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Optical design of the Post Focal Relay of MAORY

Lombini M.>2 Diolaiti E!, De Rosa 4.

'INAF - Osservatorio Astronomico di Bologna, Via Rani 1, I-40127 Bologna, Italy
2INAF - Istituto di Astrofisica Spaziale e Fisica €wica, Via Gobetti 101, 1-40129 Bologna, Italy

Abstract. The Multi Conjugate Adaptive Optics Relay (MAORYQrfthe EuropearExtremely Large
Telescope shall re-image the telescope focal dianthe client instruments installed on two exitrigo By
means of natural and artificial (laser) referenmarses for wavefront sensing, and of deformablearsrfor
wavefront correction, MAORY shall be able to compete the wavefront disturbances affecting the
scientific observations, achieving high Strehlaand high sky coverage. The optical interfacethiecclient
instruments must replicate the telescope one whdevolume allocation on the Nasmyth platform islem
definition at the moment of this writing. We sholetlatest version of the optical design that matdhe
current requests and its optical performance. &kerlguide stars channel, separated from the scjmatb

by means of a dichroic beam-splitter, is also priesk

Keywor ds. Telescopes — Instrumentation: adaptive optics

1. Introduction

The Multi Conjugate Adaptive Optics Relay (MAORY])] fis foreseen to be installed at the straightubto
focus over the Nasmyth platform of the future Ewap Extremely Large Telescope (EELT) [2]. MAORY
has to re-image the telescope focal plane witmadition limited quality and low geometric distortjcver a
field of view (FoV) of 160" diameter, for a wavelgh range between 0.8 m and 2.4 m. Good and uniform
Strehl ratio, accomplished with high sky coverdagegquired for the wide field correction while higtrehl

for the Single Conjugate Adaptive Optics (SCAO)lkha delivered. Two exit ports will be fed. Thesti

one is for MICADO [3], that is supposed to be pthom a gravity invariant port at 1800m below théicg
axis, with a volume footprint of 4200mm x 4200mmm Anvignetted FoV of 53x 53 with diffraction
limited optical quality (< 54nm RMS of wavefrontrer at the wavelength of im) and very low field
distortion (< 0.1% RMS) must be delivered. The full’ FoV is transmitted to the second exit porteed

an instrument to be defined yet. The optical istesf at the exit ports, as the focal ratio, the puipil
position and focal plane curvature, is requiredréproduce the telescope one. To achieve the above
performances, the Phase A study resulted in assefieequirements concerning Adaptive Optics (AO)
system within MAORY. The Post Focal Relay (PFR)iagitdesign shall create along the optical path two
clear planes where to put two deformable mirrorMgID for the wavefront correction, to be carried out
together with the telescope adaptive and fieldiltabion mirrors (called M4 and M5); the post fodav
optical conjugates are planned to be at 5km antk&rRaltitude. The PFR is also required to split388 nm
wavelength light of the Laser Guide Stars (LGS)dusor high order wavefront sensing, from longer
wavelength light used for science observation awddw order wavefront sensing by the use of Ndtura
Guide Stars (NGS). At present time, before MAORMaghB that is expected to start in December 2015, a
consolidation of the baseline design is being edron. From the optical design point of view, pErthe
current work is focused on mitigating the risksoasated to two crucial components: 1) the DMs, HB t
dichroic beam splitter. Voice-coil motor DMs arewnassumed as baseline choice in the MAORY design,
given their proven reliability and performance. Tégsumed DMs size is about 700mm and the pitch is
29mm, as on the VLT adaptive secondary [4]. Thisigte choices correspond to 24 actuators along the
diameter and 2m of projected pitch at the conjutyatenospheric layers. The dichroic, which is usedplit

the LGS/NGS/Science light, is designed to be sm#iken in previous design versions. The dichrais the
light of 6 LGSs, arranged on a circle of about 18Gmeter, pass through and reflects science beam a
NGS light. Behind the dichroic an objective creates LGS image plane for the WFSs channel. In autdit
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to the above mentioned risk mitigation, other designstraints and goals are focused to reduceuthber

of reflecting surfaces and consequently the thebraakground, optics wavefront error (WFE), oveside,
weight and possibly cost. The design shown inghiser is in progress. Further consolidation wilheeded
following the refinement of the telescope interfgc¢he consolidation of the adaptive optics system
requirements and the results of the End-to-End JE2@ulations regarding the system performance [5].
Little changes are expected to not upset the desigwn here.

2. Main path optics

The light path through the main optics of the PBRshiown in Figure 1. After telescope focal plame, t
mirrors M6 and M7, both having optical power, ceeatpupil image where the LGS/NGS dichroic beam-
splitter is positioned. Before the dichroic the tbMs (M8 and M9) are placed at the layer conjugatio
ranges of 12.7km and 5km respectively. After thehidiic two mirrors with optical power (M10 and M11)
reproduce the exit focal plane preserving the aptitterfaces of the telescope focal plane. FlataniM12
folds light downward to create a gravity invarigrart for MICADO. The second exit port is created by
means of a deployable flat mirror (M12) . The mpamameters of the PFR are listed in Table 1 .
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Figure 1. Post Focal Relay optical path.

The optical design of the main optics has beenldped taking into account some constraints, listettie
following:

— PFR maximum dimensions < 12m x 6m to fit in thegration hall and Nasmyth platform;

— same shape and dimension for the post focal @MN¥s on axis to reduce cost and allow commonalities
for construction, test and integration :

— mirrors conic constant < 0 to make easier theplesse;



— LGS light separation on a pupil plane to allowxibility on LGS and launching angle and reduce
aberrations on transmitted beams;

— dichroic size as small as possible to reducearuimprove performance

— make clearance for mirrors mounting;

— reduced number of reflecting surfaces to ensweerthroughput, less thermal background, less @vera
WFE.

Table 1. Main optical parameter of the Post FoadhiR

Surface Diameter Curvature shape

(mm)
M6 1000 Concave Off-axis ellipsoid
M7 500 Convex Off-axis ellipsoid
M8 (DM 1) 700 Concave On-axis hyperboloid
M9 (DM 2) 700 Concave On-axis hyperboloid
Dichroic 650 Flat
M 10 600 Convex Off-axis hyperboloi
M11 850 Concave Off-axis hyperboloid
M12 800 Flat
M12 (for 2 port) 750 flat

2.1. Alternative design

An alternative design of the PFR has been developidthe aim to facilitate the procurement of the
most critical components, the DMs and the dichrlrichis design the DMs are identical and flattéasl of
curved. In this way the brick concept for the atttmmounting and dismounting can be certainly dweed
from M4 [6], aside from a presumable reductiontef tost. After the second DM a concave mirror e®at
an inter-mediate focal plane and another concaveonproduces a pupil image where to put the dichro
whose size can be pushed down to about 350mm thefe@00mm. Two more mirrors (one convex and one
concave) deliver the exit focal plane with the ayppiate optical quality and optical interfaces dimdlly a

flat mirror folds the light down to MICADO. The dmdacks of this option are the increased size oPtRR
and the presence of one more reflecting surfacis dlternative design is not shown but a similgols,
although with bigger DM sizes, can be found in [7].

2.2. LGS objective

The objective creates a telecentric image plarteef GS sources. It consists in two concave mirribnee
lenses and two additional flat mirrors that male dbjective fit into the allowed space and prodacgavity
invariant exit port for the LGS wavefront sensobsystem. The WFS moves vertically to compensate fo
the image position shift due to the varying diseantthe LGS in the sky, i.e. with the varying Zerangle.
The image quality suffers from some low order adtt@ns but very slow varying and foregone to battd

as slope offsets in the wavefront measurements obfetive is capable to focus infinite distant mes, in
order to use artificial sources at the MAORY enteafocal plane for test and calibration.
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Figure 2. LGS objective. Image plane is kept fixgdthe moving lenses that compensate for the sodistance
variation with the Zenith angle of observation.

Conclusions

A feasible design of MAORY PFR has been presentethis paper. To finalize the design, in the next
project the following activities will be carried on

— investigation on components feasibility and ¢dathroic, curved DMSs);

— consolidation of opto-mechanical inter-faces wétlescope and MICADO;

— detailed tolerance analysis;

— m preliminary mechanical design volume, benais knd possible feedback on optical design;

— Confirmation (mainly) from AO simulations of:

— Layer conjugation altitude;

— Image quality @ DM planes; Image quality @ LGS S\Mifmage plane, DM rotation, LGS launching

angle.
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