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ABSTRA CT

The VLTI now has performed three years of scienceoperations using the VINCI instrument since the �rst
fringes on a star were obtained on March 17, 2001. SinceDecember 5th, 2001,sharedrisk scienceobservations
have been performed with VINCI. In April 2004 (period 73) we have started scienceoperations with the
MIDI instrument. Subsequently both the AMBER instrument and the Auxiliary Telescopes(ATs) will be also
running under the scienceOperations at Paranal and o�ered to the astronomical communit y.

We will present how the VLTI Scienceoperations currently are performed and integrated into the general
Paranal ScienceOperations scheme,using the extensive experienceof ServiceMode operations performed by
the Paranal Scienceoperations group. We focus on the execution of the Servicemode operations, how they
are planned, performed, evaluated, and processedand the data �nally sent to ESO Garching. The near future
developments are alsopresented and how the newinstruments and telescopeswill be integrated into the Paranal
ScienceOperations.
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1. INTR ODUCTION

The ESO Very Large Telescope Interferometer (VLTI) located at Cerro Paranal in northern Chile is part of
the ESO Paranal Observatory. The VLTI is a general purposeinterferometric instrument that o�ers various
instruments to the general astronomical communit y: VINCI 1 (now no longer in use in scienceobservations),
MIDI 2 (a two beam mid infrared instrument, with spectroscopiccapabilities from R=30 to 230), and, in 2005,
AMBER 3 (a three beamJHK band instrument with spectroscopiccapabilities from R=30 to R=10000). These
were/are o�ered in either Visitor Mode (VM) or Service Mode (SM), using either the Siderostats(for VINCI),
the 8.2meter Unit Telescopes (UTs), or the 1.8meter Auxiliary Telescopes (ATs4). The siderostats and ATs
can be freely relocated on any of the 30 telescope locations (see�gure 1). Siderostat baselinechangesweremade
every few months, and with the ATs it is planned to have telescope relocations every few weeksdepending on
the user requests.

After the First Fringes5 on March 17, 2001,with the VLTI+VINCI using the siderostats(16meter baseline),
the development hasbeenrapid and the astronomicalcommunit y hasbeenable to obtain the Shared Risk science
data taken with VINCI+VL TI from the start. 6 A few key dates are:

� October 30, 2001- First light with UTs (103meter baseline).

� January 2002- Data releaseof the �rst commissioningdata and this was followed by regular Shared Risk
data releases.Thesedata releaseshave beenmade quarterly with all the data taken with VLTI+VINCI.
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Figure 1. A schematic view of the VLTI where the telescope pads for Auxiliary Telescopes (ATs) and siderostats are
visible, as well as the four UTs. In the center are also shown the delay line tunnels, VLTI control building and the
interferometric lab.
The MIDI observations are currently using combinations with two UTs simultaneously, AMBER will be using up to
three UTs or ATs simultaneously. Of the ATs one is currently being commissionedat Paranal and the remaining three
ATs will be installed in 2004/5.

� September 15-17 2002 - Light beamsfrom all four VLT 8.2-m Unit Telescopes (UTs) were successively
combined, pairwise, to produce interferometric fringes .

� December 15, 2002- First Light with MIDI and two UTs (102meter baseline).

� September 2003- Scienti�c Data from MIDI ScienceDemonstrations made publicly available.

� January 2004- First Auxiliary Telescope for the VLTI installed at Paranal

� March 20, 2004- First Light with AMBER and siderostatson a 64meter baseline.

� April 2004 - First MIDI observations as part of normal scienceoperations. Observations done in both
Visitor Mode (VM) and Service Mode (SM).

This paper focuseson the ScienceOperations for the VLTI and in Section2 we discussthe principles of
SM7 and how these are used to plan and execute the night observations. In Section3 we describe the sta�
involved in executing the SM and VM operations and who are fundamental to the successfulscienceoperations,
in Section4 we discussthe particular issuesdi�eren tiating the VLTI Science Operations (VLTI SO) from the
standard Paranal ScienceOperations (PSO), and, �nally , in Section5 we present a view of the VLTI SO from
an observers point of view.



Figure 2. Here are shown the three MTS queues,class A, B and C, from which the astronomer constructs the STS
queue. The selection of which OBs to execute are depending on the current baselines,weather and Local Siderial Time
(LST).

2. GENERAL SERVICE MODE PRINCIPLES

The Service Mode (SM) Operations are guided by many rules that are used as criteria to plan and execute
each night of observations. The basic objectives8 for the SM operations are:

� The ful�llmen t of the scienti�c objectivesof an observing run are heavily depending on that all the OBs
in the run are completed. Thus SM operations are aimed towards completing a smaller number of runs
rather than having all runs incomplete.

� An execution of an OB should not be scheduled unlessit has a high probabilit y of completion.

� Observing conditions permitting, runs with higher scienti�c priorit y as de�ned by the OPC should be
completed preferentially to lower-priorit y runs.

These basic premises are then used in the three types of scheduling used in the execution of Science
Operations. The three typesare:

� Long Term Scheduling (LTS)

{ The LTS contains all the ObservationBlocks(OBs) createdfrom all the acceptedproposalscovering
the observing period.

{ The LTS managesRight Ascension (RA) space, not nights. A range of RA is available on any
given night. Conversely, any given RA is observable on many nights. For ServiceMode, it is more
appropriate to managecoordinate spacethan calendar space.

� Medium Term Scheduling (MTS)

{ The MTS is createdand maintained by the User Support Group (USG) in Garching, and is updated
daily to adjust to the pertinent RA constraints. Typically three queuesare created for each instru-
ment, theseare the A, B and C classqueues.For MIDI in the current period (P73) only the B queue
is used. From thesequeuesthe NA selectsthe OBs which are then inserted into the STS queue. In
�gure 2 the three MTS queuesare openedand ready for preparing the STS queue. An example of
the ClassB queuefor MIDI observations is shown in Figure 3.

� Short Term Scheduling (STS)

{ The STS is created and maintained by the Night Astronomer (NA) and is dynamically created and
updated to adjust to the observing conditions. An example of the STS for MIDI observations are
shown in �gure 4.



Figure 3. The MIDI Class B MTS queue. We can seethat the OB namesinclude information on the requestedbaseline
(UT2-UT3) and whether it is a sciencetarget or a calibrator for a sciencetarget. A complete MIDI observation always
includes the execution of a scienceOB and an execution of a calibrator OB. The successfulexecution of the observation
requires that both observations ful�ll the requested criteria.

Figure 4. Shown is an example of the STS (the Execution Sequence). This queue contains a few OBs that will be
executed within the next few hours. Each complete scienceobservation consists of a scienceOB and a calibrator OB,
where the scienceOB is executed and directly followed by the calibrator OB.



In short:

The basicpremiseof the Short Term Scheduling (STS) at the telescope during Service Mode (SM) observations
is to comply with the priorities and assumptionsusedduring the preparation of the Long-Term Schedule (LTS)
of the given observing period.

2.1. Service Mo de Run Priorities

When preparing and updating the STS during the night the NA has to keepthe observing priorities in mind.
Thesecan be summedup as:

1. Target of Opportunit y (ToO) programs / Time critical programs

2. Guaranteed Time Observations (GTO) programs

3. Large programs (LPs)

4. Chilean programs

5. Carry Over programs

6. Normal programs

Note: this ranking is a priori independent of the rank classof the program (A,B,C), seebelow. In general,
runs with priorities 1-5 must only appear in rank classA.

To every acceptedSM run a rank classis assignedaccordingto its ObservingProgrammesCommittee (OPC)
priorit y:

� Above OPC cut-o� line:

{ ClassA (highest priorit y)

{ ClassB (medium priorit y)

� Below OPC cut-o� line (but grade better than 3) requiring relaxed conditions (seeing> 1", transparency
Thin/Thic k etc.):

{ ClassC (�ller runs), to populate the LTS for bad conditions which usually would leave the telescope
idle.

3. GENERAL SCIENCE OPERA TIONS STAFF

The ScienceOperationsSta� focuseson the telescopesand not on the particular instrument, asevery astronomer
should be capable of performing and evaluating the observations done with any of the instruments mounted
at the telescope that he/she is supporting. For each telescope PSO allocatesa Night Astronomer (NA) and a
Telescope and Instrument Operator (TIO) which is responsible for operating the telescope and the instruments,
during the day there are two Day Astronomers (DA) for day time duties, and there is one Shift leader (SL)
who coordinates the work o� all NAs, DAs, and TIOs, and, being the interface to the Paranal Engineering
group.



3.1. Paranal Science Op erations Shift leader

The Shift leader is coordinating the work of all the ScienceOperations Sta�. His/her duties include among
others:

� Follow up on problem reports done during the night's observations and plan/arrange for their solution.

� Coordinate the work of telescope and instrument engineers,and software support so that maintenance
and repairs can be planned and executedwith a minimal interruption of the night time observations.

� Plan and follow-up of non standard queuerequests(Target of Opportunit y Requests(ToOs), Directors
Discretionary Time Proposals(DDTs), etc).

� Supervise and support the DAs and NAs.

3.2. Paranal Science Op erations Day Astronomer (D A)

The DA is focusedon the day time support of the previous night's observations, this includes:

� Follow up on the previous night's observations and possibleproblems.

� Check the quality of the night's observations and calibrations, and executethe necessaryday time cali-
brations.

� Coordinate the daily work with the EngineeringDepartment after instrument calibrations are completed.

� Check that the instruments are in a safedaytime state after the calibrations are �nished. Before the start
of the night prepare the instrument so that it is ready for the night time operations.

� Intro duce any Visiting Astronomer (VA) to the VLTI and the pertinent instrument in question.

3.3. Paranal Science Op erations Nigh t Astronomer (NA)

The NAs main task is the planning and execution of the STS.

� Follow-up and check that the problems and tasks reported the previous night have beensolved.

� Prepare OB execution sequencefor the beginning of the night (including twilight calibrations etc).

� Check the MTS queuefor OBs that can be executedduring the night (including twilight).

� Check the weather situation and the weather prognosis for the next few hours so that a most e�ectiv e
STS queuecan be made from the MTS. If there are changesin weather update the STS.

� Check the quality of the observations and subsequent calibrations so that they ful�ll the requestedob-
servational criteria. This is done by checking both the raw data and the pipeline data.

� In caseof problems try to solve the problems with the help of the Telescope and Instrument Operator
(TIO), if not contact the VLTI managerand SL.

� Report problems and time losses.

� Update the Night report using Paranal NightLog tool (PANL) with the performed observations and
calibrations and their classi�cation.

In the caseof Visitor Mode Observations (VM) there are a few additional tasks:

� Study the visitor's observing program; discusswith shift leader and visitor observation strategy.



� Review with the visitor the �rst OBs at beginning of the night

� Execute nighttime observations, support visitor in decisions

� Let the TIO drive the telescope and instrument

� Intro duce the visitor to the useof the o�ine machines

� Support the visitor in the useof the raw data and the pipeline products on the o�ine machines.

� Requestdata releasefrom data handling administrators in �rst night

At the end of the night:

� Finalize the night report (in the PANL)

� Prin t and sendnight report

� Prepare and start daytime calibrations

� Keep the daytime team informed

3.4. Paranal Telescope and Instrumen t Op erator

The TIO is allocated to night time duty and is responsible for operating the telescope and with the NA to
operate the instruments. In particular his/her duties are among others:

� Check that the telescope started up correctly and is functioning properly during the night.

� Park and leave the telescope in a correct mode at the end of the night observations.

� Help the Weather O�c er (one speci�cally nominated TIO that keepsan eye on the weather conditions
and has the authorit y to stop the current observations if the weather conditions reach an unacceptable
level) to monitor the current weather situation.

� On the VLTI the TIO is also controlling the performanceof the delay lines and the optical train leading
up to the instrument.

� When using the UTs there is one TIO allocated to each of the UTs.

4. VL TI SCIENCE OPERA TIONS PAR TICULARS

The aim of the VLTI operations is that it should be working seamlesslywithin the standard ScienceOperations
frame in usefor the normal VLT UT instruments. In particular there are a few constraints added in the case
of VLTI ScienceOperations:

� With the siderostats the baselineswere changed on the averageevery six months to allow sampling of
di�eren t requesteduv-spacings. The MIDI operations are currently (P73) limited to the two available
baselinesUT1-UT3 (102.4meter baseline)and UT2-UT3 (46.6meters). In the future when the ATs are
installed the telescope array con�guration will change every two weeks(the actual timescaleswill have
to be revised depending on the user requests). With four ATs in operation it will also be possible to
make fast (< one hour) array recon�gurations by selecting which subset of two (for MIDI) or three (for
AMBER) telescopesare usedby the instrument in question.

� The projection angle of the baselineon the sky is another constraint that is requestedby the user. This
is speci�ed by the user giving an LST range within which his/her OB is to be executed.



� The VLTI ScienceOperations di�ers also by the need of having a calibrator OB executed very close
in time with the scienceOB, used to determine the transfer function. Thus the scienceOB and the
calibrator OB are observed and judged as a single observation i.e. both of the OBs have to ful�ll the
speci�ed criteria for the observation to be classi�ed as a success.For MIDI operations this meansthat
each calibrated uv-point takesa total of one hour.

� An internal criteria for classifying the observation is that the fringe quality determined from the pipeline,
or later day time post processingin the caseof MIDI has to reach a su�cien t level above the noise. This
is not a user speci�ed criteria but an internally determined factor from the experienceof three yearsof
operations. This is independent from the usercriteria as the weather and sky conditions can be excellent
but the detected fringes are weak due to, e.g., the sourcebeing to extended, the sourcehaving too low a

ux or problems causedby delay line tunnel seeinge�ects.

5. USING THE VL TI, A USER'S PERSPECTIVE

An in depth discussionof the VLTI seenfrom a user's point of view is discussedin these proceedings,9 and
here we will only make a brief overview.

The aim of the VLTI ScienceOperations is to make the VLTI with its selected instrument (MIDI or
AMBER) completely transparent to the user. He/she can stop worrying about the functioning of either the
telescopesor the instrument, and instead just concentrate on achieving the scienti�c goalsof his/her project.
The Science Operations with both VINCI and MIDI have shown that this goal has beenachieved.

5.1. Service Mo de

In the caseof SM observations the user only has to concentrate on:

� In the PhaseI I give the right observingconstraints sothat the observations are executedunder the proper
conditions, and with the proper telescope array con�guration.

� Selecta suitable calibration star.10

� Prepare a correctly edited OB that properly con�gures the instrument so that the observations yield the
desireddata.

� Use the External Veri�c ation Modules scripts (EVMs) to check the OBs so that they are compliant with
the available instrument modes.

� Provide a �nding chart of the target region.

� Submit the OB to the User Support Group (USG) in Garching.

� Wait for the OB being executed,and after receiving the data, properly reducethem.

5.2. Visitor Mo de

In the caseof VM the user will travel physically to Paranal Observatory to executehis/her OBs. The prepa-
rations where the user prepareshis observations are similar to the SM mode. The di�erence is that the user
needsnot to submit his/her OB to the USG. He/she will arrive at the observatory 48hours before the start
of the observations and will have support from the Day Astronomer to correctly �nalize the OB preparation.
While at the Paranal Observatory the user has to consider the following:

� Have backup targets in the caseof wind constraints. The UTs cannot point into too strong wind, thus
the backup targets should be located in the opposite sky quadrant.

� Have �nding charts available so that target acquisition can be smooth and clear.



� Have a clear plan for the available time sothat the telescope time can be usede�cien tly by making quick
and informed real time decisions.

� If requested,the Night Astronomer can give support in the reduction of the data and will give suggestions
on the observing strategy.

As in the caseof SM observations there is NO needfor the user to worry about the control of actual telescopes
or the instrument. His/her only action is to selectthe proper OBs to be executedand analyzethe result of the
executedOBs.
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