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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
11



ITM Elliptical Baffle displacement @
100 Hz, m/rtHz 

xitmellbaf 1 10
12



ACB displacement @ 100 Hz, m/rtHz xACB 1 10
12



ISI optical table displacement @ 100
Hz, m/rtHz 

xISI 3 10
14



Transfer function @ 100 Hz, ITM AR TFitmar 3.16 10
11



Transfer function @ 100 Hz, BS from SR TFsrbs 4.46 10
11



BRDF of BD, sr^-1 BRDFbd 0.030

BRDF of oxidized un-polished steel,
sr^-1

BRDFoxiunpolish 0.03

BRDF of chamber wall, sr^-1 BRDFwall 0.1

BRDF of ITM SUS frame @
normal incidence, sr^-1

BRDFitmsus 1

laser wavelength, m λ 1.064 10
6



wave number, m^-1 k 2
π

λ


ITM beam radius, m witm 0.053168

see T070303 with arm cavity gain = 13000
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Ref. T070247

Transmissivity of ITM HR Titmhr 0.0140

input laser power, W Ppsl 125

Gac 13000arm cavity gain

Pa

Ppsl

2
Gacarm cavity power, W

Ref. Hiro e-mail 8/29/11

power in power recycling cavity
arm, W

Prca

Pa Titmhr

4


Prca 2.844 10
3



radius of ITM, m ritm 0.170

hemispherical scattering loss fraction
TM wide angle(ref: T070089)

αTM 10 10
6



see T070303 with arm cavity gain = 13000

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

SCATTER PATH LENGTH

distance from BSAR to  ITM ELL
BAF PLATE1, m

Litmellp1 0.887

distance from BSAR to  ITM ELL
BAF PLATE2, m

Litmellp2 0.912
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distance from BSAR to  ITM ELL
BAF PLATE3, m

Litmellp3 0.912

distance from BSAR to  BSAR ELL
BAF PLATE, m

Lbsell 0.14

distance from BSAR to  BSC spool
+X, m

Lbscspoolx 1.699

distance from BSAR to  BSC
flange +X, m

Lbscsflngx 1.802

distance from BSAR to  spool
BSC2-BSC3, m

Lbscspoolbsc2_3 2.508

distance from BSAR to  BSC
spool -Y, m

Lbscspooly 1.403

distance from BSAR to  BSC
flange -Y, m

Lbscsflngy 1.423

distance from BSAR to  BSC2
cylinder, m

Lbsccyl 1.282

distance from BSAR to  BSC2 top,
m

Lbsctop 1.717

distance from BSAR to  BSC2
bottom, m

Lbscbot 1.497

distance from BSAR to  HAM4/MC
tube, m

Lham4mc 1.905

distance from BSAR to  ITM middle
frame, m

Litmframe 4.714

distance from BSAR to  ITM SUS
ring, m

Litmsusring 4.739

distance from BSAR to  ACB
Plate6, m

Lacbp6 5.87

distance from BSAR to WIDE ANGLE
BAF BOTTOM LEDGE ITMX, m

Lwidbot 5.89

distance from BSAR to WIDE
ANGLE BAF side ITMX, m

Lwidside 5.9
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BS INCIDENT ANGLE

incident angle from BSAR to  ITM
ELL BAF PLATE1, rad

θitmellp1 .79

incident angle from BSAR to  ITM
ELL BAF PLATE2, rad

θitmellp2 1.02

incident angle from BSAR to  ITM
ELL BAF PLATE3, rad

θitmellp3 1.02

incident angle from BSAR to
BSAR ELL BAF PLATE, rad

θbsell 1.33

incident angle from BSAR to  BSC
spool +X, rad

θbscspoolx 0.17

incident angle from BSAR to  BSC
flange +X, rad

θbscsflngx 0.26

incident angle from BSAR to  spool
BSC2-BSC3, rad

θbscspoolbsc2_3 0.45

incident angle from BSAR to  BSC
spool -Y, rad

θbscspooly 0.09

incident angle from BSAR to  BSC
flange -Y, rad

θbscsflngy 0.24

incident angle from BSAR to
BSC2 cylinder, rad

θbsccyl 0.05

incident angle from BSAR to
BSC2 top, rad

θbsctop 0.88

incident angle from BSAR to
BSC2 bottom, rad

θbscbot 0.7

incident angle from BSAR to
HAM4/MC tube, rad

θham4mc 0.24

incident angle from BSAR to  ITM
middle frame, rad

θitmframe 0.78

incident angle from BSAR to  ITM
SUS ring, rad

θitmsusring 0.74
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incident angle from BSAR to  ACB
Plate6, rad

θacbp6 0.7

incident angle from BSAR to WIDE
ANGLE BAF BOTTOM LEDGE ITMX, rad

θwidbot 0.68

incident angle from BSAR to WIDE
ANGLE BAF side ITMX, rad

θwidside 0.68

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
ELL BAF PLATE1, rad

PFitmellp1 0.0002

ifractional power from BSAR to
ITM ELL BAF PLATE2, rad

PFitmellp2 0.0003

fractional power from BSAR to  ITM
ELL BAF PLATE3, rad

PFitmellp3 0.023

fractional power from BSAR to
BSAR ELL BAF PLATE, rad

PFbsell 0.0005

fractional power from BSAR to
BSC spool +X, rad

PFbscspoolx 0.0404

fractional power from BSAR to
BSC flange +X, rad

PFbscsflngx 0.0255

fractional power from BSAR to
spool BSC2-BSC3, rad

PFbscspoolbsc2_3 0.0292

fractional power from BSAR to
BSC spool -Y, rad

PFbscspooly 0.0972

ifractional power from BSAR to
BSC flange -Y, rad

PFbscsflngy 0.0579

fractional power from BSAR to
BSC2 cylinder, rad

PFbsccyl 0.3237

fractional power from BSAR to
BSC2 top, rad

PFbsctop 0.0571
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fractional power from BSAR to
BSC2 bottom, rad

PFbscbot 0.1608

fractional power from BSAR to
HAM4/MC tube, rad

PFham4mc 0.1521

fractional power from BSAR to  ITM
middle frame, rad

PFitmframe 0.0041

fractional power from BSAR to  ITM
SUS ring, rad

PFitmsusring 0.0006

fractional power from BSAR to
ACB Plate6, rad

PFacbp6 0.0011

ifractional power from BSAR to WIDE
ANGLE BAF BOTTOM LEDGE ITMX,
rad

PFwidbot 0.0001

fractional power from BSAR to
WIDE ANGLE BAF side ITMX, rad

PFwidside 0.0002

INCIDENT POWER

ITM ELL BAF PLATE1, W 

Pitmellp1 Prca PFitmellp1 αTM 5.688 10
6



ITM ELL BAF PLATE2, W 

Pitmellp2 Prca PFitmellp2 αTM 8.531 10
6



ITM ELL BAF PLATE3, W

Pitmellp3 Prca PFitmellp3 αTM 6.541 10
4



BSAR ELL BAF PLATE, W

Pbsell Prca PFbsell αTM 1.422 10
5



BSC spool +X, W

Pbscspoolx Prca PFbscspoolx αTM 1.149 10
3
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BSC flange +X, W

Pbscsflngx Prca PFbscsflngx αTM 7.252 10
4



spool BSC2-BSC3, W

Pbscspoolbsc2_3 Prca PFbscspoolbsc2_3 αTM 8.304 10
4



BSC spool -Y, W

Pbscspooly Prca PFbscspooly αTM 2.764 10
3



BSC flange -Y, W

Pbscsflngy Prca PFbscsflngy αTM 1.647 10
3



BSC2 cylinder, W

Pbsccyl Prca PFbsccyl αTM 9.205 10
3



BSC2 top, W

Pbsctop Prca PFbsctop αTM 1.624 10
3



BSC2 bottom, W

Pbscbot Prca PFbscbot αTM 4.573 10
3



HAM4/MC tube, W

Pham4mc Prca PFham4mc αTM 4.325 10
3



ITM middle frame, W

Pitmframe Prca PFitmframe αTM 1.166 10
4



ITM SUS ring, W

Pitmsusring Prca PFitmsusring αTM 1.706 10
5
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ACB Plate6, W

Pacbp6 Prca PFacbp6 αTM 3.128 10
5



WIDE ANGLE BAF BOTTOM
LEDGE ITMX, W

Pwidbot Prca PFwidbot αTM 2.844 10
6



WIDE ANGLE BAF side ITMX, W

Pwidside Prca PFwidside αTM 5.688 10
6



POWER SCATTERED INTO IFO MODE

PFs 1

Pinc 1

wifo 1

BRDFs 1

θinc 1

Ls 1

wide angle scattered power from TM hitting the adjacent
surface

Pinc Prca αTM PFs

power re-scattered by TM into IFO
mode

Psifo Pinc BRDFs
λ

2

Ls
2

 αTM
cos θinc 

π
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combining these equations, we get

PsTMifo Pinc αTM
λ

2

π Ls
2


 BRDFs cos θinc 













ITM ELL BAF PLATE1, W 

Pitmellp1ifo Pitmellp1 αTM
λ

2

π Litmellp1
2


 BRDFoxiunpolish cos θitmellp1 













Pitmellp1ifo 5.501 10
25



ITM ELL BAF PLATE2, W 

Pitmellp2ifo Pitmellp2 αTM
λ

2

π Litmellp2
2


 BRDFoxiunpolish cos θitmellp2 













Pitmellp2ifo 5.803 10
25



ITM ELL BAF PLATE3, W

Pitmellp3ifo Pitmellp3 αTM
λ

2

π Litmellp3
2


 BRDFoxiunpolish cos θitmellp3 













Pitmellp3ifo 4.449 10
23



TOTAL ITM ELL BAF, W
note: power adds cohherently

Pitmellbafifo Pitmellp1ifo Pitmellp2ifo Pitmellp3ifo 

Pitmellbafifo 4.562 10
23
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BSAR ELL BAF PLATE, W

Pbsellifo Pbsell αTM
λ

2

π Lbsell
2


 BRDFoxiunpolish cos θbsell 













Pbsellifo 1.87 10
23



BSC spool +X, W

Pbscspoolxifo Pbscspoolx αTM
λ

2

π Lbscspoolx
2


 BRDFwall cos θbscspoolx 













Pbscspoolxifo 1.414 10
22



BSC flange +X, W

Pbscsflngxifo Pbscsflngx αTM
λ

2

π Lbscsflngx
2


 BRDFwall cos θbscsflngx 













Pbscsflngxifo 7.777 10
23



BSC spool -Y, W

Pbscspoolyifo Pbscspooly αTM
λ

2

π Lbscspooly
2


 BRDFwall cos θbscspooly 













Pbscspoolyifo 5.04 10
22



BSC flange -Y, W

Pbscsflngyifo Pbscsflngy αTM
λ

2

π Lbscsflngy
2


 BRDFwall cos θbscsflngy 
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Pbscsflngyifo 2.846 10
22



BSC2 cylinder, W

Pbsccylifo Pbsccyl αTM
λ

2

π Lbsccyl
2


 BRDFwall cos θbsccyl 













Pbsccylifo 2.016 10
21



BSC2 top, W

Pbsctopifo Pbsctop αTM
λ

2

π Lbsctop
2


 BRDFwall cos θbsctop 













Pbsctopifo 1.265 10
22



BSC2 bottom, W

Pbscbotifo Pbscbot αTM
λ

2

π Lbscbot
2


 BRDFwall cos θbscbot 













Pbscbotifo 5.624 10
22



TOTAL BSC2, W
note: power adds incohherently

Pbsc2ifo Pbscspoolxifo
2

Pbscsflngxifo
2

 Pbscspoolyifo
2

 Pbscsflngyifo
2

 Pbsccylifo
2

 Pbsctopifo


Pbsc2ifo 2.181 10
21
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HAM4/MC tube, W

Pham4mcifo Pham4mc αTM
λ

2

π Lham4mc
2


 BRDFwall cos θham4mc 













Pham4mcifo 4.172 10
22



ITM middle frame, W

Pitmframeifo Pitmframe αTM
λ

2

π Litmframe
2


 BRDFitmsus cos θitmframe 













Pitmframeifo 1.344 10
23



ITM SUS ring, W

Pitmsusringifo Pitmsusring αTM
λ

2

π Litmsusring
2


 BRDFitmsus cos θitmsusring 













Pitmsusringifo 2.022 10
24



TOTAL ITM SUS FRAME, W
note: power adds cohherently

Pitmsusifo Pitmframeifo Pitmsusringifo 

Pitmsusifo 1.546 10
23



ACB Plate6, W

Pacbp6ifo Pacbp6 αTM
λ

2

π Lacbp6
2


 BRDFoxiunpolish cos θacbp6 













Pacbp6ifo 7.506 10
26
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WIDE ANGLE BAF BOTTOM LEDGE ITMX, W

Pwidbotifo Pwidbot αTM
λ

2

π Lwidbot
2


 BRDFoxiunpolish cos θwidbot 













Pwidbotifo 6.891 10
27



WIDE ANGLE BAF side ITMX, W

Pwidsideifo Pwidside αTM
λ

2

π Lwidside
2


 BRDFoxiunpolish cos θwidside 













Pwidsideifo 1.373 10
26



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

Pacbifo Pacbp6ifo Pwidbotifo Pwidsideifo 

Pacbifo 9.569 10
26



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

θt 0 xs 1

Displacement Noise Requirement @ 100 Hz, m/rt Hz

Dreq 1 10
21



DNs 2 TFitmar
PsTMifo

Ppsl









0.5


2 k xs

2
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TOTAL ITM ELL BAF

DNitmellbaf 2 TFitmar
Pitmellbafifo

Ppsl









0.5

 xitmellbaf
2

2
 k

DNitmellbaf 2.255 10
28



BSAR ELL BAF PLATE

DNbsell 2 TFitmar
Pbsellifo

Ppsl









0.5

 xISI
2

2
 k

DNbsell 4.331 10
30



TOTAL BSC2

DNbsc2 2 TFitmar
Pbsc2ifo

Ppsl









0.5

 xmanifold
2

2
 k

DNbsc2 1.247 10
25



HAM4/MC TUBE

DNham4mc 2 TFsrbs
Pham4mcifo

Ppsl









0.5

 xmanifold
2

2
 k

DNham4mc 7.698 10
26



TOTAL ITM SUS FRAME

DNitmsus 2 TFitmar
Pitmsusifo

Ppsl









0.5

 xISI
2

2
 k

DNitmsus 3.938 10
30
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TOTAL WIDE ANGLE ITM ACB 

DNacb 2 TFitmar
Pacbifo

Ppsl









0.5

 xACB
2

2
 k

DNacb 1.033 10
29
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fo
2

Pbscbotifo
2

 


0.5
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k
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