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Observability
(and (u,v) coverage)

Euro Summer School
Astrometry and Imaging with the Very Large

Telescope Interferometer
June 1 - June 14

Florentin MILLOUR

(Max-Planck Institut fur Radioastronomie)
fmillour@mpifr-bonn.mpg.de

based on the presentation of D. Segransan
at the Goutelas Summer school (2006)
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Observability

- Single dish telescopes:

Constraints are HA and Fz

=> one needs LST, RA and DEC

Observing|efficiency is highj(large (u,v) coverage, low overheads)
Example: NACO imaging ~1-2 hrs

- Interferometers:
Constraints are HA, Fz and (u,v)

=> one needs LST, RA, DEC and Bvect
+ Hardware constraints : DL range, Dome vignetting

Observing[efficiency is low](poor (u,v) coverage, high overheads)
: Example: AMBER moderate UV coverage ~ 1-2 nights

=> A good Observation Preparation Software is required
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S0, why is interferometry so
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« Full circle = VLT today.
(NACO ~ 1-2 hours)

.+ Dashed circle = E-ELT (42m).

(??7 hrs, available in ??? yrs)

| = Dotted circle = OWL (100m).

(will never exist)

|« Colour points = AMBER today.

(1.5 night, with short baselines)
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“Google”

Image ¢ 2006 DugitalGlohe




What is (u,v) plane ?
i( ) ) ourier rims orm
i(()()) I(u,v)el(x,y)

V(u,v)=

B :(A X, AY,6 A Z) is the projected baseline vector

(LI ) V)Z%(A X, A Y) are the spatial frequencies

Spatial frequencies:

e unitless (radians?)

« represent distances in the wavefront in wavelength units
g e (u,v) are conjugated to (x,y)
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(u,v) plane and

single dish telescope

Object observed at the

Special Astronomical Observatory (Zelentchouk)
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glmage :
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I(x,y)=O*PSF 'V(u,v)|, d(u,v) & cut-off frequency at D/A
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(u,v) plane with an
interferometer: 2T snapshot

A +5.: 2T
(u,v) plane is poorly | !
sampled. A . ]
= |
A lot of the object's & I N )

Information is
missing due to the

(u,v) gaps.
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T — 03/06/2008 : Keszthely, F. Millour, Observability and (u,v) plane coverage, 8

Spatial frequency (m




How to fill the (u,v) gaps ?

» "cheap" way:

- Earth rotation - Time consuming
(supersynthesis)

- Wavelength range—— - Lower sensitivity

- "expensive" way:
- Increase Nr of

> - Expensive

telescopes
- Basellfr)e i —» - Time consuming
% reconfiguration & expensive
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(u,v) plane filling with more
telescopes

« A 2 telescopes interferometer gives access to 1 (u,v) point per
measurement.

« A 3 telescopes interferometer gives access to 3 (u,v) points
per measurement.

« A N telescopes interferometer gives access to N(N-1)/2 (u,Vv)
points per measurements

=> We have access to high spatial frequencies but ...

A
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A lot of gaps remain in the (u,v) plane



(u,v) plane filling with more

telescones: 2T
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(u,v) plane filling with more
telescones: 3T

Photo: Gerhard Hudepohl
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(u,v) plane filling with more
telescones: 4T

Photo: Gerhard Hudepohl
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(u,v) plane filling with more
telescones: 8T (4AT & 4UT)

Photo: Gerhard Hudepohl
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OPD

B sin 6 can be very large if:

« Staris far from zenith
« Baseline is large

e Baseline is oriented East-West

- >
B sin 0
>
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(u,v) plane filling with the earth
rotation (supersynthesis)

 (u,v) plane sampling depends on:

- hour angle h
- source declination 9

- baseline vector (X,Y,Z)

ul q sin(h) cos(h) 0 X
2y —sin(s)cos(h) sin(d)cos(h) cos(§)||Y
w cos(s)cos(h) —cos(s6)sin(h) sin(s)[\Z
« Eliminating h from the equation above gives an ellipse equation:
2
Z
) V—TCOS(é) XP+Y?
u + , =
sin(¢) AZ
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Supersynthesis (2T)
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Supersynthesis (2T)
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Supersynthesis (2T)
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Supersynthesis (2T)
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Supersynthesis (2T)
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Supersynthesis (3T)
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Supersynthesis (4T)
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Supersynthesis (8T)

Photo: Gerhard Hudepohl
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(u,v) plane filling with
spectral coverage
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Supersynthesis
+ snectral coverage (2T)

Photo: Gerhard Hudepohl
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Supersynthesis
+ snectral coverage (3T)

Photo: Gerhard Hudepohl
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Supersynthesis
+ spectral coverage (4T)

Photo: Gerhard Hudepohl
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Supersynthesis
+ snectral coverage (8T)

Photo: Gerhard Hudepohl
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Supersynthesis
+ snectral coverage (8T)
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Supersynthesis
+ snectral coverage (8T)
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What is an appropriate UV-plane

Max-Planck-Institut

sampling?

Well, it depends ...

« on the object you are observing,

angular size of the source,
simple vs. complex source,
model fitting vs. image reconstruction,

on the instrument you are using,
accuracy on visibilities,

spectral resolution,

number of telescopes,

on your own scientific goal.
simple model fitting,
“advanced” model fitting,
Imaging,

l.e. it depends on everything which is

important for an observation
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Is your UV plane
sultable for i lmagmg
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Is your UV plane
sultable for imaging ?
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Is your UV plane
suitable for imaging ?
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100 -

-100 -

HD87643

U(m)

Max-Planck-Institut

Example (1)

Binary star ? + Enveloppe ?
1+ N telescopes = 3
|+ accuracy on

V2 >1%

'+ moderate UV coverage

(1.5 night !)

|+ use of spectral resolution

to improve UV coverage

HD87643, Millour et al. in prep, 2008(97?)
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Example (1)

1.0 —— — | - |
i | Binary star + enveloppe
[ |« N telescopes = 3
i 1+ accuracy on
| | V2> 1%

Y o5 |+ moderate UV coverage

[ |« use of spectral
: - resolution to improve UV
\ coverage

o.oo 50 o0 s

Spatial Freouencv (cvcles/arc-second) |
HD87643, Millour et al. in prep, 2008(97?)
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Example (1)

1.0 1 1 1 T 1 T
i | Binary star + enveloppe
[ |« N telescopes = 3
i 1+ accuracy on
i ] V2 >1%

m>0_5'_ |+ moderate UV coverage
i |« use of spectral
resolution to improve UV

\ ' coverage

OOJ' |/ l ,‘ [ L l
0 50 100 150

E Soatial Freauencv (cvcles/arc-second)

HD87643, Millour et al. in prep, 2008(97?)
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Example (2)

Binary star observation with IOTA

Cra- B2 003 02002005

i | '_"-__\_ _"II"I'.-I-.;_H. [ J 2> 0
; (I’ (I ﬁl{LIH _|_I accuracy on V= > 1%

T

* limited UV coverage

uma feay]

tisvel [Emy] limg [iderg]

Elee T WA U0 P calosrems el o

% Segransan 2006 (Goutelas)
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Example (2)

Cra- B2 003 02002005

L—L‘L”-'*%IﬁT

'
-

uma feay]

tisvel [Emy] limg [iderg]

Elee T WA U0 P calosrems el o

% Segransan 2006 (Goutelas)

Binary star observation with IOTA
e accuracy on V? > 1%
* limited UV coverage

* but ... binary observed at different
orbital phases

» and ... radial velocities

8 %
e &
&
&
58 %
P
T
s @
” &
e o e
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Example (3)

Very poor
(u,v) coverage
(1 snapshot),
but ...

Normalized spectrum

2.05 2,
Wavelenath (um)

T 7] Sspectral
9.’ coverage and
& L varying flux
2. E ratio makes it
£ g working !

L

210 215 2.00 210 216

Wa\%ai.inuth {um) Wa&ai.inath {um)
@ v2 Vel, Millour et al. 2007
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Example (4)

Wisibility

0,8
0,6
04

02

I Radius measurement with

— X3500/min -
~ woms - JOTA/FLUOR

- Tnfom disk | « N telescope = 2 (at that
1 time)
e accuracy on V2 << 1%

] « poor UV coverage
1 but...

“wwi  afew points at the

0w » % # % « » & rightplace do the job
Spatial frequency (cycles/arcsed)

R Leo, Perrin et al. 1999
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What is an appropriate (U,V)-
plane sampling?

There is no simple answer!

This is why ASPRO
was created

U A B S

ASPRO _

z T
Classicg %"‘L

"
.
i .

-

. ,.;-". : Koplweh, Schmerzen, Ficker

und grippalen Imfckten
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How to launch ASPRO
(on the web)
e Start your favourite browser

U e el Seof Rl 1 Mol S Nodf ot il

Java applicatio

03/03/2007: Tl

been issuid

available config
pages of the Cf

proposals

Data processing

‘flr\.ll’lﬂll A . e ) . e e —— -
/ Eor mogp infn

=
Applet lacg.jmmec.appLauncher.Launcherfpplet...
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How to launch ASPRO
(on the web, continued...)

[_] Start application usin

ade on mariotti.fr

. . Choose... |
informations

" JAVA XMLBased GUI

AMEER, Periods 79-80
MIDI, Perinds 79-80
Full Aspro Interface
Abort

Help

Applet laog.jmmec.applauncher.Launcherdppl... %

| Bar

Exl

Here you are !

JZ

| Help || Log |

A

Max-Planck-Institut

fiir Radipastronomie
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ASPRO tips and tricks

e Check out the command line !

« Do not hesitate to restart ASPRO In case
of doubt

« ASPRO modules communicate with files,
so check the file names in case of
problem

« ASPRO does NOT normalize visibilities, so
the sum of fluxes you enter MUST be 1

Max-Planck-Institut
fiir Radioastronomie
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How to launch ASPRO
(local installation)

[
=

Session Edit View Bookmarks Settings Help X

[student@webserver ~1$ asprofj
Choose,., Help

== [ Shell

“FULL ASPRO INTERFACE”

Here you are !
X

EXIT ASPEO WHEN WHERE WHAT OBSERMAEILITY/COMERAGE  MODELAFIT OTHER  Help
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