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Real-time microlensing data are delivered across the Internet via human readable
emails and displays in a web browser. There are now a number of scenarios where
machine-readable access to microlensing data is required. Here we describe an event
"publisher" for MOA that will be in place for the 2008 microlensing season. Events
will be delivered using XMPP based instant messaging technologies and event
metadata will be encoded using the VOEvent standard. The classical channel of
sending out emails and displaying data on a web page will still be used.
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1. Introduction

Following the first detections of microlensing events in the early 1990s, the process of
observing and studying them has followed pretty much the same model. The initial detection of
microlensing events is the responsibility of survey projects that employ large CCD cameras
mounted on telescopes with wide fields-of view. The Optical Gravitational Lensing Experiment
(OGLE) and the Microlensing Observations in Astrophysics (MOA) collaborations are two such
projects, operating today, that provide this service. The Massive Compact Halo Objects
(MACHO) collaboration was another microlensing survey project that operated during the
1990s. Following, an initial alert, microlensing events are then observed by “follow-up”
telescopes. There are a number of collaborations that operate networks of follow-up telescopes.
These include PLANET, MicroFUN, ROBONET, and MONET, together with a few standalone
telescopes. Some of these are geared up mainly to observe microlensing events while others
have more wide ranging goals in following up astronomical transients. The microlensing survey
groups also operate in a follow-up mode on their own and each other’s events.

For all of this to work, it is necessary for the microlensing survey groups to communicate
new events and update ongoing events to the follow-up groups. Traditionally this has been done
via email notifications and displaying the latest data at web sites.

2. The MOA Alert System

The MOA Collaboration operates a 1.8 m telescope with an 80 Mpixel CCD camera at the
Mt John Observatory in the South Island of New Zealand. The procedure by which
observational images from the MOA survey telescope are processed into public microlensing
alert notifications is summarized in the schematic in Fig. 1 and has been described in detail
elsewhere1. Difference imaging analysis is used to search for new microlensing in the real-time
imaging data. Light curves are generated for all objects located on difference images that may
possibly be new transients events. The light curves are then fed into a “Microlensing Analysis
Toolkit” that is used to select those that clearly correspond to microlensing on the basis of the
shape of the light curve, and to reject all spurious detections. The toolkit is a semi-automated
process that combines automatic filtering routines with human interaction at the final step where
microlensing events are identified by eye.
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Figure 1. Schematic of the MOA data reduction pipeline showing how the data proceeds from
imaging data to microlensing events displayed on a web page.

The current practice followed by both OGLE and MOA (and MACHO before them) is to
send out email alerts of any new microlensing events as they are detected, and to display
information on new and ongoing events on a web site. Furthermore, prompt email notifications
are sent if any event is undergoing some behaviour that requires immediate attention for follow-
up observations. For example, an event may be identified as high magnification or an anomaly
may be detected in an ongoing event.

E-mail and web pages are two Internet technologies that are designed for human
readability and operation. However, there are a number of scenarios that require machine-
readable access to real-time microlensing data. These include:
• Robotic telescope networks that automatically respond to real-time alerts of new events or

notifications of urgent observations required for selected ongoing events. These include
MONET2 and ROBONET3. Another architecture that feeds from real-time astronomical
data is eSTAR4, which employs intelligent agents to automatically schedule observations.

• Specialized software applications that look for microlensing anomalies in real-time feeds of
microlensing data. These include SIGNALMEN5, PLOP6, and ARTEMIS7.
One common procedure is to write “screen scraper” scripts that download the source files

intended for web browsers and parses the HTML source for the required information. Such
practices are not satisfactory and really constitute an abuse of the underlying technologies for
displaying data in web browsers. The International Virtual Observatory Consortium has devised
an XML schema called VOEvent8 that is designed to provide machine-readable descriptions of
astronomical phenomena that are time-critical in nature.
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3. Machine Readable MOA Events

<voe:VOEvent role="observation" version="1.1"
xmlns:voe="http://www.ivoa.net/xml/VOEvent/v1.1"
xmlns:xlink="http://www.w3.org/1999/xlink"
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
xsi:schemaLocation="http://www.ivoa.net/xml/VOEvent/v1.1http://www.ivoa.net/xml/VOEvent/VOEvent-v1.1.xsd">

<Who>
<Author>

<shortName>MOA</shortName>
<contactName>Ian Bond</contactName>
<contactEmail>i.a.bond@massey.ac.nz</contactEmail>

</Author>
<Date>2008-03-24T11:09:15</Date>

</Who>
<WhereWhen>

<ObsDataLocation xmlns="http://www.ivoa.net/xml/STC/stc-v1.30.xsd"><ObservatoryLocation/>
<ObservationLocation><AstroCoordSystem/>
<AstroCoords>

<Time unit="s"><TimeInstant><ISOTime>2008-03-24T11:09:15</ISOTime></TimeInstant></Time>
<Position2D unit="deg"><Value2><C1>17:53:19.299</C1><C2>-28:26:12.31</C2></Value2></Position2D>
<Epoch>J2000.0</Epoch>

</AstroCoords>
</ObservationLocation>

</ObsDataLocation>
</WhereWhen>
<What>

<Param name="MOA_serial_no" ucd="meta.dataset" value="2008-90"/>
<Param name="Run" ucd="meta.dataset" value="B11884"/>
<Param name="Field" ucd="meta.dataset" value="gb5"/>
<Param name="Filter" ucd="meta.dataset" value="R"/>
<Param name="CCD" ucd="meta.dataset" value="1"/>
<Param name="SequenceID" ucd="meta.dataset" value="16825"/>
<Param name="Xposition" ucd="meta.dataset" value="1677.82"/>
<Param name="Yposition" ucd=" meta.dataset" value="3159.11"/>
<Param name="DiscoveryDate" ucd=" meta.dataset" value="2008-3-23T22:9:4"/>
<Group name="Microlensing ID">

<Param name="MOA_ID" value="2008-BLG-076"/>
<Param name="Precedence" value="MOA"/>

</Group>
<Group name="Links">

<Param name="Event Info" ucd="meta.ref.url"
value="https://it019909.massey.ac.nz/moa/alert/data/display.php?id=gb5-R-1-16825"/>

<Param name="Finder_jpg" ucd=" meta.ref.url" value="https://it019909.massey.ac.nz/moa/alert/data/gb5-R-1-
16825.fchart.jpg"/>

<Param name="Finder_fits" ucd="meta.ref.url" value="https://it019909.massey.ac.nz/moa/alert/data/gb5-R-1-
16825.fchart.fit.gz"/>

<Param name="Lightcurve" ucd="meta.ref.url" value="https://it019909.massey.ac.nz/moa/alert/data/gb5-R-1-
16825.plot.png"/>

<Param name="Photometry_data" ucd="meta.ref.url" value="https://it019909.massey.ac.nz/moa/alert/data/gb5-R-1-
16825.phot"/>

</Group>
<Group name="Single lens model parameters">

<Param name="tE" ucd="time.scale" units="days" value="28.21"/>
<Param name="tEerr" ucd="time.interval" units="days" value="0.30"/>
<Param name="t0" ucd="time.epoch" units="HJD" value="2454585.000859"/>
<Param name="t0err" ucd="time.interval" units="days" value="0.41"/>
<Param name="u0" value="0.9286"/>
<Param name="u0err" value="0.0203"/>
<Param name="Ibase" ucd="phot.mag" value="16.69"/>
<Param name="t0cal" value="2008-Apr-28.5009"/>
<Param name="Amax" value="1.40"/>

</Group>
<Group name="Catalog Info">

<Param name="Nearest_star_ID" value="87584"/>
<Param name="Imag" value="17.6805519467"/>
<Param name="Imagerr" value="0.075"/>
<Param name="Separation" value="2.73951679135"/>

</Group>
</What>
<Why>

<Inference probability="1.0"><Concept>Microlensing</Concept></Inference>
</Why>
</voe:VOEvent>

Fig. 2. A machine readable microlensing alert for MOA 2008-BLG-076 encoded using the
VOEvent schema. VOEvent divides event metadata into a number of XML stanzas. Here the
<Who>…</Who> stanza specifies contact details for this event together with the date the event
was issued; <WhereWhen> specifies the coordinates of the event; <What> specifies various
observation specific data including the internal ID information, links to finder charts, data files,
and web pages for the event, the results of fitting a single lens model to the event, and
information from the MOA catalog of resolved stars; <Why> gives a machine readable
scientific description of the event where, in this case, it is identified as microlensing with 100%
confidence.
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In developing a system for providing real-time feeds of microlensing data, it is useful first
to consider the lifecycle of a microlensing event. One can visualize a microlensing event as
comprising a sequence of messages. The first message provides notification that a new
microlensing event has been detected. This is then followed by a sequence of “update”
messages. An update could include: new photometry available for this ongoing event, new
microlensing parameters that have been calculated, a high magnification alert, an anomaly alert,
etc.

We have designed an implementation that encodes the various messages in a microlensing
event lifetime as data packets that conform to the VOEvent schema. In Fig. 2, we show an
example VOEvent packet representing an alert of a newly detected microlensing event. This can
be thought of as a machine readable microlensing alert, in contrast to a human readable alert
that one sees on a web page or in an email message.

4. Delivering MOA VOEvent packets

To deliver MOA VOEvent data across the Internet we have adopted the publish/subscribe
extension to the common instant messaging model. The publish/subscribe extension is more
convenient that pure instant messaging because it decouples all the messaging users (or clients)
from each other. Rather than an alert client having to maintain a list of recipients, the alert client
“publishes” a message to a particular “channel” on an instant messaging server. This message is
then received by all other users who “subscribe”  to that channel.
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Fig. 3. Publish/subscribe architecture for delivering MOA VOEvents.

Our VOEvent architecture is depicted in Fig. 3. We have adopted the open standards
XMPP9 (Extensible Messaging and Presence Protocol) for instant messaging and the XEP-
006010 extension specification for XMPP. We have deployed the OpenFire application server on
a host PC at Massey. OpenFire11 is an XMPP instant messaging server that supports
publish/subscribe and it functions in a way analogous to a webserver. The use of
publish/subscribe gives us the flexibility to deploy a number of specialized subscriber clients
that perform specific functions. One of these is an email relay program that will automatically
send an email message to recipients on a mailing list for newly detected microlensing events.
Another subcriber client is a program that updates a database of information on all microlensing
events. A series of PHP scripts have also been written that will display this information in a web
browser. This is for those who do not require machine readable access to MOA data and simply
wish to access the data via a web browser – as has always been the case previously.

VOEvents are delivered as the message payload of an XMPP formatted message. These
can be accessed via the TCP port 5222. Anyone can write their own application software to
directly access the MOA VOEvent data feeds. In order to do this, an API that supports XMPP
and publish/subscribe XEP-0060 extensions is required. For Java programmers, one can use the
Smack12 library for XMPP support together with the Su-Smack13 extensions for XEP-0060.

The MOA VOEvent alert system is now operational as of 2008. Currently our set-up sends
out VOEvent packets only for those events that are clearly microlensing. We plan to expand this
in future to include all astronomical transients events. These include cataclysmic variables, flare
stars, and asteroids that also show up in the MOA survey. The VOEvent schema has a <Why>
stanza that can be used to provide a scientific assessment of the event by assigning “inference”
weightings to the different possibilities.
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