo = 2.942 x 10

Srm

solid angle at SRM AR Baf beam radius

8

Agrmpaf = 8583 x 10

srmba

Scattering of SRM_GBAR3

Psrmbafifolptrms(zs’Psrm) 00
DNsrmbafifolptonaxis(Zs’Psrm) = TFgrm Py Xhamsei 2K
ps
DN P ) = 4976 x 107 >
srmbafifolptonaxis(zs’ srm) - x
FOUR POINT
ANNULAR SOURCE
Aev= Wsrmar Nev= Wsrmar z5=014 %&(Zs) =7
Tilt of baffle surface, deg Othaf = B
. . Ys
baffle distance increment, m Azs(ys) = Azs(ys) =0.023

Coupled field, rtW



annular source field

field 1 @ O, +ys, +Azs

(x-0)*+(y-vg)*

-ik
2 Zsrmbaf_srmar(xs »Ys> Zs+AZS(ys) ;

Esrmarbafsrmarl(xs’ys>zs>x’y’Z) = ‘I’srmbaf(zc(zs) + AZs<ys)>'e

Esrmarbafsrmarl(xs’ys>zs>x’y’Z) = -0.973 - 0.231i

field 2 @ O, -ys, -Azs

_ (-0)*+{y+ys)?
ik

Esrmarbafsrmarz(xs’ys>zs>x’y’Z) = ‘I’srmbaf(zc(zs) - AZs<ys)>'e

2 Zsrmbaf_srmar(xs> —Ys> Zs_Azs(ys

Esrmarbafsrmarz(xs’ys>zs>x’y’Z) = -0.879 - 0.477i

field 3 @ +xs, 0, Azs=0

(x—xs)2+(y+0) 2

ik
2-Z Xe,0,2.,X,Y,2
srmbaf_srmar( 5>V Z5: %Y, )
EsrmarbafsrmarB(Xs’ys>zs>x’y’Z) = ‘I’srmbaf(zc(zs))'e
EsrmarbafsrmarB(Xs’ys>zs>x’y’Z) = 0.971 - 0.238i
field 4 @ -xs, 0 Azs=0
(x+xs)2+(y+0)2
ik

2 ,0,2.,X,Y,
Esrmarbafsrmar4(xs’ys>zs>x’y’Z) = ‘I’srmbaf(zc(zs))'e Zsrmbaf_srmar(xs o Z)

Esrmarbafsrmar4(xs’ys>zs>x’y’Z) = 0.971 - 0.238i



Esrmarbafsrmarl(xs’ys’Zs’x’y’z) . Esrmarbafsrmarz(xs’ys’Zs’x’y’z) N Esrn

Fann(xs,ys,zs,x,y,z) = 4 4

Fann(xs,ys,zs,x,y,z) = 0.023 — 0.296i

[rhsrmar [rvsrmar'
) 4
Esrmbaffif04pt(xs’ys’ ZS’ Psrm) == > J J \/Psrmbaf (ZS’ Psrm)'Fann
T r
srmave /g 0
— 10 . — 10
Esrmbaﬁifo4pt(xs,ys,zs,Psrm) =-1.261x 10 ~ + 3.52i x 10

Coupled power, W

Psrmbafifo4pt(xs’ Ys:Zs» psrm) = Esrmbaffifo4pt(xs’ys’ Zs F)srm)' Esrmbaffifo4pt(xs’ Ys:Zs» IDsrm)

- 19
PSrmbaf|f04pt(st ys:zsypsrm> = 1398 X 10

Check 1pt on axis with 4pt on axis

18
Psrmbafifoapt(0:0-ZsPsrm) = 1.099 x 10

Power coupling factor

Psrmbafifo4pt(xs’ Ys:Zs» Psrm)

Psrmbaf (Zs» F>srm)

PCI:srmbafifoﬂfpt(xs’ys’Zs’ psrm) =

—4
PCFgrmbafifodptXs: Ys: Zs: Psrm) = 1:342 x 10

-3
PCFsrmbafifolpt(zs»Psrm) = 1.055 x 10



RMS value

averaging increment, m 8z = 0.0001
. Z+8z )
Psrmbafifo4ptrms(xs’ys’Zs’Psrm) = gJ I:)srmbafifo4pt(xs’ys’Zs’Psrm) dzg
S Jz -8z
P P ) = 5.266 x 10 =
srmbafifo4ptrms(xs’ys’Zs’ srm) = 9.260
— 18
Psrmbafifolptrms(zs’Psrm) = 1246 x 10
Zei= 0.10,0.1001..0.18
w10 Y T T T
1x10 18 .
1x10 °H
Psrmbafif04pt(xs »Ys: 25> F’srm)
1x10 2% -
1x10 2 .
1)(10* 22 | | 1
0.1 0.12 0.14 0.16 0.18

Z5'= ISRM_srmarbaf



2
S

zS->\

X

Fresnel Zone number N = 28.185

N :
MWV

2
S

8zg = —————— — 2
fr= N+ xS

X

bzg = ~4.797 x 10 °

effective scattering solid angle

Psrmbafifo4pt(xs’ Ys:Zs IDsrm)

Aw Xe»rYe»Ze, P =
effsrmbafdpt\*s>Ys>“s>"srm
P ( ) pgbars_srmbaf''-D’RDFbaf ‘Rsrmar Rsrmhr Tsrmar

-8
AwgttsrmbataptXs: Vs: Zs: Psrm) = 2157 x 10

Psrmbafifo4ptrms(xs’ Ys:Zs Psrm)

Aw XerYe»Ze, P =
effsrmbaf4ptrms{™s> ¥'s> s> "srm
P ( ) PgbarS_srmbaf "BRDFpat -Rermar Rsrmhr Tsrmar

-8
AL”effsrmbaf4ptrms(xs’ys’zs’Psrm) = 8128 x 10

Compare with various solid angles

scaled-up IFO arm solid angle, used for previous calculations, sr

2
Wf _
ak ~+Aifo = 3197 x 10 °
Wsrmo
Solid Angle of SRM beam waist, sr Ago = 2942 x 107 °
8

solid angle at SRM AR Baf beam radius, sr A f = 8.583 x 10

srmba



DNsrmbafifo4ptrms(Xs’ Ys:Zs F>srm) =

P P 05

srmbafifo4ptrms(xs’ys’Zs’ srm)

TFsm Xhamsei 2K
ppsI

- 25
DNsrmbafifo4ptrms(Xs’ysaZs,Psrm) =3.235x 10

OFI SCATTER
distance from SRM AR TO OFI ISRM ofi = 0.4
INPUT OPTICSf, m -

Zsv= ISRM_ofi

distance from OFI optics to SRM AR surface

2 2 2 05
Zofi_srmar’(xs’ys’Zs’X’y’z) = [(Xs - X) + (ys - y) + (Zs - Z) }
Zofi_srmar’(xs’ys’Zs’X’y’z) =04
Power incident on OFI optics, W

Pgrm = 0.135

scattered power from OFI optical surfaces, W

f&mba&(zs’ F>srm) = Pormy BRDFpat “Wsrmarbaf_srmar

7
Psrmbaf(zs’Psrm) =651x10






" TBSellipbaf_SR3



Y, Z)'Esrmarbafsrmar(xs’ys’ Zg: XY, Z) dx dy



E (X,y)
srmar
nar(O,O,zS,x,y,z>-E— dx dy
srmarQ



X,y,Z)




1arbafsrmar3(xs’ Y5, 25, XY Z) . Esrmarbafsrmar4(xs Y5, 25, XY Z)
4 4

Esrmar(X,Y)
(XsaySaZSaXaYaZ .- dX dy
EsrmarO



