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Evaluation of spot performance of the Giant Magellan Telescope
Commissioning Camera incorporating freeform lens surfaces
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In this paper, we explore the possibility of equipping the Giant Magellan Telescope Commissioning
Camera with a deployable configuration that includes a wave plate and Wollaston birefringent prism
for polarization analysis. This setup splits the light into two optical paths and makes the optical
system asymmetric relative to the optical axis. By replacing one of the aspheric surface with 2
freeform surfaces, an improvement in spot size of around 9% was achieved within a field of view
of 1.8 arcminutes and a wavelength range of 500 to 900 nm.
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Fig 1 Layout of optical system of GMT at side view: (a) mirrors
and commissioning camera (COMCAM), (b) COMCAM
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Fig 2 General flowchart of freeform surface design by
construction-iteration method
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Fig 3 Ray intersection points with S27 for OE path using
(a) the initial S1 grid and (b) ray aiming process
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Fig 4 Spots at observation plane S29
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Fig 5 Computation sequence of coordinates and normals of
freeform surface data points: (a) find normal with shortest
OPL, (b) next ray intersection with tangential plane, (c) final
set of points and normals
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Table 1 Coefficients of 6% XY polynomial surfaces for (a) OE
and (b) EO paths

(a) OE path
Y0 Y1 Y2 Y3 Y4 Ys Y6
X0 -0.0048 -8.4846e-04 -0.0051 -1.5581e-05 -1.0319e-06 -2.3248e-08 -1.9570e-10
X1 3.6121e-07 -6.5876e-08 1.2753e-08 2.4267e-09 1.0964e-10 1.530de-12 o
X2 -0.0048 6.9120e-06 -2.3099e-07 -4.4891e-09 -4.4323e-11 ] 0
X3 -3.9864e-09 1.8272¢-08 1.5575e-10 3.0000e-12 0 [+] 0
X4 -8.7040e-07 -2.0123e-08 -1.1106e-10 [} 0 0 0
X5 3.1104e-11  -8.5706e-13 4] 0 0 4] 1]
X6 1.1862e-09 0 0 0 0 0 0
(b) EO path
Yo Y1 Y2 Y3 Y4 Y5 Y6
X0 -0.0057 0.0015 -0.0052 2.6801e-05 -1.5189e-06 3.4656e-08 -3.0907e-10
X1 7.1140e-08 2.2422e-08 2.2697e-09 -3.4994e-10 1.1422e-11 -1.1175e-13 0
X2 -0.0048 -7.0024e-06 -1.3360e-07 -8.5193e-11  1.4958e-11 [} L]
X3 -6.2532e-10 -1.5652e-10 8.6235e-12 -9.0708e-14 0 0 0
X4 -7.5477e-07 1.7727e-08 -7.7573e-11 0 [} [} 0
X5 3.2715e-12 -5.1268e-14 1] 0 0 0 0
X6 9.9678e-10 0 0 0 0 0 0
Table 2 Mean rms spot sizes [mm]
for 9 FOVs and 3 wavelengths
Aspheric  Freeform
OE path 0.01432  0.01301
EO path 0.01429  0.01304
Table 3 Mean spot centre intervals
[mm] between 3 wavelengths
Aspheric  Freeform
OE path 1.1141 1.1140
EO path 1.0839 1.0839
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Fig 6 Comparison of spots between aspheric and freeform
surface at wavelength 700 nm
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