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Galactlc*Arc;

Galactic Archeology: Gaia [RENEESCEEN.

* The chemical composition and
Kinematics of stars are strongly
coupled to birth environment

« (Gaia measures distances and proper
motions for >2 billion stars

* 4AMOST will complement Gaia with
radial velocities and chemical
composition for faint stars

* 4AMOST targets selected on Gaia
parallax with sometimes color
constraints

Milano, 13 October 2018 4
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Science Requirements

« AMOST shall be able to obtain:

— Radial velocities of <1 km/s accuracy and

Stellar parameters of <0.15 dex accuracy of any. (Gaia star
« R~5000 spectra of 20 r-mag stars with S/N=10 per Angstrém

— Abundances of up to 15 chemical elements

(Li, CNO, Mg, Ca, Ti, Si, Cr, Mn, Fe, Ni, Sr, Ba, Eu).
« R~20000 spectra of 16 V-mag stars with S/N=140 per Angstrém

— Redshifts of AGN and galaxies (also in Cluster§)
* R~5000 spectra of 22 r-mag targets with S/N=5/A with >3 targets in =2’
* Inab year survey 4MOST shall obtain:
— 15 (goal 30) million targets at R~5000
— 1.0 (goal 3.0) million targets at R~20,000
— 16,000 (goal 23,000) degree? area on the sky at least two times

Milano, 13 October 2018




Instrument Specification

Design value

Field-of-View (hexagon) ~4.2 degree? (¢>2.6°)
Multiplex fiber positioner 2436
Medium Resolution Spectrographs (2x) R~4000-7500
# Fibres 812 fibres (2x)
Passband 370-950 nm
Velocity accuracy <1 km/s
High Resolution Spectrograph (1x) R~20,000
# Fibres 812 fibres
Passband 392.6—435.5 nm, 516-573 nm, 610—-679 nm
Velocity accuracy <1 km/s
# of fibers in =2’ circle >3
Fibre diameter ©=1.45 arcsec
Area (first 5 year survey) >2h x 18,000 deg?

MNumber of science spectra (5 year) ~75 million of 20 min .
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------ 20 minutes — 120 minutes

abundances: HR S/N = 100.0/4, sky=bright
- stellar parameters: LR S/N = 30,0/4, sky=bright
—— radial velocities: LR S/N = 10.0/4, sky=grey
m— redshift: LR S/N = 3,0/A, sky=dark

redshift: LR S/N = 1,0/4, sky=dark u
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AMOST Operations

« Unique operations model for MOS instruments suitable for most science cases
*  4AMOST program defined by Public Surveys of 5 years
« Surveys will be defined by Consortium and Community
« All Surveys will run in parallel
— Surveys share fibres per exposure for increased efficiency
» Consortium Key Surveys will define observing strategy
— Millions of targets all sky
— Fill all fibres

» Add-on Surveys for smaller surveys
— Small fraction fibers all sky or
— dedicated small areas
— 108 to 106 targets

« Several passes of sky with 10, 20, 30 mil




Ten Consortium Surveys

S1  Milky Way Halo LR Survey Irwin (loA) , Helmi (RuG)

S2  Milky Way Halo HR Survey Christlieb (ZAH)

S3  Milky Way Disk and Bulge LR Survey Chiappini, Minchev, Starkenburg (AIP)
S4  Milky Way Disk and Bulge HR Survey Bensby (LU), Bergemann (MPIA)

S5 Galaxy Clusters Survey Finoguenov (MPE)

S6  AGN Survey Merloni (MPE)

S7  Galaxy Evolution Survey (WAVES) Driver (USW), Liske (HHU)

S8 Cosmology Redshift Survey Richard (CRAL), Kneib (EPFL)
S9 Magellanic Clouds Survey Cioni (AIP)

510 (T':'[l)ngSe)-Domam Extragalactic Survey Sullivan (Southampton)

Milano, 13 October 2018




Galactic Archeology e e

«  Map the Dark Matter substructure of the Milky Way * Formation and dynamical evolution of the Milky
and Magellanic Clouds halos Way disk and bulge components

«  Chemo-dynamical substructure of the halo: Accreted  «  Constraints on the very first populations of stars
versus in situ formation (Pop Ill, IMF, rotation)

* Importance of population migration *  Properties of exoplanet host stars

Milano, 13 October 2018
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Milky Way bulge chemo-dynamics

« Jwo formation scenarios:
— Collapse/merging of proto-galaxies
— Bar instability, disk buckling

« Observe ~150,000 giants, covering
inner 1.5 kpc of the Milky Way

« Full coverage to understand effects of
reddening and substructure

« Bulge-halo-thick disk connection?

« Search for chemo-dynamical |
substructures - -

Scorpius . .

Milano}M®EEtdbet 20380 ctober 2018 | Roelof de Jong o 5 ° -5 o




High Res: Milky Way halo

Yong et al. 2013

* Observe ~100,000 halo stars with HR
spectrograph
* Metallicity distribution function
— Find most metal-poor stars
— Constraints on Pop |l stars (IMF, rotation)
« Chemo-dynamical substructure
— |dentify stream of tidally disrupted dwarfs

— Early chemical enrichment of streams
(depends on a few stars) 0 ——T—— T —

— Accreted versus in situ formation
e  Sample:
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AMOST: Wide-field, high-multiplex optical
spectroscopic survey facility for ESO

o Status:

— ESO Council approved 4MOST in June 2015, ESO contract signed

— Long-Lead-ltems being constructed, Final Design Review 1 May 2018 (FDR-2 Jan 2019)
— Operations start on VISTA telescope late-2022 (at least 2x 5 year)

« Science:
— Cosmology, galaxy evolution, high-energy, transients, and Galactic science

— Complement large-area space missions: Gaia, eROSITA, Euclid, PLATO
— Complement ground-based surveys: VISTA, VST, DES, LSST, SKA, etc.

« Survey facility:
— Consortium delivers instrument, science operations, data products, science
— Run all-sky 5 year public surveys in parallel, with yearly data releases
— Key surveys organised by consortium in coordination with community
— Add-on surveys from community and Chile through ESO peer-reviewed applications

Milano, 13 October 2018




Preparing for 4MOST

http://www.eso.org/sci/meetings/2019/4MOST.html

Garching 5-6 May 2019

Community workshop introducing
ESQO’s next-generation spectroscopic survey facility.

The 4MOST survey programme will consist of both Consortium Surveys

and Community Surveys, ideally with a high degree of complementarity, both
scientifically and in terms of observing efficiency.

The process of selecting the Community Surveys will be initiated by a
"Call for Letters of Intent for Public Spectroscopic Surveys",
to be issued by ESO in mid-2019.



Community Surveys

* Fibre-hour share 30%, all surveys ESO Public Surveys

* Participating Surveys:
— Become equal partner in Science Team with Consortium Surveys

— Share survey strategy, OBs, L1 data products, selection function analysis, and
optionally L2 data reduction pipelines

— (Can use all Consortium data (and vice versa), but core science protected

« Non-participating Surveys:
— Receive own observing nights
— Prepare own OBs, receive only L1 data products
— Have no access to Consortium and Community Participating Survey data
— Target duplication policy TBD

Milano, 13 October 2018




Cosmology

Cosmology . Euclid/LSST

» Dark Energy and General Relativity constraints by
measuring cosmic expansion history and growth of
structure:

«  BAO and RSD: LRGs, ELGs, AGN, Lya forest

. Weak Lensing: Photo-z calibrations, characterize the
foreground, combine with RSD to reduce uncertainties

. Galaxy Clusters: Redshifts and velocity dispersions of Galaxy
Clusters

. CMB synergies: kinetic Sunyaev-Zel’dovich (kS2) effect, and
weak gravitational lensing of the CMB

*  SNe la: DES/LSST live SNe la and host galaxies (50k
transients/year)
e (Concentrate on redshifts z<~1 and z>2.4 to
complement Euclid

Milano, 13 October 2018



Cosmology Survey
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Cosmology Survey 4

B e
50° PP | mem Euclid - - SPT WM VHS (Jext<0.1)

jusks
23R

mrer~

B3

ni2ié
t

P
(2}

- R

Mag.range

0 05 1 15 2 25
- BGlowz 0.15-0.4 16.0<J< 7500 250 J-Ks, J-W1
18.0
BGhighz 0.4-0.7 18.5<J< 7500 400 J-Ks, J-W1
19.5

0.6-1.1 22.0<g< 5000 1200  g-r, r-I

ELG



oM

Galaxy and Dark Matter Galaxy evolutio
Evolution VST/VISTA

* Galaxy formation to dwarf
satellite scale, halo occupation

* Evolution of mass & energy
budget for z<1

 Growth of structure on ‘
1kpc-10Mpc scales for z<1 ~—_

Milano}M®EEtdbet 22380 ctober 2018 | Roelof de Jong
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Galaxy and Dark Matter Galaxy evolution
Evolution

VST/VISTA

* (Galaxy formation to dwarf
satellite scale, halo occupation

* Evolution of mass & energy

budget for z<1
* Growth of structure on |
1kpc-10Mpc scales for z<1 Pitee, S, /
Suvey Name |RA(dogrees) _|Dec (degrees) |Selection | Targets _
Wide(North) 157 < RA <225 -3 <Dec< +4 mz< 21.5 mag, zphot < 0.23 500,000
Wide (South) -30 <RA <525 -35.9<Dec<-27 mz<21.5mag, zphot<0.23 500,000
Deep(G23) -21<RA<-9 -35 < Dec <-30 mz < 21.5 mag, zphot< 0.85 500,000
Deep(DDF1/ELIAS-S1) 8.95 -43.70 mz < 21.5 mag, zphot< 0.85 100,000
Deep(DDF2/XMMLSS) 35.50 -5.70 mz < 21.5 mag, zphot< 0.85 100,000
Deep(DDF3/ECDFS) 52.90 -28.00 mz < 21.5 mag, zphot< 0.85 100,000
Deep(DDF4/E-COSMOS) 150.12 +2.34 mz < 21.5 mag, zphot< 0.85 100,000

High SIN DDF2/DDF3/DDF4  DDF2/DDF3/DDF4  Msx > 1095M,, Zpeyiis 8ooo|
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High-energy sky

ngh :énergy ' KX
eROSITA eE

. Complement eROSITA German - Russian X-
ray mission, Launch April 2019

8x all sky survey, 0.5 -10 keV

Dark Matter and Energy, growth of
Structure

Strong cosmology constraints from
Galaxy Cluster evolution

AGN evolution and Galaxy-Black Hole
co-evolution

Active galactic compact objects to
constrain stellar evolutionary channels

Milanci MO Eidbet 20880 ctober 2018 | Roelof de Jong




X-ray galaxy clusters and AGN

ACDM + PNG A CDM + PNG
T - v v . 15¢ - - T
0.88}- —
104
0.86]
0.84 -
W «ROSITA: o
, 0.82 . |
- 1% (0
08
0,78
109
0.76 -~
0.74 1 1 1 1 1 1 J 15t 1 1 1 J
02 022 024 u'_’ti“ 0.28 03 032 034 08 081 0.82 0.83 0.54
a
wOCDM+PNG wCDM+PNG
\ T T T T T T
-0.9 - 0.4r -
—_—
-0.92+ — 0.3
03 i
-0.94} Q
: 02 -
~0.96¢
0.1
0,98+ -
z -1 z O
-1.02¢ 0.1}
_1 0."7 —
0.2+ .
~1.06+ -
-0.3¢
~1.08}
-1L1F “ 0.4+ - '
| 1 | | | | ! 1 ]
0.26 0265 0.27 0275 s?.‘lﬂ 0285 029 0295 -1.15 -11 -105 -“1 -095 -09 -085
m 0

Milanci MO Eidbet 20880 ctober 2018 | Roelof de Jong




Time-Domain Extragalactic Survey (TiDES) 4

* Piggy-bag on existing exgal Surveys to:
— Take spectra of “life” SN |la candidates observed recently by LSST
— Obtain redshifts of host galaxies of transients observed in the past
— Perform reverberation mapping of AGNs in the 4AMOST deep fields

« Expected to yield 10,000s of life transients and ~100,000 host
redshifts

* Coordinating the sky coverage and cadence of LSST and
AMOST surveys is essential

Milano}M®ESEOkera&dt § Durham, 19 April 2017 | Roelof de Jong
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GalacticArcheology~

Milky Way Archeology —[RSEeeisss

Formation and dynamical evolution of the Milky

Map the Dark Matter substructure of the Milky Way

and Magellanic Clouds halos Way disk and bulge components

«  Chemo-dynamical substructure of the halo: Accreted  «  Constraints on the very first populations of stars
versus in situ formation (Pop Ill, IMF, rotation)

* Importance of population migration *  Properties of exoplanet host stars

Milanci MO Eidbet 20880 ctober 2018 | Roelof de Jong




Galactlc ,Archeologfyf 4

Mil ky Way ArCheOlOgy Gaia and PLATO \ :

Formation and dynamical evolution of the Milky

Map the Dark Matter substructure of the Milky Way

and Magellanic Clouds halos Way disk and bulge components

«  Chemo-dynamical substructure of the halo: Accreted  «  Constraints on the very first populations of stars
versus in situ formation (Pop Ill, IMF, rotation)

* Importance of population migration *  Properties of exoplanet host stars
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Milky way bar/spiral arms create moving
groups In velocity distribution

v [km/s]

50r

Hipparcos ;7=8-Ogbdm,=2255%ec
=1, 2 o 2
= 200pC 1 0.=40 km?;
-50 0 50 —50 (0] 50
u [km/s] ————— > GC u [km/s] ———-> GC

l-7 50, Q =1 80 €=—0.012
SR 11(2)

\\_____,._ - I (l) B

t= 750 dme —250pc
Q,=1.80, $,=35.0"
- 0,=40 km/s

)

-1.0-0.5 0.0 0.5 1.0
x/ro

—50 o) 50
u [km/s] ———-> GC

Milanci MO Eidbet 20880 ctober 2018 | Roelof de Jong

So far only done out to
200 pc with Hipparcos

Gaia combined with

AMOST can do this to ~10

Kpc, i.e. in almost half the
ilky Way
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Milky way bar/spiral arms create moving
groups In velocity distribution
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GalactlcaArche

Exo-planet host stars ~ [tmeysacen

* In poor conditions 4MOST will take spectra of all bright
stars (mg<12) with DEC<30° every year to measure their
chemical composition, velocity and activity

» Exoplanet survey satellite missions like the ESA PLATO
mission will monitor 100,000s of stars every minute to find
planets transiting and to measure seismic activity

« This allows us to determine the ages of these stars and their
connection to other Milky Way stars

Milano}M®EEtdbet 20380 ctober 2018 | Roelof de Jong
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Observing TESS/PLATO bright sample

* Asteroseismology provides core masses and ages (~10% accuracy) for many stellar
types, prime calibrators for spectroscopic stellar survey (Miglio et al. 2017)

»  Probably prime targets for early Science Verification release
 4MOST saturates for a 10th mag star in a default 20 min exposure in High Res
Spectrograph (HR)
*  But 2 min exposures cover 7.5th-11th mag stars in HR
— Target densities ~10s-600 per pointing
— ~15 exposures/hour
— 11th-13th mag stars in parallel LR, on average 400 stars/pointing

* PLATO FoV 2250 deg2= ~600 4MOST pointings = ~40 hours = ~4 bright nights
*  Entire sky in 40 bright nights

— (Can be done in one year using only the 4 nights around full moon

- ~1TMHR, ~2M LR objects to 13th mag

« Large fraction can also be done in twilight and during poor seeing at no cost to the rest
of the science program

Milano}M®EEtdbet 20380 ctober 2018 | Roelof de Jong



Observing TESS/PLATO bright sample 4
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eROSITA galaxy clusters

* Survey strategy

- 1 3 y OOO deg rGGQ 248 218 18" 150 128 gH eH M i
+90° T T T T T T T

— 200,000 X-ray clusters ROSTADE 1 4UOST rt-DES DECALS ParSTARRS VST ATLAS o

— 2M galaxies e -

* Primary science goals
— Cluster mass function evolution wil |

redshift
— Evolution of the cluster power i
spectrum
— Galaxy evolution in dense 1
environments
600 |
-90° . ‘ ‘ ‘ ' ' '
360° 315° 270° 225° 180° 135° 90° 45° 0°
- Galactic coordinate grid RA dwelly@mpe.mpg.de

Milanci MO Eidbet 20880 ctober 2018 | Roelof de Jong 27




eROSITA AGN

o Survey
— >800,000 AGN (goal > 1.3 M) with 0<z<6.4
— > 10,000 (goal =13,500) degree?
* Primary science goals
— X-ray AGN luminosity function and SMBH evolution

— Clustering of AGN to constrain the DM halo mass of their hosts
— BAO with AGN tracers over z~0.9-2.5 t0 < 2%

— BH — galaxy co-evolution statistics

— AGN “standardizable” candles to study the expansion history of the
Universe up to the high z
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Constraints on Dark Energy (DE) & Modified Gravity (MG)
Combined Spectroscopic and Deeper Imaging surveys

Photo-z ee MGFoM = 0.3
Photo-z + Spec-z ee + nn MGFoM = 50.1
Photo-z x Spec-z ee ne nn MGFoM = 112.

spec—-z nn FoM = 0.9
photo-z + spec-z ee + nn FOM =7.2 [ 1.8
photo-z x spec-z ee ne nn FoM = 27.8

T T I 2 T T T T — T
photo-z ee FOM = 1.6 \ Spec—z nn FoM = 0.6 7\»

00(1 +HO)/2
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-2 -1.8 -1.6 -1.4 -1.2 -1 -0.8 -0.6 -0.4 -0.2 0 -4 -2 (0] 2 4 6
w QO

» Full combination including cross-correlations using multiple tracers same sky
« Same-sky benefit substantial: x4 for DE, x2 for MG vs different hemispheres
* For 15,000 deg? LSST+4MOST FOM=54 (DE), 383 (MG)

(Kirk, Private Communication)
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Wide Field Corrector
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Fibre Positioner

Wide Field Corrector
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Metrology

Fibre Positioner
Cameras

Wide Field Corrector
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Metrology

Cameras S ’ Fibre Positioner
e i |
Calibration gazlseg\g/\r/am
lllumination Units able Vvrap
Wide Field Corrector |
Elevation
Fibre Bundle

High Resolution
Spectrograph

Low Resolution
Spectrographs
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Wide Field Corrector and Atmospheric
Dispersion Compensator (WFC/ADC

4 Lenses Groups with 2 s
counter-rotating prisms \\\\ 1 ,//
i

Field @ = 2.6 degree \\\\
535 mm Focal Diameter N \\1{:://
Largest lens ~950mm \\\ \\\\\ {‘/
ADC functions to ZD=55° ‘\f |
.\:.,\
\1“{‘ Ly
Design AlP §

Assembly and alignment il
uCL RN




Wlde Fleld Corrector

o




4AMOST Fibre Feed Saviauk et o

Wed 10702-225

2436 Science Fibers
85 micron core

24 Fiducial Fibers
12 Guide Fibers

30 Simultaneous
Calibration Fibers

Fibre lengths:

HRS: 22m
LRS-A: 17m
LRS-B: 18m

Design and build at AIP
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Low Resolution Spectrograph (LK

@

3 arms spectrograph
3 CCDs 6k x 6k

200 mm beam size

812 science fibers
per spectrograph

2 mirrored
spectrographs

Thermally stabilized

Design and build at
CRAL in Lyon.
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Low Resolution Spectrograph (LK

3 arms spectrograph 3000
3 CCDs 6k x 6k

200 mm beam size 3000
812 science fibers 3
per spectrograph = o
2 mirrored 3 5000
spectrographs ®

N g 5000
Thermally stabilized / DT —

_ Custom Model F2t
Design and buid at e
CRAL in Lyon.
3000
0.36 046 0.56 0.66 0.7% 058 0.5
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High Resolution Spectrograph (HRS)

3 arms spectrograph
3 CCDs 6k x 6k

250 mm beam size
812 science fibers

1 spectrograph

Design and build at
ZAH/LSW in
Heidelberg.
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High Resolution Spectrograph (HRS)

3 arms spectrograpl
3 CCDs 6k x 6k

250 mm beam size
812 science fibers
1 spectrograph I

\

Design and build at
ZAH/LSW in
Heidelberg.
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e Specification |
0.37 0.42 0.47 0.52 0.57 0.62 0.67 0.72
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High Resolution Spectrograph (HRS)

o

e iv

OPTICAL SYSTEMS, INC.
An En

dress+Hauser Company

| ArnosST—Y4TNO—| |qg2— 00|

s 7 ot
g .
= 2
g S Rl id e AR s )

ZAH/LSW in ! 15000 e Specification |
Heidelberg.

14000 T T T T T T )
0.37 0.42 0.47 0.52 0.57 0.62 0.67 0.72
Wavelength in pm
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AMOST Detectors

* 9 identical detectors
(plus spares and engineering devices)
* E2V 6kx6bk — Deep Depletion — Broad Band Coating

* Detector head based on ESPRESSO design
* (Cooling and controls identical to MUSE design
* All to ESO standards

on |
Design and build at ESO in Garching.



Simulate throughput, fibre assignment, survey
strategy and verify total survey quality

Survey Progress after night number: 0000
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Simulate throughput, fibre assignment, survey
strategy and verify total survey quality

Survey Progress after night number: 0000

ee—— ) J T N _J2000 Coerdinates, Hammer-Aitoff Projection
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Simulate throughput, fibre assignment, survey
strategy and verify total survey quality

Survey Progress after night number: 0000

_J2000 Coerdinates, Hammer-Aitoff Projection

Targets

| S1 Milky Way Halo LR Survey 16-20.0
S2 Milky Way Halo HR Survey 140 12-15.5 0.6
S3 Milky Way Disk and Bulge LR Survey 10-30 14-18.5 10.7
S4  Milky Way Disk and Bulge HR 140 14-15.5 2.0
Survey
S5 Galaxy Clusters Survey 4 18-22.0 0.8
S6 AGN Survey 4 18-22.0 0.5
S7 Galaxy Evolution Survey (WAVES) 4 18-22.5 1.4
S8 Cosmology Redshift Survey 1 20-22.5 10.4
S9 Magellanic Clouds 10-30 16-20.0 0.3
e S10 Transients Survey (TiDES) 4 18-22.5 0.3
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Policies: consortium membership 4

* Any Consortium institute member can sign up for the 4AMOST Science
Team (ST) through the 4AMOST web site

ST members can join any of the Consortium Surveys
— QGuideline is no more than two Surveys to encourage active memberships
« Surveys may admit limited set of external members based on needed
expertise

* Permanent membership can be obtained by contributing 0.3 FTE
(students), 0.4 FTE (post-docs), 0.8 FTE (staff). Otherwise, ST
membership is normally lost when leaving a Consortium institute
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Policies: data and publication rights 4

* Data releases:
— LO (raw data): public immediately
— L1 (extracted, calibrated spectra): yearly
— L2 (derived products): negotiated by each Survey with ESO

* All data of all Surveys are accessible to all ST members

» Publications are limited to approved Projects. Consortium
Projects may be rejected if overlapping with Community
Survey Core Science and vice versa (SDSS-like policy).
Also PhD Projects extra protected
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Schedule and Milestones

March 2018:

— Final Design Review-2, detailed designs finalized

— Call for Proposals Readiness Review, ready for Phase | community proposal selection
Summer 2019:;
— Call for Letters of Intent from Community

« Jan 2021:

— All subsystems manufactured, assembled, integrated and verified
 Feb 2022:

— Full system integrated and verified at AlP, preliminary acceptance Europe
 Oct 2022:

— System delivered, installed and commissioned on telescope, preliminary acceptance Chili

* Nov 2022 - Oct 2027:
— First science survey of 4AMOST, 30% of targets available for Community Surveys
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Wide-field, high-multiplex optical
spectroscopic survey facility for ESO

e Statys: Wwww. 4AMOST. eu

— Contract signed with ESO, FDR-1 (almost) completed, operations 2022 (=2x 5 year)
« Science:

— Cosmology, galaxy evolution, high-energy and Galactic science

— Complement large area space missions: Gaia, eROSITA, Euclid, PLATO

— Complement ground-based surveys: VISTA, VST, DES, LSST, SKA, etc.
* Survey facility:

— Instrument, science operations, data products, science

— Run all-sky 5 year public surveys in parallel with yearly data releases

— Key surveys organized by consortium, add-on surveys from community through ESO
* Instrument specifications:

— High multiplex: 1600 fibres to R~5000 + 800 fibres R~20,000 in parallel

— Wavelength:  LR: 370-950 nm, HR: 392-437 & 515-572 & 605-675 nm

— Large field-of-view on VISTA, 4m-class telescope: 2=2.6°
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AMOST Components

To deliver the performance
objectives of 4MOST, the facility
requires:

. WFC/ADC/Baffles (AIP)
Fiber Positioner (AAO)
Metrology System (AIP)
Fiber Feed (AIP)

Low Resolution Spectrograph (CRAL)
High Resolution Spectrograph (LSW)
Detectors/Cryostats (ESO)
ACQ/Guiding and WFS (AIP)
Calibration System (NOVA)

10 Facility Control (MPIA & LSW)
11.Data Management (loA + AIP)
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