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Introduction

The object of these simulations is clearing up the criterion for G:ornef
Cube Prism (CCP) and Comer Cube Mirror (CCM) in order to '
measuring the distance from the Earth to the moon in cm order.

In case of CCP, refractive index inhomogeneity restrict its size to
small (~10cm), so not calculate the effect of any deformation

In case of CCM, calculate both effects of moon gravity deformation
and thermal deformation.

Optical resp are calct with CodeV (Synopsis, Inc.)

Not considering DAO (Dihedral Angle Offset), because common
oplical simulation software cannot calculate its effect

Optical riterion is that the led energy within 3. 5urad
(half angle) = 50%, where 3.5urad is equal to the minimum
deflection by velocity aberration without DAO.

The velocity aberration deflect 3 5-Turad from Laser emitted
direction according to the relative speed between the Earth and the
moan. ]
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1. Homogeneity Analysys of CCP

1-1. CCP modeling with one surface

Commonly CCP is modeled with three non-sequential |
surfaces, but in this case, it's very difficult or impossible to
consider homogeneity together, because CCP is consisted
with three materials. So | use the trigonal pyramidal surface
as a User-Defined Surface shown as below.

1. Homogeneity Analysys of CCP

1-1. CCP modeling with one surface

This means that the CCP is modeled with trigonal
pyramidal surface and reflected three times on this one
(same) surface. In this case, the material of CCP is only
one so it’s very easy to consider the in-homogeneity
material.

homogeneaous material Inhomogeneous material '

1. Homogeneity Analysys of CCP
1-2. Homogeneity Definition for Synthesized Silica
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! Sikica Block

+ Bothin surface direction (x.y) and in axial direction {z), the
homogeneity is defined at 85% range of the outer size

+ Distributions of homogeneity are well fitted with quadratic functions,
and those the peaks almost coincide with the center of silica block

»  If % y=150mm, even best quality silica has 3ppm inhomogeneity at
127.5mm point

« I z=B0mm, it has 2ppm@E8mm, if z=150mm, it has Tppm@127 Smm

1. Homogeneity Analysys of CCP
1-3. Optical Response (Point Spread Function)

xy-inhomogeneity 3ppmil 127 5mm & acceptable (left)

z-inhomogeneity is very effective and 0 4ppm@E3mm s needed instead of
Ippmg@Esmm (center)

z-direction thermal gradient is also very effective (not shown), less than
0.23degree is neaded

As a result, the max. size of Corner Cube Prism is around 10cm

If bigger Cormer Cube Reflector is needed, only Corner Cube Mirfor can be wsed

2. Deformation Analysis of CCM

2-1. Simulation Method and results e

Thermal and |
Detarmation information are calculated with FEM by olher members (see olher paster)
Deformation data are fitted to the Zesrike surface with codev.
Three surfaces are fitted to different deformation data if need

Optical Responses are evaluated with PSF (Point Spread Function), encircled energy (enc),

BPR (Beam Propagation = FFT method), and BSP (Beam Synthesis Propagation method)
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mgh represents ‘moan gravity deformation and miror thickness Smm’”, others folow in the
same marner

Moon gravity deformations cases al adopt dameter $200mm because o100 is previcusly
betier

20085 represents dameter is ¢200mm and mirrce thickness Smm
‘wia means wave front abemation, sd is Strehl Density, enc is encirched energy
Critical vahse is enc>80% in 3, Sum (=0 0035 in above table) in diameter

2. Deformation Analysis of CCM
2-2. Simulation Optical System

Calculate optical response with the below optical system that
is an experimental set up, not earth <-> moon system.

Laser input optics
"/

d
Perfect Lens

Beam Combiner

2.3 Some Results PSF vs. BPR

e Below figures are results with PSF and BPR (FFT) far
Moon Gravity ¢200mm, tSmm
» Both results are well coincide, so after this, show BPR only

EPR (FFT)

2.3 Some Results with BPR

Thermal Deformation
$200mm tSmm

Moon Gravity Deformation
$200mm t10mm

OK!

2.3 Some Results with BPR

Thermal Deformation
&100mm tSmm

Thermal Deformation
»200mm t10mm

OK!

NG!

2.4 From Earth to Moon Actual Simulation 3

« Before calculations are in experimental setup, but here, I'l
show some calculation results for the actual setup, 1.e., from the
Earth to the moon, reflected on the moon, received on the Earth

« Inthis case, there is no optical component, so | used BPR and
BSP instead of PSF. The effect of the Laser beam divergence
is included.

Thermal Deformation
©200mm thmem

Moan Grnity Deformation
4200mm Omm

NG!

2.4 From Earth to Moon Actual Simulation ]

Thermal Deformation
&100mm tSmm

Thermal Deformation
$200mm t10mm

seen

2.4 From Earth to Moon Actual Simulation EE:'

Thermal Deformation
100mm t15mm

Thermal Deformation
#100mm t10mm

3. Conclusion

» 20015 is NG and 200110, 100t5, 100110, 100115 is on border
line.

» 20015 and 200t10's low responses are caused by aberration,
but $100t series’ low responses are caused by Laser beam
fiverg b their apert are hall small,

» In this point of view, the efficiency of the small aperture CCM
is down compared with large aperture CCM.
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7. 0urad|

* 35urad means encicied enegy witen 3 Sured
= S0%means soiid angle for energy 50%
+ Turadmeans encircled energy within 7juad
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