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Why go long at low frequencies?

\’

* Resolution, resolution, resolution

* For even moderately compact structure at low
frequency, you need long baselines

* 0.7” corresponds to:

*

*

*
*
%k

3 km baselines @ 45 GHz (VLA C array)

9 km baselines @ 15 GHz (VLA B array)

27 km baselines @ 4.5 GHz (VLA A array)
100 km baselines @ 1.4 GHz (E-MERLIN)
1200 km baselines @ 120 MHz (Intl. LOFAR)
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m-wave VLBI: not new!

used

F1c. 1. Map of United States showing stations and baseli
in low-frequency experiments described in Table L.
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Meter-wavelength VLBI. II. The observations

T. A. Clark, W. C. Erickson, L. K. Hutton, G. M. Resch,' and N. R. Vandenberg*
Goddard Space Flight Center, Greenbelt, Maryland, University of Maryland, College Park, Maryland

Tasre I. Low-frequency VLBI experiments.

Telescopes Baseline
Experiment Freq. F'ringe spacing
number Date (MHz) Name Symbol®* Size (m) Symbol® Length (M) (arcsec)
1 10-12 Jan. 1970 121.6 | Maryland Point M 25 MN 0.092 2.2
NRAO N 92
2 9-14 Mar. 1971 144.3 Sugar Grove S 46 SV 0.36 0.55
Vermilion River \" 36 SO 1.27 0.16
Owens Valley 0 40 VO 1.62 0.12
3 23-24 Nov. 1971 AN 1.7 0.12
19-20 Dec. 1971 196.5 AS 1.6 0.12 ¢(196.5)
23-24 Jan. 1972 and NS 0.033 6
25-27 Feb. 1972 111.5 Arecibo A 305 AN 0.94 0.20
26-28 Mar. 1972 NRAO N 92 AS 0.93 0.20 »(111.5)
' Sugar Grove S 46 NS 0.019 10
4 4~ 9 Dec. 1973 111.5 AN 0.62 0.30
23 Feb. 1973 and AS 0.62 0.30 3( 74.0)
2 Mar. 1973 74.0 NS 0.022 15

s These symbols will be used throughout other tables.
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International LOFAR stations

* High band array: 110-240MHZ\A

* Low band array: 15-90 MHz
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So compared to 40 years ago, we have a huge number of advantages: MANY more stations, MUCH better sensitivity, MUCH wider field of view.  With international LOFAR, it is possible to do subarcsecond IMAGING at metre wavelengths for the first time, and this is a capability that will remain unique into the SKA era – nothing else is coming along.


The International LOFAR array

International LOFAR Telescope (ILT)
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Science Highlights: M82

\

102 43.31+59.2, a = -0.6, EM=1.74 x10° cm®pc
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M82: starburst
galaxy, supernova
remnant [aboratory

ASTRON


Presenter
Presentation Notes
Low-frequency radio studies are essential for understanding the environment in which supernova remnants are embedded, as shown here.  But these things are compact, faint, and buried in a bright diffuse halo at low frequencies.  You need sub-arcsecond resolution.
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Early ILT
observations
(challenging):
0.3”” resolution,
150 wy/beam
rms (@ 150 MHz
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Science Highlights: 4C55.16

* 4C55.16 is a z = 0.24 radio galaxy
at the centre of a cool-core galaxy cluster

30 arcsec

&

59.6 580 570 56.0 55.0 54.0 53.0 520 51.0 8:34:50.]

Hlavacek-Larrondo et al. (2011) Radio traces excavated X-ray cavities AST(QON



Science Hig hts: 4C55.16

10x lower frequency than VLA yet better resolution & 100 y
rms! Trace steep-spectrum (-1.6, -1.3) lobe emission better

LOFAR 150 MHz

Declination
14.8 55:34:19.8 24.8 298

09.8

33.9 554 54.9 545 8:34:540 535
Right ascension

Moldon et al., in prep AST(-'{ON
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Better estimates of mechanical energy injected by jet: lots more I don’t have time to talk about.


Science Highlights: 4C55.16

Declination
55:34:19.8 24.8

14.8

P PRI R (T I N | | |
559 554 54.9
Right ascension

PRI I RS R P I
545 8:34:540 535

Hot off the press: at the
lowest HBA frequencies,
“missing” radio emission
tracing western cavity
discovered!

* Extraordinarily steep
spectrum, old electron
population
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Better estimates of mechanical energy injected by jet: lots more I don’t have time to talk about.
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North-south extension – outflow? Absorption is higher in the nucleus with the lower SFR, contrary to expectations.  More diffuse emission than the VLA (black contours).


Differences with traditional VLBI;

or, why making these images was no piece of cake

\

« Sensitivity is squeezed front and back:

* SKy noise is higher
# Calibrator sources are fainter (most compact sources
are flat or inverted)
* But we have a lot of collecting area, which helps to
compensate:
* Single international station 2,000 m?, 800 Jy

* Combined core stations: 25,000 m?, 65 Jy
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Differences with traditional VLBI;

or, why making these images was no piece of cake
‘\

* The real killer is the ionosphere:

* delay,,,,, ¢ A2
* At 1.5 GHz, you get relative delays ~ few ns

* At 0.15 GHz, that becomes ~ few 100 ns
* And 2x greater at 120 MHz vs 170 MHz...
* >1 us at 60 MHz and below!
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Differences with traditional VLBI

cm VLBI

Phase
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Current Intl. LOFAR calibration
.’

# A series of “non-standard” (compared to short-
baseline LOFAR) steps:

« (Calibrate, phase up core stations into “super-station”
(visibility summation, offline)

* Convert to circular polarisation
(avoid problems with Faraday rotation)

* Aggregate bandwidth in relatively narrow subbands
(2-3 MHz)
# Solve with traditional VLBI tools (FRING, CALIB)
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Goals for the future

The number of independent variables

is actually quite small:

* Non-dispersive delay (and time derivative)
» Dispersive delay (and time derivative)

» Faraday rotation (and time derivative)

* Phase offset (and time derivative?)

Use narrow-subband solutions to initialise a
global search over these parameters

e RINGS RadioNet proposal

Phase

lonosphere

e

Frequency AST(QO N
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The link to cm VLBI
.‘

* A dispersive-delay-enabled fringe fitter is useful for
wideband observations up to at least a few GHz:

# Current observations (e.g., 256 MHz bandwidth at 1.5
GHz) are already limited by ionospheric variations

« Of particular interest to pulsar astrometry (steep
spectrum targets bias position errors)

* Developing this for CASA has multiple benefits: no need
for format conversions, insurance against eventual lack
of AIPS support
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# [t’s VLBI gone full circle
- but better! Because...
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“At metre wavelengths,
International LOFAR can
resolve the sub-arcsecond _
structure of sub-mJy : N B
sources”
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