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Chapter 1

Introduction and summary

The monthssince theJuly 97 ISAC meeting have been basically dedicated to the
organisation of theAMBER consortium. The instrumental concept itsed#snot evolved
much: each beam is corrected by an AO module, cleane@olarisation and may be
refraction and dispersion correctors before beeing spatialy filtered in order tp isolate a single
mode. After one fraction of each beam has been separatgthdometric calibration, the
beams are recombined in a multiaxial waje interferograms, spectrallyispersed onot,
are then spatiallysampled by an arragietector. The data is stored for off line processing
although a real time processor permits a partial data analysis to tell exactly what is the
quality of the recorded information. The primary target is thbakd butthe extension to
H, is planned as soon as two ATs will be available. The possibility to use other near infrared
bands is beeing explored. This information is briefly reminded in chapter 2.

Negociations between the Institutes haakowed to define the management of the
project presented in chapter 3. One of ttifficulies AMBER has to face ighat an
important fraction of the involved engineers are not fully avalaible immediately because the
teams in the two main Institutes @renoble and in Nice are stiusy wth the NAOS and
the PFSU ESO contracts. This is particularly true for the key Prdjectager and System
Engineer. It is one of the reasowhy the datenow aimed for first AMBERobservations
with the UTs is April 2001 instead of the original October 2000. The lack of availability of
this key participants is expected to improve rapidly.

We have also created a set of working groups, each one in charge of &MB&R's
subsystems or of one general problem sucthasinterferometricand theScience Groups.
The Interferometric Group (IGR) hasrecetly started to assighe Project Scientist in
defining the instrument technical specifications. It has deepened the analysis of the several
possible observing modes offered even by the simplest implemeantation of AMBER. This is
summarised inparagraph 5.2 but a much more detailed description can be found in the
AMBER memo AMB-IGR-002. The InterferometricGroup andthe Science GrougSGR:
paragraph 5.1) will collaborate in order to select the priority modes, their specifications and
performances before next May.

Six out of the eight technical workingroups have started working.hree types of
solutions are available for the detectors in three different institutesvillrime combined in
the development of thAMBER detector after somdecisive labtests by nextspring (see
paragraph 5.5). The optomechaniad#sign(see 5.3) iswaiting inputsfrom the system
analysis buthe preliminary design ofthe spectrograph is already started at Arcetri (see
5.4). The data processing grougalled OSM for "Observing Support Module" hastarted
collecting and developing simulation programs to help the IGR and the SGR in nthking
choices and the Instrument Control (ICM) group is currently starting to sele@&MBER
control architecture.

‘available on the AMBER web pages  (http://www-laog.obs.ujf-grenoble.fr/amber/)  together with
numerous other documents



One particularly critical item are the Adaptive Optics Modules (AOM). The AMBER AO
modules are based on a development started for GI2T by A. Blazit with the help of ONERA
already two years ago. Nevertheless, as it is explained in some detail in paragraph 5.6 it
seams quite difficult tacompletely develop, integrate, calibraaed test two AOmodules
with the kind of reliabilityneeded forParanal before theniddle of the year 2000which
corresponds to scientific observations no earlier than etig of the2000-2001 winter.

This is the second, even more decisive reason, for a shift of theARMBER observations
with the UTs to April 2001.

The global timetable of the projetd¢ading tothis date is summarized hapter 6 and
finally chapter 7 gives elements to evaluate the AMBER budget. The final and very detailed
budgets and timetable will produced for the Project Definition Revue we plan to have in the
very beginning of November 1998.



Chapter 2

Basic specifications and science drivers

The science drivers for the instrument will be iarportant subset ofthe science drivers
for the VLTI [1, 4], selected in consideration of the wavelength covertigd, of view,
imaging capabilities and fringe tracking options.

The wavelength coverage will be limited initially to the near infrared (1 to 2.5 um) with an
initial priority to the K band, although extension to ttesl part of thevisible spectrum is
planned as soon as two ATs will be available. The field of view will vary from the size of an
Airy disk (i.e., 60 mas at @m for the UTs, or 250 mas for the ATs) to about 2" in the so-
called "wide-field" mode. Although ithe beginning onlythree baselineswill be available
simultaneously (number dfoudétrains in the ESO Phase-A/B Project [2]), thémaging
instrumentwill be the only instrument for the VLTI to offeclosure phase and thus, in
principle, imaging capabilities. Such imaging will be more effective for simple sources, while
objects with a complicated structure will require many telescope relocationsilhbe time
consuming. Finally, the (initial?) absence of phase referencing in a secondriieimit

in practice fringe tracking to the science object itself. Limitmggnitudeswill depend
strongly on thebandpass othe selected filter and the color of the source, and on the
AT/UT combination. Broadly speaking, one can think of a limiting magnitudeK=10 for the
ATs, and K=13 for the UTs [6]. Howevenote that several modes obperation are
foreseen,including the so-calledblind tracking which will allow to pushthe limiting
magnitude somehow.

With these constraints imind, we identify thefollowing as some othe main science
drivers for the instrument:

- Exoplanets (detecting hot massive "Jupiters", i.e. such as 51 Peg)
- Star forming regions (disks and jets around young stellar objects)

- Circumstellar matter (circumstellar matter around AGB stars)

- AGN dust tori (probing the central engine by reprocessed radiation)
- Binaries (main sequence and giant stars, brown dwarfs, etc.)

- Stellar structure (limb-darkening, spots, rotation, etc.)

The actual scientifidrivers for each of thesssueshave beerdescribedalready inother
documents, and wihink that it is notnecessary to present here a lengthy description of
each of these topics. The interested reader can find relevant information for instance in [1,
2,3,4,5, 6, 7]. More to the point of the present document, we summarize in Table 1 the
requirements that each of the topics above imposes iddsign ofthe instrumentand the
performance that it must achieve. Vikso have marked in the last two colunwisether

each field of research will constitute or not a primary science driver also foothlee two
instruments currently proposed for the VLTI, namely the astrometric instruarahtthe

10 um instrument.



The values in the table should gerpreted as minimum requirememteeded to carry out
useful research in that field.

Table 1: Scientific requirements for the imaging instrument
Topic Visib. | Limit. | Wave- | Spectr.|Polaris.| Wide |3 beampeasy foH easy fo
Accur. K length | Resol.| useful | Field § useful | MIDI |PRIMA
Magn. | Cover. useful
Exoplanets 10 5 K 50 N N N Y Y
Star Forming 10° 7 JHK | 1000 Y Y Y N Y
Regions +lines
Circumstellar 10° | 4 | JHK | 1000| Y Y Y N Y
matter tlines
AGN dust tori 10° 11 K 50 Y Y Y N Y
Binaries 100 | 4 K 50 N Y N Y N
Stellar Structure 16 1 lines |10000 N N Y N N

Even with its more primitive mode®AMBER will be able to observe hundreds gbung
stellar objects with the UTs. Resolving the dust tori of the brighteNs will be within the
limiting performances of early versions of the instrument. Withmadium spectral
resolution, one might even expect resolving thvead line region irthe hydrogen lines by
comparing the phase of the fringes in the two hmegs. We have preselected this two
programs as the main astrophysical targets with the UTs. This ciidee refined by the
AMBER Science Group described in paragraph 5.1.

The imaging andspectroscopic instrument contains namber of mandatory optical
elements:

adaptive optics

fringe tracker (provided by the ESO FSU)

cooled spectrograph

- 3-way beam combiner

- spatial filtering and photometric calibration

- polarization control with a Babinet prism

- near-infrared detector, and later, visible detector

However it is possible to start useful operation with only:

- 2-way beam combiner
- no fringe tracker
- very low spectral resolution

and we will do it this way if this can solve delay problems. But the design is made to allow us
to go to the full potential of AMBER as soon as possible.

These optical elements arequired bythe scientific driverdisted above. Foexample,
spatial filtering and photometric calibration ensure visibility calibration better than 0.1% as
needed for massive exoplanet study. However sucbpéical schemevould beinefficient

with D/rO > 6 andthat iswhy adaptive optics is highly recommended. Fringe tracking is
also highly useful when one wants to get high spectral resolution intenferometric data.
Finally the aim of this instrument is to getdges at very high angular resolution which
requires phase closure measurements.

We have identified 3 instrument modes for the different scientific targets:

High flux sensitivity

It will be dedicated to the study of relatively complex spatial structures with a
visibility accuracy of about 1%. Recombination of sevdrahms is desirable iorder to




increase the (u; v) coverage. This mode should also allow us to push the performance of the
instrument in sensitivity.

High PrecisionVisibility

It is foreseen for high dynamic range study of relatively simple objects, nlikkiple
systems or massivhot Jupitersaround stars. The goal is to havethe most accurate
calibration procedure as possible.

High SpectraResolution

The high spectral resolution is recommended for shely of stellar linesThe spectral
resolution is em- phasized even if thaccuracies in visibilities orthe sensitivity
performance are not extreme.

The reader must refer to the memo AMB-IGR-002 in order to get an updatenanel
details on the instrument modes.
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In order to raise the spirits of thegarticipants to theAMBER consortium and oftheir
sponsors the following pagghows afirst result obtained on protoplanetarydisk by long
baselineinterferometry in the Kband.With the existing smll apertureinterferometers,

this kind of observations can be obtained on very few sources. With the UTs the number of
astronomical candidates will be of several hundreds.



Protoplanetary disk resolved atthe 2-AU scale

by infrared long-baseline interferometry

The figure below showsthe first detection of fringes on a young stellar object with the
Palomar Testbed Interferometer. The observations agoad agreement witpredictions
given by Malbet & Bertout(1995). This observation demonstrates the first steps in the
knowledge of star forming regions #te 1-AU scale whichwill be enhanced with the
AMBER instrument on VLTI. Many observations of that type at other spagglencies

will allow us to retrieve image of protoplanetary disks with unpreceded resolution.
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Figure: Left paneldisplaysthe spectral energy distribution of the accretidisk model
(dashed line), the star (dotted line) and tieole system (solid line). Ainterstellar
extinction law with AV = 1 mag is applied. The circles represents FU Ori photometry
measured by Allen (1973), GlassRenston (1974), Kenyon ei. (1988) and IRAS.
Middle panel displayghe syntheticimage ofthe accretiondisk at 2.2um . Right
panel displayghe visibility curves of theaccretion disk model for the x and y
directions (respectively solid and dashed lines). The resuTéfobservation of FU
Ori is placed on the figure with its error bars (Malbet et al. 1998).



Chapter 3

General description of AMBER

The general description of AMBER hast changed much from thpresentation tdSAC

in July. The readerwould usefully refer to theJuly AMBER report (ref [7]) and to the
collection of viewgraphs then distributed by ESO. An update about the instrument observing
modes, has they are beeing analysed byARER interferometric group (see 5.2) can be
found in the AMBER memo AMB-IGR-002. This two andther documents are in the
AMBER web pages at

http://www-laog.obs.ujf-grenoble.fr/amber/

3.1 Functional analysis

The main function of AMBER is to measure the spatio-temporal coherence of the observed
source. To perform this one needs the following secondary functions:
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FO2:
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adapt the input beam size

calibrate the instrumental aberrations of the degree of coherence
correct the wavefront

analyze the wavefront

compensate the effect of atmospheric refraction and dispersion
control the polarization state

compensate the residual OPD

analyze the residual OPD

put the beam in single mode

scan the OPD in a coherence length

measure the photometric signal from each beam

interferometrically combine the beams

To spectrally disperse the signal

To

To

To

measure the interferometric signal
estimate the signal coherence from the stored data

store the information



3.2 Possible Instrument Layout

From this functional analysis, we have defined the different modules neededdoiaggtfic
information:

* Beam size adapter
» Adaptive optics
 Fringe tracker
 Beam quality module(polarization, spatial filtering, calibrationsatmospheric
refraction compenser...)
¢ OPD scanner
« Photometric/interferometric separator
« Beam combiner (3-way)
Spectrograph
Detector
Acquisition and archive system
Data reduction module

The solutions for some parts are alreathfined (AO, beam combinerspectrograph,
detector,...) and others are under study (polarization, spatial filtering, OPD scanner,...). The
reader is invited to read the AMB-REP-002 report for more details andhéeter on the
different working group reports.



3.3 Instrument subsystems

We have divided the project in 8 subsystems:

OPM: optomechanics

It consists in alloptical, mechanical and electrical elements on the optiable
(beam size adapter, beam qualiepntrol, OPD scanner,FSU interface, AO
mechanical supports, beam combiner,...) as well as the local control of them.

- SPE: spectrograph

It consists in the spectrograph with the gratimgsl the various opticatélements,
filters and the dewar.

-DET: detector

It consists in the detector chip, the read-out electronic, the acquiarnibarchiving
system.

AOM: adaptive optics module

It consists in the set of active optical elements (deformable mirror, wavefront sensor,
real-time computer,...) as well as the control of them (servo-loop)

ICM: instrument control module

This module is the maioperator of the instrument. It controésach module with a
high level language anchake themwork togetherand manages theommunications
with the VLTI. A sequencer allow to run different sequences for observing, calibrating
or aligning.

OSM: observing support module

This module is purelysoftware-oriented. It supports thaser in preparing the
observations and in reducing and calibrating the data. Part of the softildse used
by the real-time computer (RTP) to monitor theality of the observations. The
OSM is also in charge of developing a simulattool to help the conception of the
instrument.

RTP: real time processing

The real time processor (or monitor) runs a small, fixed part of the softledireed

in the OSM in real time simultaneously with the data acquisition. It is intended to
have permanently aeliable estimate of the quality of the datahich is beeing
recorded. In some cases, to be definethan System Definition Phas@formations
might be send from the RTP to the ICM.

INT: integration and tests

This module which isot yet active is in charge ddll optomechanical elements
needed to align and to calibratiee instrument. Itwill be in charge of thesystem
integration and tests. lwill develop the simulation tools started by t@&M in an
end-to-end simulation used to test the software, simulate the observati@stamdte
the performances and therefore the feasability of the astrophysical programs.



Chapter 4

Project organization

4.1 Participating Institutes and Members of the AMBER consortium
The table 4.1 shows the list of theembers othe AMBER consortiumand indicates
their homelnstitutes. Thananagemeniasksandthe memberships tavorking groups
are indicatedTwo main French Institutes will be in chargewith the realisation of
AMBER:

» Observatoire de la Cote d'Azur (OCA)

« Laboratoire d'Astrophysique de I'Observatoire de Grenoble (LAOG)
with the help of the:

 Osservatorio Astrofisici di Arcetri (OAA) near Florence, Italy
and the

« Max Planck Institute fur Radioastronomie (MPIfR) in Bonn, Germany.

The other Institutesvill provide expert scientists @ngineerdut should nobuild or
integrate hardware. They are:

- Office National d'Etudes et de Recherches Aérospatiale (ONERA), France,
« U.M.R. 6525 "Astrophysique" de I'Université de Nice - Sophia Antipolis, France

« Centre de Recherche Astronomique de Lyon (CRAL), France



Table 4.1. Members of the AMBER consortium
Names inbold refer to permanenstaff while the Ph.D. studentnd post-doctoralesearchers amesigned i
italic. Sci = Scientist, Eng = Engineer, Tec = Technician, Stu = Ph.D. student
Laboratoire d'Astrophysique de I'Observatoire de Grenoble
INAME STATUS | FUNCTION % time| % time| % time
97-98| 98-99| 99-00
IMALBET Sci Project Scientist [ 70 80 80
ILECOARER Eng |physics, Coordinator ICM [ 50 70 80
|KERN Eng |after mid 98 possible Project Manager 20 50 80
|RABOU Eng |optics, OPM 10 10 10
[PETMEZAKIS Eng |electronics, DET 75 75 75
[FEAUTRIER Eng |electronics, Coordinator DET| 25 25 50
|CHARTON Eng |electronics, ICM 10 10 50
[BEREZNE Eng |computer science, ICM 0 10 5(
|MAGNARD Tec |mechanics 10 20 50
[DUVERT Sci OSM 25 40 40
IMOUILLET Sci  |oswm 25 25 50
|FORVEILLE Sci IGR Coordinator OSM| 30 40 50
[HENRI Sci SGR 10 10 10
[PERRAUT post-doc| OPM 50
[IMONIN Sci|DET, SGR 25 40 50
Observatoire de la Cote d'Azur
% time| % time| % time|
1998 | 1999 | 2000
IANTONELLI Eng |electronics, Coordinator OPM| 80 90 90
IBLAZIT Sci AOM 80* 70*
[BRESSON Tec |optics, OPM 50 50 50
|DUGUE Eng |real time processing, ICM 40 90 9(
|GLENTZLIN Eng |mechanics, OPM 60 80
|KAMM Tec |electronics, OPM, ICM 80 90 90
|MARS Eng |computer science, OPM, AOM 50 9( 99
|MENARDI Eng |optics, System Engineer| 60 90 90
[PETROV Sci Principal 80 80 80
Investigator
|IREBATTU Eng [mechanics, OPM 80 90 90
SCHNEIDER Tec [mechanics, OPM 50 50 50
ICRUZALEBES Sci IGR, OSM 70 70 70
|LOPEZ Sci [SGR 40* | 40% | 40*
IMOURARD Sci |IGR 20 20 20
STEE Sci SGR 50 50 50
VERINAUD Stu AOM 70* 70* 70*
IBERIO Stu OSM 20 20




Université de Nice - Sophia Antipolis (U.M.R. 6525)
ARISTIDI Sci OSM 30 40 40
|IPETROV Sci Principal 80 80 80
Investigator
Observatoire Astronomique d'Arcetri
IBAFFA Eng |electronics, DET ~ 4( ~ 4( ~4p
|COMORETTO Eng [elctronics, DET ~ 40 ~ 40 ~ 49
IGENNARI Eng |optics, SPE ~40 ~40 ~4p
|LISI Eng |Chief Engineer in Arcetri, SPE, DET ~40 ~40 ~PO
|RICHICHI Sci Chairman SGR ~50| ~50| ~50
|CARBILLET post-doc|OSM, AOM ~30]| ~30
[RAGLAND post-doc| OSM ~50 ~50
Centre de Recherches Astrophysiques de Lyon
TALLON- Sci IGR 20 20 20
IBOSC
THIEBAUT Sci OSM 20 30 40
O.N.E.R.A.

ICASSAING Eng IGR, AOM
IMADEC Eng Coordinator AOM
SORRENTE Eng |AOM
IRABAUD Eng |AOM

Max Planck Institute fur Radioastronomie a Bonn
[HOFMANN Sci IGR, OSM, Co_Investigator 50 50 50
|BECKMANN Eng [Chief Engineer in Bonn, DET, OSM, R[TP 20 20 2D
|GENG Eng [electronics, DET, RTP 604 60* 604
[HEIDEN Eng electronics, DET, RTP 25% 25* 25%
SOLSCHEID mechanics and electronics, DET, RTP 25* 29* 29*
IGEORGES OSM, RTP 25 25 25
|DORNSEIFER Stu OSM, RTP 25 25 25
INUSSBAUN OSM, RTP 50 50 50
IDRESS OSM, RTP 25 25 25

From miscellaneous Institutes

INAME INSTITUTE FUNCTION
|COUDE DU FORESTO Paris-Meudon Observatory IGR
IMAYOR (TBC) Geneva Observatory SGR
[REYNAUD IRCOM IGR
IWINTERS (TBC) Berlin SGR




[VON DER LUEHE (TBC) |Freiburg

(*) Work common to AMBER and other projects



4.2 General organization

Principal Investigator: Romain Petrov (UNSA/OCA)
The PI is responsible for the project. He negociates with the participiatstigutes
and sponsoring organizations. He defines thmject strategy, supervises the
compromise between theeeds expressed blge Science Group anthe possibilities
defined bythe Instrument DefinitionGroup. He arbitrates problems whicbuld not
be solved at other levels.

Project Scientist: Fabien Malbet (LAOG)
The PS translates the scientifgpals ininstrument specifications. Hdefines the
instrument concept ih the help of thelnterferometric Group he chairs. He
supervisesghe interfaces between theubsystems. He arbitrates conflicts between
technical (or cost) limitations and instrument specifications.

Chairman of theScience Group: Andrea Richichi (OAA)
The CSG coordinates the work of the Science Group who is in charge with refining the
scientific objectives and preparing the astrophysidatterpretation of the
observations.

Co-Investigators: Karl-Heinz Hofmann (MPIfR).
A Co-investigator represents an importaggographic pole of the consortium and is
associated to key decisions as a membethefdirection committee. Petrov (Nice),
Malbet (Grenoble) and Richichi (Arcetri) are also co-investigators.

Project Manager:
The PM is in charge with thbudget,the timetable and the evaluation of tfinal
performances of the instrument. He arbitrate technical problemish couldnot be
solved in the subsystems or at interface level by the SE.

Pierre Kern (LAOG)

has been idendified as being quite probahly best fitted for thigunction. However
he hasimportant responsabilities in theNAOS project. The LAOG is presently
discussing with the NAOS consortium solutions which would allow Pierre Ketake
progressively in charge the management of AMBER project after theNAOS
Final Design Revue (2nttimester 98). The timetable in chapteraésumeghat the
Final ConceptRevue in July 98 iprepared without Pierre Kern (but for limited
consultations), who then gets progressively involved in AMBER untilPtediminary
Design Revue in November 98 when he starts behaving fullifgea@MBER PM. In
the system definition phase, the PM tasks will be shared BBeRov and F. Malbet.
Other consortium members are able to be PM (Antonelli and Menardi at OCA, Lisi at
OAA for example)but they areloaded withother importantAMBER tasks. At the
end of January 98 we will know if Pierre Kern can be PM at a reasonable date. If he
cannot, an other solution and the reorganization it implies will be proposed.

System Engineer: Serge Menardi (OCA)
The SEdefines the interfaces between tkabsystems antherefore the specific
subsystem functions and specifications. He hétgs PS in selecting thenstrument
concept by evaluating, ith the help of thesubsystentoordinators, the feasability
and difficulties of the proposed solutions. He is charge with the instrument integration

and tests.

Quality Engineer: TBD
Coordinator of the OPtomechanitéodule: Pierre Antonelli (OCA)
Coordinator of the SPEctrographodule: An  OAA engineer (probably

Franco Lisi)



Coordinator of the DETectomodule: Philippe Feautrier (LAOG)

Coordinator of the Adaptive Optiddodule: Pierre-Yves Madec (ONERA)

Coordinator of the Instrument Contriblodule: Etienne Lecoarer (LAOG)

Coordinator of the Observations Suppblbdule: Thierry Forveille (LAOG)

Coordinator of theRealTime Processingnodule: A MPIfR engineer (probably Udo
Beckmann)

Coordinator of the INTegratiomodule: TBD, this working groupwill be
set up in March

Direction Committee: For particularly critical decisions, the Pl consults daection
committee formed by the co-investigators, the PS, the CSG, the PM and the SE.

Instrument DefinitionGroup:the InterferometricGroup, led bythe Project Scientist, the
System Engineer and the Subsystem Coordinators constitute the instradefigtion
group.




Chapter 5

Working groups reports

5.1 SGR: Science Group
(see AMBER Memo: AMB-SGR-001)

5.1.1 Scope ofthe Science Group

The Science GrougSGR) nust refine the Scientific objectives of Amber, prepare the
observing programs andterpret thereduceddata. Ambemwill beginoperations in avery
critical phase when a small amount of guaranteed UT tiwik be available for
interferometry (30 nights for the first two years). Tpportion ofthis time obtained by
AMBER must be dedicated to a small number of key programs with high sciemtificn
and visibility. It is veryimportant to optimise theise ofthis time and also tghorten as
much as possible the delay between observations and the actual scientific interpretation.

The task of the SGR will be articulated in the main following points:
- To select the list of key programs which can best benefit from AMBER

- To define, develop and support a software package whichceavert astrophysical
models into parametersobservable by AMBER and, vice versa, which can input the
parameters obtained first by a simulation AMBER and later by AMBER itself in the
astrophysical modelsThe programmingload will be shared with theOSM and the INT
groups

- To establish a list of candidate targets for each key programuseithe numerical
models and simulated observations to define criteria of feasibilityttendexpected results
for each target. The final resudill be observationsscheduledor the guaranteed UTime
and guidelines to evaluate observing programs in general.

5.1.2 Motivationand workload of the SGR

The SGRscientistswill be associated to the results BMBER as all other scientists
participating in the project. In the UT phase, it is foreseen that the dtnessible to
AMBER will be too short to share it between #ie programs of interest for the®MBER
participants. The participation of th&cientists to the result of théew key programs
identified for the UT phasewill be insured bycoauthorship of the first keypapers,
regardless otheir specific area of expertise. Later, the scientists participatingMBER
will have priviliges for the use of the time accessible for this experiment on the UTs and on
VISA.



The SGR work will have the following typical phases:

- During the first half of the System Definition Phase (i.e. until Adrd98), the SGR
will provide scientific input forthe choice of the observing modes AMBER and of still
discussed instrumental parameters such as the wavelength coverage (only K or also H and J
?) or the possibility to have a wide field.

- Then, until the PDR (November 1998), th&GR will confront the scientific
possibilities of the selectedoncept \ith the astrophysical programs and select the key
programs.

- Between the PDR and the MIR (Ju2®00), the SGR will fully simulate the
astrophysical exploitation of AMBER, select the obsengebedules anthteract wth the
OSM software development.

- Between the MIR and the scientific observations (April 2001), 3G&will update the
observing programs according to the actAMBER performances emsured inthe test
phase.

5.1.3 Composition of the SGR

The SGR Chairman is Andrea Richichi from the OAA.
Initially the SGR should be constituted of a small number of scientistwihserve a quite
significant fraction of their time under close supervisfoom the chairman and wittight
schedules in order to meet the 2001 deadlines with a well defined list of priorities. However,
as work develops, iwill be necessary to expand its field, particularly to realize full
scientific goals ofthe AT phase, when timeiill be more generously avalaible amduch
more programs can be implemented. Then &R will expand to includeollaborations
with a larger circle of scientific contributors, at various levels of formal membership and
workload.

The initial list of colleagues invited in the SGR contains:

- Mayor (exoplanets) Geneva
- Monin (star formation) Grenoble
- Stee (Be stars, general) Nice

- Lopez (AGB stars, general) Nice

- Winters (AGB stars) Berlin

- Henri (Galaxies) Grenoble

- Von der Luehe (Stellar structure) Freiburg

According to theiranswers and to sommegociations internal tAMBER and with the
sponsoring institutes, a list of the initial SGR members will be finalised in the next weeks.



5.2 IGR: Interferometric Group

5.2.1 Scope ofthe Interferometry @up

The concept proposed for Amber by the two previous workimgips offers a largeange
of observing procedures,whose priorities must be specified by specialists. Someenofre
standard modes deriveffom experience accumulated with FLUOR, GI2T anther
interferometers. There are still other new possibilities.

The Interferometry Group (IGR) includes experimented interferometrists and
instrumentalistswho assistgdhe project scientist (PS) in translating the scientifeeds in
instrument specifications. Thgroupwill also define thesequence oimplementation of

the modes, and the observing and calibration procedures. They can also help the subsystems
in selecting the best solutions in some very specific technical fields.

The IGR, who is leaded by the PS, is a subset of the instrument definition group (IDG) which
includes in addition the System Engineer and the Subsystem Leaders.

5.2.2. Task of thelnterferometry @oup

The work of the group is organized as follows:
- two-day meetings to discuss the work of the individuals and the open points
- home works that will be assigned at each meeting
- discussion via email distribution list

The tasks assigned to this group are:
- Review the fonctional analysis of the instrument before the System DefiRigoiew
(FCR) in July 1998.
- Assist the Project Scientist in analyzing the global system of the instrument
- Define the observing procedures and calibrations
- Assistthe Observation supponnodule to identify the necessary algorithms for
preparing the observations and reducing the data
- Answer to specific questions askedtbg PS according to their specialitié#ssterests
and disponibilities.
- Other works not yet identified

5.2.3. Composition of thdGR and motivations

The status of théGR will the same as the one of tleience Group (cf. document AMB-
SGR-001) and the members will be fully associated to the results of the instrument.

For thecomposition of thegroup, we choseénterferometristswho have experience in
dif- ferent fields. For example, people from GI2T and FLUOR, but atker persons who
have experience in radio-interferometry in the millimetriange, silicate-based
fibers/integrated optics, atmospheric simulations. The list of appointed members is:

» Frédéric Cassaing (ONERA)

* Vincent Coudé du Foresto (DESPA)
* Pierre Cruzalébes (OCA)

* Thierry Forveille (LAOG)

» Karl-Heinz Hofmann (MPIfR)
Fabien Malbet (LAOG)

» Denis Mourard (OCA)

* Francois Reynaud (IRCOM)
Isabelle Tallon-Bosc (CRAL)



The members of th&GR are full members ofthe AMBER consortium. They have the
same kind of priviligied access to the instrument and its scientific rabalts the members

of the Science Group.The exact policy about coauthorshgmd guaranteed timwill be
finalised during the first semester of 1998.

5.2.4. Status ofthe work

The IGR has met once on December 10 and 1997. The minutes are written imemo
AMB-IGR-002. The major issues addressed by the meeting were:
- Definition of the spatial filter. Should it be a pin-hole or a fiber
- What is the length of the OPD scan
- Fringe tracker issues (scintillation, OPD with the instrument)
- Photometric calibration (spectral resolution, ratio photometry /interferometry)
- Observing and acquistion modes
Spectral coverage
- Polarization

Atmospheric dispersion and refraction
Need for internal metrology

Each participant has a homework to do by the end of February. A meeting la¢dinaing
of March will allow to choose the final options in function of these individual studies.



5.3 OPM: Optomechanics

5.3.1 Scope andgomposition

The optomechanicsubsystentontainsall optical, mechanical and electricalements
on the optical table as well as the low level control of them. It includes the ojptieaface
to the Fringe Sensor Unit. Initialy, it contained also the spectrograph, but this one has been
isolated in a specific subsystebecause it is possible tpredefine itsbasic specifications
quite early and the people in charge with it are mostigcentrated in Arcetrivherethey
have specificscheduleconstraints (actually they awuite avalaible immediately, which is
not the case of the OCA and Grenoble people in charge of ORNE the situationmight
be reversed later this year).

The working group is coordinated by Pierre Antonelli (OCA) and contains:
- Yves Bresson (OCA)
- Michel Dugué (OCA)
- Andre Glentzlin (OCA)
- Daniel Kamm (OCA)
- Serge Menardi (OCA)
- Karine Perraut (LAOG)
- Patrick Rabau (LAOG)
- Sylvestre Rebattu (OCA)
At the present moment only Pierre Antonelind Karine Perraut have a significative
disponibility.

5.3.2. Status of work

During its first meetings, the OPM group has reviewe optical elements present on the
table and has identified a number of questions to be submitted ®rofect Scientist and
the IGR, in charge of defining the specifications:

-1- In what orderwill be implemented the photometridbands ? W the initial
instrumentwork only in K orshould it access imediately tehorter wavelength (H,J,I) ?
Even if the wavelengths lower than K are reserved for the ATs (the Strehl ratianih IJ
will be quite poor with the 31 actuators AOM), what kind of reservations do we make for
their implementation ?

-2- Is it necessary to correct the differential atmospheric refraction ?

-3- Is it necessary to correct the atmospheric dispersion ?

-4- What is the rate of the necessary polarisation correction ?

-5- What is the position of the interface with the FSU ?

-6- What kind of opd modulation is needed ?

Question 5 has been discussed in some more detaisuld simplify the opticaldesign to

install the separation between the H beam feeding the FSU and the other wavelengths before
the spatial filter,but such a large distance betwede FSU feed andthe recombination

point might imply to actively monitor the differential opds between this two points. On the
other hand, installing this beam separator as close as possithle tietector, i.e. after the

K spatial filter, will damage the performances when observing at wavelengths tloaverH:

or the spatial filter will be correctly adapted to the science wavelength and too small for the
FSU, resulting in a loss of light fathe FSU, or itwill be optimised for the best fringe
tracking efficiency and the quality of the sciersignalwill be damaged by amsufficient
spatial filtering. This two question@ise of 1,J band, neddr a metrlogy between the FSU

and the science detector) are currently analysed by the IGR.

Another point discussed in the OPM group are the specifications of the opd modulator. It
has been identified that a device introducing one-lamBdan steps in the opd in leshan
1 ms will be difficult (or expensive) to realise anduggested toaccept theloss in
performances resulting from a linemariation of the opd (0.75 magnitudedilso the



specifications about the acceptable beam tilt during the opd modtiatsiation critically
depends from the spatial sampling of fhleotometricimages. Ifthe photometricimage is
sampled in the sameay asthe interferometric one, itould beused to measure small
motions of the individual beams awdrrect the data from the effect of the corresponding
losses in image superposition. The required image stability is then of the order of 0.2 pixels,
corresponding to a beam stability of 2 arcseconds. If the photometric beam is analysed by a
single pixel, it doesnot contain informationabout theimage position and the image
superposition must be maintained at the 1/100 pixel level, which requires a beam stability of
0.1 arcseconds. The optimum sampling of the photometric beabeiisy analysed by the

IGR.



5.4 SPE: Spectrograph

5.4.1 Scope ang@gomposition

The spectrograptyroup will study andbuild the cooled spectrograptvhich permits to
have dispersed fringes omhe detector. The resolutionsill be 0 (no dispersion),~100,
~1000 and ~10000. wvill also accomodate thghotometric beams with resolutions which
are still to be defined bthe IGR. For the highest resolutions, it is necessary to cool the
spectrograph at at least -40°C. Preliminatydies indicatedhat it would not be more
difficult or expensive to cool itlown to liquid nitrogen temperature. If this sonfirmed,
the spectrograph dewar can contain also the detector. The grbageis inArcetri and his
members have quite a lot of experience bnilding this kind of compact cooled
spectrographs for infrared observations. The two key peopl&ardrGennari and-ranco
Lisi. One post doctoral fellow is beeing hired amitl contribute to this work. The standard
procedure established at Arcetri to build cooleed spectrograph is to make a detailled study in
the Observatory andhen to subcontract the construction of thi@ewar and the
cryomechanisms to an industrial company.

5.4.2 Preliminarydesign

A preliminary design  has been based on the following input parameters:

There are 2 perfect incoming beaffishotometric" and"spectroscopic"beam) with pupil
image of 40 mm irthe same position (near thwindow of the dewar). The detector is a
PICNIC with 256x256 pixels of 4Q0m side. Thefield of view i2"x2" on a 8 m telescope
(in this case, with a camera of 800 mm of focal lengthuseeanarea of40x40 pixels in
photometric mode and a stripe of 40x256 pixels in spectroscopic mode).

All the componentsare enclosed in aryostatand are cooled to about 70 Khe volume
required for optics is about300x300x450 millimeters.Thespectroscopic and the
photometric beams (the angle between the Ivams is 8.2 degénter thewindow (plane
parallel, notshown in thedrawing), passthrough the selectable spatial filtewhich is
located on the pupil image plane and then cross the spectral filter, also selectatgartsy
of a wheel.The spectroscopibeam is reflected by the grating on the first mirror (size
50x50 mm), then on the second mirror (size 20x20 mm), that forndifpersed image on
the detector. The photometric beams follows the same geometry,baftegyreflected by a
plane mirror; the undispersed images is focused on a different area of the array.

The grating(s) supportould be acritical cryomechanical item; also, the compatibility of
the beamspositions with the supports of mirrors and tdetector mounting must be
carefully assessedThe performance of optics od: the maximum peak-to-valley of
wavefront is 0.28um, that isabout a factor two better than thd required(at 2 um), to
take into account the necessary manufacturing tolerances.

Table 5.4.1: mirror parameters

| mirror 1 | mirror 2




radius of curvature (mm) 800 600
constant K -1.21

constant A4 -6.86 10

off axis (mm) 115 43.5
size (mm) 50x50 20x20

Figure 5.4.1 Preliminary design of the spectrograph
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5.5 DET: Detector

5.5.1. Detector group

During the first discussions about the constitution of the AMBER consortiudurie1997,

it was decided that the development of the near IR detectoAMBER will result from a
collaboration between the OAA and th&OG. The organisation of this collaboration is
described inthe AMBER memo AMB-DET-001 and in the paragrapb.5.5 below). The
corresponding members of the DET group are:

- Carlo Baffa (OAA, electronics)

- Gianni Comoretto (OAA, electronics)

- Philippe Feautrier (LAOG, system)

- Etienne Lecoarer (LAOG, acquisition)

- Franco Lisi (OAA, system)

- Panayoti Petmezakis (LAOG, electronic)

In December 98, our colleagues from the MPIfR in Bonn joined the AMBER consortium. In
a way quite similar to what is going on in OAfey are currently finishing aew readout

and control electronics for an infrared speckMICMOS canera with characteristics
somehow similar to what is needed for AMBER. Thisw devicewill be tested nextearly
spring. Our colleaguesom MPIfR wish to apply their work and expertise tWMBER. It

has beerdecidedthat theywill join the DetectorGroup, to exchangédeas,expertise and
proposals with OAA and LAOG. The final organisation of the waik be discussed at the
next Detector Group meeting. However, it has been clearly stagtdif it is necessary to
arbitrate between several comparable proposals, OAA ah@@G will benefit from an
anteriority privilege. The MPIfR members of the Detector Group are:

- Udo Beckmann
- Michael Geng

- Manfred Heiden
- Walter Solscheid

5.5.2. Detector specifications

5.5.2.1 - Spatio-temporal sampling

A discussion abouthe way the AMBER data is sampled ithe fringe direction in the
spectraldirection when the fringes ardispersed and itime can be found in therevious
AMBER document (ref [7]) and inthe AMBER memo AMB-DET-002. It depends
substancially from the observing mode (see paragraph 5.2 andMBER memo AMB-
IGR-002) which differ essentially bthe spectral coverage and the sampling rate. The
typical requirements are summarised in table 5.5.1.

Table 5.5.1: Summary on the spatio-temporal sampling requirements

Recombinaison modes Coaxial Multiaxial
Number of lines 9 separated 20 consecutives
Number of spectral channeg]s 1, 5, 50-256 1, 5, 50-256
Tmin for 1 and 5 spec. chan 2.5ms 10ms

Tmax TOr 50 to 256 spec. 100s 100s




chan.

5.2.2.2 - Detector specifications

In order of importance:

1. Read-out noise The read-out noise must be as low as possible, for it isgidhginant
noise in the wished observing modes. Presently, some instruments reach noise lower than 10
€. The manufacturers claim a noise closer to 20le seemghen mandatory to reach at
least the noise specified by the manufacturers apasgtible to go beyond and reach 10 e
even if it is with multiple sampling.

2. Number of pixels. Depending on the coaxial or multiaxial modes, we foresee to use
9 separated lines or 20 consecutive lines. The fares and columns have no jrortance
and therefore one can invert them. One should be able to read only a part of the lines if the
spectral resolutiorallows it. In the wide field application which is to beimplemented
sometime later, 256 pixelwill allow to explore only 0.8 arcseconds if threéelescopes
including at leasbne UT areused. To be able tbenefit from the 2 arcsecoritld, 620
pixels are needed in the fringe direction.

3. Frame rates One can distinguish two types of frame rate. One related to the read-
out of the detector, tau_R , and the other to the scientific exposure time, tau_Stotdhe
time tau = tau_S + tau_R must answer the specifications of table 5.5.1.

4. Quantum efficiency. The best as possible: 60% is wished.

5. Pixel gain. The gain table must be linear for each pixel but there are no specific and
strong specifications on the uniformity of tigain table all ovetthe chip. Of course¢his
gain table must be as good as possible, but this is not clegrlprity. However one needs
gain stability on a time longghan the maximum exposure time, i.e. several minutes. To
optimize observing time, ivould benice to need only dew gain tablesper night. This
corresponds to a gain stability of typically a few percent in a few hours.

5.5.3 Available detectors

We have the choice between differents detectors coming from two amereramfacturers
: Rockwell and Santa Barbara Research Cef@8&RC).Both of them areroducing 256 x
256 and 1024 x 1024 arrays. Table 5.5s@mmarizes the available detectors, thmain
performances and their prices.

Table 5.2.2: List of available detectors for AMBER

256 x 256 array 1024 x 1024 array
Company Rockwell SBRC Rockwell SBRC
Name PICNIC HAWAII ALADDIN
Material HgCdTe InSb HgCdTe InSb
Band{um) 1-2.5 1-5 1-2.5 1-5
Temperature 77 K 35 K 77 K 35K
Full well (e-) 2.5 10 510 110 310
Noise (e-) <20 <75 9 <25
Pixel rate|0.2 ? <1 0.7
(MH2z)




Pitch um) 40 30 18.5 27

Price k$50 k$65 k$150 k$95

From that table, one can conclude that:
« Choice Rockwell/SBRC:

- The detectors from Rockwell are, according to the data given byn#mufacturers,
less noisy. This is the main point to take into account if we look at degector
specifications.

- In addition, the Rockwell detectors are working at nitroggmperature due to the
material used for the detection (HgCdTe). The cut-off wavelength of this material can be
precisely adjusted to2.5um, which isnot the case of InSb which have a fixedcut-off
wavelength of 5 microns: thieads to ahigher dark current anthen a smaller working
temperature is mandatory #void an excess of dark current. This is a great disadvantage
for a camera working on an astronomical site.

« Choice Rockwell PICNIC/HAWAII:
- the cost of the HAWAII detector is 3 times higher than the PICNIC cost.
- but the readout noise of HAWAII is 2 times smaller than the PIGbiEe,
due to asmaller fullwell capacity, even if both of then are fabricated on $aene wafer
with the same technology.

In conclusion:

- the PICNIC detectorseems to be, fothe moment, thebest cost/performances
compromise, but the HAWAII array should be also considered wheniliveave to do the
choice, because of amaller readout noise. It depends mainly the amount ofmoney
affected by the AMBER project to the detectors. If we consider only the technical side, the
HAWAII detector is a better choice.

» perhaps the detector performanceifl be improved in a near future. We knotliat
Rockwell has already fabricated a 128x128 vieny noise detector (readout noise of about
0.7 €) using InGaAs. Unfortunately, this detector is not yet on tlehelves. This
information has obviously to be confirmed, but we have take care of thetechnical
progress made by the manufacturers.

e as a consequence, the sciemgadedetector has to be ordered as latepassible
according to the AMBER planning.

5.5.4. Detector ordering

The following delays are given by Rockwell for a PINIC detector:

- time to find a contract agreement : approximatively 1 month

- export licence from the US Government : 1 month

« multiplexer (CMOS detector without the infrared stage for electricibugging) +
engineering detector : about 3 months

« science grade detector : 9 months

5.5.5 Developmenstrategy(from AMB-DET-001)

To discuss the collaboration between OAA &#DG in the detector group it isufficient
to say that this subsystem must provide:



- an IR detector sensitive in the 1-2/Bn range, with a minimum size &f56x 256
pixels. The product of choice is the PICNIC Bpckwell, but alsothe 1024 x1024
HAWAII is being considered.This latter offers darger areajmportant insome specific
applications, and a noise which is lower by a factor of approximatively 2, at a cost which is
higher by a factor of approximatively 3.

« the associated electronics. This must be capable of fast readout and low-noisest It
also provide the possibility to read only parts of the array whkenired (sub-arraygixels,
lines, or mixed).

- capability to write the data to disk at a sufficiently high speed and if necgssaryle
the data to a computer via a fast link for on-line processing.

OAA has already developed, it tested, electronics for the NICS instrument of the
National Galileo Telescope. BesidesOAA has a large experience of IR detectors driving
and reading systems, gained with the IR camera for the TIRGO telescope, ABRMNEIA.

The new electronics to be tested for the TE&&ms to bevell suited forthe applications
required by the AMBER project, and in particular it already implements the requirements of
fast and flexible read-out and storage schemes. Howevile @AA is confident that the
readout noise should not be substantially affected in stargandation atslow integration,

they cannotqualify quantitatively the expected performance at fgsted. OAA already

has an HAWAII detector which will be integrated in the next 3 months, and will aHem

to test the electronics more extensively.

LAOG has developped aexperience in infrared detection, specially with thermal IR
sensitivity detectors, in connection itiv the Grenoble industrial expertisehrough
SOFRADIR and LETI/CENG. It has built the electronics of the COMIC detebtair equips
the thermal camera in use with ADONIS at ESO. LAOG is now developing an IR camera for
their IONIC experiment,and have ordered a PICNI@etector. Theirgoal is to develop
their own electronics, which shall dmsed onavailable experience aimed expecially at a
read-out noise as low as possible. The time required for this development caexacthg
determined yet, but it seems that the two years maximum for a waskivgystenallowed
by the present AMBER project schedule could be risky.

After these considerations, the AMBER team agrees on the following:

« OAA will proceed to test their electronics @sickly as possible inthe near future.
They think that this phase should take place approximately by the end of February 98.

« Shouldthe results of these tests batisfactoryand comply to the requirements set
forward in the AMBER project, OAA will provide the electronics for theletector
subsystem.

« If the tests should show that the read-out noise is larger than the expected figure quoted
by the manufacturer, these different scenarios can be realized:

1. the read-out noise is unacceptably large, alselawerframe rates. Thisvould
affect operations also for the NICS instrument, and in this case OAA will have toifbmk
the problem and fix it as soon as possible.



2. the read-out noise is unacceptably laigd, only at fast frame rates. Thigould
affect operations for th&AMBER instrument,and in this case someomdll have tolook
into the problem and fix it as soon as possible.

3. the read-out noise is large, but not by a dramatic factor with respect fmutes
qguoted by the manufacturer (for example, 50e a PICNIC detector). In thisase, OAA
will look into the problemandtry to fix it only if it doesnot require a hugesffort in
manpower. Otherwise, initial operationsill have to deal with this problem, which
presumablywill affect only some modes of observation&AOG is then ready toinvest
manpower into the problemnd OAAwill provide them with théhardware anchecessary
assistance to carry out amprovement, provided that it doesnot imply a substantial
redesigning of the electronics.

Therefore, it is foreseen th&@AA will provide the electronics at least for the first 1-2
years of lifetime of AMBER, providing that the first tests show encouraging results. In any
case, LAOG will pursue their own developments and if their electramiltbe better suited,

it will be integrated into AMBER at a later time.



5.6 AOM: Adaptive Optics

5.6.1 Descriptiorand expectegerformances

The Adaptive OpticsModules arethe decisive features allowing AMBER terform
singlemode interferometry in the K band with the UTs and in theekion with the ATs.
The system proposed fokMBER is based onthe Roddier design vth a sensor of the
wavefront curvature activating a dimorph mirror. It has been origirstligied by A.Blazit
with the help of the ONERA for the GI2T interferometer. For cost and delay reasons it has
been choosen to have only 31 sensing areasaamntors. A realistic and even a little bit
pessimistic simulation of its performances (see ref [4] page 37) givegathes summarised
in table 5.1

Table 5.6.1: performances of 31 actuators AO modules

Telescope & photometric band max. Strehl ratioV mag. for V mag. for

Siax Strehl Strehl ratio=0.5
% of time with a better seeing 20% 60% 20%6 60pPb6 20% 60%
UT in K 0.3 0.12 14 12 15 14
AT in K 0.9 0.79 16 13 20 15.5
AT in H, 0.2 0.06 9.5 9.5 11 10

The AO module has the following components:

- the active dimorph mirror

- the vibrating mirror forming intra anextra focal inages onthe entrance of the
wavefront sensor

- a combination of primglued on &field lense dividingthe wavefront in 31sensing
areas

- 31 cooled avalanche photodiodes with their readout electronics

- a real time calculator computing the tensions applied to the active mirror

- a controler of the real time calculator to set the algorithms and their parameters

- an user interface with the controler (software installed in a work station)
The dichroic plate(s) feeding the wavefront sensor with all or a fraction o¥isitge light,
the various static opticadjustingthe positions and magnifications of the pupil and image
planes, the calibration sources and the mechanical structure supportiogntpenents are
part of the OPtomechanic@llodule. Anintegrationand test bench igeeing builtfor the
GI2T AOs and will be used for AMBERbgether \ith the facilities(atmospheric turbulence
simulator...) offered by ONERA.

A PNHRAA working group led by G. Rousset from ONERA showed thattmponents of
one AO module can be purchased for slightly less than 1 MF, if a serie of at leastules
is ordered. This assumes that A. Blazit successfully develops his wavefront aéeserthe
31 photodiodes and their electronics are integrated isingle cryostat. The more
conservative solutiorbased onthe individually cooled andoptical fiber fed photodiodes
commercially available implies an additional cost which could reach 700 KF per module.

5.6.2. Organization

5.6.2.1 Participants
Alain Blazit OCA
Christophe Verinaud OCA

André Glentzlin OCA
Pierre Antonelli OCA
Gilbert Mars OCA



Pierre Yves Madec ONERA

Didier Rabaud ONERA
Béatrice Sorrente ONERA
Frédéric Cassaing ONERA

5.6.2.2 Collaboration between ONERA, GI2T, AMBER

The development of thMBER AO modules isbased onthe convergence ofhree
combined efforts.

- ONERA is currently developing its own AO systdrased oncurvature sensingl hey
plan to test with their atmosphertarbulence simulator a system with 13 actuatdrkis
will validate their general study and particularly their real time calculatigorithms,
integration, calibration, tesand control procedure. They have internadotivations and
budgetfor this operation. They have specific interest inAMBER but their main goal is
observing satellites with GI2T equipped with AOM by the en®@®0 (see AMBERmemo
AMB-AOM-001).

- Alain Blazit and the GI2T team have been working for two years now on a 31 actuators
system for GI2T. Thesingle difference between this system d@hd ONERA one is the
integrated wavefront sensor developed by Blaziteducecost. Thefunding for this two
modules has been asked to OGle PACA region (they provided almoall funds needed
for module#1) and INSU and is not included in the AMBER budget.

- AMBER needs two AO modules identical to the GI2T ones. The single differgvitdes
GI2T will be in the mechanical and software interfaces between them®Qules and the
interferometers.

5.6.2.3 Main tasks
The main tasks of this operations are:

ONERA tasks:

O1- The General Study ofthe AO Module at ONERA (Cassaing, Madec,aliaud,
Sorrente): sizing, simulations, real time processing, ONERA user interface.

O2- Industrialisation of the Real Time Processor by the company Shadér ONERA
supervising (Rabaud).

03- Static Integration aDNERA with a 13APD&actuators system @3saing, Madec,
Sorrente). Thisincludesthe installation ofall components on an opticddench, their
adjustment and the calibration of the sensor/actuatation. ONERA will invite
OCA/AMBER people to participate to this integration in order to get trained.

O4- Dynamic Integration aONERA with the turbulence simulatingank (Cassaing,
Madec, Sorrente). Thigicludes a fulltest of the system with a realistic turbulence and a
validation of its performances. ONERA invit€&CA/AMBER people to participate tohis
integration in order to get trained.

Tasks common to GI2T and AMBER:

C1- Full tests of the the integrated wavefront sensor (Blaztinaud, with apunctual
help from Antonelli and Glentzlin). If this test is not satisfactory by next springillibe
necessary to switch to more expensive sensors for AMBER based on separated TAPDS).
work is progressingvell, with in particular asuccesfulltest of the readout electronics in
November 97 (readout noise ~ 100 events/s).

C2- Construction of an integration, calibration and test bench at (&#Anaud,Blazit,
one of OCA mechanical engineenssablefor final tests with the OHP (HautBrovence
Observatory) 152 cm telescope.

C3- Static integration at OCA of module #1 (Verinaud, Blazit, others TBD from AMBER
OPM and ICM groups...) with ONERA advices and limited help.

C4- Development of arODCA/GI2T userinterface with theadvices of ONERApeople
(Rabaud Sorrente): theywill train andassist OCApeople butwill not actually define or
write software for the OCA interface (Mars (tbc), new OCA computer engineer -recruitment
in progress-).



C5- Dynamicintegration atOCA of module #1 (Verinaud, Blazipthers TBD from
AMBER OPM and ICM groups...) ended by tests at the 152 cm OHP telescope.

Tasks specific to GI2T:
G1- Integration and tests of module#2 which is a copy of module#1.
G2- Integration of modules #1 & #2 and interfacing with GI2T
G3- Interferometric observations with AO modules with GI2T in the visible.

Tasks specific to AMBER:
Al and A2-Integration and tests of modules #3 & #4 which are copies of modules #1

and #2.
A3- Development of theAMBER userinterface as similar ggossible tothe GI2T one

(Mars (tbc), new OCA computer engineer).
A4- Integration in AMBER and AMBER laboratory tests.

5.6.2.4 Timetable
The following time combines all three projects.

Remark one might fear that the training ®CA/AMBER people at ONERAduring
ONERA integrations would be insufficient @low them torealise rapidly thentegrations
at OCA with the limited assistance proposed by ONERA. W# try to associate to
AMBER someone with experience in the integration of this kind of AO system obt&in
a higher level of ONERA help (which would imply paying for the engineer time).
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5.6.3 Use of ESOAdaptive OpticModules inthe UT Coudétrains

Recently it has been announced that ESO might place AO modules in the Coudé trains of
the two UTs first used for interferometry. This modulesuld have about 64 actuators and
therefore would provide a better Strehl ratio with similar limiting magnitu@les. date of
scientific operation of this two modules might be as early as March 2001.

If this is confirmed, AMBERcould start interferometric observationsitiv the UTs in
the K bandwithout its own AO modules. Itvould still need it for H observations in the
visible andthe very near infrared and also itoprove the Strehl ratio of the ATs in the
infrared (the gain in Strehl ratio in the K band is about a factor 3, from 0.3 Wifhtidt to
0.9 with a 31 actuators AO). Then, tbeders,integration, implementation oAMBER of
the AO modules #3 and #4 (tasks Al to A4) can be delayed by one to two Heamver,
the planning for the equipment of GI2T with AO modules #1 andhtuld bekept about
the same. Having tested with GI2T lorlgaseline interferometric observations with
telescopes equipped with partially correcting AO modules will guarantee theugearf the
UTs by AMBER. To be fully usefullthis testshould becompleted by the end of thgear
2000.

For AMBER to rely on theeSO AOmodules it is necessathat alink is established in
ESO plannings between the dates of fiistterferometric operationsand the dates of
avalaibility of the two AO modules. The members of the AMBER consortium woittdrly
regret to see the scientific operation of their instrument with the UTs substamigkjed
by changes in ESO AO modules planning.



5.7 ICM: Instrument Control

5.7.1. Participants to thk&EM subsystem
» Etienne Lecoarer (LAOG, coordinator)
* Michel Dugué (OCA, after 10/98)
» Daniel Kamm (OCA, after 10/98)

This working group is clearly understaffed

5.7.2.Goal of ICM

The primary function of ICM is to be the MAIN OPERATOR of AMBERherefore ICM
interfaces with all other subsystems as well as with the rest of VLTI and with the observers.
There are therfore needs for a common language and ressources.

The list of subsytems which interacts with ICM is the following:

optomechanics

infrared detector (in the long term visible detector)

adaptive optics

VLTI control system (VLTICS)

(FSU: normally the communication with the FSU should be through the VLTICS)

data archives

user(s)

observing support software (OSM) for the observing preparation
and the data reduction

 on-line databases (OLDBS)

« quick-look anylisis + monitoring system

5.7.3.1CM philosophy

The philisophy ofICM development idbased on aeneralmulti-platform, network-based
control system. We can thamseindustry standard lik& ME or PCI buses. We willinsert
the instrument control in thgeneral VLTICS with docal Control Unitdedicated to the
instrumentand anlinstrument Workstation. The communicationsthwthe VLTICS will
follow the recommendations bSO, but wehave not yetdecidedwhether theinternal
architecture will follow the ESO VLT recommendations or wil take advantagmmiemade
developments. The debate must take into account the following criteria:

« implied hardware
what already exists in our institutes (experience and software)
ESO support on site
costs
manpower needed
easy implementation
time for realization
portability
maintenance

5.7.4. Control systemarchitecture

It will be defined bynext April with the help of peoplevorking on thePFSU andNAOS.



5.8 OSM: Observing Support Module

5.8.1. Members of the group:

- Eric Aristidi - UNSA

- Udo Beckmann - MPIfR

- Philippe Bério - OCA

- Marcel Carbillet - OAA

- Pierre Cruzalébes - OCA

- Margit Dornseifer - MPIfR

- Albrecht Dress - MPIfR

- Gilles Duvert - LAOG

- Thierry Forveille - LAOG, coordinator
- Markus Georges - MPIfR

- Karl-Heinz Hofmann - MPIfR
- Jean-Louis Monin - LAOG

- David Mouillet - LAOG

- Eddy Nussbaum - MPIfR

- Eric Thiébaut - CRAL

- S. Ragland - OAA

5.8.2. Thegoal of OSM

This subsystem in fact consists in all software functions that should assist the astronomer to
use this instrument, in opposition to the software functiodedicated tothe direct
operation (control) of the instrument (subsystem ICM).

We identified the following classes of functions:
» to support the preparation of observations:
- number of required configurations, u-v coverage
- exposure times, SNR estimations,
- observability constraints
- TBD
« to support the running of observation (relevant on-line information)

- relevant information: irorder to estimate whether the expected performance is
achieved, problem occurs, ...: Thisll be the task of theReal Time Processor. The OSM
group, together \ith the IGR must define its functions and tHRTP groupwill realise the
implementation.

» to obtain (instrument independnt) compleisibilities from raw data: on thebasis of
raw data, observing conditions, instrumental configuration.
« to provide with standard tools for image restauration.

Note that thislist is certainly preliminary and onlgimed at precisinghe extent of the
subsystem. We already identified a large range of work to be done on this subject and various
corresponding capabilities:

«(complete) functional analysis of the subsystem (definition of the astronsupgosed
to use this soft, extensive list and characterization of the functions to be prowateext
of use, data flows, interfaces,...)

- definition of algorithms for visibilities estimations (implies the definition of observing
procedures), link with interferometric group.

- definition of algorithms for image reconstruction (note that this maimipéemented
only for late 2002, when at least 3 beams are recombined)

- software and hardware architecture design

« implementation of the algorithms

 other: TBD



It is underlined that this group should take benefit from already existing to@sparience
derived from radio interferometry, and from experience on IR and V observations.

One the first task of OSM is the coding of a simulation tool in order to make sotival
choices at the conception level (spatial filtering, visibility estimator,...).

5.8.3. Softwareconstraints

5.8.3.1 OSM with the ESO VLT software

Generally speakingeSO asks to the different VLT instrument consortia tprovide
procedures and scripts that can be used in a data reduction pipeliredi asfor interactive
work. These procedures must be written in ANSI C and integrated in a packagefe#mse
is defined by MIDAS (cf. the document MID-SPE-ESO-11000-0001/1.3).

As far as AMBER is concerned, the data structure can have a very specific famakds

more sense then not to start a priori from software constraints, but to adapt the software to
this structure. Concerning the 1/O format for example, tha data should be in a very standard
format like FITS in order to get advantages of software already written (e.g. image
reconstruction)

5.8.3.2. Data volume

Order of magnitude:
- 4 points per fringe
- frequency 100 Hz
- 1000 spectral elements
- 4-bytes per data element
which leads to 1.6Mb/s

5.8.3.3 Use of the OSM software

The adopted philosophy is to develop a software for the commuwiitgh hastaken part

to AMBER. The softwarewill then be operational on a limitedumber of sitesThere are

no reasons a priori to limit the use of this software outside the AMBER community, but the
group doesnot commit itself indistributing and supportinghe AMBER OSM software
elsewhere.

5.8.4. OSMoutput

The objective of theOSM software is to provide all possiblaformation on thesource
which is independant ofhe instrument. In clear, in means \till provide calibrated
measurements.

This information is:
- with 2 telescopes:
 the amplitude of the complex visibility of the object in function of u,v and lambda
» the phase difference between two spectral channels (on¢hewfi being the
reference channel, choosen at a particular wavelengtbuittr by averaging a
range of channels)
- with 3 or more telescopes:
» the previous information for each baseline
» for each combination of 3 telescopes, the phase closure

In principle, with all the previous information, the observer coulduse his own
tools/models/softwares to get thesiredastronomical informationHowever, if it appears



that some operations argpecific to the instrument or are almost systematically applied,
then it would be considered to include them in the OSM software.

5.8.5. Dataandperformance simulations

OSM has started to work on the different modules needed to simulate the data flow:

- object (Aristidi)

- atmosphere (Mouillet, Malbet)
- telescopes (Forveille, Duvert)
- adaptive optics (Mouillet)

- fringe tracker (TBD)

- beam combiner (Berio)
- spectrograph (Cruzalebes)
- detection (Monin)

The general set-up of the simulation tool is done by Forveille and Duvert.



5.9 RTP: Real Time Processing

The real time processor (or monitor) runs a small, fixed part of the softiedireed
in the OSM inreal time simultaneously with the data acquisition. It is intendethawoe
permanently a reliable estimate of the quality of the data which is beeing recordsmmén
cases, to be defined the System Definition Phas@formations might besendfrom the
RTP to the ICM. For example, in a blind mode when fringes are not detectable on individual
exposures, the real time processmuld integrate the power spectrum of ompectral
channel or the cross spectrum between two channels and deliver fevergeconds a
coherencingsignal send to delay linethrough the ICM. It alsgpossible to havesome
systematic real time processing before recording the data (for exanhgiector
corrections). Ultimately, it should be possible, at least for some observing modespotd
only a small number ofparameters per spectral channahd integration sequence
(visibilities, relative phases, phase closures...) but this hempen only aftemuite some
time of realexploitation of the instrumentwhen wewill be really surethat we master all
parameters affecting the data and will probably require a real time processor with increased
capacities.

During our recent discussions about the entrance of our MPIfR colleagues AMIBER
consortium, it has been decided that the real time processor will be built at the MPIfR where
they have developed somethisgmilar for real time imageeconstruction from speckle
masking.

The specifications of the RTBhould be defined byhe Interferometricand the OSM
groups by next May.



5.10 INT: Integration, calibration and testing equipment, end-to-end

simulations

This modulecontainsall optomechanical elementeeded to align and to calibrate the
instrument. Itwill be in charge of the systermtegration and tests. Itwill develop the
simulation tools started by th®@SM in anend-to-end simulatiomsed totest the software,
simulate the observation and estimate the performances and therefore the feasability of the
astrophysical programs.

This module is currently in stand by. The specifications of the INT equipment will be
defined mainly by the Instrument Definition Team in the System Definition Phase.



Chapter 6

Timetable

The preliminary and still approximate general timetable combines the planniregciof
subsystem and integrates them in a general planning with the following important dates:

- May 1998: End of selection of observing modieanks to the combined work of
IGR, SGRand OSM. Choice of solution for DET after the tests in OAA and MPIfR. The
integrated wavefront sensor has been fully tested.

- July 1998: Full definition of project Final Concept Revue€). Hard points have
been identified andoncept of solutiorhas been selected. Software architecturesOBM,
ICM, RTP have been selected and first evaluation of volume of work has been made. At this
point precise cost estimates can be made, although it would be simpler to make it for the:

- November 1998Preliminary Design Revue Hard points have been solved, detailled
system analysis is finished. All interfaces are analysBuere is a decomposition in
elementary tasks. Precise timetable is known.

- April 1999: Final Design Revue all orders can be issued

- July 2000: Manufacturing and Integration Revue all subsystems have been
integrated and tested and it is possible to start the global integration and tests of AMBER.

- December 2000Shipment to Paranalwhere after 3 months dbécal laboratory and
siderostats tests, we expect to start observations.

- April 2001: Observations with the UTs

For reasons explained in trmubsystenreports, it isdesirablethat the orders of the
Detector chip and of the spectrograph cryostatl cryomechanisms lissuedimmediately
after the PDR.

AOM has its own planning (see 5.6) but the FDR is a critical milestone: thidethdline
to decide if AMBER will use ESO AOM or its own modules for observations with the UTs.
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Chapter 7

Budget

7.1 Elements for a budget estimation

A lot of elements still have to be defined in the present system definition phase. Some of
them can have ammportant impact on thdinal budgetwhich will therefore cannot be
perfectly defined beforethe Final ConceptRevue duringthe summer 1998 or the
Preliminary Design Revue in November 98Vhat follows are approximative estimations
based orthe informationavalaible now and othe PFSU and REGAINexperiencé The
following numbers must basedvery cautiously as a general frame for the organisation of
the consortium, the negociations with the sponsodggncies andhe systemdefinition
work.

Table 7.1: Budget Evaluation
Component Low High Low High
(KF) (KF) subtotal | subtotal
Low order AO modules (31 actuators) 1000 2000
(x2)
Detector, acquisition, processing 1000
Chip 300
Electronics 300
Cryostat 100
Acquisition and data storage 100
Real time processor 100
Off-line processing 100
Optomechanics 1050 1650
For each beafn x3) 200 | 400
Cylindrical optics 50
Spectrograph (optics, standart mechanics, 200
calibration sources)
Cooling the spectrograph 200

® Let us note that this two projects have been kept within their initial budgets.

® Assumes that the Blazit integrated wavefront sensor passes succesfully its spring tests.

‘At GI2T/Regain the cost was about 300 KF by beam but some of Regain functions (pupil stabilisation,
field rotation...) are not needed in AMBER which, on the other hand, might have some specific functions
E()spatial filter with fibers...)

The GI2T/Regain spectrograph, which is substancially more complex than the AMBER one had a cost
of 330 KF

®OAA estimation; if the cooling is made with liquid Nitrogen (our OAA colleagues say that it is not

really much more expensive or complex), the spectrograph cryostat can be used as detector cryostat.



Control electronics’ 350 650 350 650
Calibration and test equipment 500 500

Consortium operation 600 700 600 700
TOTAL 5500 6500

6000+ 10%

Evaluation for the visible part of AMBER

Spectrograph 300 500
Detector 700 1300
Modifications and additions in each beam 50 100 150 300
(x3)

TOTAL for the visible 1150 2100

1600+ 30%

7.2 Budget in 1998

In 1998 a critical datevill be the November Preliminarppesign Revue whethe final
and precise budget will be known. Before this date, the expenses will be limited to travel and
some laboratory tests (for example desesshe exact performances of the piezos to be
used for the opd modulation). We proposed to our main funding agency, whik8Us to
wait until the FCR or better the PDR to allocate thell budget. Someelementswill be
completely defined and probablyesigned athe PDR (November 2, 1998&uch as the
detector chip and the spectrograph (see the chapter about the spectmgrsydtem) and
should be ordered before the end of the year.

INSU budget:

Before the PDR:
Operation of the consortium (travel expenses): 150 KF
Laboratory tests and prototypes 100 KF

After the PDR:
Operation of the consortium for the 2nd semester 100 KF
Order of the IR Science detector chip 150 KF
First orders for the optomechanics and the control subsystems 400 KF

OA Arcetri budget:
Travel expenses for the Italidfis
Ordering the spectrograph cryostat 350 KF

MPIfR Bonn budget:

Travel expenses for the Germéns
First orders for the real time processor 175 KF

7.3. Financing plan

The PFSU cost was of 400 KF (not including software licenses)

*The PFSU "Piston Generator Assembly" used to qualify its performances costed 360 KF. In the case of
AMBER it will be necessary to add spectral and OA calibrations

*This expense can probably wait until trery begining of the year 1999 without delaying the project.

But in such a case the budget asked to INSU in 1999 will be very heavy (1900 KF).

9t will probably simplify the operations if our Italian and German colleagues to take care of their travel
expenses on their Institute contributions. Of course they will use the general budget if necessary.
“'Same as previous note



1998 1999 2000 2001 2002
INSU 900 1500 500 2900
300 1000 300 1600
PACA Region'? 250 250 possible 500
Rhone Alpes Regiofh® 200 300 possible 500
MPIfR Bonn'* 175 350 350 175 1050
possible
OA Arcetri ° 350 350 350 ? 1050
ESO One part of the 800 KDM "VLTI instrumentation budget!
ESO should be used for AMBER
TOTAL 1425 2650 1750 |175 6000
300 1000 300 1600

at

The numbers in straight characters are for the near IR part of AMBER whilartitgers in italic are for

the visible part of AMBER

It is important to remember that all subsystems must have been integrated and tested at the

Manufacturing and Integration Revue of July 2000. Tdssumeshat all componentshave
been delivered at the very latest in the first weeks of 2000. Therefore, almost hliddpet

must have been made available at the Jmrginning of2000. It is even likelythat a too
large proportion in 2000 would already imply delays.

“Must be asked for in 1998. Numbers in the table are estimates of what can be reasonably expected.

*Same as previous note

“50 KDM in 1998 and 2001, 100 KDM in 1999 and 2000.

*100 KDM in 1998, 1999 and 2000.



