
LCGT
thermal deformation and lensing

Daisuke Tatsumi
National Astronomical Observatory of Japan

1 July 2010



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

Heating laser power density P/πω2



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

at PRM Heating Power 
Density

Thermal
Distortion

Thermal Lens
Mirror 

Curvature 
Radius

No-lens
design

0.21 mW/cm2

0.01 mW/cm2

2.4e+6 m
4.9e+7 m

9.6e+4 m
1.9e+6 m

flat

unfolded 62 mW/cm2

3.2 mW/cm2

8.1 km
161 km

317 m
6.3 km 4.84 m

Folded 
(-1.95, +16)

14 mW/cm2

0.7 mW/cm2

19.2 km
703 km

1.38 km
27.6 km 337 m

thermal absorption
10 ppm
0.5 ppm

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



付録



Power Density

反射膜での吸収 10 ppm と仮定する。

35 kW/cm2

R=300 km flat     

44 W/cm2

ω=26.8 mm

Nominal Design (2004)
LCGT design – ver.1



Thermal effects
Heating 
Power 

Density

Thermal
Distortion

Thermal 
Lens

Mirror 
Curvature 

Radius

MC1 in/out
30 W/cm2

1.5 W/cm2

16.7 m
335 m

0.66 m
13.1 m flat

MC1 end
11 W/cm2

0.55 W/cm2

45.6 m
912 m

1.8 m
35.8 m 15 m

MC2 in/out
0.95 W/cm2

48 mW/cm2

528 m
10.6 km

21 m
415 m flat

MC2 end
0.32 W/cm2

16 mW/cm2

1.56 km
31 km

61.6 m
1.2 km 270 m

PRM
0.44 mW/cm2

0.02 mW/cm2

1.14e+6 m
2.28e+7 m

45 km
9.0e+5 m 300 km

Near
0.35 W/cm2

17.5 mW/cm2

1.14e+8 m
2.29e+9 m

8.79e+5 m
1.76e+7 m flat

End
0.12 W/cm2

6 mW/cm2

3.33e+8 m
6.67e+9 m

2.56e+6 m
5.13e+7 m 4.5 km

LCGT design – ver.1 : Flat-4500m design



Power Density

反射膜での熱吸収 10 ppm と仮定する。

35 kW/cm2

Moriwaki design
LCGT design – ver.2



Thermal effects
Heating 
Power 

Density

Thermal
Distortion

Thermal 
Lens

Mirror 
Curvature 

Radius

MC1 in/out
30 W/cm2

1.5 W/cm2

16.7 m
335 m

0.66 m
13.1 m flat

MC1 end
11 W/cm2

0.55 W/cm2

45.6 m
912 m

1.8 m
35.8 m 15 m

MC2 in/out
0.95 W/cm2

48 mW/cm2

528 m
10.6 km

21 m
415 m flat

MC2 end
0.36 W/cm2

18 mW/cm2

1.39 km
28 km

54.8 m
1.1 km 270 m

PRM
0.35 W/cm2

17.5 mW/cm2

1.43 km
28.7 km

56.3 m
1.12 km 0.81 m

Near
0.35 W/cm2

17.5 mW/cm2

1.14e+8 m
2.29e+9 m

8.79e+5 m
1.76e+7 m flat /AR:-50m

End
0.12 W/cm2

6 mW/cm2

3.33e+8 m
6.67e+9 m

2.56e+6 m
5.13e+7 m 4.5 km

LCGT design – ver.2



Power Density

反射膜での吸収 10 ppm と仮定する。



Thermal effects
Heating 
Power 

Density

Thermal
Distortion

Thermal 
Lens

Mirror 
Curvature 

Radius

MC1 in/out 18 W/cm2

0.90 W/cm2

27.8 m
558 m

1.1 m
21.9 m

flat

MC1 end 6 W/cm2

0.30 W/cm2

83.3 m
1664 m

3.3 m
65.4 m

15 m

MC2 in/out 0.41 W/cm2

0.02 W/cm2

1220 m
24 km

48 m
952 m

flat

MC2 end 0.14 W/cm2

7 mW/cm2

3584 m
71.7 km

141 m
2816 m

270 m

PRM 3.8 mW/cm2

0.19 mW/cm2

133 km
2.67e+6 m

5243 m
1.05e+5 m

flat

Near 0.21 W/cm2

10 mW/cm2

1.90e+8 m
3.81e+9 m

1.46e+6 m
2.93e+7 m

7 km

End 0.21 W/cm2

10 mW/cm2

1.90e+8 m
3.81e+9 m

1.46e+6 m
2.93e+7 m

7 km

LCGT design – ver.3
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