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Kueyen  Melipal

VLTI instruments and their operation are fully integrated into the general scheme of the VLT instruments.

Documents: Call for Proposals (CfP), Instrument User Manuals, Instrument and Operations Webpages.




VLTI Instruments
 VINCI: K-band

e MIDI: Mid-Infrared (8-13 um) 2-way beam combiner.
Spectral resolution R=30 (prism), R=230 (grism).

Result: One visibility spectrum per observation (+photometric spectrum).

« AMBER: Near-Infrared (J, H, K; 1-2.5 um) 3-way beam combiner.
Spectral resolution R=30 (low resolution), 1500 (medium r.), 12000 (high r.).

Result: 3 visibility spectra and 1 closure phase spectrum per observation.

 PRIMA: Phase Referenced Imaging and Micro-arcsecond Astrometry.
-> Presentation by Gerard van Belle.

e Second generation VLTI instruments.



Overview of MIDI and AMBER

MIDI AMBER
Beams 2 3
Beam combination Pupil plane Image plane
Wavelength 8-13 um 1-2.5 um

Spectral resolution

30 (Prism); 230 (Grism)

30 (LR); 1500 (MR); 12000 (HR)

Limiting magnitude UT

N=4 (current)

K=8.5 (current)

Limiting magnitude AT

N=0.74 (current)

K=5.5 (current)

Visibility accuracy

<10-20% (1-5%)

1% (diff.), 3% (abs.), current 2-10%

Airy disk FOV

0.26” (UT), 1.14” (AT)

60 mas (UT), 250 mas (AT) in K

Spatial resolution 8-200m

260 - 10 mas

25-1 mas (J), 60-2 mas (K)




Limiting magnitudes MIDI, different modes

Telescopes | Beam combiner | Spectrograph | Limit (N mag) | Limit (Jy @ 12 pm)
UTs HIGH_SENS PRISM 4 1

UTs HIGH_SENS GRISM 28 3

ATs HIGH_SENS PRISM 0.74 20

ATs HIGH_SENS GRISM 0.31 30

UTs SCI_PHOT PRISM 3.2 2

UTs SCI_PHOT GRISM 2 &

ATs SCI_PHOT PRISM 0.0 40

ATs SCI_PHOT GRISM -0.44 60




Limiting magnitudes AMBER, with different

AMBER FINITO Kcorr Hoorr H Wisk WisH AM Ymag Dist
LR-HK no =8.0,7.0% <8,7 - <2.0 1.7 <h5"
LR-HEK group tracking =8.5,7.5"% =8.5,7.5" ~10%

uT LR-HK fringe tracking <B.0,7.0 =8.0,7.0 =10% 115
MR-K > 1 <1.5 <13"
MR-H fringe tracking - <5 -
HR-K fringe tracking <f <G =10%

LR-HK no <55 (4.1, 3.1 <5541, 3.1 - =5% <2.0 -1.7..13.5 <G0"

=5%

LR-HK group tracking <5.5 (4.5, 3.5)™ <5.5 (4.5, 3.5)™

AT MR-H fringe tracking - <4 (3, 2) -
=2 =15% | <1.5 1.7 <15"

LR-HK

MR-K fringe tracking =5 (4, 3) <5 (4, 3) =5%
HR-K
The table above assumes sesing<0.6" with CLRE conditions seeing=0.8" with CLR conditions, for the UTs. For the ATs, the conditions are supposed to be seeing=0.6" with

CLR conditions, seeing=0.8" with CLR conditions and seeing=1.2" and THMN conditions. THK conditions should not be used for AMBER observations. PHO conditions are
not applicable because AMBER does not provide a photometric calibration to a high level of accuracy even under optimum conditions.

Pls should make sure, when submitting their proposals, that the proper seeing conditions are selected according to the correlated magnitudes of their objects.

Phase 1 constraints are binding !



Phase 1 resources

Phase 1 Call for Proposals

Instrument webpages including user manual, VLTI manual

VLTI telescope overview including offered configurations

Preparation tools (VisCalc and CalVin)

ESO User Support: usd_help@eso.org


http://www.eso.org/sci/observing/phase1�
http://www.eso.org/sci/facilities/paranal/instruments�
http://www.eso.org/sci/facilities/paranal/telescopes/vlti�
http://www.eso.org/observing/etc�

Baseline configurations

« All available UT 2-telescope baselines for MIDI and 3-telescope triplets
for AMBER. Baseline between 47m and 130m.

« ATs are currently offered in three quadruplets:
Al1-G1-KO-11, baselines between 47m and 128m
D0-HO-G1-I1, baselines between 32m and 82m
Al1-B2-C1-DO0, baselines between 11m and 36 m

Phase 1: Choice of quadruplet
Phase 2: Choice of MIDI baseline or AMBER triplet

« Sky constraints due to shadowing and delay line limits




ESO telescope bibliography/ Science Examples

The ESO telescope bibliography lists refereed publications directly based on ESO
data:

As of 26 Oct 2011

» 48 publications based on VINCI data

« 83 publications based on MIDI data

* 60 publications based on AMBER data

e 174 publications based on VLTI data
« 90 different first authors (28 with more than 1 first-author VLTI publication)

Have a look at recent papers of the same instrument/instrument mode and of a
similar type of objects.



Specific Requirements for Interferometry (1):
Calibration

 The measured visibility function needs to be calibrated for the atmospheric and
instrumental transfer function.

e This implies the need for alternating observing sequences of science targets
and calibrators.

* The observer is requested to provide (1-)2 calibration star OBs for each science
star OB. The OBs are executed in a row and are considered successfully
completed if each of them was executed successfully.

Different sequences of cal/sci/cal or sci/cal OBs are executed independently.

* The selection of calibration stars is supported by the ESO tool “CalVin” based
on different user-defined criteria.



Specific Requirements for Interferometry (1)
Combination of different baselines (aperture synthesis)

* The scientific goal of an interferometric observing campaign can often
only be reached if visibility measurements at different projected baseline
lengths and/or angles are combined.

* Each instantaneous visibility measurement requires the submission of one OB.
Multiple observations of the same source require the submission of multiple OBs.

* For each OB, the local sidereal time (LST) and the ground baseline has to be
specified, as part of the instrument-specific constraint set.

* The pairs of science/calibrator OBs can effectively be considered as stand-alone
entities, and are executed independently (for service mode).

* The choice of baselines and LST ranges is supported by the visibility calculator
VisCalc.



VLTI Preparation Tools (I) — VisCalc
WWW.eso0.org/observing/etc

Calculation of observability and visibility amplitudes for a given target geometry and

ChOSEﬂ VLTI COﬂfI g u I‘atl on. Fourier Transform of Target
UV Plane ( uv tracks overlaid )

Note: The start of each uv track iz colored
Visibility Squared (of uv points)
The shape and wisibilities of this anage below is dependent on the central wavelength used
ASCI data The UV coverage iz -200m to 200m.
“Weighted Wavelength UT2-TT3 ITE-UTA = 2 22 e o A baseline of 200m at a wavelength of 10340 788nm is equivalent to 0.094 cyclesimas
Disperse Mode TTT2-TTT3 TE-TTTA = = = 2o 2o oo TV plane (showing WultiWavele: UwTracks

Zoom ASCII data:
UT2.UT3 s

uuuuuuuuu

Zoom FFT image (uv tracks removed, visibilities rescaled 0->100 )
Fits file (uv tracks removed)

uuuuuuuuu

Declination +7 deg., UD diameter 40 mas, three UT baselines.




VLTI Preparation Tools (Il) — CalVin
WWW.eso0.org/observing/etc

Selection of suitable calibrators from an underlying fixed list based on different user criteria.

List of Calibrators

8 calibrateors found

ASCH file format - the first column iz the universal time

Comparmtive graphe for *“Target” va. 7 mlibrators- Nomoalized Yiaibilities

Loss of Correlated Magnitudes Target Altitudes Shadow
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Spec.
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gy Correlated Rimelime : :
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ave t err = 3 MaxAltitude

awve t err Durmatiocn
range

range
0,45 +0.000 172+-0.00 25.250T 2875 UT e
030068 2.62-0.82 33.750T max = 57° 1: ok
zraph asci graph asci B50hra graph asecdi S12DL 28al
058 +0.001 .02 +0.00 25.75UT 3073 UT - O
[1.55-0.98 01.02-0.01 33.750T max = 77° e
zraph asci graph asci BO0hra graph asecdi S12DU 38alL
0598 +0.001 (.03 +0.00 27 00UT 31.50U0T - O
0,58 009 0.04-0.01 33.750T max = G0° mﬁ"l: i
graph aaci graph aaci 6.75hra zraph aeql B A
058 +0.001 .04 +0.00 25.500T 073 UT - O
0598 008 0.05-0.04 33.750T max = §1° mﬁ"l: 5
graph aaci graph aaci 8.25hra graph aeql SLLEL 2EML
1.00+0.000 (.01 £0.00 23.250T 2850UT = 1%
100100 0.01-0.00 33.75UT max = 7£5° o l;ascii
zraph asdi  |greph asdi 10.56hre zraph ascii L
1.00+0.001 (.01 £0.00 24 000T 2825 UT s
055100 0.01-0.01 33.75UT max = §5° s l;ascii
zraph aedi graph asdi O.¥5hra graph aedi St sl
1.00+0.002 (.01 £0.00 27.000T I200UT s — 0%
055100 0.01-0.01 33.75UT max = G6° o l;ascii
graph asci graph asdi G.7ohra graph aeci EEEn 2

Cal. for Betelgeuse. Angular distance < 35 deg., diameter 0..8 mas, magn 1.3.. -5




INFORMATION NEEDED AT PHASE1 PREPARATION

e Scientific case

* Feasibility of the science case: Brightness in V (off-axis guide
star)? Brightness at K band ? Brightness at H band (for
FINITO) ? Angular size ?

« Baseline configuration(s)
* Number of visibility points

* Absolute visibility calibration (cal-sci-cal sequence) or relative
visibility (cal/sci pairs)

» Spectral resolution
e Required conditions for the correlated magnitudes !
« Use of the fringe tracker FINITO ?



Phase 2 resources

« Phase 1 resources

* Phase 2 proposal preparation:

« ESO User Support Department: usd_help@eso.org


http://www.eso.org/observing/phase2.html�

INFORMATION NEEDED AT PHASE 2 PREPARATION

 All the information from Phase 1
* Choice of a MIDI baseline, AMBER triplet
« Definition of LST constraints for each visibility point

e Selection of a calibration star that is observable at the same
LST



Proposal preparation (Phase 2) - AMBER

SCI_hd39400 ——
acguisition AMBER_3Tstd_acq

Fringe_obs_medres

CAL_hd39400

Bource uncarrelated H magnitude Frame integration time {DIT in 5}

H Minimurm source wisibility 1.0 Rource uncorrelated H magnitude 2.0
Bource uncarrelated ¥ magnitude |18 H Minimum source wisibility 1.0
k. Minimum source wisikility 1.0 Rource uncarrelated K magnitude |18
Diff Fa tracking 0 . Minimum source wisibility 1.0
Diff DEC tracking 0] Glytelescope offset in Alpha farc... |0
F.A of guide star if COU guide sta... [0, Bly telescope offset in Delta {arcs.. |20
DEC of guide star if COU guide st [0, Faowe 1o max wavelength din urm) kel
COU guide star RCIEMCE Fow 1 rminwavelength (in urm) 0
05 mag in 4.8

Fringe sensar FIMIT O

Lrience or calibrator CALIE

Btandard spectral canfiguration Medium_k_1_2.1

hd39400

05:52:26.443
01:51:18.480

The AMBER instrument Using the VLTI, 6 November 2008, Granada, Spain



Proposal preparation (Phase 2) — Constraint set

AMBER constraint set:
Time imenvals| Sicereal Time | calioration Requiremeres

Fringe_aobs_constraints 1.2

Vvariahle, thin cirrus ¥

L ST constraints:

The AMBER instrument Using the VLTI, 6 November 2008, Granada, Spain



Conclusion

* The VLTI with the mid-infrared instrument MIDI and the near-infrared
iInstrument AMBER is offered to the astronomical community for
regular service mode and visitor mode observations.

* The same kind and level of support is offered to users of the VLTI
Instruments as to users of any VLT instrument.

« The complexity of interferometry and the VLTI are hidden to the regular
users. Only the main instrument modes and parameters need to be
chosen. The observation preparation is rather simple compared to
some other VLT instruments.

 However, be aware of the complexity of interferometry and the caveats
for the analysis and interpretation of the data.
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