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Fundamentals

Thermal lens which has a curvature radius of R is expected by
the following equations.

-

@ P2 for thermal deformation
1 205 _ ) 2K T
R ®° )i .
> for thermal lensing
| 2K 7Tw

Table 5: Parameters of fused silica substrate

Comments

Mirror substrate Fused silica Suprasil P10
Thermal conductivity K 1.38 Wm Kt
Thermal expansion o 5.5 x 1077 K1
on
Refractive inde B=— 14x10° K!
efractive index . 9T

variation for temperature

Heating laser power density P/ a?



Deformation and lensing coefficient

The effect of thermal lensing is larger than that of
thermal distortion.
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Thermal effects

PRC intra cavity power = 75 W x 11 = 825 W

] Mirror
Thermal
at PRM Hea[t)lgrgsiower Di . Thermal Lens Curvature
\% istortion Radius
No-lens 0.21 mW/cm? 2.4e+6 m 9.6e+4 m flat
design 0.01 mW/cm? 4.9e+7 m 1.9e+6 m
62 mW/cm?2 8.1 km 317 m
unfolded 3.2 mW/cm? 161 km 6.3 km 4.84 m
Folded 14 mW/cm?2 19.2 km 1.38 km 337 m
(-1.95, +16) 0.7 mW/cm? 703 km 27.6 km

thermal absorption

10 ppm
0.5 ppm
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Power Density

Nominal Design (2004)
LCGT design — ver.1

R=15m R=270m
3 w=2.6mm A w=85mm
1.1 MW/cm? 32 kW /cm?
I=10m =180 m
Modulator-+Fl 120 kW 36 kW R=300km  flat  R=4500m
300 W\24[}W 100W  120W 100 W \1 kW 400kW |
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]
w=1.6mm w=4.9mm ®=26.8 mm 6. 8 w—46 4 mm
3.0 MW/cm? 95 kW /cm? 44 W/ em? “’35 o yerra ™ 12 kW /cm?
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LCGT design — ver.1 : Flat-4500m design

Thermal effects

Heating Thermal Thermal Mirror
Power Distorti Lens Curvature
Density Istortion Radius
i 30 W/cm? 16.7 m 0.66 m
MC1 in/out 1.5 W/cm?2 335 m 13.1 m flat
11 W/cm? 45.6 m 1.8 m
MC1 end 0.55 W/cm? 912 m 35.8 m 15m
i 0.95 W/cm? 528 m 21 m
MC2 in/out 48 mW/cm? 10.6 km 415 m flat
0.32 W/cm? 1.56 km 61.6 m
MC2 end 16 mW/cm?2 31 km 1.2 km 270 m
0.44 mW/cm? 1.14e+6 m 45 km
PRM 0.02 mW/cm? 2.28e+7 m 9.0e+5 m 300 km
Near 0.35 W/cm? 1.14e+8 m 8.79e+5 m flat
17.5 mW/cm? 2.29e+9 m 1.76e+7 m
0.12 W/cm? 3.33e+8 m 2.56e+6 m
End 6 mW/cm? 6.67e+9 m 5.13e+7 m 4.5 km




Power Density

Moriwaki design
LCGT design — ver.2

R=15m R=270m
3 w=2.6mm A w=85mm
1.1 MW/cm? 32 kW /cm?
1=10m =180 m
Modulator-+Fl 120 kW 36 kW R=0.81m R——al} m R=4500m
300 W\zmw 100W  120W 100 W \1 kW 400kW |
v B B -
: :EE_ » //[ |\ Jﬂ
]
w=1.6mm w=4.9 mm =1.35mm 6. 8 w—46 4 mm
3.0 MW/cm? 95 kW /cm? 35 kW /cm? “’3 o pema ™ 12 kW /cm?
cm
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Thermal effects

LCGT design — ver.2

Heating Thermal Thermal Mirror
Power Distorti Lens Curvature
Density Istortion Radius
i 30 W/cm? 16.7 m 0.66 m
MC1 in/out 1.5 W/cm?2 335 m 13.1 m flat
11 W/cm? 45.6 m 1.8 m
MC1 end 0.55 W/cm? 912 m 35.8 m 15m
i 0.95 W/cm? 528 m 21 m
MC2 in/out 48 mW/cm? 10.6 km 415 m flat
0.36 W/cm?2 1.39 km 54.8 m
MC2 end 18 mW/cm? 28 km 1.1 km 270 m
0.35 W/cm? 1.43 km 56.3 m
PRM 17.5 mW/cm? 28.7 km 1.12 km 0.81m
Near 0.35 W/cm? 1.14e+8 m 8.79e+5 m flat /AR:-50
17.5 mW/cm?2 2.29e+9 m 1.76e+7 m -0
0.12 W/cm? 3.33e+8 m 2.56e+6 m
End 6 mW/cm? 6.67e+9 m 5.13e+7 m 4.5 km




Power Density

FARESEHHEEESE (LCGT) 5B
e (E3hR)

R=270m — 5 w=11.4mm [ Silica
w=2.7 mm 14 kW /cm? [ Sapphire
R=15m — 1603 kW /cm?
b68 kW bBIW b R=7km  R=7km
150W 135W 108 W 95V 75W | 1kV | 400kW |
i nn on [don o [m]
U ouv >, ¢ OU [JOU
Modulator+FI | Modulator-+ Fl | \ 3 (
w=1.bmm w=6.6mm w=13mm w=3b2mm w=35.2mm
1.8MW/cm? 41.4kW/cm? 376 W/cm?  21kW/cm? 21 kW/cm?
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LCGT design — ver.3

Thermal effects

Heating Thermal Thermal Mirror
Power Distorti Lens Curvature
Density Istortion Radius
i 18 W/cm? 27.8 m 1.1 m
MC1 in/out 0.90 W/cm? 558 m 519m flat
6 W/cm? 83.3 m 3.3 m
MC1 end 0.30 W/cm? 1664 m 65.4 m 5m
i 0.41 W/cm? 1220 m 48 m
MC2 in/out 0.02 W/erm? 54 K 952 m flat
0.14 W/cm? 3584 m 141 m
MC2 en 270
end 7 mW/cm?2 71.7 km 2816 m m
3.8 mW/cm? 133 km 5243 m
fl
PRM 0.19 mW/cm? 2.67e+6 m 1.05e+5 m at
Near 0.21 W/cm? 1.90e+8 m 1.46e+6 M 7 Kk
10 mW/cm? 3.81e+9 m 2.93e+7 m
End 0.21 W/cm? 1.90e+8 m 1.46e+6 M - km
10 mW/cm? 3.81e+9 m 2.93e+7 m
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