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1. Introduction

Intra-Day Variable sources (IDV) are flat spectrum extragét synchrotron sources, often
associated with optical quasars, BL Lacs or radio galatres, show flux density variability on
time scales shorter than a day [6]. They are typically uriveslowith the longest VLBI baselines
at centimetre wavelengths. These sources show intringiatieans on much longer time scales
(months) that sometimes are associated with milliarcsgeabructure that evolves on time scales
of years [8]. Source-intrinsic explanations of IDV requaetremely compact objects that need
extreme (if not impossible) values of Doppler boosting toidwrightness temperature to violate
the inverse compton limit. However, the easiest way to wtdad the intra-day variability is as a
propagation effect, similar to that in low frequency vahés) due to scintillation in an interstellar
screen of ionized gas ([11] and references therein). Inpdiadigm, the refractive screen acts like
the agitated surface of a swimming pool, that bends suntabtuse an irregular pattern of light
and dark bands on the bottom of the pool. In the astronomese,cthe Earth moves through an
immense pattern of light and dark bands, which causes thav#y of the IDV sources.

The main characteristic of IDV is the variability on time E=saof a day to less than one
hour of both total § and linearly polarizedR) flux densities. The amplitudes of the fluctuations
differ from source to source but are typically in the ramge= 5 — 20%, wherems is the total
intensity flux density modulation indexng = os/S). Often, the variability is more pronounced
in the polarized than in the total fluxn > 100%). Usually, the variations i8 and P appear
correlated but in some cases are anti-correlated [10].

An ISS origin for the IDV requires the time scales of the viioias to exhibit seasonal mod-
ulations when the projected velocity of the Earth and thergiellar matter have similar speed
and direction (see [11], [4]). Therefore, a proper undeditay of the IDV phenomenon needs
long-term continuous monitoring of IDV sources. Using thedGna 30-m radio telescope of the
University of Tasmania, we are continuously monitoring taeiability of a number of compact
sources at 6.7 GHz in order to obtain information about thi@bdity pattern during the course of
the year [9]. The Ceduna continuous monitoring programsemsal to collect information about
the long-term characteristics of the observed flux densittdiations.

2. Observations

The remotely operated 30-m Ceduna radio telescope is bh&H@ekm west of Adelaide, in
South Australia. It was built by Mitsubishi in 1969, and isHzeen used by the Overseas Telecom-
munications Company (OTC) for telephone and televisionroamication via the Intelsat satellite
system up to October 1994. In September 1995, the statiohd@sdonated to the University of
Tasmania. In March 2003, the COSMIC project, COntinuoug/Bhdish Monitoring of Intra-day
variability at Ceduna (see [9]), has commenced with the dimproviding continuous observa-
tion of a sample of southern scintillators at 6.7 GHz. Thegtterm light curve of the BL Lac
PMN J1326-5256 is shown in fig.1. The data was collected between MarfB 20d November
2006 (MJID~ 52700-54060. The short gaps in the light curve are due to the observirzgesy.
The target sources are divided in two groups: north and safitte zenith at Ceduna. Each group
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Figure1: PMN J1326-5256 monitored at Ceduna at 6.7 GHz.

is observed for 14 days. The larger gaps are due to telescapgemance and Australian VLBI
sessions.

The time series analysis of the observations of PMN J3&2%6 over the last 3 years have
shown a complex variability pattern in this intraday valéabource. This object has changed
its scintillation behaviour since the early observatioméng through the following stages: fast
variations — quiescence — long-term variability — fast a@ons.

Here, we present observations of J133256 carried out at the beginning of the COSMIC
project (see fig.2), when the source suddenly changed frgm\ariability to a quiescent phase.
The total intensities of the target source and the calisgice. B1934-638) have been measured
by means of cross-scans in both right ascension and dechndach point correspond to a tele-
scope scan in one direction. The errors on a single measotemreenegligible. The data reduction
and the time series analysis have been done using dedicaA&dAB procedures, written at the
University of Tasmania.

Furthermore, we present data from the observations witATI@A carried out simultaneously
at 1.4, 2.4, 4.8, and 8.6 GHz (see fig.3, total intensity ontdpepanels, Stokes Q and U on the
bottom panels). The data for both total intensity and poédion have been reduced using the
MIRIAD package.

The characteristic time scales are calculated from thecautelation function, that is the time
scales on which the autocorrelation function drops to hatsanaximum value.
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3. Results

A peculiar quiescent period has been observed in the oteerstiongly variable source PMN
J1326-5256 during our Ceduna intraday variability monitoringjpmt. We have also detected fast
and pronounced polarization changes during this low-leaghbility phase of the total flux density
using the Australia Telescope Compact Array (ATCA).

Transient IDV has been observed in a number of sources. Howthe peculiar behaviour
of PMN J1326-5256 differs from that seen in other episodic IDV sources.r &ample, in
B0917+624, the amplitude of the variations changed frorh0% to became “stable” at a level
of 1-2% [2], whereas in PKS 040385, the extreme variability lasts several months and is fol
lowed by periods of the order of the years when only slow cbarage observed [7].

In the course of the Ceduna monitoring project, PMN J132B66 has shown pronounced
IDV with a complex pattern. Our time series analysis has akage multiple characteristic time
scales:T ~ 0.4days andr ~ 1.4days up to long-term (>few days) variability. PMN J13Z3256
was also observed with the ATCA during monitoring of compadio sources at 4.8 and 8.6 GHz
[1]. In this set of observations, the variations in poladiznd total flux densities were strongly
correlated in early 2001, but later became uncorrelated ifitplies complex structure of the radio
core.

Suddenly, in April 2003 (MJB- 52780), the flux density fluctuations of this strongly vari-
able object ceased on a time scale of less than two weeks)(fitnZhe following months up
to December 2003 (MJP 52980), the source appeared to be stable around a mean flsityden
of 1.5 Jy apart from brief episodes of variability. Duringetle sporadic events, the flux density
slightly increased and decreased with time scale @fday before reverting to its quiescent phase.
Measurements made in January 2004 (MJBB020) at Ceduna show an intriguing pattern: we
noticed a well-defined variability although with a longené scale (weeks) and smaller amplitude
than seen before. Furthermore, the ATCA data shows meltjeiency variability of the total flux
density (in agreement with the Ceduna results), but intiegdg, very fast ¢ 2hour) polarization
changes have also been detected (see bottom panels on fig.3).

A possible explanation of the slow-down in the variationthist we have observed an annual
modulation of the scintillation. However, such a seasoffakcecan be ruled out since we know
from previous observations that the source showed verygtvariability in the first part of the
year [1]. One could interpret this sudden change in the fremnle of the ISS theory as due to
guenched scintillation caused by changes either in théesteg size in the ISM or in the structure
of the innermost region of the source.

Variations of the electron density or change of the distafdbe scattering screen could also
be responsible for the cessation of the rapid variabilitgerhatively, one could imagine a clumpy
ISM with moving clouds at different distances. However, veea to assume that in March 2003,
when we started our monitoring program, a cloud was just ngpaway from the line of side to
explain such a fast change in the variability pattern. Weetloee favour for a structural change in
the radio core. In this scenario, the emission of a new jetomrant can lead to an apparent source
size larger than the scattering size in our Galaxy, theramgeling out the variability.

Finally, the observed complex pattern could be a mixturecwitdlation (annual modulation)
and source-intrinsic (i.e. pc-scale structures) effadis.have seen that the source was still scintil-
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Figure 2: Intraday variations of the total flux density of PMN J132856 (Red circles) at 6.7 GHz. Note
the dramatic change in the nature of the temporal varigtafiter MID 52744. The data are normalized in
order to compare the source variations to the calibrato8B1838 (Black crosses).
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Figure3: Intraday variations of PMN J1326256 at the ATCA in January 2004. Top two panels correspond
to total intensity variations. Bottom four panels show Q &hdariation.
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lating in the polarized components. This suggests thaethactures are smaller than the scintil-
lating total flux density component. The variability of PMM326-5256 is very pronounced in the

polarization. The observed variations in Q and U result pid&hanges of the polarization angle.
A multi-component structure of the innermost regions of theio jet can explain the observed
complex pattern. Rickett et al [12] made a fit of the polai@apattern of the extreme scintillator

PKS 04054-38 using two polarized components in thas structure of the source.

4. Conclusion

Using the Ceduna 30-m radio telescope of the University effiania, we monitored the vari-
ability at 6.7 GHz of several compact sources [9] in order stalglish their annual cycles and
variability characteristics.

When explaining the observed sudden change in the vatiapditern of J13265256 taking
into account only propagation effects, changes in the meapepties of the ionized ISM along
the line of sight should be fully responsible for the obsdreessation of variability. However,
one should expect also a slow-down in both Stokes Q and U,haikionot the case. Considering
a clumpy ISM, two screens at different distances can cawseliberved sudden changes, if the
edge of the nearer screen is reached at the epoch of our absasvin March 2003. Alternatively,

a scenario, which also takes into account the source steuetumicro-arcsecond scale, seems
to be more plausible in the case of PMN J13%256. We suggest that the source scintillation
pattern has changed due to an intrinsic “long-term” changidné compact core. An observable
effect of a multi-component scattered core at micro-amsécscale is the complex polarization
scintillation pattern. Polarization variability is uslyafaster and stronger and can be detected also
during quiescent phases of the total flux density fluctuatiohhis is due to the smaller sizes of
the polarized components. Accordingly, we have detectstl (fa 2hour) polarization changes
during our ATCA experiment in late January 2004. Only the porent responsible for the total
intensity variations has become large enough to “quenah’stiattering while we still observe the
fast scintillating polarized subcomponents in the jet.
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