LIGOo Results from FFT modeling
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aMirror surface phase map

aThermal lensing effect
»|TM and BS

aLock acquisition

aRevised FFT code
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With a little bit of reality
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LIGO  Dark Port beam profile by FFT
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0.06 0.06

upper SB o= o
200k BS  “Nophasemap  Withphasemap  With phase map -
curvature Symmetric heating ~ Symmetric heating  Differential heati -

0.05
0.04

Q.04 0.04

0.03

0.02 0.0z 0.02

lower SB
1] 1] i)

0.01

-0.02 -0.02 -0.02

0.03

.04 .04 0.04

0.0%

G050062 -oas 0.06

008 0 008 0.05 ] 0.05 -0.05 a 0.05



LIGO ITM differential heating
and beam splitter effect

e Linear line : gaussian
 Blue vs red : sideband imbalance
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LIGO

Mode matching with BS

7.32km Reflection by BS
ut S ~x/y
R=40km @ cold R=13.6km @ hot
' T ission through B
(27 w/o BS) 82mW (64 w/o BS) Rransmlssgnilroug . S R
\ﬁ/ \ﬁ—/ : :1+( ° "~ £BS ) -
-/‘ 13 6k R Res Fiverrmal Cuy
ORI Transmission through ITM

R 7
Rx=18.2km,Ry=16.2km R,
14 4km
203km

BS curvature

Rx=13.9km,Ry=14.2km /

1
£ 1M )R,

thermal

:1+(n0_1_
RITM

14.24km 7.26km

()

I=
A\

Thermal effect E
Rx=13.6km,Ry=14.0km

1 E E 4 1
ftE: - 29210 fﬂ']g\:'m] (hot) Spatial mode in IFO, Jan.31,05

N —

R=14.24km @ hot

52mW (54 w/o BS)
only BS effect



LIGO -
Thermal lensing and N ¢.ive
- P. Willems calculated based on MIT model -

5 < >

-~ ) < —> n

® . don’t _ _matiers _~ don’t R(AR) 0

2 20 R(HR)
b,

<

L

=

.C_L_U) 0.5 ”‘ power only in canter < 4.5cm |

B ol| powerony —

T o -0.05 0 0.05 0.1 — = +

= radius (m) f Rm  Ropt
g * power only in cen;er<4.5cm. Carrler galn iS ConStant — neffective _ 1

£ = e . T Rm

O

5 20t , '

T Flat BS ' 1 1 1
®) = —_—
g R(HR) R (AR) f
% % 10 20 30 40 50 60 70 80 P 58 W

< - ower = m
G050062-E total heating (MW) ., /-5 an 31,05 6



BS phase map
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ITM heating vs
BS heating
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LIGO Comparison between
ITMx vs BS effect
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FFT vs LSC lock
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IFO performance
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Revised FFT code

1 Input beam can be specified properly when ITMX Is
thermally distorted

a ITMx, ITMy and BS thermal effect can be scaled

1 refractive index can be specified separately for each
mirror (poor man’s thermal model)

1 Easy setup for LSC-lock

a All current LIGO detector ports (pox, etc)

1 Easy input setup

a Faster
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