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m General introduction to instrumentation

m New instruments and opportunities
» La Silla — Paranal Observatory (VLT)
»E-ELT
» Instrumentation R & D
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1. Introduction

What do we mean by
“Instrumentation” ?
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Instrumentation
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*%? Instrumentation construction
+
ESO
|
Project Institute
C&P Consortium
Project
Industry
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*E@S Level of industrial procurements
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ESOlinstitutes

Industry

Subsystem
design

manufacture

Instrument System
design
Subsystem
design
manufacture
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+
m Non-astronomical technology developments
» Adapted for astronomy
» Computing, optics
m Targeted R&D in institutes and industry
» Detector developments, deformable mirrors
m Large increase in funds for instruments,
matching telescope investments
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0 Instruments under development
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m KMOS IR 24-IFU IR spectrograph

m MUSE 1 arcmin square optical IFU

m SPHERE high-order AO imager/spectrometer
m AOF 4-laser, deformable M2, AO facility

m MATISSE LMN band 4-UT VLTI instrument

m GRAVITY K-band precision microarcsec VLTI

m ESPRESSO 10 cm/sec precision optical
spectrometer
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Key technologies

m Cryogenics

m Optics

m Vacuum

m Precision mechanics (also cryogenics)
m Deformable mirrors

m Stiff, light structures

m Imaging detectors

m Low-noise electronics

m Real-time computing

m Control systems and software
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KMOS (2012)

Pl — R.Sharples, Durham

24 2.8x2.8” IFUs. 0.2” sampling.

3 spectrographs (H2RG)

24 cryogenic pick-off arms,
operating on 7.2’ field

1 to 2.5 micron operation
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e A.=2.5 pm HgCdTe eAPD
+

m |unlike silicon HgCdTe offers noiseless avalanche gain of up to 33

» 3 successful predevelopment studies with 4-channel 320x256
prototype

» new 32-channel multiplexer in development at SELEX

tailored to needs of GRAVITY fringe tracker and AO wavefront
sensing

320x256 eAPD array
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Lasers
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Development of industrial fiber Raman sodium
)

Seed Laser

Semiconductor
Master Oscillator

Amplification

laser for VLT AOF

Frequency
Doubling

Second AL
Harmonic
Generation
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Laser Frequency Comb

= Laser Frequency Combs as calibrators
= Provides a series of perfectly equidistant lines
= Covers a large wavelength domain
= Stabilized at the 101* to 10-%° level
= The absolute reference linked to an atomic clock
= ESO in collaboration with the MPQ have been
developing a LFC calibration system for use in
astronomical spectrographs since 2008

» Tested on HARPS comb
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Thorium-argon
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COME-ON-PLUS
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Large Deformable mirrors development for
e AOF

I ~—  m@llmconvex |
m 1170 actuators

® 29 mm actuator pitch

m 1 msresponse

m Stroke 50/ 1.5 um
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1.1 m light-weighted reference body
for the VLI BSformable Secondary, Mirror
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1.1m Zerodur shell, in manufacturing

400 mm toric mirror for SPHERE using
stress polishing; <1nm rms WFE

2. New Instruments and
opportunities
m VLT
m E-ELT
m R&D

If you are interested in specific opportunities please
contact. eso_ins@eso.org
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o Scale of instrumentation programme

Spend in industry M€

VLT 5.1 4.0 3.1 3.2 6.6 3.0 3.3 5.0
ELT 0.2 3.2 3.1 6.9 122 126 154
total 5.1 42 6.3 6.3 135 152 159  20.4
ESO Industry Days 2011 2 SHEREIT=ETEOE W
-

22

=lEaE+II"IICOIZREOE

6/29/2011

11



6/29/2011

VLT

m ERIS : AO high-resolution imager/spectrometer
» Precision mechanical assemblies
» Stiff mechanical structures

» Cryogenic Infrared imager
» Low vibration 40K cooling system

m ESO project
» Outsourcing to industry and institutes

ESO Industry Days 2011 - — -
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VLT
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m Multi-Object Spectrograph conceptual design
studies
» Two studies for optical and IR instruments
» Optical and IR fibres
* Fibre robotic positioners
* Optics
* IR and Optical detectors

ESO Industry Days 2011
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LGS Modui

Stncarn Pan

LM band IFU
spectrograT

Lt Ass Ring Assartly
(750 men extenion)

Retating Coro Simetus (3CS)

Imager (LM
and N-band
channels)

ELT
Instruments

- < ~Fe
Phase A studies identified the key
technologies
Name Instrument type Wavelength FoV and Spectral AO support Notes
range i r i i

Diffraction limited NIR Imager 08-24pm |807 SCAO/MCAO
MicADO [slit spectroscopy?) 3-6 mas/pix

Single-field NIR spectrograph 0.8-24pum | ~1"-10" ~4000 SCAO/LTAD
HARMONI 440 masipix | (+20,000)

Wide-field multi-object NIR 0.8-24pm | patrol field 25' | ~5000 MOAO multiplex >20
EAGLE spectrograph 10-50 mas/pix | (>10.0002)

High-resolution visual 035072 |pointsource | >120.000 Tip-Tilt? stability < 2 cm/s
CODEX spectrograph pm over 30 years

Mid-IR imager and spectrograph | 3.6-20 um | 30° 5-200 SCAO/LTAD | Polarimetry
METIS 15-30 mas/pix | ~100.000
EPICS Planet finder 06-18pm | ~2°-4" 50 XAO Polarimetry
OPTIMOS | Optical MOS [+ imaging?) 03-18pm |5-10° Fov 1000 or 10.000 | GLAO multiplex >100
SIMPLE NIR high-resolution spectrograph | 0.8-24 pm | slit >100.000 SCAO/LTAD
MAOCRY Mutti-conjugated AD module 06-24pm |2 Fov 2D8e + 4,
ATLAS Laser tomography AO module | 0.6-24pm | " FoV M4, 6 LGS

- Of S =H0ZRE0=xE
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ia Industrial opportunities: detectors
m Visible light science detectors
» approx. 10-15 4k x 4k low noise CCD detectors
» 4-6 9k x 9k format sought by optical spectrograph
m Infrared light science detectors
» approx 40 4k x 4k low noise NIR (HgCdTe) detectors
» 21024 x 1024 MIR (5-14um) detectors
m Near infrared and visible wavefront sensor
detectors: fast read-out, low noise
» 20 CCD detectors, format 1000-2000k-squared
» ~5 HgCdTe detectors, format 1000k-squared
=lNEaEC+=IITIITOZRO0E
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m The instrument programme will require significant
procurement of large optics
» (up to ~400mm, lenses and mirrors)

m Other areas of possible interest
» Deformable mirrors of ~80x80 sub-apertures
» Lenslet arrays for wavefront sensors

» Micro-optics (mm scale) for integral field units (glass an(
Al)

» Optical fibres — high transmission, broadband
» Large dichroic mirrors

m Estimated spend on optics ~30MEuros over 2012-

2020 =HEMEFI=IZOTEOE

6/29/2011

14



ot
+©m+

Instrumentation ELT R&D

> Short time, low risk development & prototyping
will be made within the instrument projects
» Under the responsibility of the project consortium
» Funded within the cost of the instrument
> Related milestones will be defined with Consortium

> Longer time, key enabling technologies with
higher risk for the project will start before the
instrument selection (upon ELT approval)

» ESO is preparing a long term development plan for
instrumentation which will be updated on a two-year
basis
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Two First light ELT instruments

ESO Industry Days 2011 — -
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ICADO: NIR, large field, diffraction limited camera

PI: Reinhard Genzel, Garching
MPE, MPIA Heidelberg, USM, INAF, NOVA, OPM LESIA

pupil
wheel

arge Precision Optics

2l plane

MICADO at the direct
Nasmyth focus with
its own SCAO sensor
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HARMON' : Single IFU, vis-NIR Spectrograph

PI: Niranjan Thatte, Oxford
Univ. Oxford, CRAL, CSIC, IAC,UK ATC

Complex IFU Optics

Viskle disperser Left, the opto-,mechanical

wheel Z Optical support

structure structure inside the 4-m

diam. cryostat.

Quarter
modules

Above, the integral field unit.
The slicer stack is 64x64mm
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Possible future ELT instruments

ESO Industry Days 2011 - — -
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LE: near-infrared multi integral-field spectrometer
0 Precision cryo-mechanics

* PI: Jean-Gabriel Cuby, LAM
* ONERA, OPM GEPI & LESIA, UK ATC, Durham Uni.

Laser Guide Star Sensing

System (LGSS) Instrument Shutter

Pick-Off System
(POS)
Target Re-
Imaging and
Magnification
System
(TRAMS)
Integral Field Unit
Spectrograph
System (ISS)

Ancillary Platform

Cable Wrap
Static Structure —
Instrument Core

1
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MAORY Multi-Conjugate Adaptive Optics module

* PI: Emiliano Diolaiti, Bologna
* INAF (OABo, OaPd, PA Arcetri) ONERA

Telescope
focal plane

Dichroic

Vertical
port

Ad

‘Facility’ adaptive optics system
supporting two instruments.

aptive optics systems

Gravity
invariant pon R=1900 envelope
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METIS: wmid IR Imager - Spectrograph

cryo-optics & mechanics

* PI: Bernhard Brandl, Amsterdam

*  NOVA (Leiden and Dwingeloo), MPIfA Heidelberg, CE Saclay
DSM/IRFU/Sap, KU Leuven, ATC U

common
fore-optig

cold
calibration

Imager (LM and
¢..N-band channels)

LM band IFU |
spectrograph [ F=t) B
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ATLAS laser-tomography adaptive optics

* Pl Thierry Fusco, Paris
*+ ONERA, OPM GEPI & LESIA

Compact mechanics/optics

Cable Wrap

Lateral-Axis Ring Assembly
(750 mm extension)

LGS Module
Rotating Core Structure (RCS)

NGS Module

Structural Part

LGS
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ODEX: high stability optical spectrograph

PI: Luca Pasquini, ESO
Geneve Observatory, IAC, INAF, IoA Cambridge

Red Camera 1
M6 0.

/kpd Detector 1|

Blue Detector 2

Mount (T3/11 +
Red VPGH 1)

[T
W10 60.7m

Mount
Mount (T3/12 + n
Blue VPGH 1) (T2-1&2)

(
i - 2 ™~ £
woun
g p
chroic 2 | ‘ M9 ¢1dm
mount) O\
Red Camera 2 \V/ i
Red VPGH 2) =

Anamorphic Pupil Mount M1
Shicer Unit (mount) i

L 15
Mount %
(T1-1&2) - &
Mount " et “
M2 . ¥ ¥
Mount E.n»n.\ /l\lnlml M3 Ol A l\‘ s
\ ’ i

High-stability vacuum/terag. -... ..270_ 22
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SIMPLE: high resolution NIR echelle spectrograph

* PI: Livia Origlia
m INAF (Bologna, Arcetri, Roma), UAO, TLS, PUC

€ryogenic

Nasmyth platform {Spectrometer |

St#ble cryo-optics/mechani

IEaE+=1TIICOTEOE
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+]ES+ EPlCS Exoplanets Imaging Camera Spectrograph

S| ¢« Pl Markus Kasper, ESO

* LAOG,LESIA, Uni. Nice, LAM,ONERA, Uni.Oxford, INAF
(Padova), ETH Zurich, NOVA ( Amsterdam, Utrecht)
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OPTIMOS — EVE: optical-NIR MOS Fibre-based

PI: Francois Hammer, GEPI
NOVA, INAF, RAL, AIP, ZfA Heidelberg, NBI Copenhagen
Focal Iilale G:‘musel h \ ;;:!;:::I:n
Sl TN e
Functional ‘;ﬁ‘j‘: e Ry
Overview ™= : @
Fibres 5?— i [
—_— Spectrographs 2xVIS 2xNIR
=\ N
— —I = B
Mechanlcal fibre posmp [
exchang

OPTIMOS-DIORAMAS: Optical slit-MOS + imaging

PI: Olivier LeFevre, Marseille
* LAM, IAC, IASF-Milano

Precision mecha

hical systems

Optical system layout (1 quadrant)
"

Camera entrance pupil ~250mm
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END
&

Questions
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