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The beginnings of optical

Interferometr

O Interferometric Astronomy is founded on the principles of
interference of light waves.

Christaan Huygens Thomas Young Armand Fizeau Albert Abraham Michelson
(1629-1695) (1773-1829) (1819-1896) (1852-1931)
O Describe the nature of B  Describe the O Suggested by firsttime the B  |nvented the concept

light in terms of waves interference of light XZ?rg:‘L"r:ilﬁemme"y in of visibility



Young's experiment

O All the physical opfics fo understand astronomical interferometry are
based on the quantitative examination of Young's fringes.
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The fringes’ properties

The visibility is the normalized
fringe contrast
Angular resolution: 6=A1/B
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Van Cittert-Zernike Theorem:
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Optical/IR vs Radio Interferometry

O Optical wavelengths are significantly
@ shorter than radio wavelengths
Baseline ( 1041 07)
v
Correlator/Path O More important atmospheric effects
line delay at optical wavelengths.
O Visibilities are complex quantities O The properties of the received

radiation are very different between

O They have AMPLITUDE and PHASE RADIO and OPTICAL/IR wavelengths.



The atmospheric effect

* * O The atmosphere introduces temporal and spatial
Source anomalies in the wave-front

Plane wave-fronts O Fried’s parameter: The circular aperture size over

\L which the mean wave-front erroris 1 rad?. ry= A ¢/°.

Large telescopes requires Adaptive Optics to
achieve diffraction-limited resolution.

Atmosphere

|

Distorted wave-fronts

¢

O Coherence time: Time over which the mean wave-
front error changes by 1 rad?. ty= A ¢/°

Telescope D<r,
Wavelength 1.3cm 22 um
Coherence time 15 minutes 20 milliseconds D>rO
Fried's parameter 15 km Im

O=A/r,




The quantum effect

O Ocupation number : The average mean energy by the energy of a
photon 1

1/
.

ekt — 1
O Radio: (1cm), T=2.7 K, <n>=1.4

(2cm), T=5000 K, <n>=7000
O Optical: (0.5 um), T=5000 K, <n>=0.003

(2cm), T=1500 K, <n>=0.008

O n>>1, rms =n O S/N=VZ*N

O n<<1, rms =sqri(n) O S/N<<I]



Interferometric Observables

O Inradio interferometry the observables
are the amplitude of the visibility (V) and

the phase.

O In opfical/IR interferometry we use the
modulus of the visibility (V2) and the

closure phases.

4

ol Z=eli2: )

B(3-1) = D,(3-1) + [6(1)-6(3)]

O Closure phases: Product of three
visibilities produced by a closed triangle

of baselines.
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Calibration and Imaging

O Interwoven observations of Calibrator and target

are required_ CALIBRATED V? — IRS 1W
1.0[™ T T T T
H . . . . . 0.8 [ B
O Calibrators should be point-like sources with similar [ ]
magnitudes and spectral types as the targets 0.6 ]
E S ]
0.4 N -
O Calibrators at few deg. from targets [ g
0.2 o .
. :J L g £ 1 1
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To keep In mind

Optical/IR interferometry is different from radio
interferometry.

In Optical/IR interferometry the atmosphere plays
an important role in the detection of the
Interferometric fringes.

In Optical/IR interferometry we do not measure the
amplitude and the phase of the coherence
function directly.

The interferometric observables in Optical/IR
interferometry are the V2 and the closure phases.

Closure phases allow us to test whether a source
has point-like symmetry.
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The Very Large Telescope

Inferferometer

Unit Telescopes

"\ Cross Track |
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VLTI Stations

4 Unit telescopes of 8 m

4 Auxiliary telescopes of 1.8 m
Maximum baseline: 140 m
Minimum baseline: 11 m
Instruments at NIR: AMBER, PIONIER

Instruments at MIR: MIDI



VLIl UTs u-v coverage

T This is the uv-plane:
u
O
O
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[ Q Note: This is the uv-plane for an object at zenith.

In general, the projected baselines have to be used.



VLIl UTs u-v coverage




AMBER — Astronomical Multi-Beam

combineRr

O Combine 3UT'sor AT's.

O Worksin J, H, Ks filters.

O Resolution =2 -50 mas with UT's (=2 -140
mas with AT’s)

O Sensitivity to observe sources with
magnitudes H=7 and H=5 with the UT’s
and AT’s.

O Worksin combination with MACAO

O Three resolution modes:

Mode Spectral Resolution

LR-HK 35
MR-K 1500
HR-K 12000
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PIONIER

Visitor instrument (October 2010)

Developed by the Institut
d’'Astrophysique de Grenoble

Developed to study different
evolutionary stages of planet-
forming environments.

Similar baselines to AMBER

Two filters H and K. NO SPECTRAL
INFORMATION!

Limit sensitivity: H=7.5

Proposals through collaboration
with the instrument PI.

1.0

VIS2DATA
o
wi

0.0

150
100

T3PHI (deg)
1 1

55 h  w
o o o o o

1
~N
[=1
o

(M)
~
>

VCOORD_SPATIAL
' ' '
S

Made by OfFitsExplorer/IMMC

=50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45 50
UCOORD_SPATIAL (M)
.
0
|
. |
™ n
- o
| "an
Wade by OFfsExplorer MMT
]
e
- Made by OIFitsExplorer/JMMC
0 5 10 15 20 25 30 35 40 45 50 55 60 65

SPATIAL FREO (MX)




MIDI-MID-Infrared Interferometric

INnstrument

7 A
6 ‘AA“
5 e
O Combine 2 telescopes ;
O No closure phase information g,
<
O Noimaging can be performed. %;
0
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Scientific Cases

|Binary and multiple stars 16.8%)|

c4B[e] sars T 670]
C — T
Ccephel varla A%

[Dust shells of Tate type‘s@rs 1.9%

|Asterolds 0.2 %|

[Owarf stars 6.2 % AGB and Post-AGE stars 2 .9% |
\/ |Active Galactic Nuclel 2.4 %]
k
Young massive stars 1.7 %
[Exoplanets 5 1% olf-Rayet stars 1.2 %
[?xaomodlacal Dust 0.4% T Taurl Stars, FU Orlonis stars 4.6%]|

N\

|Glant stars 5.7 %

Superglants 7.2 %]

oy o
[Herblg Ae/Be stars 6.7 %] nts@mrs 1.2 %

LL [ ®
Low-mass stars O '.'»°w’nl 0 ol=s r raebers —




Scilentific Cases

Multiplicity in the Orion Trapezium

(Preibisch et al. 1999, Schertl et al. 2003;
Weigelt et al. 1999; Kraus et al. 2009)
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Scientific Cases

BSMEM Reconstructed Imaoge of HD150136
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cientific Cases

BSMEM Reconstructed Image of HD150136
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Scilentific Cases
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Scientific Cases

Image space (Intensity distribution)
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Scientific Cases
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Call for proposals

AMBER MIDI PIONIER
O Strong scientific cases needed
AT/ UT 66% / 33% 40% /1 60% | 90%110%
O Two call for proposals per year
(Morch' Sepfember) small quadruplet 26% 20% 15%
medium quadruplet 37% 40% 25%
O Keep in mind technical strengths large quadruplet 3% % o
and limitations (uv-coverage, AU
sensitivity, efc) ( 9 service / visitor | 12% /88% 35%/165% | 0% /100%

O Similar pressure factor for UT's and
AT’s

" .
o

O Model of the visibilities always o

useful
100

3

number of nights requested

8 8 8 88 % 92 o4

S



The future

GRAVITY:
O VLTI has been continuously O Wilreplace AMBER,
improved in the decade O 4 telescopes combined

O Planet formation, circumstellar disks,

H *
O Second generation of instruments Intermediate mass black holes, Sgr A* flares

(GRAVITY and MATISSE) coming

soon MATISSE:

Will replace MIDI

4 telescopes combined

Imaging allowed!

L and M bands also offered

Evolution of planetary systems, birth of massive
stars, environment around evolved stars

O Pipelines Instrument Action

O Adaptive optics on Ats (NAOMI)

O Better sensitivity and spectral
resolution

AMBER Stays until 2016
PIONIER Pending...

MIDI Removed in P94
GRAVITY Ready in 2015
MATISSE Readyin 2014




To keep In mind

VLTI has the best angular resolution in Europe

Three different instruments: 2 in the NIR and 1 in the MIR H
PN ‘ ,';')
. . \“7," /
New instruments coming soon -
_\4:/':‘ ; \~'
epe o . Wl "
Improvements of sensitivity and u-v coverage = NN ) ==
o
. . . - &
Pipelines and software still need improvements P l @
y

Useful facility to study stellar astrophysics and AGNs .
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