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T1300689 ITM Elliptical Baffle Scatter_Black Glass Hybrid
8/15/13

Kodius
Block Glass
Edge

BRDF of ellip baf SS, sr-1 BRDFg|pafss := 0-030
BRDF of ellip baf black glass sr*-1 BRDFeIIbafbg =510 6
BRDF of SS edge, sr*-1 BRDF =01

edgess
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BRDF of rough cut black glass edge, sr-1

BRDF of fire-polish black glass edge, sr*-1

BRDF of BD, sr*-1

BRDF of chamber wall, sr-1

Motion of suspended baffle @ 100 Hz, m/rt Hz

Motion of BSC chamber @ 100 Hz, m/rt Hz

laser wavelength, m

wave number, m”-1

Transfer function @ 100 Hz, ITM AR

ITM beam radius, m

virtual beam waist looking toward ITM AR
(see H1 Signal Recycling Cavity beam
size_8-12-13)

distance from ITM AR to virtual beam waist, m

solid angle of ITM AR virtual beam
waist, sr

Ref: T1000090-v5, aLIGO Baffle Design using SIS

elliptical baffle minor
semi-axis, m

elliptical baffle major
semi-axis, m

BRDF =01

edgebgr

BRDF = 0.0001

edgebgfp

BRDFWﬁ” =0.1

— 14
Xbaf =3-10

— 11
Xpscchamber == 2-10

X:=1.064-10

E

11

TF, =3.16-10

itmar -

Wiy, = 0.053168

Witmaro = 0.008342

| 1.293 x 10°

itmar0Q -~

>\2

itmar == ’
T Witmar0

9

A =51784x 10

itmar

.. 021+0014
o 2

_ 0.260 + 0.014
2

b:

K = 5.9052 x 10°

a=0.112

b =0.137
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thickness of SS baffle plate, m teg := 0.047-0.0254
radius of SS edge, m Tedgess ‘= 0.001-0.0254
_254x 10 °
Tedgess = =>4 X
thickness of black glass baffle plate, m tbg = 0.128.0.0254
radius of BG baffle rough-cut edge, m Tedgebgr = 0.01-0.0254
_254x 10 7
Tedgebgr = &2 X

Reflectivity of Elliptical Baffle Rellbaf = 2-4€-5

Transmissivity of ITM HR T = 0.0140

itmhr -

Reflectivity of ITM HR Ritmhr == 09951 = Titmnr  Rijmnpr = 0.9811

-6
Reflectivity of ITM AR Ritmar = 50-10
Transmissivity of ETM HR Totm =510 6
L -5
Transmissivity of FM HR TEMnr = 10x 10
Ref. T070247
input laser power, W Ppsl =125
arm cavity gain Ga = 13000
P
sl
o sl

arm cavity power, W

arm cavity power, W Py =8.125x 105
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Ref. Hiro e-mail 8/29/11

P..-T:
power in power recycling cavity Prca = _a_itmhr Prca = 2.8438 x 103
arm, W 4
Gaussian power parameter Porc = Prca
in recycling cavity
. . . 2-Prca
Power recycling cavity gain Gy = Gy =455
P
psl
X2+y2
—2. >
P Wi
) Orc itm
Gaus_S|an beam lo(X,y) = 2
equation Wt
in recycling cavity itm
yz
b ra|1—
b2
totgl integrated power in recycling Pooa= 4 lo(X,y) dx dy
cavity arm, W 070
3
Prca = 2.8436 x 10
radius of ITM, m litm = 0.170
horizontal displacement of ITM Elliptical Baffle, m dx:=0
vertical displacement of ITM Elliptical Baffle, m dy:=0
X +y2
—2. >
exitance function from ITM 4-Porc Witm
litm(X,Y) == 22————-e
T Witm
ritm [ritm'
power exiting from ITM toward elliptical Pitm = 4~J J litm(X,y) dx dy
bafﬂe, W 0 0
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P = 11375 x 107

itm

ITM ELLIPTICAL BAFFLE INCIDENT POWER

Power passing through the elliptical

baffle hole, W
2
§ y
y+b réx+a [ 1—
f ( J b2
Pitmellbaftran(%9Y) := ‘ ‘ litm(X.y) dx dy
2
J 5y—b ) Sx—a |1
b2
4
Pitmellbaftran(0-0) = 1.1374 x 10
power hitting the ITM elliptical baffle Pitmellbaf (8%:9Y) = Pitm — Pitmellbaftran(9X>9Y)

from ITM side, W
Pitmellbaf (0.0) = 0.5342

]E)r(;vr;elrﬂ\i;tisr:g;hWTM elliptical baffle Pitmellbaf (0,0) = 0.5342

Pitmellbaf (0-0)

Pitm

intercepton efficiency for Nitmellbaf =
ITM power

-5
Nitmellbaf = 4-6958 x 10

SCATTER FROM OXIDIZED SS ITM ELLIP BAFFLE SURFACE

Power scattered into IFO mode
from both arms, W

Pitmellbafsss = ‘/E'Pitmellbaf(0’0)'BRDFeIIbafss'Aitmar

10

Pitmellbafsss = 1-1735 x 10~
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0.5
p.

. . itmellbafsss 2
displacement noise @ 100 Hz, DNitmellbafss = TFitmar P— Kpaf—="K
m/rtHz psl \/E

—24
DNijtmellpafss = 7671 x 10
SCATTER FROM SS ITM ELLIP BAFFLE HOLE EDGE
horizontal edge, m X:=a
vertical edge, m y:=0
X2+y2
_2.
. ) 4-Porc Witm2
exitance function from ITM at edge, W/m”2 Lign(X,Y) = 2———-e
T Witm

litn(X,Y) = 358.2562

maximum width of exposed edge, m Witmbafe = 2'redgess

Radius of baffle hole, m Ritmbaf = @

exposed area of baffle hole edge, m"2

0 0
Aitmbafess = Jr 2\} I:aitmbafz <% dx - Jr 2'\/Ritmbafz - (X - WitmbafE)2 dx

~ Ritmbaf ~ RitmbafWitmbafe

5

A =1.1379x 10

itmbafess

power incident on ITM Baf hole edge, W

Pitmbafedgess = litm(@ 0)- Ajtmbafess

3

Pitmbafedgess = 4077 x 10



H:\ADLIGO\SLC\ITM Elliptical baffle
\T1300689-v2 ITM Elliptical baffle
scatter_black glass hybrid.xmcd

. - F)itmbafedgess
intercepton efficiency for Nitmellbafedgess ™= — 5
ITM power Pitm
— 7
= 3.5839 % 10

Nitmellbafedgess

power scattered from two ITM Ellip Baf hole edge

toward ITM, W
Pitmbafedgesss = \ﬁ Pitmbafedgess' BRD':edgess'Aitmar
P — 29855 x 10
itmbafedgesss = < x
p 0.5
. . itmbafedgesss 2
displacement noise @ 100 Hz, DNitmbafedgess = TFitmar P— Kpaf —=K
m/rtHz psl \/E
DN — 12235 x 107 2
itmbafedgess = * x
DN;
ratio of edge scatter to baf scatter ___itmbafedgess = 0.1595
DNjimellbafss
Total SS baf scatter power, W Pitmbafssts = Pitmellbafsss * IDitmbafedgesss

- 10
Pitmbafssts = 1-2034 x 10

total SS baffle displacement noise @ 100
Hz, m/rtHz

p 0.5
itmbafssts 2
DNitmbafsst = TFitmar'[ P ] Xpaf =K

psl \/E

24

DN 7.768 x 10

itmbafsst =

SCATTER FROM BLACK GLASS ITM ELLIP BAFFLE SURFACE
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Power scattered into IFO mode
from both arms, W

Pitmellbafbgs = V2 Pitmelibaf (0> 0)-BRDFgjibafhy Aitmar

- 14
Pitmellbafbgs = 1-9559 x 10

0.5

displacement noise @ 100 Hz, DN - TF Pitmellbafbgs « 2 K

/rtH itmellbafbg = ' "itmar “Zbaf 5
mirthz J Posl V2

— 26
DNitmeIIbafbg = 99032 X 10
SCATTER FROM ROUGH CUT BG ITM ELLIP BAFFLE HOLE EDGE
. . —4

maximum width of exposed edge, m Wismbafes= 2'redgebgr Tedgebgr = 254 x 10
Radius of baffle hole, m Ritmbaf = 0-112

exposed area of baffle hole edge, m”2

0
2 2 2 2
2| Ritmbaf~ — X" dx - J' 2'\/ Ritmbaf — (X = Witmbafe) 9

RitmbaftWitmbafe

0
Ajtmbafebg = J'
~ Ritmbaf

-4
Aitmbafebg =1.1379 x 10

power incident on ITM Baf hole edge, W
Pitmbafedgebg = litm(2-0)-Aitmbafebg

Pi'[mbafedgebg =0.041

power scattered from two BG ITM Ellip Baf hole
edge toward ITM, W

Pi'[mbafedgebgrs = \/E'Pitmbafedgebg'BRDFedgebgr'Aitmar
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11

Pitmbafedgebgrs = 2-9855 x 10

displacement noise @ 100 Hz,
m/rtHz

0.5
P.
itmbafedgebgrs 2
DNjimbafedgebgr = TFitmar'[ J Xpaf '_z'k

IDpsl \/_

— 24
DNitmbafedgebgr =3.8691 x 10

ratio of rough cut edge scatter to baf scatter

DNitmbafedgebgr
DNjtmellbafbg

= 39.0693

SCATTER FROM FIRE-POLISHED BG ITM ELLIP BAFFLE HOLE EDGE

max input angle, rad exymaxedge = g = 15708
max input angle, deg 0 =0 180 _ 90
' xymaxpdeg -~ Yxymaxedge o
BRDF Black Glass BRDF @ 5 deg incidence
BRDF( = 0.12
B:=.75
C,..:= 1655 x 10°
mr = 1099
-5
BRDFg, = 1-10
BRDF,
i N\ _ — -
BRDF function, sr-1 BRDFbg5(6i> = 3 + BRDFg,
1+ Cmr~6i2)

BRDF Black Glass fire polish (empirical estimate)



break-over angle, rad
micro-roughness angle, rad
max BRDF, sr-1

final slope modifier

micro-roughness constant

large angle BRDF, fire polish,
sr-1

BRDF function, sr-1

180

6 := 0,0.00001 .. 106,
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0) = 05— = 8.7266x 10 °
180
0y = 5.—— = 0.0873
180
BRDFg,:= 0.1
B:= 0.85
1
L,
o= ”
0
1
~ 16548 x 10"
Cpy = 16548 x 10
BRDF =410 °
bgfp62 -— ™
BRDF,
BROFpgip(0i) = — 5+ BROFugpoz
2
1+ Cmr'ei )

10
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=0

0.1 1 10 100

6i( 6By = acos(cos(6y)-cos(6y))

1 T
0.1
BRDFbgfp(Gi)
- 0.01F
BRDFy,q5( ;)
110" 3+
1x10" 4
1x10°4 k1078
O
fexymaxedge
Sedgebg(et,BRDFbgfp) =

Sedgebg(

[2 0;(6, 0

|
|
J29 {01 0

6. BRDFpgfy) = 2.883 x 10

|tmar0
|tmar0
BRDFbgfp(es + 2.ei(et,exy))- m
|tmar0
I|tmar0

13

Pitmbafedgebgfps = litm(a,0)- A|tmbafebg edgebg(et’BRDFbgfp)

Pitmbafedgebgfps

~1.1753x 10

11
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intercepton efficiency for
ITM power

displacement noise @ 100 Hz,
m/rtHz

ratio of edge scatter to baf scatter

Total BG baf scatter power, W

scatter_black glass hybrid.xmcd

_ Pitmbafedgebgfps
Nitmellbafedgebg = P

itm

18

Nitmellbafedgebg = 1:0332 x 10

0.5
P.
) itmbafedgebgfps
DNijtmbafedgebgfp = TFitmar'( j Xpaf ﬁ

I:)psl

— 26
DNitmbafedgebgfp = 76767 x 10

DN itmbafedgebgfp
DN

= 0.7752

itmellbafbg

Pitmbafbgfpts = I:)itmellbafbgs + I:)itmbafedgebgfps

— 14
Pitmbafbgfpts = 3-1311 x 10

total black glass baffle displacement

noise @ 100 Hz, m/rtHz

ratio of SS to BG baf scatter

ITM ELLIPTICAL BAFFLE
REFL

Power reflected from baffle, W

p 0.5
itmbafbgfpts
DNjtmbafbgfpt = TFitmar'[ Pog J Xpaf -
ps

- 25
DNitmbafbgfpt =1.253 x 10

DNitmellbafss

DNjtmbafbgfpt

= 61.2202

Pitmellbafrefl = Rellbaf Pitmelibaf (0:0)

2«

Jz

2

12

K

12
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-5
Pitmellbafrefl = 1.282 x 10

Power scattered into IFO mode
from both arms, W
Pitmellbafrefls = \2-Pitmellbafrefl Rellbaf -BROFwall Aitmar

~19
Pitmellbafrefls = 2-2532 x 10

Motion of BSC chamber @ 100 Hz, m/rt Hz

displacement noise @ 100 Hz,
m/rtHz

P.
itmellbafrefls
DNitmellbafrefl = TFitmar
Ppsl

0.5
J “Xpscchamber =K

S

_25
DNitmellbafrefl = 2-2408 x 10

13
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litmaro
02 - DitmarO'(es - Z'Gi(et’exy))]z'ltm—arg de
litmaro

w

005(Byy) dOyy




