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Introduction

Gravitational lenses have been a subject of great interest ever since the discovery of the first lensed system 25 years ago. The use of the

radio technique, very long baseline interferometry (VLA1), to study such a class of objects enhances our knowledge as a result of the
phenomenal combination of the resolutions provided by both this technique and the telescopic nature of gravitational lensing that leads
to the maguification of the background source.

Identified as a gravitationally lensed system in 1992 (Patnaik et al), the radio image consists of an Einstein ring and two compact
images separated by ~ 330 mas (Figure 1). The lens is identified as a spiral galaxy (z ~ 0,685, 0'Dea ct al 1992, Browne ct al. 1993)
and the background source is conjectured to be a blazar (2 ~ 0.944, Cohen et al. 2003). The latter is variable in its emission, and a time

delay of (10.5 = 0.4) days between the images has been measured (Biggs et al. 1999).
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Amongst the unexplained abservations, the steady and systematic drop in the image flux-density ratio with decreasing radio frequency
(Figure 2) s most intriguing. One of the possible explanations is a frequency-dependent source structure, combined with an image
relative magnification which changes significantly over the extent of the structure (perhaps likely, given that the system has the smallest
image separation amongst the known galactic lenses). For example, in the best-fitting lens models obtained from applying the LensClean
algorithm (Wucknitz 2002), a shift of ~ 15 mas in the position of a point-source image can produce a change in relative maguification
from 4 to 2.5 (Figure 3). Furthermore, it s indeed comman for the radio spectra of AGN jets to steepen with distance from the central
engine, and for the centroid of the brightness distribution to shift with frequency - the “core shift”

Although such a core shift should, in general, show up as a change with frequency of the separation between the two different core
images, this effect s insensitive to core shifts in some di An xegistration of the VLB structures of the radio images

at different frequencies can only be made using the technique of phase referencing.
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VLBI phase-reference and multi—frequency observations of the
gravitational lens JVAS B0218+357

Rupal Mittal and Richard Porcas

Maps of B0218+357

Hybrid maps (using phase self-calibration techniques) of the lens were made by cleaning two sub-fields containing the two images A and
B, simultancously. The images clearly manifest all the earlier observed characteristics due o lensing, such as image A being tangentially
stretched at a position angle of ~ —40° (Figure 4). At 8.4 GHz and higher frequencies, the images are resolved further into two sub-

components, scparated by about 1.4 mas, representing the jet-core morphology of the background source,
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Phase-Referencing

For the phase-reference analysis only one of the observed astrometric sources, 02154364, was chosen as the most appropriate phase-

reference because of its flat spectrum in comparison with the others, permitting an unambiguous registration of the brightest component
at all the frequencics. The hybrid maps of the images A and B were used fo investigate the change in their centroid-positions with respect
10 0215+364 as a function of frequency. Figure 5 indicates a relative shift of about < 3.5 mas in the centroid of image-A radio between
15,35 GHz and 1.65 GHz. For image B, on the contrary, there is no shift detected. Even though, this shift in image A can account
for a 10 % change in the observed image flux-density ratio assuming a true ratio of 4, the direction of the shift coincides with that of

at the 1,65 GHz centroid-posit

the constant,relative magnification contours. In reality, therefore, the relative

corresponds to a < 1% change in the observed ratio,
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Discussion

The technique of inverse phase-referencing was successfully used to investigate the frequency-dependence of the emission from the images
of BO2184357; this is the first time in which a gravitational lens has been used as a phase-reference. The identification of a distinct
secondary maximun in image A at low frequencies (component 3, the north-west shoulder at 1.63 GHz in Figure 4), the sharp downturn
in the spectrum of image A at 1.65 GHz (not visible in image B) and the small shift in the 1.65 GHz peak position in A are further

results from th with no oby l in terms of the d gradients across the images. From the

phase-referenced results we conclude that the maguification gradient in the image plane, combined with the frequency-dependent source
structure is not the main cause behind the flux ratio anomaly in BO218+357. It may, therefore, be necessary to consider more elaborate

-

mechanisms, such as mass lensing), free-free absorption or refractive scattering in the lens galaxy, to account for all

the observed features in the BO218+357 images. Millilensing can produce significant froquency-dependent changes in the fiux-density of
one (or both) of the images provided the source size is comparable to the Einstein radius of the perturber and changes appreciably with
frequency relative to it. The source size changes by a factor 30 over the observed frequency range and its interaction with the caustics of
the perturber can bring about frequency-dependent changes in the total magnification. Electromagnetic effects such as free-free absorp-

tion or scattering will introduce flux-density perturbations that have an inverse frequency-squared dependence.
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