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List of topics

@

@ A few notions about interferometry

@ What interferometers look like, and where they are
@ A tour of the VLTI

@ What is an interferometer good for? Some science with the VLTI

@
o

9 - L
@ Future developments i ok
@ VLTI Data and Analysis s
-!

@ Where are the data? /

@ How to get your own data = s



Michelson Stellar Interferometer

Stellar source with angular size a,

Add fringe patterns (i.e.
intensities) between + /2

Resulting fringe pattern shows
reduced contrast.

Reduced contrast depends on B
—andona,.




Interferometry at work

Objects Single Telescope Interf. Fringes
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VLTI Scheme

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

Zenith \ 0
The optical path difference K I - S
must be continuously ' A :

compensated by the delay "ok Nesmyh Focus Cot ol sy focus

lines. Beam Combination Lab

Coudé Focus / Coudeé Focus

Atmospheric turbulence
causes rapid fringe motion
which must be “frozen” by a
so-called fringe tracker. Cats Eye Retro Reflecor

— Optical delay
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The “Paranal Express”

correct sidereal
path difference

six delay lines

combine all UT
baselines

combine almost
all AT baselines

laser metrology

ESO PR Photo 10j/01 (18 March 2001) © European Southern Observatory s



VLTI Laboratory
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FINITO

@ On-axis fringe tracker
@ H-band, three beams, H = 11

@ First Fringes at Paranal in July 2003
— Problem: extreme flux fluctuations
— open loop only

@ Problems understood by 2005, fixing in
progress
— 400nm rms residual OPD on UTs |
— 100nm on ATs
— goal: offered from 2007
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Interferometric
Science Highlights

#AGNs (dust tori)

#Hot stars; massive stars; star formation
#Evolved stars; dust in giants; AGBs
#Stellar pulsation

#Binary stars

#MS stars and fundamental parameters

#Search for exoplanets (direct detection)
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NGC 1068

Incoherent combination

10 mas

68, (NOAO/AURA/NSF). Centreg#fon-interferometric acquisition image of NGC 1068
es on arcsec scales. Also shgifh are the position of the spectroscopic slit used in the
oward top left) and East g#ward bottom left) on the sky. The projected baseline was
'tion was 26.3 mas at J#micron wavelength. Right: sketch of the dust structure in the
observations. It coptains a central hot component (T > 800 K, yellow) which is signif-
I-larger well-reg#fved warm component (T=330 K, red) of diameter 33+5 mas, corre-
fe et al (2004

2 Tel coherent combination



Radial velocity data Angular diameter
(spectroscopy) (interferometry)
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Lane et al. 2000
irst detection
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phase in the variation cycle
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Potential distance uncert. 11/545pc

¢ SUSI Observations
5 VLTI Observations
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Wind and disk interaction in the
Herbig Be star MWC 297

HAeBe: intermediate mass pre main sequence star
Original list 1960 of G.Herbig

Strong emission line spectrum
Surrounded by circumstellar material
Early-type Herbig Be star

Drew et al, 1997: ’.
— D=250 pc £ 50

- B1.5 ZAMS

— 10 Msun, 6.12Rsun, Teff=23700K

— Av = 8mag

AMBER 2T observations

MWC297 DSS
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Fig. 1. Left: spectral dependence of the MWC 297 visibilities. Right: comparison
of Brvy observed with AMBER (full line) and ISAAC (dotted line). The dashed line
corresponds to the ISAAC spectrum convolved at the AMBER spectral resolution.

F. Malbet







Spectral energy distribution

wFi(erg s—-1 cm-2
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Table 3. The best-fit accretion disk model parameter
taneous fitting of SED and visibilities.

Accretion rate (M,..) 0-1x10"" M,

Inner radius (Ri) 0.5+ 0.1 AU
Outer radius (Ryy) 55 +5AU
Inclination (1) 15+ 5°

Position angle (6) 56 £ 7°

Table 4. The best-fit model parameters for the outflowing wind model.
Most parameters are self-explanatory (see Appendix A for details)
. Cy 1s the ratio between the polar and equatorial mass flux: m; is
the exponent of the mass flux law as function of latitude: m; is the
exponent of the latitude dependent terminal velocity law.

Photospheric density 1+0.5% 100 cm >

Equatorial rotational velocity ~ 400 + 50kms™!

Polar terminal velocity 600 + 50 kms™!
Terminal velocity above disk 70 +20km s~

Polar mass flux 32+£02x107° M, yr!
Cy 0.25 +0.05

m 30+10

my 10£2

Inclination angle (7) 25+ 5°




——— Continuum

Star :

B1.5IVe 23700K
6Ro 10Mo
Rotational velocity = 400kmv/s

Equatorial region (disc/wind interface):
Terminal velocity 3 70km/s
Mass flux = 0.8 10 ~ Mo/year

Stellar Wind :

Mass loss - 3 10'8Mo/year

Polar region :
Terminal velocity = 600km/s
Mass flux =3 108Mo/year

MWC297 model

(slice through an edge-on view)

Accretion disc

Linperradius =16 R, |
— Outer radius = 50 AU
Opening angle = 5°
Accretion rate : 2 10 Molyear

Br¥ emission;

Innerradius =8 R«
Quter radius = 50 R«
Maximum of emission = 27 R,




AMBER interferometry of Eta Carinae

- Visibilities, differential phases, closure phases
- Medium spectral resolution 1500: baseline lengths 43'm, 58um, 89 m;
- High spectral resolution 10 000: baseline lengths 29, 61, 67 m




The close environment of the Luminous Blue
Variable ny Carinae

VINCI/NACO ..
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medium spectral esolution 1500

1 1 1 1 1 1 1
UT2-UT3 - PBL 43m - PA 35°
UT3-UT4 - PBL 58m - PA 94°
UT2-UT4 - PBL 89m - PA 69°

Spectrum

Br Gamma
2.16 ym
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Flux, normalized to continuum
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R. Petrov
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medium spectral resolution1500
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medium spectral resolution1500
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Br Gamma, He |

K continuum

Polar axis of optically thick wind:
Axis ratio approx. 1:1.2

diameter 5 mas/7mas in
continuum/Br Gamma, He |

Summary: VINCI interferometry revealed that n Car's
optically thick, non-spherical wind region has a size of
~ 5 mas (axis ratio 1.2, PA 130°) (van Boekel et al.
2003). This non-spherical wind can be explained by
models for line-driven winds from luminous hot stars
rotating near their critical speed (Owocki et al. 1996,
Dwarkadas & Owocki 2002, von Zeipel 1924). The
models predict a higher wind speed and density along
the polar axis than in the equatorial plane.

AMBER observations of Eta Car (K continuum, He |
2.06 ym, Br Gamma 2.16 pm emission lines) allowed
the study of Eta Car's aspheric wind with high spatial
and high spectral resolution. Future goals:

- Study of the wavelength dependence the optically
thick aspheric wind and comparison of the observations
with the predictions of the Hillier model (non-LTE line
blanketing code of Hillier & Miller 1998).

- Is the 5.5 yr periodicity of spectroscopic events
caused by a companion or can it be explained by
periodic shell eruptions?



Kinematics of the disk
around the Be star a Arae

Stellar parameters

o Ara

B3Vne
my=2.8
my=3.8

Teff = 18000 K
R.=4.8R,
M:.=9.6 M,

Vsini = 220-300 km/s
Distance : 74 pc
Polarization : 172°

Courtesy Ph. Stee 2005



Schematic view of the a Arae circumstellar environment

Polar terminal velocity :
2000km/s

Variation between 1999 and 2003 :
18% of the radius
or 25% of the density

Stellar rotational velocity :
300km/s

Binarity :
70 days period 2
unseen companion

AMBER SDT observations
A of the inner disk (2005)




Differential Visibility
S alfa_ara.2005-02-25T09:27:39.957_VISmulti3_calibratedV fits.gz
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Differential phase and error per exposure
(Med. Res., 105 s)
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Differential phase for three successive exposures
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Miras & LPVs

Luminosities. ~ 104 L3
T <3000 K

“Chemical” classificati %
M, and S stars \\

var lll(’

Dust formation luminosity W, A Pulsation

MaSS IOSS rates UP to Shock waves
Mass loss
Ma/yr

Final outflow velocities
km/s

( hemlstr\

* dust formation

déys

. Cortelatiof betweéh\
“=gl "II and varlablllty |




R Leo, Apr. 2001
UuD ---
P2 —

32 34 36

Spatial frequency B/X (1/arcsec)

2001-10-22
2001-10-23
model P21n
model D22

model M22
model UD
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Red Giant Star
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3-20um, 4 beams 1-2.5um, 4-6 beams K-band, 4x2 beams

VLTI FoV : 2”




How to obtain and use
VLTI data

#Public Archive (VINCI~20000 OBs, SDT, MIDI,
AMBER): register as an Archive user

#\Write your own proposal
#VINCI: pipeline

#MIDI: MIA/EWS software (IDL)
#AMBER: Ammyorick, Reflex



Conclusions

“www.esb.org/viti




