LCGT PRC/SRC folded design
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Section 1: Searching for lens combinations without astigmatism
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Beam radius (mm)
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Folded PRC design
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Folded PRC design
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beam radius
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Folded PRC design
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Section 2: Evaluation of astigmatism effect
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Folded power recycling cavity (PRC) design has astigmatisms due to reflection angles 6 at lens optics.

The effect is evaluated by using mode mis-matching as follows

waist of the arm cavity (Zg, d.) -> beam transform through two lenses of f3, f, -> incident beam mode to PRM

--> reversely beam transform with astigmatism
horizontal (f,/cos@,f;/cos®)-->(Z,,,d,)
vertical (f, * cos 8, f3* cos 8) --> (Z,, d,)

** in this first evaluation, reflection angles are assumed to be same.

(mode mis-matching) =

1 ERC/ZRx =Ry
[zrC + zRx + i(dx — do)][zre + 2Ry + i(dy — do)]
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2.1 Cancelation of Astigmatism

Astigmatism of the telescope can be cancelled by choosing reflection angles at lens optics.

For a case of telescope (f; = 16.0 m, f, = -1.95 m), mode mis-matching parameter was

calculated as a function of reflection angle 85 .

Analytic formula [1] is as follow, f,=16.0,f, =-1.95,2z, =8,d=14.1
2nd mireor o = [ fa =3 o
a— FT e ; \ 1=
\' fi d
2l — | +d
C fu
= 2.864 * 0.1251 * 91
= 0.36 * 0,
6, 0,
Fig. 1. Two-mirror off-axis beam expandar: 1 0.36
o ' 1.5 0.54
2 0.72

[1] Patrice Hello and Catherine Nary Man, Applied Optics, 35, (1996), 2534



mode mis-match
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Summary of
astigmatism on folding design
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o telescope TOREIAEZ= 0.5, 1.0, 1.5 BLZE XD &L 1.5e-5, 2.5E-4, 1.2E-3 &
order &3 (FE mis-match (HENNT B,
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In the case of incident angle is 1 degree
@ 1000
120
@ 306
PRM - PRM2
beam radius = 4.3 mm @ 30
(7%
N
113
PRM3
mirror diameter 250 mm
reaction mass outer diameter 306 mm for silica mirrors 492

beam radius = 35.5 mm

0.492 m = 2 degree / 180 * pi * 14.1 m

In a unit of mMmm
scale of 1:5




Astigmatism cancel design
f3 = 16.0 m, 3=0.35 deg.
f2 =-1.95m, 2=1 deg.

On PRM2
beam radius = 4.3 mm

@ 30

beam radius = 35.5 mm

0.7 degree / 180 * pi * 14.1 m

In a unit of mMmm
scale of 1:5
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