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Introduction:  Occultations are a very powerful 

tool for probing the sizes of bodies, and in some cases, 

probing distant atmospheres too small to be studied by 

conventional remote observations. As a solar-system 

object passes in front of a distant star we need only 

measure the attenuated signal as a function of time. 

This method works for telescopes big and small. 

The International Occultation Timing Association 

has pioneered methods for using very small, low-cost, 

and simple systems that can be deployed with sufficient 

density to measure detailed limb-profiles, not just 

equivalent circular or elliptical approximations.  The 

success of these observations is still critically depend-

ent on the quality of the prediction of ground-tracks. 

At the heart of this technique is the need for good 

orbits for the solar-system objects and good positions 

for the stars to be occulted. With this information, one 

can predict well in advance the time and place where 

these events can be observed. Until the Hipparcos mis-

sion, predicting occultations was almost exclusively in 

the domain of the professional community and required 

a significant predictive effort for each event. Following 

the release of the Hipparcos catalog, secondary cata-

logs emerged (UCAC and 2MASS) that could easily be 

used to compute predictions. 

The IOTA community built some very effective 

tools (Occult and OccultWatcher) to support the pur-

suit of occultations based on these newer high-quality 

catalogs. In the decade following the release of the new 

catalogs the number of successful occultations grew 

tremendously and has even netted a few asteroid satel-

lite observations as well.  As good as these catalogs 

are, they are basically just a single-epoch catalog and 

the lack of high-precision proper motions of the stars 

will eventually degrade the catalog quality until they 

are no longer good enough for these predictions. There 

are anecdotal musings in the amateur community that 

the success rate is dropping off for these routine cata-

log-based predictions but in fact it has only been level-

ing off.  Attention is beginning to return to the concept 

of making last-minute astrometric support observations 

to refine the prediction of the shadow track. 

The recent flood of new occultation results is lim-

ited, however. Nearly all occultations are of main-belt 

asteroids and observations involving distant Kuiper 

Belt objects are a vast minority. This presentation will 

review the current state-of-the-art in occultation predic-

tions and instrumentation and summarize prospects for 

the future with a special emphasis on the advances that 

will be enabled by the results of the Gaia mission. 

Occultation Basics:  Consider a baseline set of oc-

cultation circumstances. For this case we take the 

astrometric uncertainty as σ=1'', heliocentric distance 

Δ=1AU, and target diameter D=1500km. This case 

requires a total of 6 stations with a spacing of 750 km 

between stations.  This set of stations would cover the 

predicted track over 2.5σ yielding a >90% chance of 

success assuming no weather losses or equipment fail-

ures. The predicted success rate is quite good but note 

that getting this result dictates that 4 out of the 6 sta-

tions will not see an event.  Deploying fewer stations or 

decreasing the spacing will reduce the probability of a 

successful team effort. 

A slightly more interesting case is for typical main 

belt asteroids with a very good star position. Here, if 

we have positions good to 10 mas (milli-arcsecond), 

distance of 3 AU, we can get a similar 90% success 

rate on objects as small as D=100km.  For something 

on the inner edge of the Kuiper Belt region (Δ=30AU) 

we need astrometry that is good to 1 mas for the same 

sized object to get a similarly deterministic prediction. 

Alternatively, with positions good to only 10 mas you 

can ensure success by a large deployment of 40 sta-

tions. Extending this even further, occultations at 

Δ=300AU require 0.1 mas positions and Δ=3000AU 

would require 10 micro-arcsecond positions (for a 100 

km body). 

Catalogs:  The key to the future of occultation 

studies is in the improvement of star catalogs and orbits 

of solar system objects.  The GAIA mission[1], 

planned for launch in 2013, will provide a fundamen-

tally better reference frame that has ever been available 

before.  This mission is expected to provide positions, 

distances, and proper motions that are exceptionally 

precise (10’s of micro-arcseconds) on a high-quality 

global reference frame.  It is no exaggeration to say 

that the results from this mission will completely trans-

form the field of occultation studies and open the door 

to measurements of either small main-belt or outer so-

lar system objects. 

Prospects: By combining technology improve-

ments, star catalog improvements, and orbit improve-

ments, occultation studies are poised on the brink of a 

revolution.  
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