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What is MORFEQO?

The Multi-conjugate adaptive Optics Relay For ELT  Fov corrected:
Observation (MORFEO aka MAORY) is the MCAO @ MICADO: 20x20” (@1.5 mas/px) or 53x53” (@4mas/px) (focus on
module of the ELT, providing large field diffraction  astrometric imaging)

limited correction to MICADO (imager 0.8-2.4um ®2nd port instrument: 120" .
dl slit tr ) and a futur nd K band SR (2200nm):
an Png slit spectroscopy) a a Tuture seco @ >50% bright NGSs (best atmo., 20x20” FoV).
port instrument. @ >30% half of the sky (median atmo., 60” @ FoV).
@ >15% half of the sky (Q3 atmo., 120” @ FoV).
MORFEO optics relay
—» LOR WEFSs
ELT
PFS laser launcher tel. ------- ---{ RTC FFF
- —  MICADO
optics M4 : :
.| 2ndport
""" LGS WFSs instrument




Why an AO module?

HST / WFC3 JWST/NIRCam  ELT / MICADO

The key ELT parameter is the resolution

§ u=19.6

E (106 stars/arcsec?)

* Similar sensitivity to JWST, and
6X better resolution
)

B (10° stars/arcsec?)

1=25.2

(10* stars/arcsec?)



SECOND DM

Concave Spherical mirror
Diameter 1225 mm
Actuators : 1147
Conjugate at 6.5 KM

Not present in the
baseline
and not included in the

MORFEO OPTICAL
DESIGN BASELINE

_M12

Envelope Plate

T

pe focal plane

Gravity

initial budget.

Funded by INAF in 2022
and now in the baseline.

CONTRACT SIGNED
DECEMBER 2023
PNRR STILES FUNDS!!

b 7 1 5e+03 mm

+

Objective

Nasmyth Platform M7 Dichroic

FRONT VIEW

v

FIRST DM
Convex spherical
mirror

Diameter 928 mm
Actuators : 1026
Conjugated at 17.5
Km

CONTRACT SIGNED
DECEMBER 2023

The final MORFEO main path optics baseline has 8 reflections: 2 aspheric concave mirrors, 2
spherical deformable mirrors (one convex and one concave), 1 dichroic and 3 fold mirrors.




MORFEO OPTICAL BASELINE

.@. Gravity

M12 bis

MICADO
B M12

SECOND INSTRUMENT

mMs/oML M7 i
I : . %

abt
<

Dichroic -+
Plate =—
Telescope focal plane 4

i
LGS Objective MNasmyth Platform

¥ p——t————————— 5+03 mm

TOP VIEW



“ Overview

3 DMs (M4 + 2 pOSt'f0C3| DMs, M12 last LGS WFS Calibration/test unit

~7000 acts) MORFEO module

3 NGS WFSs each with:
O Tilt (NIR)
O Truth (optical)
Patrol field 160" @
(for sky coverage)

NGS WFS module
(LOR WFS)

MICADO — Near Infrared
Spectro-Imager

7 large mirrors + dichroic (~*1m @)
6 LGS WFSs (~50000 signals)

fold mirror
Aspheric
correcting
plate

i
LR

‘entire’
tower

rotates

to track

sky \
) .. : % \ - Dichroic beam
I L splitter

Nasmyth _ ‘
_platformys Post focal DMs
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MSS Exploded view

A15

MORFEO optics family portrait

M12

¥ DC and FM1



WHY A MODULAR
MAIN STRCTURE ?

Bologna, Emilia-Romagna

& coogle

(T~ Street View - ago 2020

CellDynamics &

m -

! Microsoft PowerPoint |
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Bologna, Emilia-Romagna
& coogle

(T~ Street View - ago 2020

CellDynamics §
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In the transport from the Armazones integration hall
to the ELT Nasmyth platform the MSS can remain assembled







“MCAO operational concept

Three natural guide stars (NGS; R<24, H<21)
Up to six laser guide stars (LGS)

For comparison, SCAO requires 1 NGS with R<16

MCAOQO provides much larger sky coverage
(= 50%, MORFEO requirements)

MCAO

% Natural Guide Star

H(Vega) 9-21 mag

MICADO
1' FoV

Laser Guide Star

on 90" FoV limit
2

'8‘0

selection of targets based primarily on
astrophysical rather than on technical criteria
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MORFEO MICADO SCIENCE THEMES

- Potential to address a large number of science topics

« Dynamics of dense stellar systems,
+ Black holes in galaxies and the centre of the Milky Way,
« Formation and evolution of galaxies in the early universe,

« Star formation history of galaxies through resolved stellar
populations,

* Planets and planet formation,
* The solar system.

Nearby Stellar System Local Universe High Redshift Universe

Milky Way bulge $

NGC4470
inVirgo
distance~17 Mpc

MICADO @ E-ELT NIRCam @ JWST

MICADO @ E-ELT NIRCam @ JWST

~5" MAORY+MICADO
SCAO mode




\'8\ PERFORMANCE (evolution of)

During the current final design phase a number of changes that affect the performance of
MORFEO are taking place

Telescope: the thickness of 5 arms of the spider were reduced and their shadow went from 540 to
310 mm. This has a positive impact on performance because it decreases the part of the pupil that
is not seen by the LGS WFSs

MORFEO relay: the design of the coating of the optical elements and in particular the laser
dichroic has been reviewed to improve throughput in the 600 — 1000 nm bandwidth where the
reference WFSs operate

NGS loop: an extensive optimization of NGS loop parameters — framerate, gain and weighted
CoG map size — was performed by a trial-and-error approach

Review of the error budget terms not included in the end-to-end simulations like design,
manufacturing and alignment of the optical elements of the instrument, non-common path and field
aberration, DMs fitting, calibration errors, dome and instrument seeing, etc.. These terms that
previously amounted to 180 nm RMS were reduced to 150 — 160 nm RMS mainly due to a more
accurate estimation of the local turbulence in the MORFEO optical relay. Contingency term of 90
nm RMS (safety margins)

14



PERFORMANCE

Improvement of a few percentage points of K band SR

Process is not yet complete and the design has not yet been finalized, we have decided to quantify these

uncertainties in the performance estimate Plantet et al., “Sky coverage assessment for the European ELT: a joint
evaluation for MAORY/MICADO and HARMONIV”, Journal of Astronomical Telescopes, Instruments, and Systems, Volume 8, id. 021509 (2022).
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PERFORMANCE

Improvement of a few percentage points of K band SR

Process is not yet complete and the design has not yet been finalized, we have decided to quantify these
uncertainties in the performance estimate
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\ \ Performance - FoV

@2200nm @2200nm

| 2ptoM, median Same on-axis

performance
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\ \ Performance - FoV

@2200nm @2200nm
0.6 % ------- P a= F 0.6 Significantly improved E
= L N NI SR R 2pfDM, @2 — 5 | ___ off-axis performance -
E ZptDii,| Q3 — =
0,5 E——re Rt e i g B0 0t — [ ().} Ee— ]
5 BN N N N =
= 0.4 : \ 0.4 m -
] E E =
5 i 188 Bl b e oiee W3E————— 3
8 UCE " E| —— median o
= 2 -l — Q1
% 0'22 ...... 0'2; o 82
| — Q3
0.1¢ 0.1p Q4
0.0F L - 3 ooE L
0 20 40 60 80 0 20 40 60 80
distance [arcsec] distance [arcsec]|

18



3\ FWHM
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comparison

InfraRed Multislit
Spectrometer (IRMS)

Wide Field Optical
Spectrometer
(WFOS)

Third port future
instrument

InfraRed Imaging
Spectrograph (IRIS)

N -y

\\

MORFEO - NFIRAOS

NSEN

(Test Sensors)

Thermal
Enclosure

TMT Elevation
Journal

Instrument Support
Tower

IRIS

Door

Pitch & Yaw
adjusters

Electronics and Co2
refrigeration

Telescope Structure
(orange)
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Sky coverage
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Sky coverage
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m NFIRAOS-like sky coverage

contingency, free vignet).

° Black curve:

@)

@)
@)

° Red curve:

o

Sky coverage plot for MORFEO: the "standard" case (median atmo, 1.0 ]
z=30deg, large MICADO FoV, no vignet) as reference and a 7
"NFIRAOS-like" case (Q2 atmo, z=0deg, small MICADO FoV, no 0.8
o |
=) |
Cﬁ =]
3 0.6
No probe vignettes the (large) science FoV, Rmin =49 % __________ i
arcsec. S |
Rmax = 80 arcsec. By 0.4 _
Pick-off mirror diameter 23 arcsec. % i
0.2 — median, ¢=60asec, z=30deg
No probe vignettes the (small) science FoV, Rmin = 30 0 — g:: 3;382222 ;2832@; oo Egﬁt fres vignet i
arcsec. 0.0[ P WA ]
Rmax = 80 arcsec.
Pick-off mirror diameter 23 arcsec. 0.0 0.2 0.4 0.6
: SR (2200 mm)
V|gnett|ng of the Science FOV iS allowed, len = O . F.ree vignette means that any star is consi.deredasuita.ble N.GS.witr.\ the only restriction: minimum
distance between two stars 2 5 arcsec (this probe configuration is similar to NFIRAOS)
arcsec. e Note that the no-lvignetlrule has a greater effect on the large MICADO FoV, larger zenith angles and
RmaX = 80 arcsec. . bad" atmospheric pl’OfIl.eS.
Pick-off mirror diameter 5 arcsec. In a condition as close as possible to the NFIRAOS one

MORFEO performance is the same of NFIRAOS! 23

0.8



\\ﬁ\\ Where we are

2022 July formally closed PDR

2023 July Optical FDR - formally closed 2024-02-06

2023-12-29 signed contract for the 2 DMs with AdOptica (Design and Manufacturing) adoptica

2024 Q4/ 2025 Q1 Call for Tender for Optical Elements, CU and
Main Structure (Design and Manufacturing)

2024-October start DM FDR
2025 Q2/Q3 FIRST FDR
2025 Q4 SECOND and FINAL FDR

24

2030 Q2-Q3 PAE
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Where we are

2022 July formally closed PDR
2023 July Optical FDR - formally closed 2024-02-06
2023-12-29 signed contract for the 2 DMs with AdO thesign and Manufacturing) adoptica

2024 Q4/ 2025 Q1 Call for or Optical Elements, CU and
Main Structure (Design and Manufacturing)

2024-October start DM FDR
2025 Q2/Q3 FIRST FDR
2025 Q4 SECOND and FINAL FDR

30

2030 Q2-Q3 PAE



\'9\ MORFEO MAIN STRUCTURE
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m Req. on Transmission

Transmission I: MAORY optics from the entrance focal plane to the output port(s)
shall have transmission over the science fields of view greater than 65% (TBC) at
all wavelengths in the range 1.0-2.5 pm.

Transmission II; MAORY optics from the entrance focal plane to the output port(s)
shall have transmission over the science fields of view larger than 50% (TBC) at all
wavelengths in the range 0.8-1.0 ym.



FUNCTIONAL DIAGRAMM
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MORFEO

MANAGEMENT
ACTIVITIES

— 1

SYSTEM ACTIVITIES

PRINCIPAL INVESTIGATOR
[ ACTIVITIES
P.CILIEGI

PROJECT MANAGEMENT

A.DIROCCO

PRODUCT ASSURANCE
—| MANAGEMENT
S. CHINELLATO

]

SYSTEM ENGINEERING

M. RIVA

SYSTEM ADAPTIVE OPTICS
ENGINEERING
L. BUSONI

SYSTEM MAIV
ENGINEERING
J. FARINATO

SYSTEM OPTICAL DESIGN

D. MAGRIN

SYSTEM CALIBRATION

S. OBERTI

SCIENCE OPERATION

C. ARCIDIACONO

PRODUCTS
INSTRUMENT CONTROL MAIN
SOFTWARE STRUCTURE
B. SALASNICH V. DE CAPRIO
E2E OPTOMECHANICS
SIMULATIONE CODE
G. AGAPITO E. REDAELLI
REAL TIME COMPUTER DEFORMABLE
MIRRORS
A. PUGLISI M. XOMPERO
INSTRUMENT CONTROL LOR
HARDWARE WFS MODULE
E. CASCONE M. BONAGLIA
THERMAL LGS
CONTROL SYSTEM WFS MODULE
M. ALIVERTI P. FEAUTRIER
TEST UNIT CALIBRATION UNIT

A. GONCHAROV

ESO DELIVERABLES

G. DIRICO




'8\ MORFEO CONSORTIUM

INAF Leader Institute: PI PM SE PS InstS PA/QA and all Project Office
85 % of the FTE from INAF

CNRS France : LGS WFS module

University of Galway Ireland : Test unit
NRC Victoria - Canada : Real Time Computer
New partner (MoU and SoW in definition)

NAOJ/KYOtO Universitlesaka University Japan : Two Optical elements



M ESO initial requirements for MORFEO

*  MORFEO (was MAORY) IS THE ADAPTIVE OPTICAL MODULE FOR ELT AND MUST BE INSTALLED ON THE ELT
NASMYTH PLATFORM

*  MORFEO MUST HAVE UP TWO DMs THAT WORKS TOGHETER THE TELESCOPE DM M4 (for a total of 3 DMs)
Only 1 DM in the cash plan of the initial ESO-INAF agreement

*  MORFEO MUST HAVE 2 EXIT PORTs ONE OF WHICH IS FOR MICADO.
* MORFEO MUST USE UP TO 6 LSG AND 3 NGS TO CORRECT ATMOSPHERIC TURBOLENCE

PERFORMANCE : MORFEO MUST HAVE SR > 30% OVER 50% SKY COVERAGE



