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Gathering all information
INn a single system
maximizes chance

of extracting knowledge
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Science Linx News ~

Astronomers from Groningen to set the universe in motion

October 28, 2015
Astronomers from Groningen and engineers from Drenthe are collaborating to make the eves of the new
European Extremely Large Telescope (E-ELT) sharp enough to observe the motion of stars in the universe. Eline Go back tc

Tolstoy, Gijs Verdoes Kleijn and Ramon Navarro say they are going to set the previously motionless sky in * Science
motion.
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Key Capabilities
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Imaging

Astrometric
imaging

Spectroscopy

High Contrast
imaging

Time Resolved
Astronomy

0.8-2.4um with >30 broad/narrow filters
1.5 & 4mas pixels for 19” & 51” FoV at 6-12mas
Similar sensitivity to JWST, and 6x better resolution

L'

50uas precision across full field
10uas/yr = 5km/s at 100kpc after 3-4 years
bring precision astrometry into mainstream

ideal for compact sources
fixed configuration for 0.8-1.45um & 1.45-2.4pm
R ~ 8000 across slit, higher for point sources
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focal plane coronagraph & lyot stop
angular differential imaging
small inner working angle
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windowing for frame rates up to “100Hz




Key Capabilities

. * 0.8-2.4um with >30 broad/narrow filters
- Imaging 1.5 & 4mas pixels for 19” & 51” FoV at 6-12mas
e Similar sensitivity to JWST, and 6x better resolution

d  Astrometric e 50pas precision across full field
imaging e 10pas/yr = 5km/s at 100kpc after 3-4 years
* bring precision astrometry into mainstream

d Spectroscopy * ideal for compact sources
* fixed configuration for 0.8-1.45um & 1.45-2.4um

* R~ 8000 across slit, higher for point sources

A High Contrast

) i * focal plane coronagraph & lyot sto
imaging P grap y P

e angular differential imaging
e small inner working angle

J Time Resolved

* windowing for frame rates up to “100Hz
Astronomy



Many science cases
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Imaging

Astrometric
imaging

Spectroscopy

High Contrast
imaging

Time Resolved
Astronomy

cosmic star formation history: resolved stellar populations
structure of high-z galaxies on 100pc scales
nuclei of nearby galaxies (stellar cusps, star formation, BHs)

stellar motions within light hours of Sgr A*
IMBHs in stellar clusters & dwarf galaxies
MW formation: proper motion of clusters & dwarf galaxies

ages, metallicities, masses of first elliptical galaxies at z=2-3
spectra of first supernovae at z=1-6
redshifts, velocities, metallicities of SFGs at z=4-6

Giant/massive planets at a few AU around nearby stars
Direct detection of planets discovered via RV measurements

Pulsars & magnetars * Compact binary systems

Accreting white dwarfs * Transits & occultations



Anticipated MICADO data

HST/NICZ real data z=2 VLT/ISAAC simulation z=2 HST/NIC2 simulation 2=2 || EELT/MICADO simulation z=2
Hig 4 orbits K, 6h (GOODS-S) Hig 4 orbits = K, 4h + 3-pix smoothing

o ; | B 1= 158
(Bkpe)| __ (8kpe) (Bkpc) ;'—. |(Bkpc)
. o '
- .!‘i K B
v o .
% ; T LT g
@ PSF 0.145" .’SF 0.456" @ PSF 0.145" - P3F 0.014"

NIRcAM @ jwsT 8 MICADO@ELT =

5-hr'-bn_d‘ simulated expsure on stellar field

Courtesy Falomo, Deep, MICADO consortium



MICADO Dataflow team

Lead: Gijs Verdoes Kleijn, A*-lead: Werner Zeilinger

Area Partner Expertise

Imaging NL-NOVA Surveys, ESO DFS

Precision Astrometry | NL-NOVA NL science team
Spectroscopy A-Ibk/Graz | Atmosmodels, ESO pipelines
MICADQO monitoring | NL-NOVA ESO OmegaCAM long-term
and calibration monitoring

Data handling NL-NOVA National datacenter, ESO
Simulator A-Vienna Science cases

PSF reconstruction A-Linz AO, ESO deliveries
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https://www.eso.org/public/announcements/ann12096/

S Calibration scientist: “Great observations! They will tell me

T ? everything about the state of my Observatory”
k\ Astronomer:”“Great observations! They will tell me everything

about the state of my Universe.”
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https://www.eso.org/public/announcements/ann12096/

Pipeline design phase: question 1

Outerspace

Science object

Galactic extinction

Physical
Cosmic rays
components
Moon, planets, bright
stars
Zodiacal light
. On-site
Astrophysical Detector
Observables laws measurements | DM telemetry | WFS telemetry exposures

(T, r,H, P, v.)




Pipeline design phase: question 1

Outerspace

Science object

Galactic extinction

Physical
Components Cosmic rays

MODEL .

Moon, planets, bright
stars
Zodiacal light

Observables| Astrophysical On-site Detector

MODEL laws measurements | DM telemetry | WFS telemetry exposures

(T, r,H, P, v.)




Transmission

Atmospheric composition model

Transmission of the Earth’s atmosphere

Transmission

— 77—
wavelength ran

MICADO spectroscopic

LBLRTM V12.2 / HITRAN2008
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Thermal components:
e Transmission (absorption)
* Thermal radiation

taken into account by ([1], [2], [3]):

* Atmospheric composition height profiles
* Radiative transfer code
* Line database

Non-thermal components
* Chemiluminescence by OH, OI, NaD,.....

taken into account by ([4], [5]):

e advanced airglow model

[1] Noll et al., 2012, A&A, 543, 92
[2] Smette et al., 2015, A&A, 576, A7T7
[3] Kausch et al., 2015, A&A, 576,A78
[4] Noll et al, 2014, A&A, 568, 9

[5] Noll et al., 2015, ACP, 15, 3647



Telescope model

Pistion, tip, tilt of each segment, Exit pupil wind on M1, RMS = 162nm
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SIMCADO

Wavelength dependent PSFs Atmosphere Filter Detector QE Sky emission
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Optical path cube

Input source cube %

Leschinski, Czoske, et al. ADASS 2015, in press

Jitter, rotation
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FPA read-out image
Collapsed source cube
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https://drive.google.com/file/d/0Bx9tUSrro9zCR2JmeDNKd3liZmM/view?usp=sharing
https://drive.google.com/file/d/0Bx9tUSrro9zCR2JmeDNKd3liZmM/view?usp=sharing

observing an Observatory
AND
observing a Universe

Pipeline design phase question 2:

( [science-pixdata],[ observatory-pixdata] | Observables)



observing an Observatory
AND
observing a Universe

Pipeline design phase question 2:

P( [science-pixdata],[ observatory-pixdata] | Observables)



Spectroscopic calibration

Order ",

Basic workflow known, but some |
layout .

major challenges / unknowns:

: . Cross disperser
* Adaptive optics influence P

on flux calibration

order X-
T talk!!

* Rectification / merging
of the Echelle orders

* No Flux/Telluric/RV Standards
available yet T RE

_ (R. Davies)

Draft workflow:
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preparation calibration / rectification / correction post processiﬁg



Photometric / astrometric calibration

Real Time Feed # Atmosphere:
Forward correction T, p, H%

ADC Rotation Physical

‘ Model
Astrometry
ADC:

T, Rotation

Filters

| Distortion -
Imaging | Model =’ Photometry




Calibration scientist’s view:

Outerspace

Pixel data =

Science object

Galactic extinction

observatory

Cosmic rays

®
science Moon, planets, bright
stars
Zodiacal light
. On-site
Astrophysical Detector

Observables laws measurements | DM telemetry | WFS telemetry exposures

(T, r,H, P, v.)




Astronomer’s view

Science object

Pixel data =

science
®

observatory

Astrophysical Detector

Observables laws exposures




Model of the data

expand All

—IRawScienceFrame(254AD22A3B715E35
= AIRMEND 2.355
= AIRMSTRT 2.354
= creation_date 2015-11-24 14:06
« DATE 2015-11-24 08:16
= DATE_OBS 2015-11-24 08:13

. . 11 " .
|dentical observables (incl. “raw data”) [ ETHE 1500
: = filename (preview) OMEGAC
Different metadata e
= js5_valid 1
« LST 27823.152
« MID_OBS 57350.3427555
= NAXISI1 2144
= NAXISZ 4200
« OBIECT STD,EXTINCTION
« OBSERVER UMENOWMN
= OVSCY 43

= OWSCXPRE 0

= OWSCKPST 0

= OWSCY 100
= OVSCYPRE 0

= OVSCYPST 0

* process_status1

= PRSCX 48
= PRSCXFRE 0

= PRSCXPST
= PRSCY

= PRSCYFRE

= PRSCYPST
= guality_flags
= UTC

+ astrom

9606.0

Derotator angle, temperature, ADC-status,...,...

Hchip (up) (link)

Hfilter (up) (link)
\: imStEIt
instrument (up) (link)




Data model

(Example from the optical imaging domain with CCDs)

ReadNoise ReadNoise SaturatedPixelMap
A : ! ye :
CCDBias CCDBias CosmicRaysMap SatelliteTrails

i h » A
ArtefactsMap

Z

O _

= T ColdPikelMap

< |

=

nd

O .

LZL l ScienceFrame

0 StandardStars  AtmosphericExtinction L°“M3;fm°tw
T : &

% 'PhotometricParameters GlobalAstrometry

hd

L CalibratedScienceFrame

D i

O CoaddedFrame

f

AssociateList PhotomRedshifts GalaxyFitting

Target

Galaxylsophotes LightCurves

PROCESSING




no previous comments
comment submission form

4stro-WISE Portal View object in: DBView, CalTS, or Process

Quality of SOURCELIST
CADO_SIM_MULTMICADO_SIM_CHIP1 Red Sci- 567117871011

Sci-JMCFARL AND-MICADO.
eaeci18c83040edebSf7ddd164013e290ce5762b.fits

Chip MICADO_SIM_CHIP1 of Instrument
MICADO

Observational Details

Processing Details
creation_dafe 2014‘02‘23 DATE_0BS 2014-02-22 21:00:34 ‘OBSERVER NOVA
18:53:29 MJD_0BS 56710.8753935 EXPTIME 0.02 T
is_valid _ OBJECT  NOVA-SIM1_Sum0020.0001 AIRMSTRT 1.22077
quality ﬂags _ obs_id 507435 AIRMEND 1.22077 ——
— RA. 0.0 Filter MICADO_SIM_MULT
Privileges 2 SIMULATED
s Dec. 0.0 mag_id i |
Image Statistics Details i e
mean +9.996e+02 ; :
ReducedScienceFrame WeightFrame
median +1.000e+03 4096 X 4098 pixel 4096 X 4096 pixel
0.20 X 0.20 arcmin 0.20 X 0.20 arcmin
stdev +1.004e+01
min +98.500e+02
max +1.050e+03

on-line archive & db

e basic pipeline
source extraction

([
pO simulated Images

Data sets for MICA

we have sets of simulated ML
sets are described in mor2 detail i

ond sampling; 1 wavelength)

Cata
without ADC, ZD =0 deg {3 sec

CcaDD images that take into accoun
n the ADC/astrometry repart.

fwhite = 1. black = 0)

foolor map inverted)

t atmospherz, AOQ and ADC.

W File
simulated Images Catalogs CS

FOgEE I 3 200 sour

DBname: awgverdoes project: |

: MICADO dataflow play-ground

Quality-W=e=

:Z%}SourceLis 4a37 740043 3

t(f3

\1318adhg 33721 €0493c316

f “helba%93551 3,
J

associatelist
=1
COMBINE_METHOD 1
Creation g —
c _date 2014-g5.
S 2-23 19:16:15
filterg —
globalname l‘NonE
1S_valig =
" lDEC :
o ~9.121805824158—06
e 0.001389752196‘39
i —9.12180582372&—06
_— 8.35774739299e-07

SL-3
”umbeLoﬂsourceg 2 R ARLAND—DOOQGQ:‘I.UO 1

" OBJECT

cerprn I‘{OVA-SIMI_SumDOSU

e [c_’XWINJMAGE‘) "y .
- 9694001 vl WII‘LIMAGE',),
o —8.53892008215(3-06
i 0.00138975219?
s -8.538920088028-06

astmm‘params 8.35?74?39914&—0?
I+ chip {up) (link)

detection\frame

= filter (up) (link)

= frame {Up} (/ink)
AIRMEND

" AIRMSTRT

o Creatio’Ldate

1.22077
1.22077
2014-02. 55 18:52.35




time

Everything changes in time

* Physical changes

* Our insight in modeling T

 Methods, code, bugs

* > time tagging all objects in your system



time

Everything changes in time

* Physical changes

* Our insight in modeling T

 Methods, code, bugs

* > time tagging all objects in your system

win Valentijn tomorrow

See talk by £€ Willem-Jan Vriend before lunch

See MuseWise poster by



MICADO Data Flow

Calibration Plan (NOVA)

Science Cases (NOVA)

v

ObsPreparationTool (USM)

rd
P2PP (ESO)

4/\

SIMULATOR (A*)

OBSERVATORY (MPE)

— =

MICADO INFORMATION SYSTEM (NOVA)

PIPELINES (NOVA+A?*)

e

QUALITY ASSESSMENT & CONTROL

Archiving
Calibration production
Science production




Approach to pipeline and information system development

1. Translate physical model into observables model
2. Use simulated observables for
a. science case feasibility

b. trade-off study of calibration via hardware vs via
software

c. capture “observing an observatory” AND “observing a
universe” in a SINGLE data model

3. lterate on 1-2 cycle:
a. toy simulations -> detailed sims
b. toy data model -> detailed data model

4. Implement a single information system for calibration
scientist and astronomer




Integrate two information systems™

e the calibration scientist
e the astronomer

*An information system integrates archiving &
processing: it is a “living” archive



Integrate two information systems™

e the calibration scientist
e the astronomer

Explore relations with talks by Steffen Mieske/ Burkard Wolff, Roland Walter, lvan Zolotukhin,
Pascal Ballester, Reinhard Hanuschik,...among others

*An information system integrates archiving &
processing: it is a “living” archive



Find out more about MICADO here:

* Leschinski, Czoske et al., 2015, ADASS
escninskKki, LZoskKe et al., , , IN Press
- K hetal., 2015, A&A, 576,A78
auscn et al., , , ,

“ Eibcode Brore Dhare Lict of Linl=
Antherz Title Access Conrrol Help

1 J0145PTE S145F STV 1900 QE2014 A B L T B iy
Vidal F; Gumdrom, E - Clmet. ¥ ; Gratadomr, D ; Roasmat, G Davias B Adaptive optics sl tions for the MICADD 5CAD sysiem

2 2014SFTE 9148 330 1000 QE2014 A E L T B
Cobaa, Madvisw; Choxnly. Fazey; Baey. Trisian: Geadron, Eric: Habert Zokax; Hard Mickaql Clizet, Vamm; Davies. Bickand Optical dasdzn of & ralay optics for S MICADD 3CAC syswem

i 014E0TE 9147E 9EF 1000 aE014 A E L T B r
Bandoz., Piarre: Boccakt, Axdhooy; Lacoar, Srhasme: Galicher. Raphasl: Chast, Vazn: Gratadow, Dammen: Guadron, Eric; Baey. Trstlan,  The kigh conmast maging modas of MICADD
Roaseet Gérarnd; Hartl Mickasl Davies. Rickard

4 S0145TTE 9148 OZC 1900 Q72014 A L T BC z
Climet. YVazm, Bosy. Tristan M ; Rowssat, Gamand; Coben, Madvien; Feawtmiar. Fhilipps; Gandron. Fric; Hubert Zolan: Chamla Fazmy, Crarvien of e MICADS 5CAC svsem
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3 S014EPTE 9147E 9FL 1900 072014 A E LX S L
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5 J0143PTE 9145F 4HE 1000 Q72014 A E L e - 4
Eack Almander; Port Jecg-Unva: Samvodar., Oliver Accaleromatar-tased position recoasmacton for e feedformrand commensation of fast wkiscops 1ibrations m e E-ELT MICADD

T 2013aoslconfE 290 1900 1272013 A EF L T oy
Clizet, Vanm, Grasadow, Danmex; Geadrom, Exic; Bomset, Gerand, Sevin, Ammand Tt GFU-based and-to-exd AC simalatiors to dimexsion e E-ELT MICADD 3CAC mode

z 201 28PTE EHTE 4WE 1000 Q72012 & E L T B
Eack Alaxandar: Pow Ferg-Unoe: Bappel Thomas: Sanvoday. Olhver Davalopmext of zan conceps to muniries e fopact of fast wliscops 1ibratons seaa by & E-ELT MICADD navefront sanwors

2 201 lacelcomfP 230 1000 2011 A E
Clkzet, ¥V.; Barmandi, P; Chaproa, F; Geadron, E; Boamet, &2 Habart Z 5 Davies. B Thiel, ML Tromm. N Tha 3CA0 modals of 8w E-ELT adapthe optics maging camara MICADD

10 2010EFTE TTISE 300 1000 Q72010 A = L T <
Clkzet YV Bermardi, P Chapeon, F; Geadron, E ; Boamet, &2 Hubert Z; Davies. B.; Thiel M Tromm, N Geamsl B BANT: he S3CAC modals for the E-ELT adapthw optics Emaging camaera MICADD

11 J0I0SPTE T735E_SGM 1000 Q72010 A B L T
Magrin Deametrio; Bagarzoni, Roberio; Freqman, David E ; Fxanbasar, Frank: Tromp, Mieks; Drost, harnca; Navaro, Ramee; Davies, Bichard: MICADHD: optical confizmration, performancs. and foldms
Gezmal Baibard

12 JOIGEFTE TT35E AT 1000 Q72010 o E LX T BC 1
Davies, Bichard; Agecrges. N Barl L: Bodin L. B Bonder. R Barmardi P; Chapeom, F; Climet, V. Dasp, A Deal E;and 38 coandom MICADC: & E-ELT adapthve optics Duaging camara

13 20100mer 140 32D 1000 052010 A F L EC B U
Davies, B Guamel B MICADC: Tha Maki-adaptive Optics Imaging Camara for Desp Olesrations

14 01ONMEAS 402 1126T 1900 Q22010 A EF X D BEC B 1
Tripps. 3 Davies, B Ekexnbaner. F; Schradbar. WM Forsen: Frie, T K Gezmal B High-precition asromeTy with MICATD a1t Ewopsan Exoemelr Largs Talescops

13 2010acs] comfF 1002D 1000 Q02010 A E LX o

Davies, Richard; Agsorges. N.; Barl L ; Bedin, L ; Bender, B.; Bemandi P Chapron, F; Clenet. ¥ Daep. A Dl E; and 36 coauthors

Sciance and Adapthe Crptics Regainments of MICADD, & E-ELT adaptive optics fm ging camena



http://adsabs.harvard.edu/cgi-bin/nph-abs_connect?db_key=AST&qform=AST&sim_query=YES&ned_query=YES&adsobj_query=YES&aut_logic=OR&obj_logic=OR&author=&object=&start_mon=&start_year=2000&end_mon=&end_year=&ttl_logic=OR&title=MICADO&txt_logic=OR&text=&nr_to_return=200&start_nr=1&jou_pick=ALL&ref_stems=&data_and=ALL&group_and=ALL&start_entry_day=&start_entry_mon=&start_entry_year=&end_entry_day=&end_entry_mon=&end_entry_year=&min_score=&sort=SCORE&data_type=SHORT&aut_syn=YES&ttl_syn=YES&txt_syn=YES&aut_wt=1.0&obj_wt=1.0&ttl_wt=0.3&txt_wt=3.0&aut_wgt=YES&obj_wgt=YES&ttl_wgt=YES&txt_wgt=YES&ttl_sco=YES&txt_sco=YES&version=1

Atmospheric / Sky Background papers

Refereed:

Lakicevic et al, 2015, in prep

Jones et al. 2015, A&A, subm

Noll et al., 2015, acpd-15-30793-2015
Noll et al., 2015, ACP, 15, 3647
Smette et al., 2015, A&A, 576, A77
Kausch et al., 2015, A&A, 576,A78
Moehler et al, 2014, SPIE, Volume 9149, id. 91490L
Moehler et al, 2014, A&A, 568, 9

Noll et al, 2014, A&A, 568, 9

Jones et al., 2013, A&A, 560, 91

Noll et al., 2012, A&A, 543, 92

Non-Refereed:

Kimeswenger et al., 2015, AtmoHEAD 2014, EPJ Web of Conferences, Vol. 89, id.01001
Unterguggenberger et al., 2015, EGU2015-8662

Noll et al, 2015, EGU2015-2554

Kausch et al., 2015, EGU2015-3807

Moehler et al., 2014, The Messenger, vol. 158, p. 16-20
Jones et al., 2014, The Messenger, vol. 156, p. 31-34
Jones et al., 2014, AAS Meeting #224, #405.03

Noll et al., 2014, ASPC, 485, 99

Kausch et al, 2014, EGU2014-13979

Noll et al., 2014, EGU2014-12008
Unterguggenberger et al., 2014, EGU2014-11548
Jones et al., 2014, EGU2014-11013

Noll et al., 2014, ASPC, vol. 485, 99

Kausch et al., 2014, ASPC, vol. 485, 403

Jones et al., 2014, ASPC, vol. 485, 91

Noll et al., 2013, EGU2013-7980

Jones et al., 2013, EGU2013-8478

Kausch et al, 2013, EGU2013-7425

Noll et al., 2012, EGU2012-9813

Kausch et al, 2012, EGU2012-9239



END
(auxiliary slides after this)



Timeline

Kick-Off

System Requirements
Internal Review

Preliminary Design
Review

Final Design Review

MAIT Mid-term Meeting

PAE Document Review
(= Test Readiness Review,
start of PAE process)

Preliminary Acceptance
Europe

Provisional Acceptance
in Chile

Preliminary Design Phase (B) begins with a 1.5-year baseline &
interface consolidation phase.

Once the system baseline is defined, the design will be
developed more fully over the following 1.5 years

Following this review, the project can begin the Final Design
Phase (C).

Following this review, project will enter Manufacturing,
Assembly, Test, and Integration Phase (D).

Progress will be formally assessed half-way through the MAIT
Phase.

This will take place 6 months before the scheduled date for the
European Acceptance Review, to confirm the instrument is
ready to begin formal testing during that period

This will take place once testing is completed and the reports
are written. The instrument will be shipped to the observatory
once this review is passed.

Telescope technical first light with ~480 segments early 2024;
Telescope commissioning with all segments from Dec 2024;
MICADO commissioning 1 with SCAO module;

MICADO commissioning 2 with MAORY.
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