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* What distinguishes VLBI from other kinds of interferometry?
* Why useVLBI?

* How, where, when and who can use VLBI?
— stages of a VLBI observing project, from idea to publication
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What distinguishes VLBI?

* Very long baseline interferometry uses the exact same principles as
connected interferometers such as the EVLA and ATNF.

* Primary difference: all antennas are not at the same
physical site.

— variety of local atmospheric and radio interference conditions
— different source rise/set times

— antennas and associated electronics are not always identical

— signals not typically correlated in real time, but time stamped with

atomic clock signals (exception: e-VLBI)
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Angular resolution:
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milliarcs B -
OrpRw = U.24 Ao (—861'2""11‘[“) milliarcsec

R ETES 9 500 8 612 10 000 300 000

B 10 BE2 100 3000

* 0.z corresponds to half power width of the Gaussian restoring beam.

* Positional accuracy of discrete features can be a small fraction of the
restoring beam width for high signal to noise ratios

* Using astrometric techniques, centroid positional accuracies of ~ 10 pas
can be achieved.

10 puas -2 apparent width of an astronaut’s finger seen on the moon
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Why use VLBI?

|.  Ultrahigh angular resolution (sub-milliarcsecond scale).

2. Precise (microarcsecond scale) positional accuracy for astrometry.

Vel._,
km s
a3
a5
a7
a9
101
103
105
107
108
111.8

71207

DECL NATION (L2000)
—7*1Z20.8

114.3

Extragalactic Jets in
the Fermi Gamma-Ray Sky as
Seen by the MOJAVE VLBA Program
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| million factor zoom-in views of - Maser proper motions in HlI
ray-loud AGNs (MOJAVE program) region G24 (L. Moscadelli)
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What kinds of science use VLBI?

Any sufficiently compact radio source
can be studied with VLBI

* Astrometry related:
— geodesy and geophysics
— direct distances to asteroids,
planets, stars, masers, pulsars

842y OON

— black hole masses

— Milky Way structure
— exoplanet searches
— tests of gen. relativity
— spacecraft navigation

ance aong Major Ai (mes) 1 0,000 Iy

Image: credit: L. Greephill
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What kinds of science use VLBI?

* Astrometry related: el e
| g,
— geodesy and geophysics g , L N
. . . = 19°3205.715" | e e s _
— direct distances to asteroids, ¢ | v e
Planets’ Stars’ masers’ PUIsarS g 05.712"}  Parallax and Proper Motion of T Tau Sb 'g"eﬁ:m po;::.on ]
| Best 1it expe: on
— black hole masses i ‘ . .
4h21m59 42558 59.4250s 59.42456s
— M||k), Wa), structure Right Ascension (J2000)

— exoplanet searches
P Parallax and proper motion of the star T Tau

Sb, yielding a distance of 146.7 + 0.6 pc,
two orders of magnitude better than the
Hipparcos value (Loinard et al. 2007)

— tests of gen. relativity

— spacecraft navigation
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What kinds of science use VLBI?

* Astrometry related: L e e e —
. © Cassini__
geodesy and geophysics 5 =
— direct distances to asteroids, s o reb 1L ]
= o _,.--'/Soturn
planets, stars, masers, pulsars 2
o O _
— black hole masses 3 2 arcrin
. O o
— Milky Way structure o Sen opa ]
— exoplanet searches IR

Right Ascension (Hr)

Figure 2. The Source Configuration for the February 2009 Aberration Experiment:

— tests of gen. relativity

— spacecraft navigation
Fomalont et al. ArXiv:0912.3421
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What kinds of science use VLBI?

* Imaging related:
— masers
— supernovae
— x-ray binaries
— active galactic nuclei
— galactic center
— gamma-ray bursters
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What kinds of science use VLBI?

* Imaging related:
— masers
— supernovae
— X-ray binaries
— active galactic nuclei
— galactic center

— gamma-ray bursters

SN 1993] expansion (M. Bietenholz et al.)
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What kinds of science use VLBI?

* Imaging related:

%{%1,&5
pa — masers
— supernovae
Amy Mioduszewski — x-ray binaries
Michael Rupen — active galactic nuclei
@ y Craig Walker — galactic center

T Y O N S N S S S E e e e e P e e T T e I T

SS 433 Twin Jets: (A. Mioduszewksi et al.)
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What kinds of science use VLBI?

* Imaging related:
— masers

M
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— supernovae
— Xx-ray binaries
— active galactic nuclei

mon

— galactic center

— gamma-ray bursters

| e

MILLIARC SEC

Inner 2 pc of M87 AGN jet (C.Walker et
al.)
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VLBI images of supernovae in the nuclei of the galaxy Arp 220
(Lonsdale et al. 2007)
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What VLBI arrays can | use?

The Very Long Baseline Array (VLBA)
— ten identical 25m antennas
— 0.3-86 GHz

— maximum baseline ~8,600 km

* Advantages:
— full time dedicated VLBI array
— identical antennas & full polarization capability

science.nrao.edu/viba

* Disadvantages:

— only ten antennas (sub-optimal u,v coverage for equatorial and low
declination sources)

— no ‘large’ antenna element for fringe detection of weak sources

‘ g " ‘ New Mexico _
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* The European VLBI Network
(EVN) & Global mm VLBI Array
(GMVA)

* collection of |18+ different antennas
* 0.3-86 GHz

*  maximum baseline ~8,000 km

* Advantages:
— high sensitivity
— good u,v coverage
— e-VLBI capability

www.evibi.org

* Disadvantages:
— heterogeneous set of antennas,
— non-continuous operation (2 to 3 sessions/yr)
— limited southern declination coverage
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http://www.evlbi.org/

VLBI Telescopes Within Australia

* The Australian Long Baseline = ?3\? ‘[\« -
Array (LBA) /\‘f\, \\/
* collection of 8+ different antennas - \\\
* 1.4-22GHz ﬁ \g
* maximum baseline ~3,000 km s el
@ﬂuﬁj\ T:::;r“/
* Advantages: W\W
— southern sky coverage .
* Disadvantages: www.atnf.csiro.au/vibi

— heterogeneous set of antennas
— non-continuous operation (four |-week sessions/yr)

— limited u,v coverage

M‘ G New Mexico |
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http://www.atnf.csiro.au/vlbi/

Global VLBI

* Also possible to request larger ‘joint’ arrays that include large telescopes:
— phased EVLA, GBT, Effelsberg, Arecibo
— extremely high imaging sensitivity: a few microly
— limited available observing bands and times of year

Other (non-public) VLBI Arrays

* Japanese VLBI network (JVN)
* Korean VLBI network (KVN)
* International Geodetic VLBI Arrays
— http://ivscc.gsfc.nasa.gov/stations/ns-map.html

*

U
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RadioAstron

* Russian mission launched in July 201 |
* Bands:0.3 to 22 GHz
* Highest angular resolution: 10 pas

Parameters of the Orbit
Period (variable) 7 -10 days.
Major semi-axis 189 000 km.
Initial inclination 51.6°.

The perigee variation From 10 000
[ orbit evolution due to to 70 000 km.
the Moon gravity ]
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Summary

* VLBI is not fundamentally different than other radio interferometry, and
offers the highest angular resolution of any telescope

— time domain astronomy at its finest

* Explores interesting science associated with compact non-thermal
emission, including masers, AGNs, supernovae, galactic center

* VLBI astrometry is a crucial component of cosmic distance ladder

Useful Resources

* NRAO guide to using the VLBA: https://science.nrao.edu/facilities/vlba/novice

* VLBA Status Summary : www.vlba.nrao.edu
* VLBA Summer School Proceedings (2005): PASP Conference series

- CONSORTIUM
The University of New Mexico
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https://science.nrao.edu/facilities/vlba/novice
http://www.vlba.nrao.edu/astro/obstatus/current/
http://adsabs.harvard.edu/cgi-bin/nph-abs_connect?bibcode=1995ASPC...82&amp;db_key=ALL&amp;sort=BIBCODE&amp;nr_to_return=500&amp;data_and=YES&amp;toc_link=YES

MANY SLIDES WITH PRACTICAL
DETAILS MOVED PAST “THE END”
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THE END
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Stages of a VLBI project

|.  Formulate observational science question(s) you wish to investigate.
2. Consider practical observational details:

-- desired angular resolution, field of view, image sensitivity,
observing frequencies, spectral resolution, polarization, temporal
coverage

-- select an appropriate telescope/array
Submit an observing proposal
Construct an observing schedule file
Download, reduce, and analyze the data
Publish your results

3.
4.
5.
6.
/.

Book your ticket to Stockholm

“‘ G New Mexico |
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Is my target source suitable for VLBI?

Ql:ls its SKY POSITION known to within ~ one arcsecond?
— check http://astrogeo.org/calib/search.html

— if not, can you observe it first with the EVLA or ATNF?

Q2: Can you estimate its brightness temperature (COMPACTNESS)?

-- see formulae on next slide

Q3:Is there a suitable VLBI array with sufficient SENSITIVITY?
— use the EVN sensitivity calculator

n New Mexico
New Mexlco Tech_ — -_ CONSORTIUM _
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http://astrogeo.org/calib/search.html
http://www.evlbi.org/cgi-bin/EVNcalc.pl

How compact does the source need to
h)ez 1.36 Agm ga_rzcsec Sm]y K

0.1F i
But ¢h Ihallf power Bearn width is i
A L
B, o = 2.063 —cm
Thcar;jsec K Bmax, km 0.01 =

dIcsec

. TEF? resolution comes with azprlce

tag i tep )‘ (861 km) K 0001
> curr'ent BI needs a

Iinon thermal) source above
* ahSWIutlon Comes Wlth a Prlce 1 1 IIIIII| 1 1 IIIIII| G IIIIII| 1 1 IIIIII| T i

tag in terms of sensitivity: 0.01 0.1 | 10 100 1000

- currentVLBI needs a (non- Suty M e
thermal) source above ~10° K

regime -

T, > 10°K

., for VLBA = 8612 km
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Stages of a VLBI project

3.
4.
5.
6.

Formulate observational science question(s) you wish to investigate.
Consider practical observational details:

-- desired angular resolution, field of view, image sensitivity, observing
frequency, polarization, spectral resolution, temporal coverage

-- select an appropriate telescope/array
Submit an observing proposal
Construct an observing schedule file
Download, reduce, and analyze the data
Publish your results

* . New Mexico_
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Pluto on same angular scale
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mas-level pulsar parallax measurement (V. Brisken et al.)
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VLBI field of view

Muucth smrallier (I1/1000*) them primary antenna beam area, which is

Becmin “1125,3 Wh fﬁ“f} = 2 mforptheYLBA (o thevLBA
m

* VB R ik limited @ mich smalier siy area By time averaging of $a:
0 = 9o Hem ( Bimax )‘1
max = 2. Tovgsee \8612 km arcsec
* and by averaging over a frequency band
 and by averaging over a frequency band Av:
v
Omax = 0.8 Oyppw A
* and is also limited by the curvature of the Earth:
* and is also limited by the curvature of the Earth:
B —1/2
~ 1/2 max
Omax = 2.3 A (8612 km) arcsec

New Mexlco Tech CONSORTIUM _
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VLBI field of view (minus the
equatlons)

In most cases the VLBI imaging field of view is limited to |-2 arcseconds. %

* At any rate, imaging the full VLBI field of view at full resolution is rather
computationally demanding due to the very small restoring beam:

at 3 pixels per beam = VLBl image could be > 50000 pixels across!

Why you shouldn’t
attempt a 50Kx50K

image clean in CASA

_— =New Mexico [N
eeeeeeeeeeeeeeeeeeeeeee
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VLBI field of view (continued)

« Domt floigen that emission structures larger than

-1
rmn

are completely mwsﬁale to the ﬁP?'a evehni theylpt in the field of view
are completely invisible to the array, even if they fit in the field of view

E——— 54 000

B~ 266 a1 a1 54000

*  What to do if you want to image a source(s) just outside the field of view!?
*  WhitBbcdardfators eeanhéw ifoagrikipleysasdey et pussigie theafiedl af view?
o diffBresifeliassr g eienansw eentatstipiehputbeshiienapydekaainddgekiraioncept
tdiffevdtirfibhtisp ecfeoseepydenters within the primary beam. (Similar concept
to multi-fiber spectroscopy).

New Mexlco Tech CONSORTIUM _
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VLBI baseline sensitivity

* To detect interference fringes on at least one baseline, source must be
stronger than 3-5 times the baseline thermal noise:

11/ SEER, SIEFD,
nn N 2T

M, ==

where 1 is typically ~ 0.5,

SEFD = system equivalent flux density of the antennas (typically a few hundred Jy)
Av = observing bandwidth in Hz (typically 32-100 MHz),
T = fringe fit interval in sec. (typically ~ 1600 s at 1 GHz, to < 30 s above 43 GHz)

~

» Mt fireguesnciesbd feve® Bt tybiclyypcfdly mly fowmudy VoBhaostys LBl arrays
http://www.evlbi.org/cqgi-bin/EVNCcalc

New Mexico Tech__ £ \ =N Moo [N
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http://www.evlbi.org/cgi-bin/EVNcalc

VLBI Phase Referencing

* Technique:
— observe a strong calibrator near the target on the sky
— solve for atmospheric and instrumental phase errors using calibrator
— apply solutions to the target source

* Advantages:
— allows for imaging of sources fainter than baseline sensitivity limit
— preserves absolute sky position information (essential for astrometry)

* Disdavantages:
— more overhead involved in calibrator observations, data processing
— suitable nearby calibrator(s) not always available

K New Mexico [ N
New Mexico Tech Tech S CONSORTIUM
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Image sensitivity

o Sune ol as a connected interferometer:

AL 1 SEFD
where 1_is typically ~ 0. 5 Us \/N (N —1) Av 1y
Nvhgref anisehimasalitysi¢afly 10 to 20),
m=1bb£an»ﬁagrm1m&taﬂwﬂzfo(aﬁnicany 32-100 MHz),
T\V = ohssouing haegvatithitite iftyeicatyd S2a0bbd&)eral hours),

Sk D--08rieuies §ptegra e neind@esing iGN sefarkahbadred Jy)
SEFD = antenna system equiv. flux density (typically a few hundred Jy)

* For integration times of a few hours and ~100 MHz bandwidth, large VLBI

. donynesgrevenrtagessenaifuitibs of aafedv-r 00 M-pesabedandeh, large VLBI
arrays achieve image sensitivities of a few micro]y per beam.
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VLBI observing proposals

VLBA: http://my.nrao.edu
— deadlines: |t of Feb, Aug

EVN: http://www.evlbi.org/proposals/
— deadlines: |t of Feb, Jun, Oct

LBA: http://www.atnf.csiro.au/observers/apply
— deadlines: | 5* of Jun, Dec

Other arrays:
— contact an experienced user about becoming a collaborator

‘ M "" New Mexico
New Mexico Tech Tech ., CONSORTIUM _
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http://my.nrao.edu/
http://www.evlbi.org/proposals/
http://www.atnf.csiro.au/observers/apply

Stages of a VLBI project

|.  Formulate observational science question(s) you wish to investigate.
2. Consider practical observational details:

-- desired angular resolution, field of view, image sensitivity, observing
frequency, polarization, spectral resolution, temporal coverage

-- select an appropriate telescope array
Submit an observing proposal
Construct an observing schedule file
Download, reduce, and analyze the data

3.
4.
5.
6.

Publish your results

m New Mexico
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Preparing a VLBA proposal

e National Radio Astronomy Observatory

Dashboard Data Processing Obs Prep Helpdesk m

Awailable Authors

Hi, Matthew | Sign Ou’

Wednesday 23 May 201

Available Organizations

| Convert“ Export” Import” Delete All || Copy Sources || New Source Group || Help

SOU RCES “« Sources ¥ o
Options test Show Sessions  up / down |Search NED,FSIMBADl
B My Proposals
""" (] VLBA/2012-04-002 Order Name Position Velocity
----- ) General
..... ) Authors Co-ordinate System Equatorial ﬂ Convention ﬂ
ﬂ |e Justification Equinox n
..... [) Resources |:| Right Value: Ref. Frame LSRK ﬂ DS«Elwte
..... : - elete
----- 3 st suppart e Range(s) perce
""" [ Print Preview peclination Value: Velocity
----- [Z] VLBA/2009-04-129
----- (] VLBA/11A-118 Range(+):
---- 21 VLBA/11A-110 Coordinate System Equatorial Convention Optical
---- (2 VLBA/10A-140 Equinox 12000
""" (£ VLBA/10A-129 Right Value: 12:56:11.16 Ref. Frame Barycentric
----- [ VLBA/09C-102 up / down 3c279 fght
_____ ] VLBA/0SB-127 Acsension Range(+): 00:00:00.0
..... ] VLA/OSC-167 Dedlination Value: -5:47:21.5 Redshift 0.53620
""" 1 VLA/O7B-123 Range(+): 00:00:00.0

PN
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Preparing a VLBA proposal

National Radio Astronomy Observatory

Available Authors Available Organizations

& » Copy Resol

P s VLBA/HSA RESOURCES

“w Resour

Options Order Name Wavelength Processor m Session
Proposals | | |3.6 cm El Socorro-DiFX |Z| ) | Standard El )
VLBA/2012-04-002
) General -
3 Authors . Observing Parameters .

) ) . Stations Correlation Parameters

_] Science lustification Wideband Observing System

5
j T Br 7 Fd@ Hn 7 kp @ La Bandwidth 32 MHz Full Polarization

W25 C25| VLBA ]

essions M N ov Pt Sc aseban annels r Gate
Js k I Baseband Ch | P Gat [
) student Support Sample Rate
2 P};}nt Preview HSA GeT [ Ar || Ef | vLA-Y27 (Msamples/s) [ -] Correlator Passes# |1 |
VLBA/2009-04-129
VLBA/11A-118 VLA Y1 Bits / Sample ( Integration Period(sec)
E::g:;ié::ig Geodetic | Polarization mn \ Spectral Points/BBC
VLBA/10A-129 Agg. Bit Rate 2048 Wields 1 i
VLBA/09C-102 (Mbits/sec)
V0LBA/O9B-127
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Preparing a VLBA proposal

e National Radio Astronomy Observatory

Available Authors : Awvailable Organizations Wednesday 23 May 2012
& B |De|ete AIIHNew Se55i0n||HeIp|
alidate Prnt  Submit SESSIONS « < Sess o
Options . Number of . / Min. Ila)t.
Session - Separation / Start GST
RS Giyon ] P ] [oo:00:00 ] 20000 ]
----- (3 VLBA/2012-04-002
-] General day(s) (HH:MM:S5) (HH:MM:SS)

-J Authors EVN Exposure Calc

-[) science Justification Constraints: Comments:

-[) sources

-[) Resources Save

-0 : Cancel

-[) student Support

-1 Print Preview
----- ] VLBA/2009-04-129
""" rce Groups esources ime ion (hrs oise m

] VLBA/11A-118 Soul G R Time/Session (hrs) RMS Noise (mJy/beam)

""" S Visaion1ao [ ] [ ]
----- 1] VLBA/10DA-140 n
""" 1 VLBA/10A-129 Note: Adding Source Groups to a session will automatically associate
----- 7 VLBA/D9C-102 all sources, within the group, to the session.
----- ] VLBA/OSB-127
----- ] VLA/0BC-167 + Primary |5x120 30 day |00:00:00 |23:00:00
----- 0 VLA/O7B-123
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Stages of a VLBI project

|.  Formulate observational science question(s) you wish to investigate.
2. Consider practical observational details:

-- desired angular resolution, field of view, image sensitivity, observing
frequency, polarization, spectral resolution, temporal coverage

-- select an appropriate telescope array
Submit an observing proposal
Construct an observing schedule file
Download, reduce, and analyze the data

3.
4.
5.
6.

Publish your results

m New Mexico
* New Mexico Tech CONSORTIUM _
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VLBA telescope scheduling: SCHED

* For simple continuum projects, a VLBA telescope control file will consist
of a ‘setup’ for each observing frequency band, and a scheduled list of
scans.

* Craig Walker’s linux-based SCHED program contains basic observing
setups, source sky coordinate catalog, telescope locations, and factors in
antenna slew times, frequency band change times, etc.

www.aoc.nrao.edu/software/sched

* Beginner’s approaches:
— adapt a previous key file: www.vlba.nrao.edu/astro/VOBS/astronomy/

— NRAO staff can provide assistance

- CONSORTIUM
The University of New Mexico
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http://www.aoc.nrao.edu/software/sched
http://www.vlba.nrao.edu/astro/VOBS/astronomy/

Stages of a VLBI project

|.  Formulate observational science question(s) you wish to investigate.
2. Consider practical observational details:

-- desired angular resolution, field of view, image sensitivity, observing
frequency, polarization, spectral resolution, temporal coverage

-- select an appropriate telescope array
Submit an observing proposal
Construct an observing schedule file
Download, reduce, and analyze the data

3.
4.
5.
6.

Publish your results

I'N w Mexi
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Obtaining and Reducing VLBA Data

There is typically a ~3 week delay between observation and when your data
are available due to shipping of disk drives and the correlator queue

Correlated data are downloadable from archive.nrao.edu

End-to-end VLBA data processing is not yet implemented in
CASA

— VLBA data processing still requires AIPS
— VLBI chapter of AIPS Cookbook

Very useful tool for imaging and model fitting: DIFMAP:
ftp://ftp.astro.caltech.edu/pub/difmap

n New Mexico
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archive.nrao.edu
ftp://ftp.astro.caltech.edu/pub/difmap

Differences in VLBA and EVLA

Reduction
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Ei_' Date of Experiment. 7 May 1997
GRT: Usuda 64m
Object: Quasar PKS1519-273

z| Frequency: 1.63GHz

Correlation Intensity
o

521074

Delay (psec)
First ground-space fringe detection
of a quasar made by the HALCA
satellite.
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Uncalibrated VLBA data showing
phase drifts and uncorrected delays
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Differences in VLBA and EVLA
Reductlon

* Very few true ‘point’ calibrators
— can cause some difficulties with phase referencing & astrometry
— polarization calibration can be difficult at some bands

* Often have much sparser (u,v) coverage
— leads to larger imaging artifacts

— but smaller field of view and typically compact source morphology
leads to rapid clean model and self-calibration convergence
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Stages of a VLBI project

|.  Formulate observational science question(s) you wish to investigate.
2. Consider practical observational details:

-- desired angular resolution, field of view, image sensitivity, observing
frequency, polarization, spectral resolution, temporal coverage

-- select an appropriate telescope array
Submit an observing proposal
Construct an observing schedule file
Download, reduce, and analyze the data

oUW

Publish your results:
-- NRAO funds 100% of page charges for U.S.A. —based authors!
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VLBI Observing Bands

* Low frequency (< | GHz):
— Pros: larger field of view, sources are brighter (esp. pulsars)

— Cons: poor resolution, short spacing problems, ionospheric calibration,
fewer calibrator sources, human radio frequency interference

* Mid-frequencies (1-15 GHz):
— Pros: easiest to calibrate, best tradeoff between resolution and
sensitivity

— Cons: moderate resolution

* High frequency (22 — 86 GHz):
— Pros: highest resolution, less source opacity

— Cons: atmospheric stability/opacity, fewer antennas, poorer
sensitivity, fewer calibration sources
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VLBI Polarimetry

* Easiest when antennas in the array are identical (e.g.,VLBA)

* Most arrays have circularly polarized feeds, which make them most
suitable for measuring linear polarization. Circ. pol measurements are also
possible.

* Standard VLBA observing mode is now to record full polarization data.
If you plan to make polarization images, you must also observe:
* 2 or 3 bright calibrators for determining antenna leakage terms:

— pick ones that are unpolarized or have simple polarization structure

— schedule several (> 6) scans over a wide range of parallactic angle.

* | or 2 linearly polarized calibrators that have a known absolute electric
vector position angle on the sky.

New Mexlco Tech
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= _ CP of Core Region with Matched Beams
Linear polarization evolution of the Circular polarization in the inner pc

inner jet of AGN 3C 279 (Lister et of the AGN 3C84 (Homan and
al. Wardle 2004)
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VLBI Spectroscopy

* Narrow line bandwidths mean the source must be incredibly compact
(>108 K) for VLBI detection:

— masers (galactic and extragalactic)

— thermal absorption of a compact background source (AGN)

* Modern digital correlators are very flexible spectroscopically
— able to ‘zoom-in’, and discard blank spectral regions

* Main concerns:
— field of view: maser regions can be hundreds of square arcseconds
— high sensitivity/recording rate required for narrow velocity resolution

— need to observe a bright ‘delay’ calibrator nearby the target and a
bright bandpass/fringe calibrator
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* Expansion of water maser spots in Cept A HW 2 (Gallimore et al.)
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VLBI Monitoring

* Angular resolution of VLBI is so high that most sources are seen to evolve
on timescales << human lifetime

* But mostVLBI arrays are not available all the time:
— EVN: three 3-4 week long sessions/yr
— GMVA: two |-week long sessions/yr

— LBA: four |-week long sessions/yr

* TheVLBA operates year-round and is thus best suited for long term multi-
epoch projects.
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Stages of a VLBI project

|.  Formulate observational science question(s) you wish to investigate.
2. Consider practical observational details:

-- desired angular resolution, field of view, image sensitivity, observing
frequency, polarization, spectral resolution, temporal coverage

-- select an appropriate telescope array
Submit an observing proposal
Construct an observing schedule file
Download, reduce, and analyze the data

o kW

Publish your results
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