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Strengths of Very Long Baseline Interferometry
High dynamic range imaging with ultra high resolution

• For ~8600 km baselines, imaging resolution in 
different observing bands:

– L-band (~1.6 GHz / 20 cm): 5 mas
– X-band (~8 GHz / 4 cm): 0.85 mas
– Q-band (~50 GHz / 7mm): 0.17 mas

• E.g. for ~1mas resolution

– 1 AU at 1 Kpc
– Few-10 stellar radii at 100pc

Example: WR140, imaging the evolution of the 
colliding wind region in Wolf-Rayet + O binary 
star system.  Separation between stars between 
~5-15 mas or 9-27 AU (Dougherty et al. 2010).
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Strengths of Very Long Baseline Interferometry
High precision relative astrometry
• Regularly get positions with better than 0.05 mas precision.
• Distances, proper motions, kinematics, dynamical masses…

Ortiz-Leon et al, 2017
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Very Long Baseline Interferometry
Brightness temperature sensitivity

The limit to VLBI comes from the brightness temperature sensitivity 
limit:

!" = 1.36 ( )*+
,-.) /(12)4/6(′′)4

!" = 0.32 ( )*+
,-.) :2;<(=2)4

Instrument Freq Bmax
(km)

Resolutio
n (mas)

σ(µJy/beam)
in 8 hrs with 
256MHz BW

TB (106K)

VLBA C-band 8600 1.4 6 0.14
VLBA Q-band 8600 0.17 40 1
HSA C-band 10300 1.6 1 0.034
HSA Q-band 10300 0.14 9 0.3
Global C-band 12700 1 0.8 0.04
Global Q-band 11200 0.12 8.5 0.3
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Very Long Baseline Interferometry

• So sensitive to compact non-thermal (high TB) radiation
– Synchrotron/cyclotron radiation (electrons in a magnetic field)

• Morphology
• Motion/speed
• Magnetic field from polarization
• Shocks or other acceleration processes

– Maser emission (stimulated emission)
• Morphology
• Motion/speed, also from Doppler shifts

• Shocks
• Magnetic fields from Zeeman spliting

– Thermal lines seen in absorption against non-thermal 
background
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High mass star formation
Masers tracing outflows and magnetic fields

A&A 597, A43 (2017)

Fig. 1. Overlay of the water masers detected with the VLBA in W3(H2O) onto the 1.4 mm continuum emission mapped with the PdBI by
Wyrowski et al. (1999) (gray scale and black contours). The circles show positions of the H2O masers, while the colors denote their l.o.s. velocity
in km s�1 (color scale on the right-hand side). The three 1.4 mm continuum peaks identified by Wyrowski et al. (1999) are labelled A, B, and C,
from east to west. Contour levels correspond to steps of 24 mJy beam�1 (starting from 47 mJy beam�1). The insets show the linear polarization
vectors of individual maser features in di↵erent clusters (from a to e), where the length of the line segments scales logarithmically with the
polarization fraction (in the range Pl = 0.9�42%). We also report the magnetic field strengths (in mG) along the l.o.s. (Bl.o.s.) in the maser features
for which we measured the Zeeman splitting. The positions are relative to the reference maser feature used for data self-calibration (ID 018 in
Table D.1).

In summary, in order to avoid contamination from saturated
masers, in our analysis we adopted a conservative approach by
excluding all maser features with Pl � 5%, which are either
saturated or going towards a saturation state. A similar result
was obtained in previous works by Vlemmings et al. (2006) and
Surcis et al. (2011a), who also suggested that a high linear polar-
ization fraction, Pl > 5%, can only be produced when the maser
is saturated.

Based on this analysis, we found that the magnetic field is
parallel to the linear polarization vectors for most of the iden-
tified maser features with Pl < 5% (these have their ✓ angles
in boldface in Table D.1). Figure 2 shows the resulting (sky-
projected) magnetic field vectors for the maser features with Pl <
5%, overplotted on the 1.4 mm continuum map tracing the dust
emission (same as in Fig. 1), as well as the 8.4 GHz contin-
uum imaged with the VLA (Wilner et al. 1999). Interestingly,
the magnetic field inferred from the H2O masers is on average
oriented along E-W, that is, along the mm dust and radio con-
tinuum emissions, suggesting a physical relation between them

(see Sect. 4.1). The fact that the field orientations for neighboring
maser features are mostly consistent with one another, increases
our confidence in the physical relevance of the inferred magnetic
field structure.

3.2. Circular polarization: magnetic field strength

Besides linear polarization, we also detected circularly polar-
ized emission toward ten maser features, varying in the range
PV = 0.2�1.6%. Considering only masers with Pl < 5%, that
is, 037, 051, 063, 104, and 105 (all towards component A of
the mm continuum), we obtain values of the magnetic field
strength along the l.o.s., Bl.o.s., of (–60± 11) mG, (–84± 35)
mG, (+360± 120) mG, (+169± 34) mG, and (+161± 41) mG,
respectively4.

4 A negative magnetic field strength indicates that the magnetic field is
pointing toward the observer; positive away from the observer.

A43, page 4 of 16

• Observations of H2O masers in 
protostellar jet W3.

• Magnetic fields measured with 
polarization and Zeeman splitting

• Outer magnetic field (~1000 AU) 
aligned with jet

• Inner magnetic field (~10-
100AU) misaligned with motion, 
thought to arise from the 
enhancement of perpendicular 
magnetic fields by the shocks 
which produce the masers. Goddi et al 2017
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Environments of evolved stars
AGB stars
• OH/IR star 
• Masers arise between stellar 

atmosphere and dust formation 
region.

• Up to 100% linear polarization
• Magnetic field direction consistent 

with bipolar field
• Zeeman splitting suggests field 

~1.5G (consistent with other 
measurements)

A&A 538, A136 (2012)
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Fig. 4. The VLBA map of v = 1, J = 1→ 0
SiO maser emission towards the OH/IR star
OH 44.8-2.3. The features are color-coded ac-
cording to the flux density (Jy/beam) integrated
over all velocity channels.

Table 1. Results of the magnetic field determination of the SiO maser features of OH 44.8-2.3 obtained from the VLBA observations.

Feature RA Dec V I ml B
19 21 09 27 km s−1 Jy % G

1 36.63700337 56.5199500 –69.4 2.9 8 1.5 ± 0.3
2 36.63710476 56.5203000 –69.8 0.7 26 <3
3 36.63722303 56.5180500 –67.8 0.5 23 <9
4 36.63725683 56.5169000 –65.9 0.9 36 <3
5 36.63728386 56.5161500 –67.7 1.2 34 <2
6 36.63731427 56.5152000 –68.3 0.7 48 <2.5
7 36.63727710 56.5141000 –66.6 0.3 50 <3
8 36.63717234 56.5091500 –70 0.6 100 <2.7
9 36.63715545 56.5113500 –68.7 0.4 50 <12
10 36.63706420 56.5106000 –71.2 0.6 42 <3
11 36.63698310 56.5111500 –67.2 0.6 18 <36
12 36.63680399 56.5109500 –67.7 0.5 30 <6
13 36.63673641 56.5116000 –67.9 0.3 69 <7
14 36.63661475 56.5156000 –69.0 0.7 46 <2.5
15 36.63682427 56.5214500 –69.2 0.24 – <12

along the amplification path (Wiebe & Watson 1998). We find
a tentative detection of the circular polarization for the brightest
maser feature in Fig. 4 (feature 1 from Table 1). Figure 6 dis-
plays the circular polarization, together with the total intensity
spectra for this feature. The figure also shows the fit to the cir-
cular polarization profile after removing the scaled-down replica
of Stokes I. The circular polarization fraction is measured as

mc =
Vmax

Imax
×100, (2)

where Vmax corresponds to the maximum of the fit to the ob-
served Stokes V spectrum (Eq. (1): a×dI

dν ). For the modest spec-
tral resolution data (128 channels), we measured circular polar-
ization of mc ∼0.7 ± 0.2%. However, owing to the increased
noise in individual channels in the high spectral resolution data,
we cannot confirm the detection. The magnetic field derived
from circular polarization corresponds to the following equation
(Kemball & Diamond 1997; derived from Elitzur 1996):

B = 3.2×mc×∆νD×cos θ, (3)
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N. Amiri et al.: VLBA SiO maser observations of the OH/IR star OH 44.8-2.3: magnetic field and morphology

M
ill

iA
R

C
 S

E
C

MilliARC SEC
8 6 4 2 0 -2 -4 -6 -8

4

2

0

-2

-4

-6

-8

-10

-12

Fig. 5. Contour plot of the Stokes I image at levels [1, 2, 5, 10, 20, 40, 80, 100]% of the peak. Vectors are overlaid proportional to the linearly
polarized intensity (on a scale 1 mas = 1.25 Jy beam−1) and drawn at a position angle of the EVPA. All Stokes parameters (I, Q, U) are summed
over velocity.
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Fig. 6. Total power (I) and circular polarization (V) spectra of the brightest SiO maser feature of OH 44.8-2.3. The dashed line is the fit to the
observed V-spectrum. The V spectrum is shown after removing the scaled down replica of Stokes I.

where mc, ∆νD, and θ indicate the fractional circular polariza-
tion, the maser line width, and the angle between the magnetic
field and line of sight, respectively. The full width half maximum
line with for the Stokes I spectrum of feature 1 corresponds to
∼0.8 km s−1. Using the preceding relation, a magnetic field of
1.8± 0.5 G is derived for feature 1.

4.3.1. Cross-correlation method and magnetic field strength

Alternatively, we use the cross-correlation method introduced by
Modjaz et al. (2005) to measure the magnetic field due to the

Zeeman splitting. In this method the right circular polarization
(RCP) and the left circular polarization (LCP) spectra are cross-
correlated to determine the velocity splitting. The magnetic field
is determined by applying the Zeeman splitting coefficient for
SiO masers. This method can even work for complex spectra,
assuming that the velocity shift is the same over the spectrum,
which means the magnetic field strength and direction are con-
stant in the maser region. The sensitivity of this method is com-
parable to the S-curve method, where the stokes V spectrum is
used directly for measuring the magnetic field (e.g. Vlemmings
et al. 2001; Fiebig & Guesten 1989).

A136, page 7 of 10
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Testing maser pumping models 
AGB stars
• There are questions on the details of 

how masers are pumped
• Study of 4 AGB stars with VLBA were 

used to test overlap model
– Standard model predicts different 

relative line ratio than overlap model
– v=1, v=2 and v=3 J=1-2 transitions in 

SiO masers have very different 
excitation conditions, so in standard 
model they should not overlap in 
position

– Overlap model predicts maser lines 
absorption/emission interact to 
create conditions that predict that 
the SiO masers will occur in similst
conditions.  

A&A 565, A127 (2014)

Fig. 3. VLBA maps of SiO J = 1–0 v = 1 (in blue), v = 2 (in green), and v = 3 (in red) maser emissions from R Leo (upper left, November 13,
2009), TX Cam (upper right, January 31, 2010), U Her (lower left, April 17, 2011), and IK Tau (lower right, November 04, 2011). To ease the
comparison between the three maser lines, using the same color code, we plotted the fitting rings obtained with ODRpack for each maser transition
(see Table 2).

low number of maser clumps and their weaknesses. The radius
is almost the same for the three transitions. As already known,
the v = 2 J = 1–0 maser spots are found to be placed slightly
inward than the v = 1 emission, but with a very small di↵er-
ence that is not always detectable (as in the case of IK Tau). The
v = 3 J = 1–0 line emission is placed coincident or slightly in-
ward (one clear case is the IK Tau maps) compared to the other
two lines, again with a very small di↵erence. The spots of all
three lines are forming groups, which can in general be identi-
fied for the three lines. However, the individual spots are almost
never coincident; even if we allow some relative shift between
the di↵erent transitions, it is impossible to obtain any significant
superposition of the spots (this result was already known for the
v = 1, v = 2 lines, as seen in Sect. 1).

The most striking result is the very similar ring-like general
distribution of the three lines. This structure is quite di↵erent

Table 2. Summary of the mean radius and width (in mas) obtained for
the three transitions 28SiO v = 1, v = 2, v = 3, J = 1–0 by fitting
a ring-like brightness distribution to the observed emission using the
regression package ODRpack.

Source v = 1 v = 2 v = 3
Radius Width Radius Width Radius Width
(mas) (mas) (mas) (mas) (mas) (mas)

R Leo 30.14 0.43 28.77 1.80 indet. indet.
TX Cam 16.05 1.16 15.63 1.50 16.07 1.14
U Her 10.82 1.19 10.43 1.66 10.9 0.46
IK Tau 16.02 0.42 15.42 1.57 14.9 0.38

from that found in v = 1 J = 2–1 maps at 86 GHz, which are
also ring-like but significantly larger. Soria-Ruiz et al. (2007)
found a ring diameter in R Leo of 67 mas of v = 1 J = 2–1 (they

A127, page 4 of 7

J.-F. Desmurs et al.: SiO masers from AGB stars in the vibrationally excited v = 1, v = 2, and v = 3 states

Fig. 4. E↵ects of the SiO-H2O line overlap on the excitation of the SiO maser emission for the three first vibrationally excited levels, v = 1, v = 2,
v = 3 (blue, green and red respectively) J = 1–0 (solid lines) and J = 2–1 (dashed lines). The number of emitted photons (s�1 cm�3) in the maser
transitions as a function of H2 density is shown. Left panel: model calculations that do not include the e↵ects of the line overlap. Right panel:
model results including the line overlap.

predicted by the model calculations (with v = 3 J = 1–0 requir-
ing slightly more density, etc.).

4. Conclusions

We have observed the VLBA four AGB stars, R Leo, TX Cam,
U Her, and IK Tau, and obtained reliable maps of J = 1–0
SiO masers in the first three vibrationally excited states (v = 1,
v = 2, and v = 3) toward the four sources. We find that the spatial
brightness distribution of the v = 3 maser does not show signifi-
cant di↵erences with respect to those of the v = 1 and v = 2 lines.
The v = 3 maser emission is distributed in a ring-like pattern and
is coincident or slightly inner than those of v = 1, v = 2 J = 1–0.
Despite our initial expectation, this agrees with model predic-
tions and can be easily explained by the range of physical condi-
tions that give rise to the v = 1, v = 2, v = 3 maser lines, which
are predicted when the e↵ects of the overlapping of two IR lines
of SiO and H2O are taken into account (Sect. 3).

When line overlap is not taken into account, the observed
distributions of the SiO maser lines cannot be explained by cur-
rent models invoking either collisional or radiative maser pump-
ing. The excitation conditions are very di↵erent for lines within
the di↵erent vibrationally excited states (v = 1, v = 2, and
v = 3), which are separated by an energy equivalent to almost
1800 K. On the other hand, the conditions required to excite the
v = 1 J = 1–0 and J = 2–1 lines are almost the same, since the
energy levels are separated by a few degrees. Since standard in-
version schemes do not significantly discriminate the low-J lev-
els, we expect, clearly di↵erent spot distributions for the masers
in di↵erent v-states and very similar distributions for masers
in the same state under both collisional or radiative pumping
mechanisms.

However, the overlap of the above mentioned IR lines sig-
nificantly a↵ects the pumping of the v = 1, v = 2 J = 1–0: our
calculations show that these two masers are then strongly cou-
pled and require higher excitation conditions, which is similar
to those of the v = 3 lines (which are not significantly a↵ected
by the line overlap); see details in Sect. 3. Therefore, the v = 1,
v = 2, v = 3 J = 1–0 lines require quite similar excitation con-
ditions and should appear in practically the same circumstellar

shells due to the overlap e↵ects. However, the v = 1 J = 2–1
maser, which is practically not a↵ected by the considered pair
of IR lines, requires lower excitation condition, and should ap-
pear in outer shells. Under the physical conditions adopted in our
models we stress that the pumping of the SiO masers is mainly
radiative and, indeed, that the e↵ects of line overlap tend to be
more important in the radiative pumping regime than for the col-
lisional one. However, we cannot rule out that collisional mod-
els, includes the e↵ects of line overlap, could also explain the
relative spatial distributions of the di↵erent maser lines.

The predictions presented here are, therefore, compatible
with the existing maps of these four maser lines, notably
for J = 1–0 presented in this work and for our previous
v = 1 J = 2–1 maps (Soria-Ruiz et al. 2004, 2005, 2007). Even
the small (but systematic) di↵erences found between the radii at
which the three J = 1–0 maser emissions appear in the maps are
qualitatively compatible with the model predictions.

Acknowledgements. This work has made use of the databases of SIMBAD
(http://simbad.u-strasbg.fr) and the AAVSO (http://http://www.
aavso.org).
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Algol

• Coronal loop in the Algol binary system
• VLBA+GBT+Y27+EF
• Loop fixed on the less massive star and always oriented towards 

more massive star
• Magnetic interaction

Peterson et al. 2010
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Ultracool dwarfs
LSPM J1314+1320AB binary

• Astrometry to obtain parallax, 
proper motion and orbit.
– d = 17.249 ± 0.013 pc 

• Search for planets due to 
reflex motion.
– Rule out planets 0.7-10MJ

with orbits of 600-10 days 
respectively.

• Emission only from source B 
even though masses are the 
same within 2%
– Beamed or magntecic activity 

differences

an absolute proper motion measurement from optical (relative)
measurements, the match to the previous results is very good.

3.3. Prospects for Cross-checking with Gaia

LSPM J1314+1320AB will be an important test case for the
Gaia mission, as it will be possible to directly compare their
astrometric calibration against the absolute astrometry pre-
sented here. The uncertainty of our absolute parallax measure-
ment is 45μas. For a single star with half of the optical
brightness of the combined system LSPM J1314+1320AB
( - =V I 3.89C mag and V=15.83 mag, Lépine et al. 2009),
Gaia is expected to deliver a nominal end-of-mission parallax
uncertainty that is better by a factor of about two (European
Space Agency 2016), at σπ=20μas. The main complicating
factor that may increase this uncertainty will be that LSPM
J1314+1320AB is, of course, a binary with a separation of
<0 2, with about half of the 9.6-year orbit monitored during
the Gaia mission. The expectation is, however, that Gaia will
“systematically resolve double stars down to separations
of ∼0 1.”

In a similar test for the previous astrometric mission
Hipparcos, VLBI results confirmed a 10% error in the
combined parallax of the Pleiades cluster stars (Melis
et al. 2014). Distance measurements derived with several other
techniques had also disagreed with the Hipparcos result. The
discrepancy had been large enough to imply severe problems
for astrophysical models of young star stellar evolution. Thus,
direct VLBI measurement of the absolute parallax can be of
great value in the Gaia era.

For brown dwarfs, which are fainter and cooler than LSPM
J1314+1320AB, the astrometric performance of the VLBA
will be superior to that of Gaia, whenever the target shows
sufficiently bright radio emission. In the absence of a
correlation between the optical brightness of a brown dwarf
and its radio emission, this is best shown in a concrete example.
For LSPM J0036+1821, an L3.5 dwarf with radio emission
(Berger 2002), the Gaia astrometric performance model
predicts an uncertainty of the parallax measurement of
σπ=115μas, more than twice the uncertainty that we have
reached for LSPM J1314+1320AB.

3.4. Upper Limits to the Radio Emission
of LSPM J1314+1320A

While the first VLBA observations of McLean et al. (2011)
produced just one radio counterpart toward LSPM J1314
+1320AB, the non-detection of the other component could
have been due to variability. Similarly, when we found a single
radio source in all eight new epochs, it was not immediately
clear whether one component was always radio-bright and the
other radio-faint. This ambiguity was resolved by the full
astrometric fit, taking into account parallax, proper motion, as
well as orbital motion, and combining the VLBA and Keck
data (Paper II). The fit is consistent with a continuous detection
of the secondary component and a continuous non-detection of
the primary component. The inclusion of the 2010 observations
reported by McLean et al. (2011) allows us to additionally state
that also then only the secondary component was detected with

Figure 1. Astrometric residuals in R.A. (αcosδ, left panel) and decl. (δ, right panel). The upper plots show the effect of the parallax, when proper motion and orbital
motion are subtracted. The lower plots show the astrometric residuals when additionally subtracting the parallax. The error bars indicate 1σ errors.

Figure 2. Co-added images of VLBA epochs BF108A-H, centered on the
predicted position of the primary component LSPM J1314+1320A. The
primary remains undetected; its position is marked with a circle of radius
5mas. All eight detections of the secondary, starting with the westernmost
point, are clearly visible, and the shape of the orbit is recognizable (see Figure 1
in Paper II).

4

The Astrophysical Journal, 827:22 (8pp), 2016 August 10 Forbrich et al.

Forbrich et al. 2017
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V773 Tau
• Spectroscopic binary, and weak 

lined TTauri star
• The radio flux density is very 

variable.
– Brightens during periastron
– Interesting to note that in the 

Goulds Belt distance survey 
we see over 50% very close 
binaries, so there seems to be 
a correlation between tight 
binaries and bright non-
thermal emission
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V773 Tau
Position shifts when near periastron

A

B

A
B



14 2 November 2017 – Radio Stars

V773 Tau: What is happening at 
Periastron?

• Obtained a High Sensitivity Array 
(VLBA + Arecibo + Greenbank
Telescope + Effelsberg + VLA) 
observation.

• 6 hours within a day of periastron.
• Aim to break observation into many 

time period and watch it evolve.
• V773 Tau very variable during the 

observation,  both in flux density 
and morphology

14University of Michigan, Feb 16, 2012
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V773 Tau: Low Resolution Movie
• Frames every ~15-30 minutes
• ○ at the position of the stars based on 

our orbital and parallax and proper 
motion fits

• 1 mas=0.13AU =2x1012cm
• ○→ 0.25 mas radius=4x1011cm

→ 7R�

• Note the emission:
– appears to be offset from the stellar 

positions
– the brightest part moves from one 

star to another very rapidly
– seems to move from one side of stars 

to another and brighten.

University of Michigan, Feb 16, 2012 15
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V773 Tau: High Resolution Movie
• Frames every ~5 minutes
• Starts at 8:34, approximately the start of 

the dramatic rise in flux
• The bridge between the two stars begins 

about 10:22
– Not special in light curve, there 

might be a slight steepening to the 
rise

• Caveats:
– super-resolved .  i.e., convolved with 

a point spread function ~½ true psf
– each image about 3 minutes of data
– don’t believe the single pixel 

movements

University of Michigan, Feb 16, 2012 16

2 mas
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Near future on the VLBA

• VLBA will be brought back into NRAO
• Increased sensitivity by increasing 

bandwidth, up to 2GHz bandwidth 
being planned: three fold increase in 
sensitivity. 

• Rapid response on the VLBA
– with the advent of LSST and other 

survey programs/telescopes transient 
science will explode. 

– VLBA is looking into the capability of 
responding to a trigger within 5-10 
minutes.  Lots of development needed.   
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African VLBI Network

• Radio astronomy science and technology development in Africa in the 
advent of SKA South Africa.

• SKA-SA is partnering with Botswana, Ghana, Kenya, Madagascar, 
Mauritius, Mozambique, Namibia and Zambia 

• Currently converting 32 meter telecommunications antenna in Ghana, 
early science started. 

• Zambia and Kenya doing feasibility studies on telecommunications 
antennas, other counties at earlier stages.
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SKA-VLBIVLBI with the SKA Zsolt Paragi

SKA Band SKA-core Bandwidth Remote tel. Baseline sens. Image noise
SEFD [Jy] [MHz] SEFD [Jy] 60s [µJy] 1hr [µJy/beam]

50% SKA1-MID 5.2 256 20 82 9
SKA1-MID 2.6 1024 20 29 3
Full SKA 0.26 2048 20 3 0.05

Table 1: Typical expected 1σ baseline and image sensitivities of various SKA-VLBI configurations at∼3–8
GHz, with the inner 4 km of SKA core phased up. All the baseline sensitivities are given for a 100m-class
remote telescope. 50% SKA1-MID (early operations): assuming an accompanying array of 5 25–30m dishes
and a 100m-class antenna. SKA1-MID – same configuration. Note at ∼1–3 GHz and including SKA1-SUR
as well will provide a similar sensitivity. Full SKA: 10x more sensitive than SKA1-MID.

will be described in Sect. 4. In Sect. 5 we will show how Gaia astrometry can be improved using
SKA-VLBI, and how these complementary facilities may open up new fields of research. This will
be followed by introducing the need and potential for SKA-VLBI surveys in Sect. 6. Highlighting
the superior resolution of SKA-VLBI even for very faint targets, we will show in Sect. 7 that –in
certain cases– it will be possible to resolve extreme GRB afterglows while these are still in the
ultra-relativistic regime. Various issues with correlation and data transport will be described in
Sect. 8.

2. VLBI configurations of SKA

There is a significant difference between the planned operation of the high angular resolution
component for SKA1 and SKA2: in SKA1, the SKA core will be operated as a sensitive element (or
elements) to be added to existing VLBI networks, increasing the sensitivity but not the resolution
of those networks. In this case, the “remote stations” comprise existing facilities, and the SKA will
participate as the most sensitive element in an otherwise conventional VLBI array (see Table 1).
Key to the success of this approach will be the addition of a few (2–4) remote stations in Africa.
Ideal locations for these stations would be the developing African VLBI Network (AVN) stations
in Zambia, Ghana, Kenya and Madagascar (Gaylard et al. 2011). These additional stations will
provide the short and medium length baselines to the SKA core to give good uv-coverage.

The left panel of Figure 2 shows the single-frequency, 12-hours uv-coverage that could be ob-
tained at the Galactic centre with a global imaging array including a large number of telescopes.
The right panel shows a more typical uv-coverage for a 4-hours track on a source at declination
−20◦ using just a handful of the more sensitive telescopes available in the global array, but still
providing baseline lengths up to 10,000 km in length. In the coming era of rapidly expanding
e-VLBI capabilities the realisation of such an array should not present any significant logistical
problems. Coordinated proposals and observations are already offered by the European VLBI Net-
work (EVN), the Chinese VLBI Network (CVN), the Japanese VLBI Network (JVN), the Korean
VLBI Network (KVN), the Long Baseline Array (LBA) the Very Long Baseline Array (VLBA),
and the High Sensitivity Array (HSA). Table 1 gives the likely sensitivity of arrays that could be
formed with SKA1 era assuming various configurations and bandwidths.

4

• Increased sensitivity
• Fantastic uv-coverage on the galaxy and galactic center and the 

southern sky
• Calibration using multiple beams
• Highly precise astrometry because of in-beam calibrators and 

SNR.
– Tie radio-optical reference frames

• SKA-Mid: Initially integrate the SKA into existing arrays, AVN is 
necessary to provide short and mid-length baselines.

• Eventually have 25% of collecting area at ”remote” stations, which 
will be integrated into the array

• Surveys possible using multiple tied array beams

Paragi et al 2014
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Long Baselines on the ngVLA
• Current strawman design of ngVLA:

– 10x the current sensitivity of VLA from                                           
1.2-116GHz.

– 300 km baselines, which would give few mas resolution at the highest 
frequencies.

• Under consideration
– Replace current VLBA stations with ngVLA technology
– Introduce intermediate baselines to bridge between ngVLA and VLBA
– Increasing the sensitivity of the current VLBA by a factor of >100 

decrease TB sensitivity to ~1000K
• Imaging thermal objects with sub-mas resolution.

– For the ~100 closest stars we would have a resolution of <0.3R⦿
• That means imaging the disks of 100 stars.

• ngVLA Science Use Cases due December 1, 2017!

The Next Generation Very Large Array

Current	Reference	Design	Specifications
(ngVLA Memo	#17)

Band
#	

Dewar fL
GHz

fM
GHz

fH
GHz

fH:	fL BW
GHz

1 A 1.2 2.55 3.9 3.25 2.7
2 B 3.9 8.25 12.6 3.23 8.7
3 B 12.6 16.8 21.0 1.67 8.4
4 B 21.0 28.0 35.0 1.67 14.0
5 B 30.5 40.5 50.5 1.66 20.0
6 B 70.0 93.0 116 1.66 46.0

Receiver	Configuration

• 214	18m	offset	Gregorian	(feed-low)	Antennas
• Supported	by	internal	cost-performance	analysis

• Fixed	antenna	locations	across	NM,	TX,	MX
• ~1000	km	baselines	being	explored

• 1.2	– 50.5	GHz;	70	– 116	GHz
• Single-pixel	feeds
• 6	feeds	/	2	dewar package

• Short-spacing/total	power	array	under	
consideration

• Continuum	Sensitivity:	~0.1uJy/bm@	 1cm,	10mas,	
10hr	=>		TB ~	1.75K

• Line	sensitivity:	~21.5uJy/bm@		1cm,		10	km/s,	1”,	
10hr	=>	TB ~	35mK
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What do you want from VLBI in the future?
(fast response, more image sensitivity, more 
spectral line sensitivity, greater bandwidth, 
more frequency coverage, better 
astrometry…)
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