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e-VLBI is a technique under development that allows reaktcorrelation of VLBI dathAt the
EVN there have been routine e-VLBI tests and science obtengain the last 18 months. We
will briefly introduce the status of the e-EVN, and show earlyLBI results. Potential use of
e-VLBI for various classes of transient or rapid variablarses will be described.
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1. What ise-VLBI

In electronic very long baseline interferometry (e-VLBigtdata from distant radio telescopes
are streamed to the central processor through optical fiarescorrelated in real-time. One great
advantage of this technique currently under developmeiait the observations are no longer de-
pendent on the availability of disk space at the telescagdésying long observations at high data
rates. It is envisioned that eventually data rates up torak@bit/s/telescope will be achievable in
the future, increasing the sensitivity of present radi@ysrconsiderably. Another new aspect of
e-VLBI is that the results from the observations are immiedifeavailable, from which certain sci-
ence projects may benefit. These are most likely programangsting transient or rapidly variable
sources. Once the e-VLBI capability is coupled with quidlagireaction time and flexible schedul-
ing for follow-up observations, a new era of VLBI transieotesice will begin. With the advent
of new survey telescopes (see these proceedings for sevamalples) the number of discovered
transients, likely including new source classes is exgeiiencrease dramatically.

2. eVLBI at theEVN

Here we will describe briefly the present e-VLBI network a¢ tBVN (see Fig. 1). There
have been e-VLBI developments in Australia (see Tziourhissé proceedings), Japan and USA.
The European programme is based on the Mark5A disk recosdisigm, developed in Haystack
(http://lwww.haystack.edu/tech/vibi/mark5The e-EVN in mid-2007 consisted of seven telescopes:
Cambridge (or Darnhall), Jodrell Bank (Mkll), Medicina, Mahovi, Onsala, Torun, and Wester-
bork (phased array). Up-to-date information on the avklaations and the frequecny bands
offered for e-VLBI observations can be found on the EVN e-VYigb pagestittp://www.evlbi.
org/evlbi/e-vibi_status.html All of these can be connected to the EVN MarklV Correlatoll ¥ E
through 1 Gbit/s links. In the early phase of test and sciepegations (early 2006) we achieved
128 Mbit/s data rates using the TCP protoduatt://www.fags.org/rfcs/rfc793.htinl After hard-
ware upgrades and data transfer tuning this improved to 28i§dviand occasionally 512 Mbit/s.
The latest tests show that 512 Mbit/s or higher data ratesumtainable for long observations with
UDP-based transfer protocolktip://www.fags.org/rfcs/rfc768.hthl Several new telescopes are
going to join the array soon: the 100m Effelsberg, the 40ne¥ethe 25m Shanghai, and the 300m
Arecibo telescopes, partially funded by the EXPReS projeanning at 512 Mbit/s this will result
in a very competitive array in sensitivity and resolution.

Initially science observations were carried out at fixededatvhen e-VLBI tests were done.
Proposals were accepted up two two weeks before the testse fBa operations became more
robust, it was realized that the proposal rules must be athing order to better exploit the e-
EVN capabilities. As from 1 June 2007, e-VLBI proposals maessubmitted by the normal EVN
deadlines. However a new "triggered proposal” class has degéned. In this type of proposal
one may request observations of a class of objects, if ailceriggering criterion is met up to 24h
before the observations. It is expected that in the comigsye-VLBI will no longer be restricted
to the fixed test dates, and closely spaced monitoring osens will be possible — given that the
science case is strong enough to overrule schedules ofdodiMelescopes.
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Figurel: Telescopes participating in the EXPReS project

3. Galactictransients

Galactic transients evolve on timescales significantlyteing~ days) than extragalactic tran-
sients. Because of the short timescales involved, one ngayedhat real-time correlation offered
by e-VLBI is less crucial; it is the array response time anxiffiéity that will determine the success
of the target of opportunity (ToO) observations. While tisisnostly true, e-VLBI has a number
of advantages. Telescope patrticipation in a ToO projects aegend on availability of recording
media, while e-VLBI is not limited by this. Another advanég the real-time monitoring of tele-
scope performance, which guarantees the success of ofisesvar his is important for the EVN
where VLBI observations are limited to three observing isessin a year, and immediate change
from a single dish program to VLBI involves certain risks.pEsially, in the future e-VLBI will
be very important for observations with ad-hoc arrays omallegcales. Moreover, with e-VLBI
the data are immediately available for the astronomer fdhéu processing. Quick analysis tools
(including a full data analysis pipeline) have been devetbgt JIVE recently. Using the rapid feed-
back from the array, one may plan follow-up observationsewficiently, or even trigger further
observations with other telescopes based on the VLBI ediiimselves (Rushton and Spencer,
these proceedings).

Microquasars —and in a broad sense, all X-ray binary systemessome of the best candidates
for e-VLBI observations. These systems regularly show unstis, but only a handful of these
events have been followed-up by VLBI. Fundamental questiare the bulk jet Lorentz-factor
in these systems (often difficult to determine also becahsesburce distances are not known
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accurately), similarity or difference of jet propertiestiiseen black hole and neutron star XRBs,
and whether the Lorentz-factor changes during accretete shanges. To answer these questions
many more observations are necessary. How to trigger e-\dBervations on such very short
notice is a difficult problem. By the time the flare brightendfisiently, the source has already
expanded significantly. The early phases of jet evolutidhtinis be hidden. A promising approach
is to find an optical/IR trigger that precedes the flare séwvizgs (see Russel, these proceedings).
This would give the opportunity to observe the burst fromrthdio quenching phase, which has
never been observed with VLBI.

Microquasar jet polarization properties have not beetry feplored so far with VLBI. Note
that up to date, there was a single experiment in which male-polarization has been detected (to
our knowledge); that was an e-EVN observation of Cyg X-3 (Rlg The e-EVN array together
with the phased array Westerbork telescope will be a powésful to analyse jet polarization
properties. Using the WSRT synthesis array data (recor@edllel to the VLBI run) one may
calibrate in the VLBI data the level and PA of the polarizatia the calibrators and in the target.
Moreover, because the WSRT has linear feeds, measuringlaringolarization will not face the
extreme difficulties we normally have in VLBI observationsymely that we do not know a-priori
the extent of CP in any of our calibrators.

So far only a tiny fraction of the XRB population has been diete in the radio. Most of these
sources show activity on the mJy level, ruling out the paksitof triggering based on bright flares.
A larger fraction of this population will be available forrther study from early next year, when
the 100m Effelsberg telescope and Arecibo join the e-EVMNagimg of sources at the 100-1000
uJdy level will be possible routinely. With e-VLBI, it will begssible to observe a sample of these
sources initially, and follow-up immediately the ones thlabw interesting morphology at the first
epoch. This could be an alternative method to trigger furtfieBl monitoring observations of
these sources.

4. Extragalactic transients

Although extragalactic transients evolve more slowly, leBVY could be still important for
ToO observations with inhomogeneus arrays, as mentionegealAn interesting class of highly
variable objects (not transient in the classical senseubira-luminous X-ray sources (ULXs).
There has been a debate whether these systems are powenegrbyediate-mass black holes
(IMBH, [2]), or they are super-Eddington accreting microquasais [8]. While the majority
of these sources are likely to be related to stellar-massctsbf], the accretion disk properties
suggest that some of them may be IMBHS.[ Future radio observations of these systems could
help to resolve this debaté] If caught in an a radio-active state in ToO e-VLBI obseimas$, one
could pinpoint the location of the ULX which would help to iddy the optical counterpart.

In fact there is one group of sources that may evolve on tialescrequiring e-VLBI ob-
servations: GRB jets and the likely related type Ib/c supese. It has been suggested that the
ultra-relativistic jets produced by these systems shoaldelsolvable in high-frequency VLBI ob-
servations T,8]. This would be extremely important because there has hkndirect imaging
support so far of the proposed model of GRBs [but 2f10,11]. Whether one should monitor
these systems on a weekly basis or every 6 months dependse soufce expansion rate, which
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Figure2: e-EVN images of Cyg X-3 in the stages after outbursts in 200& upper panel shows the total
intensity image. The lower left panel shows the (PA-unaie@) linear-polarization map, the lower-righ
panel the percentage of linear-polarization in the soufagire courtesy Valeriu Tudose
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Figure 3: e-EVN total intensity image (left) and simultaneous WSRjhtcurve (right) of Algol on 14
December 2006. The system remained unresolved in this owever the spectral properties suggested that
the flare location was not coincident with the normal gyratyntron lobes (the CP peak was about 2 mas
to the West of the | peak). These events have so short tinessitedt dedicated observations are not possible
without e-VLBI and dynamic scheduling during the obsemwasi (Csizmadia et al., in prep.)

could easily exceed 1 milliarcsecond/month for Local Gr@Ne, if there is an underlying rela-
tivistic jet oriented in our line of sight (Ramirez-Ruiz iyprcomm.). High resolution and sensitive
e-VLBI observations would be able to address this problem.

5. Variable stars

Variable radio stars (see Oosten, these proceedings) hesly been observed with VLBI
before because of their relative faintness. However ptegeBl| arrays can easily observe sources
at the 100-100QuJy levels, which opens up the possibility to observe vagiabéllar sources in
much larger numbers. One challenge is the variability toaks which could be hours or shorter.
The role of e-VLBI may be here to be able to select sources masample, that show peculiar
activity during the observations. Once adaptive scheduling is availabdek(¥s going on this in
JIVE), one could efficiently select the targets that areré@geng at that very moment, and continue
observations only on that target.

To demonstrate this, we show an e-EVN image and the Westefymthesis Radio Telescope
lightcurve of Algol (Fig. 3), observed in December 2006 byz8sadia et al. (in prep.). Algol
underwent a flare during the e-VLBI run, that faded on a timkescof hours. In the same time the
circular-polarization properties significantly changadhe system. The origin of these flares in
Algol systems is not known at present. Future dedicatedreatens of these events may only be
possible with a high-resolution e-VLBI array, that is calgatf changing source schedule during
the observations.
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6. Conclusions

There are promising developments in the field of e-VLBI. Treemadvantage will eventually
be a significantly increased observing bandwidth, but oeszEience applications may benefit from
the quick science turnaround time as well.
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