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Overview of current Overview of current 
InterferometersInterferometers

facility funding location n. of baseline year of wavelength
apertures primary secondary max (m) first fringes range

CHARA USA Mt. Wilson 6 1.0 350 1999 vis
COAST UK Cambridge 5 0.4 48 1991 vis
GI2T F Calern 2 1.5 65 1986 vis, NIR
IOTA USA, F Mt. Hopkins 2-3 0.45 38 1993 VRI, JHKL
ISI USA Mt. Wilson 2-3 1.65 75 1988 M
KECK USA Mauna Kea 2(4) 10 (1.8) 85(140) 2001 IR
LBT USA, D, I Mt. Graham 2 8.4 23 2005 vis, NIR
MIRA-I.2 J Tokyo 2 0.30 6 2001 vis
MRO USA New Mexico 3-10? 2? 100? funded vis, NIR
NPOI USA Arizona 3-6 0.35 64 1994 vis, NIR
OHANA USA, F Mauna Kea 2-7 3-10 85-800 2004 NIR
PTI USA Mt. Palomar 3 0.40 110 1995 K
SUSI AUS New South Wales 2 0.14 640 1993 B, R
VLTI ESO Paranal 4+4 8.2 1.8 130-205 2001 JHK, NQ

apertures (m)



The VLT Observatory on The VLT Observatory on 
Cerro ParanalCerro Paranal



The VLT InterferometerThe VLT Interferometer
Four Four 8.28.2--m m 
Unit TelescopesUnit Telescopes
Baselines up to 130mBaselines up to 130m
Four 1.8Four 1.8--m Auxiliary m Auxiliary 
Telescopes.         Telescopes.         
Baselines 8 Baselines 8 –– 200m200m
Field of view: 2 Field of view: 2 arcsecarcsec
nearnear--IR to MIR (angular IR to MIR (angular 
resolution 1resolution 1--20 20 masmas))
Excellent Excellent uvuv coveragecoverage
Fringe TrackerFringe Tracker
DualDual--Feed facilityFeed facility
Adaptive optics with Adaptive optics with 
60 actuator DM (60 actuator DM (StrehlStrehl
>50% in K >50% in K -- Guide Star Guide Star 
mmVV < 16)< 16)



The The VLTI VLTI -- closeclose upup



VLTI Main VLTI Main 
CharacteristicsCharacteristics

uvuv coverage after 8 hour coverage after 8 hour 
observation with all observation with all UTsUTs
(object at (object at --1515οο))

8 milli arcsec

4 milli arcsec

Airy disk
of UT

Resulting PSF is the Fourier transform of Resulting PSF is the Fourier transform of 
the visibilities at the visibilities at λλ = 2.2= 2.2µµm (Km (K--band)band)



VLTI SchemeVLTI Scheme

The wavefronts must be The wavefronts must be 
““cleanclean””, i.e. adaptive optics , i.e. adaptive optics 
needed for large telescopes.needed for large telescopes.

The optical path difference The optical path difference 
must be continuously must be continuously 
compensated compensated by the delay by the delay 
lines.lines.

Atmospheric turbulence causes Atmospheric turbulence causes 
rapid fringe motion which must rapid fringe motion which must 
be be ““frozenfrozen”” by a soby a so--called called 
fringe tracker.fringe tracker.



The The “Paranal“Paranal Express”Express”

•• six delay linessix delay lines

•• three operationalthree operational

•• three more three more 
installedinstalled

•• combine acombine all UT ll UT 
baselinesbaselines

•• combine almost combine almost 
all AT baselinesall AT baselines



FINITOFINITO

OnOn--axis fringe axis fringe trackertracker

HH--band, three beams, H = 11band, three beams, H = 11

First Fringes at Paranal in July 2003 First Fringes at Paranal in July 2003 
–– Problem: extreme flux Problem: extreme flux fluctuationsfluctuations
–– open loop onlyopen loop only

FringeFringe tracking in March 2004tracking in March 2004
–– 200nm 200nm rms rms residual OPDresidual OPD
–– 10sec continuous fringe tracking, 10sec continuous fringe tracking, 

recoveryrecovery after flux loss for ‘infinite’ after flux loss for ‘infinite’ 
trackingtracking

More testing neededMore testing needed



VLTI LaboratoryVLTI Laboratory



1.81.8--m Auxiliary m Auxiliary 
Telescopes (ATs)Telescopes (ATs)

•• increase uincrease u--v coveragev coverage

•• designed for interferometry, designed for interferometry, 

optical path same as  UToptical path same as  UT

•• ManufacturedManufactured by AMOS by AMOS 

((LiègeLiège, Belgium), Belgium)

•• AT1 on site, 2AT1 on site, 2ndnd Comm Comm 

•• AT2 Nov 2004AT2 Nov 2004

•• AT3 & AT4 Europe AT3 & AT4 Europe 2005 2005 



Control and operations Control and operations 

• Remote control

• OB in VLT style

• Data Pipeline

• Data Archive

• Interferometric
FITS format



VLTI Data Flow SystemVLTI Data Flow System
Raw data (MIDI: 5-40Gb /night)

FITS format (w/binary ext.)

Data Pipeline

Quality Control 
Logs
ASCII Summary 
V^2, Tr.Function

ESO Data 
Archive

Distribution, 
Public Releases

Interactive 
Data Analysis
Same core as 
Pipeline, with 
GUI add-ons

Interactive 
Data Analysis
Same core as 
Pipeline, with 
GUI add-ons

Preprocessed 
Data



InstrumentationInstrumentation

TESTTEST

VINCIVINCI: K: K--band 2band 2--way beam combinerway beam combiner

SCIENCESCIENCE

MIDIMIDI: Mid: Mid--Infrared 2Infrared 2--way beam combinerway beam combiner

AMBERAMBER: Near: Near--Infrared 3Infrared 3--way beam combinerway beam combiner

VLTI instruments are designed along the same lines of VLT instruments, in 

particular for what concerns standards, operation, data flow.



VINCI overviewVINCI overview
VINCI

(ESO, France) 

Paranal: January 2001

K-band, 2-beam

Visibility Accuracy: 0.1% (so far in commissioning with SID) 

0.01% (goal)

Limiting Magnitude: goal K=6 with SID, K=11 on UT without FT

First Fringes with Siderostats achieved March 2001

First Fringes with UTs achieved October 29, 2001

Main purpose: commissioning, test instrument



VINCI photo



MIDI overviewMIDI OMIDI Overviewverview

D/F/NLD/F/NL;; PI: PI: C. Leinert (MPIA Heidelberg)C. Leinert (MPIA Heidelberg)

ParanalParanal: : NovembNovemberer 2002 2002 

First Fringes with First Fringes with UTsUTs: December 2002: December 2002

Mid IR instrumentMid IR instrument (10(10––20 20 µµm) , 2m) , 2--beam, Spectral Resolution: 30beam, Spectral Resolution: 30--260260

Limiting MagnitudeLimiting Magnitude N ~ 4 (1.0Jy, UT with tip/tilt, no fringeN ~ 4 (1.0Jy, UT with tip/tilt, no fringe--tracker) (0.8 AT)tracker) (0.8 AT)

N ~ 9 (10mJ, with fringeN ~ 9 (10mJ, with fringe--tracker)  (5.8 AT)tracker)  (5.8 AT)

Visibility AccuracyVisibility Accuracy 1%1%--5%5%

Airy Airy Disk FOVDisk FOV 0.26” (UT), 1.14” (AT)0.26” (UT), 1.14” (AT)

Diffraction LimitDiffraction Limit [200m][200m] 0.01”0.01”



MIDI in the VLTI LabMIDI in the VLTI Lab



AMBER overviewAMBERAMBER OverviewOverview

F/D/I;F/D/I; PI: PI: R. Petrov (Nice)R. Petrov (Nice)

ParanalParanal:: February 2004

First FringesFirst Fringes with with SIDsSIDs: : 2211 March 2004March 2004

Near IR InstrumentNear IR Instrument (1(1––2.5 2.5 µµm) , 3m) , 3--beam combination (closure phase)beam combination (closure phase)

Spectral ResolutionSpectral Resolution: 35: 35--14000 (prism, 2 gratings)14000 (prism, 2 gratings)

Limiting MagnitudeLimiting Magnitude K =11 (specification, 5 K =11 (specification, 5 σσ, 100ms self, 100ms self--tracking)tracking)

J=19.5, H=20.2, K=20 (goal, FT, AO, PRIMA, 4 hours)J=19.5, H=20.2, K=20 (goal, FT, AO, PRIMA, 4 hours)

Visibility AccuracyVisibility Accuracy 1% (specification), 0.01% (goal)1% (specification), 0.01% (goal)

Airy Disk FOVAiry Disk FOV 0.03”/0.06” (UT), 0.14”/0.25” (AT) [J/K band respectively] 0.03”/0.06” (UT), 0.14”/0.25” (AT) [J/K band respectively] 

Diffraction LimitDiffraction Limit [200m][200m] 0.001” J, 0.002” K”0.001” J, 0.002” K”



AMBER in EuropeAMBER in Europe



AMBER in the VLTI LabAMBER in the VLTI Lab



The last two yearsThe last two years

Scientific results Scientific results (~30(~30 papers in refereed journals)papers in refereed journals)

MIDI in science operationsMIDI in science operations

AMBER First Fringes with 2 UTs and with 3 UTsAMBER First Fringes with 2 UTs and with 3 UTs

MACAO, adaptive optics on UTs, MACAO, adaptive optics on UTs, routinely in operationroutinely in operation

FINITO, onFINITO, on--axis fringe axis fringe tracker (working, not routinely)tracker (working, not routinely)

IONIC, integrated optics beam combiner for VINCIIONIC, integrated optics beam combiner for VINCI

Delay Lines #4, 5 and 6 integrated and testedDelay Lines #4, 5 and 6 integrated and tested

AT1AT1 on the skyon the sky



Next StepsNext Steps

•• FINITO Fringe TrackerFINITO Fringe Tracker
Improve performance.Improve performance.

•• IRISIRIS
TipTip--Tilt sensor in the Interferometric Lab. End 2004.Tilt sensor in the Interferometric Lab. End 2004.

•• Variable Curvature Mirrors (VCMs)Variable Curvature Mirrors (VCMs)
2 installed, 4 to be installed.2 installed, 4 to be installed.

•• PRIMAPRIMA
Dual Feed Facility (astrometry, faintDual Feed Facility (astrometry, faint--object science). End 2005.object science). End 2005.

•• 22ndnd Generation InstrumentationGeneration Instrumentation
Proposals due November 2004. Proposals due November 2004. 
Already being discussed: ApresAlready being discussed: Apres--MIDI, MIDI 20MIDI, MIDI 20µµm, GENIE.m, GENIE.

•• Large VLTI Workshop planned for April 2005.Large VLTI Workshop planned for April 2005.



What What isis
missingmissing??

1.1. ‘‘Easy’ (= efficient) imagingEasy’ (= efficient) imaging
–– Filling smoothly the uv plane is the key to image qualityFilling smoothly the uv plane is the key to image quality
–– Restriction to two (MIDI) resp.three (AMBER) beams cumbersomeRestriction to two (MIDI) resp.three (AMBER) beams cumbersome

More telescopes, Delay Lines, and multi way beam combinerMore telescopes, Delay Lines, and multi way beam combiner

2.2. Shorter wavelengthsShorter wavelengths
–– Angular resolution improves with baseline or shorter wavelengthAngular resolution improves with baseline or shorter wavelength

Problem is the atmospheric turbulence (both for AO and fringe trProblem is the atmospheric turbulence (both for AO and fringe tracking)acking)

3.3. ‘Large’ (= 2 arcsec) field of view‘Large’ (= 2 arcsec) field of view
–– Field of view of one Airy disk with MIDI (250mas) and AMBER (57mField of view of one Airy disk with MIDI (250mas) and AMBER (57mas)as)
–– Although still small, 2 arcsec means 2000 resolution elements Although still small, 2 arcsec means 2000 resolution elements 

for for milliarcsec milliarcsec resolutionresolution



∆S < 60 arcsec
Faint Science Object Bright Guide Star

OPD(t)

OPD(t)

OPD(t) -OPD(t) = ∆S B + φ + OPD      + OPDintturb

B

PhasePhase--referencingreferencing
(PRIMA)(PRIMA)

Pick up 2 stars in a 2 Pick up 2 stars in a 2 
arcmin arcmin fieldfield

∆∆OPD = OPD = ∆∆SxBSxB + + φφ + + OPDOPDturbturb
+ + OPDOPDintint

–– OPDOPDintint measured by laser measured by laser 
metrologymetrology

–– OPDOPDturbturb mean tends to 0mean tends to 0
–– ∆∆OPD measured by VINCI / OPD measured by VINCI / 

AMBER / MIDI / FSUAMBER / MIDI / FSU
–– ∆∆SS => object position => => object position => 

astrometryastrometry
–– φφ => object phase => => object phase => 

imagingimaging



PRIMA PRIMA -- The Dual Feed The Dual Feed 
FacilityFacility

1st Phase:1st Phase:
Faint object imaging with ATs (KFaint object imaging with ATs (K~~16, N 16, N ~~ 8) and 100 µarcsec astrometry8) and 100 µarcsec astrometry
Required hardware:Required hardware:

–– 2 Fringe Sensor Units (ALENIA Spazio, Italy, 2 Fringe Sensor Units (ALENIA Spazio, Italy, 20052005))
–– 2 star separator systems (STS)  (TNO/TPD, Netherlands, 2 star separator systems (STS)  (TNO/TPD, Netherlands, 2005)2005)
–– Laser metrology (ESO+IMT, Switzerland)Laser metrology (ESO+IMT, Switzerland)

2nd Phase:2nd Phase:
Faint object imaging with UTs (K Faint object imaging with UTs (K ~~ 19, N 19, N ~~ 11) and 10 µarcsec 11) and 10 µarcsec 

astrometryastrometry
Required hardware:Required hardware:

–– 2 STS for the UTs2 STS for the UTs
–– Differential Delay LinesDifferential Delay Lines (Dutch/Swiss/German consortium)(Dutch/Swiss/German consortium)



PRIMA PRIMA goalsgoals

faint object observation (by faint object observation (by stabilising stabilising the fringes)the fringes)
•• dualdual--feed / dualfeed / dual--field : 2’ total field : 2’ total FoV FoV (2” (2” FoV FoV for each field) for each field) 
•• KK~~1313 (guide star) (guide star) -- KK~~2020 (object) on (object) on UTsUTs
•• KK~~1010 (guide star) (guide star) -- KK~~1616 (object) on (object) on ATsATs

phasephase--referenced imagingreferenced imaging
•• accurate (1%) measurement of the visibility modulus and phaseaccurate (1%) measurement of the visibility modulus and phase
•• observation on many baselinesobservation on many baselines

syntheticsynthetic aperture reconstruction at 2 aperture reconstruction at 2 mas mas resolution (2.2 µresolution (2.2 µm)m)

micromicro--arcsecond arcsecond differential astrometrydifferential astrometry
•• vvery accurate extraction of  the ery accurate extraction of  the astrometric astrometric phase:phase:

–– 11stst phasephase ~ 2006 : 100 µas  ~ 2006 : 100 µas  
–– 22ndnd phase ~ 2008 : 10 µasphase ~ 2008 : 10 µas

•• 2 perpendicular baselines2 perpendicular baselines
•• 2 phase2 phase--reference stars (2Dreference stars (2D--movement of movement of photocenterphotocenter))



Access OpportunitiesAccess Opportunities

•• SharedShared--riskrisk VINCI proposals VINCI proposals P70, P71P70, P71
AccessAccess rules as for normal ESO rules as for normal ESO proposals, in P71 OPC evaluation.proposals, in P71 OPC evaluation.

•• Public ReleasesPublic Releases
DataData releasedreleased to the community after validation to the community after validation thru VLTI web page: thru VLTI web page: 
~20000 observations from VINCI commissioning, and two runs of ~20000 observations from VINCI commissioning, and two runs of 
science demonstration with MIDIscience demonstration with MIDI

•• Access to MIDIAccess to MIDI
Offered since P73Offered since P73

•• Access to AMBERAccess to AMBER
Goal P76, depending on progress of commissioning.Goal P76, depending on progress of commissioning.

•• Long termLong term
Applications, selection, operation of instrument (visitor or serApplications, selection, operation of instrument (visitor or service), vice), 
data release: will be the same as for data release: will be the same as for any otherany other VLT instrumentsVLT instruments



Early Scientific ResultsEarly Scientific Results

The Messenger, 114 (December 2003)



Science Goals of MIDI and Science Goals of MIDI and 
AMBERAMBER
MIDIMIDI
•• Dust Tori in nearby AGNDust Tori in nearby AGN
•• Inner disks around stars (lowInner disks around stars (low--mass YSO, intermediate mass YSO, Vegamass YSO, intermediate mass YSO, Vega--type)type)
•• Massive YSOMassive YSO
•• Dusty environment of Hot StarsDusty environment of Hot Stars
•• Cool LateCool Late--type starstype stars
•• Extrasolar planets and brown dwarfsExtrasolar planets and brown dwarfs

AMBERAMBER
•• Cosmology (distance scale)Cosmology (distance scale)
•• Galaxies and Galactic NucleiGalaxies and Galactic Nuclei
•• PMS and stellar parametersPMS and stellar parameters
•• Disks around lowDisks around low--mass and intermediate mass PMSmass and intermediate mass PMS
•• Outflows, stellar jets, HH objectsOutflows, stellar jets, HH objects
•• Young binaries and young stellar clustersYoung binaries and young stellar clusters
•• Brown DwarfsBrown Dwarfs
•• Extrasolar PlanetsExtrasolar Planets
•• Solar System bodiesSolar System bodies
•• AGB, PostAGB, Post--AGB, Mira starsAGB, Mira stars
•• Massive stars, Symbiotic stars, Hot Be B[e] starsMassive stars, Symbiotic stars, Hot Be B[e] stars
•• Stellar fundamental parameters, activity, magnetismStellar fundamental parameters, activity, magnetism



VLTI CommissioningVLTI Commissioning
~2 year effort to provide well-commissioned, user-friendly facility. 

VINCI test instrument, mostly with Siderostats, some UT time.



VLTI Publications IVLTI Publications I
1. First radius measurements of very low mass stars with the VLT1. First radius measurements of very low mass stars with the VLTI, I, 

SegransanSegransan et al., 2003, A&A, et al., 2003, A&A, 397397, L5, L5
ESO Press Release 22/02,29 November 2002. How Small are Small StESO Press Release 22/02,29 November 2002. How Small are Small Stars Really? VLT ars Really? VLT 
Interferometer Measures the Size of Interferometer Measures the Size of ProximaProxima Centauri and Other Nearby StarsCentauri and Other Nearby Stars

2. The diameters of Alpha Centauri A and B: a comparison of the 2. The diameters of Alpha Centauri A and B: a comparison of the 
asteroseismicasteroseismic and VLTI views, and VLTI views, KervellaKervella et al., 2003, A&A, et al., 2003, A&A, 404404, , 
10871087
ESO Press Release 05/03,15 March 2003. A Family Portrait of the ESO Press Release 05/03,15 March 2003. A Family Portrait of the Alpha Centauri System: VLT Alpha Centauri System: VLT 
Interferometer Studies the Nearest StarsInterferometer Studies the Nearest Stars

3. 3. InterferometryInterferometry and and asteroseismologyasteroseismology: The radius of : The radius of ττ CetCet, , PijpersPijpers
et al., 2003, A&A, et al., 2003, A&A, 406406, L15, L15

4. The spinning4. The spinning--top Be star top Be star AchernarAchernar from VLTIfrom VLTI--VINCI, VINCI, DomicianoDomiciano
de Souza et al., 2003, A&A, de Souza et al., 2003, A&A, 407407, L47, L47
ESO Press Release 14/03. Flattest Star Ever Seen, VLT InterferomESO Press Release 14/03. Flattest Star Ever Seen, VLT Interferometer Measurements of eter Measurements of AchernarAchernar
Challenge Stellar TheoryChallenge Stellar Theory

5. The 5. The interferometricinterferometric diameter and internal structure of Sirius A, diameter and internal structure of Sirius A, 
KervellaKervella et al., 2003, A&A, et al., 2003, A&A, 408408, 681 , 681 



VLTI Publications IIVLTI Publications II
6. Direct measurement of the size of the star 6. Direct measurement of the size of the star EtaEta CarinaeCarinae, Van , Van 

BoekelBoekel et al., 2003, A&A, et al., 2003, A&A, 410410, L37, L37 (astro(astro--ph/0310399)         ph/0310399)         
ESOESO Press Release 31/03, Biggest Star in Our Galaxy Sits   within aPress Release 31/03, Biggest Star in Our Galaxy Sits   within a RugbyRugby--Ball Ball 
Shaped Cocoon , VLT Interferometer Gives Insight Into the Shape Shaped Cocoon , VLT Interferometer Gives Insight Into the Shape of of EtaEta CarinaeCarinae

7. 7. JJ--K DENIS photometry of a VLTIK DENIS photometry of a VLTI--selected sample of bright selected sample of bright 
southern stars, southern stars, KimeswengerKimeswenger et al., 2004, A&A, et al., 2004, A&A, 413413, 1037, 1037

8. Tests of stellar model atmospheres by optical 8. Tests of stellar model atmospheres by optical interferometryinterferometry: : 
VLTI/VINCI limbVLTI/VINCI limb--darkening measurements of the M4 giant darkening measurements of the M4 giant ψψ
PhePhe, , WittkowskiWittkowski et al., 2004, A&A, et al., 2004, A&A, 413413, 711, 711

9. The diameter and evolutionary state of 9. The diameter and evolutionary state of ProcyonAProcyonA, , KervellaKervella et et 
al., 2004, A&A, al., 2004, A&A, 413413, 251 (astro, 251 (astro--ph/0309148) ph/0309148) 

10. Cepheid distances from infrared long10. Cepheid distances from infrared long--baseline baseline interferometryinterferometry
I. VINCI/VLTI observations of seven Galactic I. VINCI/VLTI observations of seven Galactic CepheidsCepheids, , 
KervellaKervella et al, 2004, A&A, in press (astroet al, 2004, A&A, in press (astro--ph/0311525)ph/0311525)



VLTI Publications IIIVLTI Publications III

11. Introduction to VINCI/VLTI 11. Introduction to VINCI/VLTI interferometricinterferometric data analysis, data analysis, 
KervellaKervella et al., 2004, A&A, submittedet al., 2004, A&A, submitted

12. 12. InterferometricInterferometric observations of the Mira star observations of the Mira star οο CetiCeti with the with the 
VLT/VINCI instrument in the near IR, Woodruff et al., 2004, VLT/VINCI instrument in the near IR, Woodruff et al., 2004, 
A&A, submittedA&A, submitted

13. Dust in the nucleus of the active galaxy NGC1068: structure 13. Dust in the nucleus of the active galaxy NGC1068: structure 
and composition on parsec scales, Jaffe et al., 2004, Nature, and composition on parsec scales, Jaffe et al., 2004, Nature, 6 6 
May 2004May 2004
ESO Press Release 17/03. A First Look at the Doughnut Around a GESO Press Release 17/03. A First Look at the Doughnut Around a Giant Black iant Black 
Hole Hole -- First detection by infrared First detection by infrared interferometryinterferometry of an extragalactic objectof an extragalactic object

14. Mid14. Mid--IR IR interferometryinterferometry of the Mira variable RR of the Mira variable RR ScoSco with the with the 
VLTI/MIDI instrument, VLTI/MIDI instrument, OhnakaOhnaka et al., 2004, A&A, submittedet al., 2004, A&A, submitted

15. Mid15. Mid--IR sizes of IR sizes of circumstellarcircumstellar disks around disks around HerbigHerbig AeBeAeBe stars stars 
measured with MIDI on the VLTI, measured with MIDI on the VLTI, LeinertLeinert et al., 2004, A&A, et al., 2004, A&A, 
submittedsubmitted



VLTI Publications IVVLTI Publications IV

16. The angular size of the Cepheid l Car: a 16. The angular size of the Cepheid l Car: a 
comparison of the comparison of the interferometricinterferometric and surface and surface 
brightness techniques, brightness techniques, KervellaKervella et al., 2004, et al., 2004, ApJApJ, , 
submitted (astrosubmitted (astro--ph/0402244)ph/0402244)

17. VLTI NIR 17. VLTI NIR interferometricinterferometric observations of Vegaobservations of Vega--
like stars,     like stars,     DiDi FolcoFolco et al., 2004, A&A, submitted et al., 2004, A&A, submitted 

18. VLTI/VINCI Observations of the nucleus of NGC 18. VLTI/VINCI Observations of the nucleus of NGC 
1068 using the adaptive optics system MACAO, 1068 using the adaptive optics system MACAO, 
WittkowskiWittkowski et al., 2004, A&A, submitted et al., 2004, A&A, submitted 

19. Direct observations of the building blocks of 19. Direct observations of the building blocks of 
planets in the terrestrial region of protoplanets in the terrestrial region of proto--planetary planetary 
disks R. van Boekel et al., 2004, Nature, submitteddisks R. van Boekel et al., 2004, Nature, submitted



Fundamental parameters Fundamental parameters 
of cool dwarfsof cool dwarfs

Very few diameters of late-type MS stars available 

Made possible by high-accuracy of VLTI/VINCI (partially resolved)



LimbLimb--DarkeningDarkening
Very difficult measurement, but of great importance for stellar 

atmospheric models. Needs measurements close to the visibility null.



Flattening in fast rotatorsFlattening in fast rotators

Fit of an ellipse over the observed V2 points translated to 
equivalent uniform disc angular diameters. Magenta points are 
for the 66m baseline and green points are for the 140m baseline.
The fitted ellipse results in major axis 2a=2.53±0.06 milliarcsec, 
minor axis 2b=1.62±0.01 milliarcsec, and minor-axis orientation 
α0=39±1° (from North to East). The points distribution reveals an 
extremely oblate shape with a ratio 2a/2b = 1.56±0.05. From 
Domiciano de Souza et al. (2003).



Eta CarinaeEta Carinae

Zoom into the η Carinae nebula. 
Top left: WFPC2 image (Morse et 
al. 1998). Top right: NACO 
observations at 2 µm. Center left : 
VINCI data reveal an object with 
size 5 mas. This is not the 
photosphere of the star, but the 
radius at which the stellar wind 
becomes opaque. Bottom left: 
VINCI data, converted to an 
effective diameter, plotted against 
the position angle of the baseline. 
Bottom right: the diameter change 
with position angle implies that the 
object is elongated; the orientation 
is the same as that of the large-
scale nebula shown in the top left 
panel.  Courtesy R. Van Boekel.



NGC 1068NGC 1068



NGC 1068NGC 1068



The VLTI Science GroupThe VLTI Science Group

Lots of people have contributed to the VLTI, too many 
to mention!

Some current or recent SG members:

Pascal Ballester, Emanuel Di Folco, Emanuel Galliano, 
Andreas Glindemann, Christian Hummel, Pierre Kervella, 
Sebastien Morel, Francesco Paresce, Isabelle Percheron, 

Fredrik Rantakyrö, Andrea Richichi, Markus Schöller, Martin 
Vannier, Markus Wittkowski



Fringes on the Fringes on the 
WEBWEB

ESO VLTI:

http://www.hq.eso.org/projects/vlti/

AMBER and MIDI:
http://www.obs-nice.fr/amber/

http://www.mpia-hd.mpg.de/MIDI/

Visitors and 
Students welcome!
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