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ABSTRACT

Context. Frequent, simultaneous observations across the elegjratia spectrum are essential to the study of a range ofdstse
ical phenomena including Active Galactic Nuclei. A key tadlsuch studies is the ability to observe an object when ieflare.
exhibits a rapid and significant increase in its flux density.

Aims. We describe the specific observational procedures and libeateon techniques that have been developed and tesizaate

a single baseline radio interferometer that can rapidlenplesa flaring object. This is thenly facility that is dedicated to rapid high
resolution radio observations of an object south-80 degrees declination. An immediate application is to i®@vapid contempo-
raneous radio coverage of AGN flaringyatay frequencies detected by thermi Gamma-ray Space Telescope

Methods. A single baseline interferometer was formed with radiogetpes in Hobart, Tasmania and Ceduna, South Australia. A
software correlator was set up at the University of Tasman@rrelate these data.

Results. Measurements of the flux densities of flaring objects can lbdernaing our observing strategy within half an hour of a trig-
gering event. These observations can be calibrated withitaiaig errors better than 20%. Lower limits to the brighsyesmperatures
of the sources can also be calculated using CHI.

Key words. instrumentation:interferometers — galaxies:active —axak:jets — galaxies:nuclei — gamma rays:galaxies—
quasars:general —

1. Introduction (Cohen et al., 2007). They also play a crucial role in the fiden
fication of the nature and location of regions wherey emis-
The launch of thé~ermi Gamma-ray Space Telescdfrmerly sion originates in AGN (Jorstad et al., 2001; Agudo et al1, 10
GLAST; Atwood et al., 2009) on June 11th, 2008, has ushergdNAMI VLBI observations are supported by radio monitoring
in an era when it is possible to observe astronomical objegtsograms at arc-second resolution using the Australiastelee
including AGN, simultaneously across the entire electrgmaCompact Array (ATCA) and single-dish resolution using the
netic spectrum. Such multiwavelength observations aengiss Ceduna radio telescope (McCulloch et al., 2005). With its as
to understand the behaviour of astronomical objects in igénesociated opticdUV and X-ray programs and its unique VLBI
and AGN in particular. This motivated the TANAMI programdual-frequency characteristics, TANAMI has become onéef t
(Tracking Active Galactic Nuclei with Austral Milliarcsead major multiwavelength resources for thermimission and the
Interferometry; Ojha et al., 2010) which provides radio i@  only one covering sources south-630 degrees. TANAMI VLBI
ing of y-ray loud sources (and a control sample) south-80 observations are constrained, however, by the availaloifithe
degrees declination. LBA which only observes in approximately one week blocks ev-

TANAMI observations are made at two radio frequencies u§!Y 2~3 months. This makes it impossible to quickly observe a
ing the telescopes of the Australian Long Baseline Array4LB southern source that_exh|b|ts interesting behaviour sechyaid
e.g. Ojha et al., 2004) augmented by telescopes in Southaifrichanges in flux density at one or more wavebands.

Chile, Antarctica and New Zealand. This array allows thegma  The Ceduna Hobart Interferometer (CHI) was developed to
ing of the southern sky at milliarcsecond scale or betten-reprovide rapid, high resolution observations of sourceshia t
lution on a regular basis (e.g., Miller et al., 2011). This o southern sky. A fundamental characteristic of AGN is thaitiv
servational technique, called Very Long Baseline Intenfieetry ability at all wavelengths in which they are detected (UWiric
(VLBI), is essentially the only way to measure intrinsicgaue- et al., 1997; Abdo et al., 2010). Thus a proper study of the
ters of the jets seen in AGN, as multi-epoch VLBI observatiomphysics of AGN requires simultaneous multiwavelength obse
provide the sole direct measurements of their relativistidion vations, particularly when an object is showing interegtire-
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haviour. Here we describe the specific observational proesd and can observe at all major astronomical frequencies frdm 1
and calibration techniques that have been developed tdecraarough 22 GHz. The 6.7 GHz receiver at Hobart is cooled to
this uniquely useful single-baseline interferometerslimpor- 20 K using helium cryogenics, giving a system equivalent flux
tant to note that, even though the development of CHI waensity of approximately 820 Jy. The backend system at both
motivated by theFermi and TANAMI programs, it is by no telescopes produces two channels (right and left handlaircu
means restricted to observationsyefay loud AGN but can be polarisation) of 32 MHz bandwidth. The baseline sensitiait
used for multiwavelength study of a range of compact sourca® element interferometer is given by equation 1.
e.g. optically flaring AGN, X-ray sources being studied by
the INTEGRAL and Swift satellites, TeV sources detected by
H.E.S.S., radio supernovae and some microquasars. AS = 1 \/SEFDi X SEFD; 1)
In this paper, we describe the CHI instrument in (Sect. 2) and s 2AtAY
describe our observig strategy (Sect. 3). We then explaioalu

ibration procedures (Sect. 4) and present some resultcinSe wherers is the systemféciency (roughly 0.88 for 2 bit sam-
We end with a summary and description (Sect. 6) of further dgting), SEFD is the system equivalent flux density in Jy of each

velopment planned for CHI. Throughout the paper we use tBfitennaat is the integration time in seconds andis the band-
cosmologyHo=73 km s Mpc?, Q,=0.27,Q,=0.73 where the idth in MHz.

symbols have their traditional meanings. Thus, in just 60 seconds of integration time, CHI can reach
a baseline sensitivity of about 15 mJy which igfsiient to ob-

2. CHI: The Ceduna Hobart Interferometer serve all the sources in the TANAMI program. The coherence

) ) o time at 6.7 GHz is approximately 4.6 minutes (calculated us-
The Ceduna Hobart Interferometer is a single baselineferter jng the methods outlined in Briggs 1983 and checked against
ometer formed by a 26 meter antenna located at Mount Pleasm given values in Walker 1995). This gives a maximum base-
Hobart.and a 30 meter antenna located at Ceduna in Soyla sensitivity of approximately 7 mJy without phase refes-
Australia. They are both re-purposed antennas that are n@\y, more than enough to detect the above mentioned sources.
operated by the Radio Astronomy group at the University qfible 1 lists the brightness temperature sensitivity of @Ha
Tasmania. CHI has a phySICal baseline Iength of 1704 km Corfg/potheticaj 1 jansky source for a range of parametersl

sponding to a resolution of 6.6 milliarcseconds at its qurop- CHI data are recorded to disk at 256 Mbps at 2 bit sampling
erating frequency of 6.7 GHz. The Hobartantenna is at aiti#it |y, the | BA Data Recorder system(Phillips et al., 2009) tred
—42.8 degrees while the Ceduna antenna is at [atitBIR87. 04 disks are shipped to Hobart for correlation. Theatata

Thus CHI can, in principle, observe sources up to mid-northe;q e |ated using an installation of the DIFX software clatar

latitudes and can easily observe the entire southern heemSp pejier et al., 2007). The correlator itself consists ofieséér of 6

The 30m telescope at Ceduna is a former Telstra Satelligss o 4ch containing dual quad-core Xeon processors and 3 GB
Earth Station, that was converted to astronomical use 88er ¢ emory. The correlator can manage data rates of up to 512
acquisition by th?‘ University of Tasmania in 1995. CedurEBUSMbps on a single baseline, giving a 2 times real time cotiaiat
a standard alt-azimuth mount, with a slew rate of 40 degrees p,oq for 4 typical CHI observation. The biggest constraint
minute on each axis and an elevation limit of 10 degrees.dt igo speed of analysis of data from CHI however is the timertake
critical component of the Australian LBA, providing the ro8j {q, gisks from Ceduna to be shipped to the correlator in Hobar

east-west baselines. However, Ceduna is primarily usesiier g means a typical turn around time of around 5 days for data
gle dish programs monitoringray bright AGN in supportofthe y, e 1y reduced. Transfer over network is not possible thu

TANAMI program as well as Intra Day Variable (IDV; Wagner & limited network itv to Ced d th | f dat
Witzel, 1995) AGN in support of the MASIV (Microarcsecon e?;olrrgcleg. network capactly fo L-eduna and the voldme of data

Scintillation-Induced Variability; Lovell et al., 20030P8) pro-

gram. Ceduna is capable of observations at 2.2, 4.8, 6.7, 8.4

12.2 and 22 GHz using room temperature receivers. Since the

peak variability in amplitude of scintillating AGN is exped to 3. Observing Strategy for flaring AGN

be close to a frequency of 6.7 GHz, IDV observations are car- ) o . o

ried out in this band. As receiver changes at Ceduna are Rdte to the peculiar calibration needs of a single baseliteefier-

automated, the standard observing frequency for CHI was §gneter (see section 4) and the desire to obtain good abswhite

lected to be 6.7 GHz, allowing for a rapid change between oplitude calibration, we have developed a non-standardrotvege

serving programs. Despite being uncooled, the 6.7 GHzveceistrategy. A typical CHI observation runs for twelve hourack

has a System Equivalent Flux Density (SEFD) of roughly 84wour consists of a roughly 50 minute long scan on the target

Jy, equivalent to that at Hobart. This is mostly due to thgdar source and a ten minute scan of PKS B198a8, the primary

collecting area of the 30m dish, as well as the focus type artobamplitude calibrator of the ATCA. PKS B193838 is observed

is a prime focus instrument with more spillover than theiaeyt as tra_dmonal amplitude calibration is not possible witkirzgle

system at Ceduna. baseline. There are not enough measurements of the complex
The 26m te|esc0pe at Mount Pleasant was Opened on g@'n factors to SQ|Ve for themPKS B1938138 is thus observed

May 1986 after having been moved from Orroral Valley in thto allow for amplitude calibration of the target source.

Australian Capital Territory where it had been a NASA track- Observations are usually triggered following an increase i

ing station for about two decades. It also is a componentef thamma-ray activity as found by thieermiLAT instrument. The

Australian LBA and a vital geodetic antenna regularly mati flaring source is also added to the single dish monitoring pro

pating in International VLBI Service (IVS; Schliuter & Bedid, gram, providing a high cadence lightcurve at the observiag f

2007) observations. Hobart uses a non traditional X-Y mougtiency. If the source is observed to be flaring at radio freque

slewing at 40 degrees per minute on both axes to an elevat@es multiple CHI observations are then undertaken to plevi

limit of 7 degrees (apart from a 17 degree limit in the keyholénformation on the state and evolution of the flare.
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Right Ascension (mas) Finally the absolute flux scale of the PKS B19%88 model
Map center: RA: 19 39 25.026, Dec: —63 42 45.625 (2000.0) . .
Nap pook: 0788 Jy/osom 1 at 6.7 GHz was set using simultaneous ATCA and LBA data
Beom FWHM: 5.07 % 4.6 (mas) ot 58.2° of several point sources (050612, 14206-679 and 0808019).

This was not possible to achieve using the PKS B1%38 data
itself as PKS B1934638 is extended on VLBI baselines. For a
point source however the VLBI and ATCA fluxes should be the
same and so thefiiérence in VLBI and ATCA flux density was
calculated for each of the point sources mentioned abovieggi
an average correction factor a#t 0.1 used to scale the model
4. Calibration of PKS B1934-638. This gave the model as seen in Figures 1

Calibration of an interferometer with just two elementsgarats and 2.

several interesting challenges. Since a minimum of 3 a@®nn

is required for phase closure and 4 antennas for amplituale c4.2. CHI Calibration

sure, it is not possible to use the standard VLBI tools of kd/br ) i i , .
mapping (Readhead et al., 1980) or self-calibration (Reags AS described in section 3, PKS B193838 is observed in each
Readhead, 1984). Thus non-standard amplitude calibraticst CHI observation to perform additional amplitude calibvatias

be performed on CHI data. Calibration requires two stages'éfuired by the single baseline. The CHI data (including bioe
once df initial calibration and a calibration applied to each inditarget source(s) and PKS B193838) are initially calibrated in
vidual CHI observation. AIPS (Astronomical Image Processing System; Greisen, Y1998

in the standard manner. Phase errors are corrected by mperfor
ing fringe fitting to correct for residual delay and rate esto
4.1. Initial Calibration Amplitude calibration is also performed using the gain ays s
tem temperature of the antennas over the course of the experi
ment.
The AIPS calibrated PKS B193438 data are loaded into
11)16 Caltech Dference Mapping program 'Difmap’ (Shepherd
t al., 1995) and the model created as described in Sectlon 4.
‘then overlaid on an amplitude vs {) distance plot. A simple
script is then used to manipulate the model to fit both the am-

To create the model of PKS B193838, data from the )it de vs (1, v) distance plot (see Figure 2) and an amplitude vs
V255 series of Australian LBA observations were used. Trs)ﬁne plot éiw%g acorregtion(factor.g ) P

V25.5 project focuses on methanol maser studies at 6.7 GHz, This correction factor is then used to scale the visibgité

Fig. 1 The brightness distribution of PKS B193B8 derived from the
model created using AIPS and Difmap.

The need for amplitude calibration using a calibrator seusc
well met by PKS B1934638, which has a flux density of 3.983
Jy at 6.7 GHz and does not vary significantly (Reynolds, 199
Unfortunately, at VLBI resolutions, PKS B193838 is not a
point source and so a model is required in order to make amp
tude calibration possible.

and proper motions of these masers. PKS B1%38 was ob-
served in the V255 observations to act as a polarisatiobreali
tor. Three epochs of V255 were used to make the model of PESp o 1ts
B1934-638 used for CHI. Gain-curves are not available for a

LBA antennas at 6.7 GHz. This meant gain-curves for the LBWe present a typical CHI observation. PKS 268274 is a blazar
dishes at 6.7 GHz had to be created. Gain-curves from egistit a redshift of 1.489. It is established to be a variable gamm
8.4 GHz data were adjusted for the new frequency for telessopay source. Abdo et al. (2010) show a light curve with two
that did not have 6.7 GHz gain-curves available. For Cedu@a flaring events, occurring around February and June 2009 re-
gain-curve was taken from McCulloch et al. (2005). Note thapectively. Previous VLBI observations have found the seur
the gain-curve for Hobart is approximated as a first ordeypolto be strongly core dominated on the milli-arcsecond scale
nomial and this may introduce a small elevatidfeet into CHI (Ojha et al., 2010, 2004; Piner et al., 2007). On the kilospar
data (see Figure 3). scale, ATCA imaging shows some extended structure (Mdrshal
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Fig. 3 Amplitude vs time plot for the calibrated 205274 observation.
Note the downturn in amplitude at the beginning of the experit. This
corresponds to low elevation of the source and is thus likelgsidual
elevation &ect. This is perhaps due to the simple nature of the gai
elevation curve for the Hobart Antenna

Fig. 5 Single dish and ATCA monitoring data of PKS 26874 over-
laid with the CHI observation (the large filled diamond). TBeduna
flata are the circles and the ATCA data the triangles. The \da34 is
consistent with both the single dish and the ATCA monitofing den-
sity. Note that the ATCA data are interpolated between diamelous

2052-474 at 6.656 GHz in | 2008 Aug 28 5.5 and 9 GHz data to match the 6.7 GHz Ceduna single dish data.
\\\\
AN size of 0.8 mas is chosen, as the visibilities are well enassed
. \\ by the model (see Figure 6). Note that we are not trying to fit to
S \\ i the data directly, rather we are choosing a gaussian whash |i
| below the majority of the visibilities, thus providing an pgr
- / limit to the angular size.
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Fig. 4 The (1, v) coverage obtained from a 12 hour CHI observation of o :

2052-474. This is typical of a CHI experiment. : :
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et al., 2005; Burgess & Hunstead, 2006) extending over 4 afgg. 6 Amplitude vs ¢, v) distance plot of the calibrated 2052-474 CHI
seconds. The observation presented here was made in soppafhta. A model with major axis of 0.8 mas and an axial ratio ofell w
a FermjLAT multiwavelength campaign on this object in 200%onstrains the visibilities, giving an upper limit on thegatar size of
(Chang et al., 2010) following the flaring seen in the gamma-r the source.

Calibration was performed as explained in section 4, result
ing in the amplitude vs time plot seen in Figure 3 and the am-
plitude vs (i, v) distance plot seen in Figure 6. This is consistent
with a point source with a flux density of 2.6 Jy. Figure 5 shows

The brightness temperature of a source is given by

sinal : [P 2In2 Sv/lz(l + Z)

gle dish data from the Ceduna monitoring program, asagell p= —— 7 2)
ATCA data from the C1730 gamma-ray sources monitoring pro- 7K OmajOmin

gram, around the time of the CHI observation. The flux density

obtained from the CHI observations is consistent with tligte wherek is Boltzmann’s constang, is the flux density of the

single dish data (as expected for an unresolved source)iid sourcezis its redshift and the angular size (see for example
confidence in the amplitude calibration technique empldyed Kovalev et al. 2005).

CHL.The (,Vv) coverage of a typical CHI observation is shown Using the upper limit to the angular size of the source and
in Figure 4. A constraint on the angular size of the sourcebeanequation 2, a lower limit of X 10* K for the brightness tem-
calculated by applying a Gaussian model to the visibilites perature is calculated. This is well below the inverse campt
this example observation of 205274 a model with an angular limit.
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6. Summary and Future Developments Marshall H.L., Schwartz D.A., Lovell J.E.J., et al., 200538 156, 13
McCulloch P.M., Ellingsen S.P., Jauncey D.L., et al., 2005129, 2034

The CHI interferometer is the only facility capable of ragitgh  Mmuller C., Kadler M., Ojha R., et al., 2011, A&A530, L11

resolution observations of compact radio sources southbaita OjhaR., Fey A.L., Johnston K.J., et al., 2004, AJ 127, 3609

—30 degrees declination. The peculiar calibration chatsnof gg::siﬂ I‘T'aJdlgzg'd’hBe%CdkAMé%t a'l-éggl%RAAggf’zl;’ 9A745

S.UCh a Smgle baseline interferometer hav_e beer_]_met and H’Hﬂlips C f’zioumis T, Ti.ng‘ay,s., et’al., 2009, in: 8thdntational e-VLBI

tial results are presented. Currently CHI is a critical comp  workshop.

nent in the multiwavelength study of AGN in the agefedrmi  Piner B.G., Mahmud M., Fey A.L., Gospodinova K., 2007, AJ13367

However’ its role is set to be broader as itis Capab|e of mr Readhead A.C.S., Walker R.C., Pearson T.J., Cohen M.HO, Nx&ure285, 137

any type of compact radio source in the southern sky with hi@m”eor'gs if/Eg"g 13/%%1% A revised flux scale for the AT Compasair ATNF

sensitivity. ) . . Schliiter W., Behrend D., 2007, Journal of Geodesy 81, 379
There are three developments under active consideration $@epherd M.C., Pearson T.J., Taylor G.B., 1995, In: B. J.leBu&
CHI. First, observation at multiple radio frequencies Vﬂ)pllo- D. O. Muhleman (ed.) Bulletin of the American Astronomicaicity, Vol.

vide radio spectral index measurements which are very Lisefy?27- Bulletin of the American Astronomical Society, p.903
. P . y rich M.H., Maraschi L., Urry C.M., 1997, ARA&AS35, 445
inputs to models of the emission from AGN. Both Hobart ang, ner s 3. Witzel A, 1995, ARA&A33, 163

Ceduna can observe at the standard centimeter wavelemigh rgvalker R.C., 1995, In: J. A. Zensus, P. J. Diamond, & P. J. &lafgd.) Very
bands. We will develop the calibration at additional freagies Long Baseline Interferometry and the VLBA, Vol. 82. Astranical Society
of 2.3, 8.4 and 22 GHz, in order to make CHI capable of spectralof the Pacific Conference Series, p.133
index measurements.
Second, while CHI observations can be initiated almost in-
stantly, the remote nature of the Ceduna observing site sithke
shipping of data to the correlator in Hobart the biggestibo#ck
to rapid analysis. The possibility of taking preliminary asere-
ments using a ‘sffling’ strategy is being explored. This would
involve taking short (about one second) slices of the twelve
hours of data and transferring them back via network, thus de
creasing the transfer time without sacrificing\{) coverage too
much. This would allow a quick analysis showing the flaring
state of a target (for example) where such information islede
to trigger observations at other wavelengths.
Finally, we are investigating the possibility of includitige
new 12 meter antenna at Warkworth, New Zealand (Gulyaev
etal., 2011) in the CHI array. This would increase the maximu
baseline to 3724 kilometers boosting the resolution 2.8 it
an observing frequency of 8.4 GHz, as well as providing phase
closure.
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Table 1. Brightness Temperature Sensitivity

Redshift Shape

Brightness Temperature
K

Gaussian
Sphere
Disc
Gaussian
Sphere
Disc

P PP OOO

x10°
®x10°
Q4% 10°
2x10°
1 10°
a8 x 10°

aFor a 1 jansky source.



