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1 INTRODUCTION
This document presents a conceptual design for the bLCGT Recycling Cavity Baffles.

1.1 Applicable Documents

2 WEDGE ANGLES
The ITM and BS wedge angles determine the positions of the recycling cavity baffles.

The symmetric BS wedge angle = 0.050 deg is chosen so that the POX beam, which reflects from
the AT surface of the BS, will hit the SR3 HR surface and separate from the main IFO beam at the
vicinity of SR2, where the POX pick-off mirror will be located. The thick side of the BS mirror
faces toward the arms of the IFO.

The ITM wedge angle = 0.025 deg is chosen so that the ITMY GBAR3 hits the PR3 mirror. The
thick side of ITMX faces in the =Y direction; the thick side of ITMY faces in the +X direction

3 RECYCLING CAVITY BAFFLES

3.1 Power Recycling Cavity

3.1.1 PR3
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Figure 1: PR3 HR and PR3AR Baffles; POY Pick-off Beam

3.1.2 PR2
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Figure 2: PR2 HR, PR2 Scraper Baffle, POB Pick-off Beam
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3.1.3 PRM

Figure 3: PRM HR and AR Baffles



3.2 Signal Recycling Cavity

3.2.1 SRS
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Figure 4: SR3 HR and AR Baffles



3.2.2 SR2
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Figure 5: SR2 Scraper Baffle, SR2AR Baffle; POX Pick-off Beam
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Figure 7: Output Faraday Isolator, MMT2 OMC

3.2.5 Ouput Mode Cleaner

12
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Figure 8: Output Mode Cleaner, MMT1 OMC

3.3 Baffle Characteristics

Table 1: ? Baffle Characteristics

Parameter

Value

Location

Suspension

Inside aperture diameter

13
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3.4 Stray Light Noise

3.4.1 Seismic Motion

The ground motion is taken from the Kamioka mine data.

The cryoshield seismic motion is measured data.

which was modeled as 1/10 the seismic ground motion,

The seismic motion of the suspended table
can be taken as a minimum requirement.

All of the recycling cavity baffles are mounted to a suspended table in the chamber.
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Figure 9: Seismic Ground Noise, m/rtHz
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3.4.2 OFl and OMC Suspension Transmissibility

The Output Faraday Isolator (OFI) and the output mode cleaner (OMC) are mounted to the

suspended table, but must be suspended by an additional suspension structure. The aLIGO OFI

suspension transmissibility was used as a SUS model for these calculations.

w/w Apgissiwsuen

Frequency [Hz]

Figure 10: OFI Transmissibility along beam axis

15
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3.4.3 Beam Dump Surface BRDF

Most of the baffles are constructed of polished oxidized steel with the first surface inclined at an
incidence angle 57 deg. The measured BRDF is < 0.03 sr™.

The PRM AR & HR baffle is composed of polished silicon carbide, because it also serves as an
errant beam baffle and must absorb the 50 W PSL beam without being damaged. Likewise, the
PRM HR baffle is composed of polished silicon carbide, because it also serves as an errant beam
baffle and must absorb the reflected beam from PR2 without being damaged.

The output mode cleaner (OMC) Refl beam dump must be made of black glass, with BRDF = 1E-6
sr~-1, in order to reduce the scattering to an acceptable level.

16
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3.4.4 Recycling Cavity Baffles Scatter

3.4.4.1 DARM Motion Transfer Functions

[w] oirey uo4 Jaysues

Frequency [Hz]

Figure 11: DARM motion transfer functions
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3.4.4.2 PRM Scatter

PRM GBHRS3

power incident on PRM HR beam dump from
PRM GBHR3
(forward and backward beams), W

2
Pprmgbhr3 = 2'Prc'Tprmhr1064 'Rprmar

4
F)prmgbhrS =8x10

power scattered from PRM HR3 baffle, W

2
Wifo

2
F’prmgbhrSs = I:’prmgbhrS'BR':)de' A ifo'Tprmhr1064 'Rprmar

2
Wpr20

17

Pprmgbhr3s =7.634x 10

displacement noise @ 100 Hz, m/rtHz

I:>prmgbhr3s

0.5
DNprmgbhr3 = TFprbs [ J Xsustable 2K

psl

— 27
DNprmgbhrS =2.189x 10

18
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PRM GBAR3

power incident on PRM AR Baffle (forward and
backward beams), W

Pprmgbar3 = IDrefI'Rprmar‘ Rprmhr1064Tprmar106t
0 6
Pprmgbar3 = 4-5x 1

power scattered from PRM AR Baffle, W

2
Wifo

F)prmgbarSS = PprmgbarS' BRDFgjc- ifc

Wprmo

10

Pormgbargs = 1184x 10°

displacement noise @ 100 Hz, m/rtHz

F)prmgbarSS

0.5
DNprmgbar3 = TFprm'( P ] Xsustable 2K
psl

— 24
DNprmgbarg = 1.091x 10

19
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Scatter of 10 Reflected beam from input Faraday isolator

Reflected power from PRM, W

Prefl = 0.1

power scattered from input Faraday isolator surface, W

ifo

Prefls = Prefl BRDR Z'A ifo T prmhr106:

Wprmmmo

— 11
PI'EﬂS =3.604x 10

displacement noise @ 100 Hz, m/rtHz

p 0.5
. refls
DNrefis = TFormy = Xsustable 2K
psl

25

DN =6.016x 10

refls

20
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Scatter from dumped 10 Reflected beam

Need SiC surface for beam dump, water cooled

power scattered from Refl Beam Dump, W

2
‘ Wifo
Prefibds = Prefl"BRDFsic ————Aifc
Wprmmmo
-7
Preflbds = 3.604>< 10
displacement noise @ 100 Hz, m/rtHz
Prefibds

0.5
DNreflbds = TFprm'( P j Xsustable "2 K

psl

DN,gfihgs = 6:016x 107 2

21
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Figure 12: PRM Ghost Beam Scatter
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3.4.4.3 PR2 Scatter

PR2 GBHRS3

power incident on PR2 scraper baffle from
PR2 GBHR3
(forward and backward beams), W

2
Ppr29bhr3 = 2'Prc'TprZhr1064 'RprZar106z

_7
F)pr29bhr3 =4x10

BRDR,y = 0.03
power scattered from PR2 GBHR3 toward PR3, W
P W, 2
__ "pr2gbhr3 ifo 2
F’pr29bhr3pr35 = 2 "BRDFyq)1 Z.A ifo'Tpr2hr1064 'Rpr2ar106z
Wpr3o
P =1 10 22
pr2gbhr3pr3s = 1.339x 10
power scattered from PR2 GBHR3 toward PRM, W
P W, 2
__ "pr2gbhr3 ifo 2
F’pr29bhr3prms = 2 "BRDFyq)1 Z.A ifo'TprZhr1064 'Rpr2ar106z
Wpr20
23

Ppr29bhr3prms =3.181x 10

total power scattered from PR2 GBHRS3

F’pr29bhr35 = F’pr29bhr3pr35 + Ppr29bhr3prms

Poragbhras = 1.657x 10° 22
displacement noise @ 100 Hz, m/rtHz
P 0.5
DNor2gbhrg = TFprbs'(%l;ms] ustable ‘2K
30

DNyragbhr3 = 3:225x 10°

23
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PR2 GBAR1 (POB)

power incident on PR2 AR Baffle (forward beam), W

F)prZQbarl = Prc'TprZhr1064Tpr2ar106¢

Ppr29bar1 =0.4

PR2 GBARS3

power incident on PR2 AR Baffle (forward and
backward beams), W

F’pr29bar3 =2 I:’rc'TprZhr1064' Rpr2ar1064 Rpr2hr1064‘Tpr2ar106z

-y
Por2gbarg = 7:988x 10

power scattered from PR2 GBARS3 toward PR3, W

2
P Wi
__ "pr2gbar3 ifo
Ppr29bar3pr3s = 5 "BRDRyq- 5 A ifo'TprZhr1064 Rpr2ar1064 Rpr2hr1064 Tpr2ar106z
Wpr30
— 1.602x 10 ©

Ppr29bar3pr3s

power scattered from PR2 GBAR3 toward PRM, W

2
P Wi
_ "pr2gbar3 ifo
F’pngbaerrms = 2 "BRDRyq 5 A ifo'TprZhr1064' Rpr2ar1064 Rpr2hr1064'Tpr2ar106z

Wpr20

17

Ppr29bar3prms = 3.806x 10

total power scattered from PR2 GBAR3
Ppngbar?:s. = Ppr2gbar3pr3s + F>pr29bar3prms

16

Pprngar3s =1.983x 10

24
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DNprogharg = 3:528x 10

DNpr2gbar3 = TFprbs'(

displacement noise @ 100 Hz, m/rtHz

PR2 GBAR1 beam dump H

PR2 GBAR3

min displacement VRSEB
PR2 GBHR3

LCGT Scattered Light Req

[zHu/w] wawaoedsiq

25

Frequency [Hz]
Figure 13: PR2 Ghost Beam Scatter

3.4.4.4 PR3 Scatter
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PR3 GBHR3

power incident on chamber wall from PR3
GBHR3
(forward and backward beams), W

2
I:’pr3gbhr3 = 2'Prc'TprShr1064 'Rpr3ar106z

—9
Ppragbhra =4 10

BRDF, 4 = 0.1
power scattered from chamber wall by
PR3 GBHR3 toward BS, W
) I3pr3§1bhr3 2
Ppr39bhr3bss = 2 "BRDFRyq)1A ifo'TprShr1064 'RprSar106z
P —8.338x 10 o
pr3gbhr3bss = ©-996%
power scattered from chamber wall
by
PR3 GBHR3 toward PR2, W
P W, 2
__ "pr3gbhr3 ifo 2
I:’pr3gbhr3pr23 = 2 ‘BRDFya)1A ifor 2'Tpr3hr1064 'RprSar106z
Wpr30

— 26
Ppr39bhr3pr25 =1.339x 10

total power scattered from chamber wall by
PR3 GBHR3

PprSgbhrSS = Ppr3gbhr3bss + F’pr39bhr3pr23

- 26
Poragbhras = 1:339x 10

displacement noise @ 100 Hz, m/rtHz

p 0.5
) pr3gbhr3s
DNpr3gbhrs = TFprbs{ j Xsustable "2 K

psl

- 32
DNpragbhra = 2:899x 10

26
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PR3 GBAR1

power incident on PR3 AR Baffle
(forward and backward beams), W

Ppr:%argbarl = 2'Prc'Tpr3hr1064 Tpr3ar106z

F’prSargbarl =0.0799

power scattered from PR3 AR Baffle toward BS, W

5]
__ "pr3argbarl
Ppr3argbar1bss = 2 "BRDRy-A ifo'Tpr3hr1064Tpr3ar106z

17

Ppr3argbar1bss =9.986x 10

power scattered from PR3 AR Baffle toward PR3 W

2
P Wi
__ "pr3argbarl ifo
Ppr3argbar1pr23 = 5 ‘BRDRyg-A o 2'Tpr3hr1064'Tpr3ar106z
Wpr30
_ 1.604x 107 2

F’prSargbarlprZs

total power scattered from PR3 AR Baffle, W

Ppr3argbarls = Ppr3argbar1bss + I:>pr3argbar1pr25

— 12

Ppr3argbarls = 1:604x 10
displacement noise @ 100 Hz, m/rtHz
p 0.5
. pr3argbarls
DNpr3gbar1 = TFprbs'( I ] Xsustable 2K
ps
25

DNpr3ghart = 3:173x 10
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BS_GBARL (POX)

power incident on SR2 Scraper Baffle from X
arm, W

] Prc
Phsarisr2baf = T'Rbsar

Phsarisr2baf = 0-02

power scattered from SR2 Scraper Baffle, W

2
Wifo

Phsarisr2bafs = Phsarisr2baf -‘BRDFog- 5 “Ajfo Rpsar

Wsr30

— 13
Phsarisr2bafs = 8-318x 10

displacement noise @ 100 Hz, m/rtHz

Phsarisr2bafs

0.5
DNpsarisrobafs = TFitmar'[ p j 'Xsustable'z'I<

psl

— 22
DNpsarisrobafs = 1-371x 10

BS_GBARS3P
The stray light from both arms are almost anti-resonant, and the

wavefronts overlap; their coherent sum is reduced by the square
of the asymmetry coefficient for common mode field rejection

power incident on SR2 Scraper Baffle from
both arms, W

PI’C

Phsar3sr2baf = 7[(1 - Rbsar)'Rbshr Rpsar + (1 - Rbshr)'Rbsar]'(1 - Rbsar)'cass,y

— 6
Ppsar3sr2baf = 8-249x 10

power scattered from SR2 Scraper Baffle, W

2

29
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2

) A ifo'[(l - Rbsar)'Rbshr Rpsar + (1 - Rbshr)'Rbsar:I'(l - Rbsar)'cassy2

Wifo

Phsarasr2bafs = Phsarasr2baf "BRPFyg

Wsr30

- 19

Phsar3sr2bafs = 1-415% 10

displacement noise @ 100 Hz, m/rtHz

p 0.5
bsar3sr2bafs
TFitmar “Ysustable 2K
ppsl

DNpsar3srobaf

5.655x 10
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Figure 15: BS and SR2 Ghost beams Scatter
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3.4.4.6 ITM Ghost Beams Scatter

ITMX_GBAR1_BD

Part of the ITMX_GBARZ1 is caught by the ITMX elliptical baffle,
part reflects from SR2 back through BS and is caught by ITMY ACB.

Power of ITMX GBAR1, W p R:

itmar1 = Prc Ritmar

Pitmar1 = 0-04

itmar

ITMY_GBARZ1_BD

Part of the ITMY_GBAR1 merges with the POX beam and POY beam at PR2,
part of it is caught by the PR3 HR baffle

ITMY_GBAR3 POY

P
. . rc 2 2
Power incident on POY PO mirror, W Pitmar3PO = T'Rbshr ‘Ritmhr 'Ritmar'(l _ Ritmar)

—3
Pitmarapo = 9919 10

ITMY_GBAR4

2nd order beam can be ignored. Part of the GBAR4 beam is caught on the ITMY Elliptical baf,
part is caught on PR2 scraper baffle

ITMX_GBAR3_BD

power incident on PR2 Scraper Baffle, W

PI'C

2 2
Pitmxar3abd ‘= 7(1 - Rbshr)'Ritmhr 'Ritmar'<1 - Ritmar)

-3
Pitmxar3bd = 9-9192x 10

power scattered from PR2 Scraper Baffle, W
2
. Wi 2 2
Pitmxar3bds = Pitmxar3bd BRDFyg- Z.A ifo'(1 - Rbshr)'Ritmhr 'Ritmar'(1 - Ritmar)
Wpr3o0

13

P =1.976x 10

itmxar3bds
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displacement noise @ 100 Hz, m/rtHz

0.5
S
= “Ysustable 2K

Pitmxar3bd
psl

DNjtmxar3bd = TFprbs'(
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Figure 16: ITM Ghost Beam Scatter
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3.4.4.7 SRM Scatter

SRM_GBHR3
power incident on SRM HR baffle, W

Psrmhrbaf = Psrm Rsrmar1064 Tsrmhr106-
_ —7

Psrmhrbaf = 3.893x 10
power scattered from SRM HR baffle, W

2
Wifo

Psrmhrbafs = Psrmhrbaf BRDFyg - 5 “AifoRsrmar1064 Tsrmhr106¢

Wsr20

18

Psrmhrbafs = 3-658x 10

displacement noise @ 100 Hz, m/rtHz

p 0.5
srmhrbafs
“Xsustable 2K

DNsrmhrbafs = TFsrm P
psl

25

DN =2.875x 10

'srmhrbafs
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SRM_GBARS3

power incident on SRM AR Baffle, W

Psrmarbaf = Psrm Rsrmar1064Rsrmhr1064 Tsrmar106:

— 6
Psrmarbaf = 2-145x 10

power scattered from SRM AR Baffle, W

2
Wifo

Psrmarbafs = Psrmarbaf BRPRyg- “Aifo Rsrmar1064 Rsrmhr1064 Tsrmar106:

2
Wsrm0

18

P =1.387x 10

srmarbafs

displacement noise @ 100 Hz, m/rtHz

0.5
srmarbafs
J “Xsustable "2k

P
DNsrmarbafs == TFsrm’
Ppsl

25

DN =1771x 10

'srmarbafs
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Figure 17: SRM Ghost Beam Scatter

3.4.4.8 SR2 Scatter

SR2 GBHR3

power incident on SR2 scraper baffle from

SR2 GBHR3

w

(forward and backward beams),

sr2hr106¢

= 2-Pgrc Tsrohr1064 Rer2ar1064 T

Psrogbhr3

— 10

1.65x 10

F)sr2§1bhr3
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power scattered from SR2 GBHR3 toward SR3, W

2
P Wi
sr2gbhr3 ifo
PSI’Zgth’SSI’3S = 2 "BRDRyqg- Z.A ifo Tsr2hr1064 Rsr2ar1064 Tsr2hr106
Wsr30
— 26
Psrogbhrasras = 1.716x 10
power scattered from SR2 GBHR3 toward SRM, W
P W 2
sr2gbhr3 ifo
IDergbhri%srms = "BRDRyy- Z'A ifo Tsr2hr1064 Rsr2ar1064 Tsr2hr106:
Wsrmo
3.153x 107 2
Psragbhrasrms = 3:153x 1

total power scattered from SR2 GBHRS3

Psr29bhr33 = Psr29bhr33r33 + Psr29bhr35rms

— 26
Psr29bhr35 =1.747x 10
displacement noise @ 100 Hz, m/rtHz
p 0.5
sr2gbhr3s
DNgrogphr3 = TFsrbs'{ I j Xsustable 2K
ps
29

DNgyogbhr3 = 2.649x 10

36



T1200176 LCGT- AOS

SR2 GBAR1

SR2 GBAR1 power incident on SR2 AR Baffle
(backward beam), W

perQbarlbaf = Psre Tsrahr1064 Tsr2ar106:

— 4
Psrogbaribaf = 1:648x 10
power scattered from SR3 AR Baffle, W
2
. Wif
Psr2gbar1bafs = Pergbarlbaf -BRDRyqy- 5 “Aifo Tsr2hr1064 Tsr2ar106
Wsr20
007x 10~ 23
Psragbaribafs = 1.007x 1
displacement noise @ 100 Hz, m/rtHz
p 0.5
sr2gbarlbafs
DNergbarlbaf = TFsrbs'( Pl ] Ksustable 2K
ps
23

DNergbarlbaf =6.361x 10

SR2 GBAR3

SR2 GBAR3 power incident on SR2 AR Baffle
(forward and backward beams), W

psr29bar3baf = 2-Pgre-Torohr1064 Rer2ar1064 Rsr2hr1064 Tsr2ar106:

_7

Psragbarabaf = 3-295x 10
power scattered from SR3 AR Baffle, W
2
. Wifo
Psragbarabafs = Psr2gbarabaf BRDFpg-———-A ifo'(Tsr2nr1064 Rsr2ar1064 Rsrahr1064 Tsr2ar1064)
W,

sr20

—19
Psr29bar3bafs =2.013x 10
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displacement noise @ 100 Hz, m/rtHz

p 0.5
sr2gbar3bafs
= TFgrpg- Xsustable "2 K
ppsl

DNgrogbar3baf

— 26

8.992x 10

DNerQbaeraf

min displacement VRSEB
LCGT Scattered Light Req
SR2 GBAR3 Baffle Scatter

i
\\\\\\

10-36
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10*

10"
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Figure 18: SR2 Ghost Beam Scatter

3.4.4.9 SR3 Scatter
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SR3 GBHR3

power incident on wall from SR3 GBHR3 (forward
and backward beams), W

2
I:>sr3gbhr3 = 2Pgrc Torahr1064 Rsr3ar106¢

— 12
Psrsgbhrg = 165)( 10

power scattered from wall by
SR3 GBHR3 toward BS, W

P
sr3gbhr3 2
Psr3gbhr3bss = 2 "BRDFya11'A ifo Tsranr1064 “Rsr3ar106:

34
Psragbhrabss = 3-439x 10

power scattered from wall by SR3 GBHR3
toward SR2 W

P Wi
sr3gbhr3 ifo 2
PergbhrSSrZS = 2 "BRDFyq)1'2 ifo 5 '(Terhr1064 'Rsr3ar1064)

Wsr30

— 30
Psragbhrasr2s = °-719x 10

total power scattered from SR2 scraper baffle by
from SR3 GBHR3

I:’ergbhrC%s = Pergbherss + I:’ergbhrSSrZS

— 30
Psr3gbhr3s =5.719x 10

displacement noise @ 100 Hz, m/rtHz

Psr39bhr33

0.5
DNg3gbhr3 = TFsrbs'( j Xsustable 2K

psl

— 31
DNerQbhrS =4.793%x 10
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SR3 AR Baffle

power incident on SR3 AR Baffle
(forward and backward beams), W

Psr3arbaf = 2-Psrc Tsr3hr1064 Tsr3ar106

-5
Psr3arbaf = 3-297x 10

power scattered from SR3 AR Baffle toward BS, W

P
sr3arbaf
Psr3arbafbss = 5 ‘BRDRyq A ifo Tsrahr1064 Tsr3ar106¢

— 20
Psr3arbafbss = 4:119% 10

power scattered from SR3 AR Baffle toward SR2, W

2
P W
sr3arbaf ifo
Psraarbafsr2s =~ BRDod A ifo—*(Tsranr1064 Tsrar1064
Wsr30
— 16
Psr3arbafsr2s = 6-849x 10

total power scattered from SR3 AR Baffle, W

Psr3arbafs = Psr3arbafbss + Psr3arbafsr2s

16

P =6.849x 10

sr3arbafs

displacement noise @ 100 Hz, m/rtHz

Psr3arbafs

0.5
DNgr3arbaf = TFsrbs'[ ] “Ysustable 2K

psl

— 24
DNgr3arbaf = 5-246x 10
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Figure 19: SR3 Ghost Beam Scatter

3.4.4.10 Output Faraday Isolator (OFI) Scatter

Output Faraday Isolator

power incident on Output Faraday Isolator, W

BRDFj = 1x 10

Pofi = Psre' Tsrmhr106:

9

=0.051

Pofi

1.668x 10

Ajfo =
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power scattered from OFI, W

2
_ Wifo
Pofis = Nfj-Pofi-BRDFj: 5 “Aifo Tsrmar106:

Wsrm0

11

P =1.808x 10

ofis

displacement noise @ 100 Hz, m/rtHz

0.5
_ Pofis
DNofis = TFgrm' P Xsustable “2K
psl
— 22
DNyfis = 6.391x 10

Output Mode Cleaner

TEMOOpower incident on Output mode cleaner, W

Pome = Psrctem0o' Tsrmhr106:

Pomc = 0.015

power scattered from OMC W

w 2
ifo
P

=P G

omcs = “omc %omc’

WomemmO

8

P =2.767x 10

omcs

displacement noise @ 100 Hz, m/rtHz

p 0.5

omcs

DNomes = TFsrm'( P j “Aofi *sustable 2K
ps

23

DN =2501x 10

omcs

omc’ 2 “Ajifo Tsrmar106:
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Output Mode Cleaner Refl

power reflected from Output mode cleaner, W
Rom

Pomerefl = Psrctemxx Tsrmhr106

P =0.035

omcrefl

power scattered from OMC Refl BD, W

if

b ifo
Womemmo

12

P =1.26x 10

omcrefls

displacement noise @ 100 Hz, m/rtHz

p 0.5
omcrefls
DNomerefls = TFsrm' “Xsustable -2k
Ppsl
— 22
DNgmcrefls = 1.688x 10

Output Photodetector

power incident on output photodetector, W

Popd = Psrctem00 Tsrmhr1064 Tomc
Popd = 0.015

power scattered from PD, W

. Wifo
popds = IDopd 'BRDde' Z.A ifo Tsrmar106:
Wopd0
P 1 =5535x 10 °
opds = 9-299%

¢ = 0.9¢

BRDFyjackglass = 1 10

omcrefls = Pomcrefl‘'-D’RD':blackglass' ) “AjfoRome

6

TsrmarlOGt
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displacement noise @ 100 Hz, m/rtHz

p 0.5
opds
= TFsrm'[ P } “Aofi-Xsustable "2 K
psl
DNgpds = 3537x 10

DNOpdS .

— 23
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Figure 20

3.5 Optical Interfaces
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