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Two different rate techniques were used: with the drives completely off which would be appropriate for an object
with no motion at GEO, and rate tracking at the predicted rate of a piece of debris or the most likely rate of a debris
distribution.
For a detection in an individual image to be considered real, it had to be detected in at least one more image with the
same approximate streak length and position angle. The angular rates for objects in circular orbits at GEO were
|Hour angle rate| <= 2 arcsec/sec, and |Declination rate| <= 5 arcsec/sec.

3. RESULTS
The 0.6-m MODEST surveys (1.3x1.3 degree field of view, or 1.7 square degree areal coverage) had a detection rate
for debris in the range R = 15 - 18th magnitude of about 1 object/square degree for the rates described above. This
detection rate can vary by a factor of 2, depending on the topocentric declination.
The MODEST surveys used a different survey technique than Magellan - a TDI technique was used where the
telescope tracked a constant right ascension and declination. During the 5-second exposure, the charge on the CCD
was moved to remove the motion of the stars. GEO objects would then appear as point sources or short streaks.
For Magellan, the field of view is only 0.5 degrees circular, or an area of 0.2 square degrees. Based on very
preliminary results, our detection rate for GEO objects is now about 10 objects/square degree with the same rate

constraints and in the magnitude range of R = 18th to 20th magnitude.

Thus the total population of GEO debris appears to increase as one goes to smaller sizes. The total population could
be large indeed.

The detection limit for short streaks with Magellan is between 19th and 20th R magnitude. This corresponds to a
size of 10 cm assuming an albedo of 0.2. An object this size is like a 1U Cubesat or a small iPhone.

The visual appearance of the detections varies widely. Basically they can be grouped into three classes:

¢ Streaks of constant brightness, as illustrated in Fig 2. below. The long horizontal streaks are stars.

Fig 2. An object moving primarily in declination with little or no brightness variation druing the 5-second exposure.

e Streaks with varying brightness during the 5-second exposure, as illustrated in Fig 3. below.

Fig 3. An object with significant brightness variation during the 5-second exposure. This object may be tumbling
with a period close to the exposure time.
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*  Objects with multiple brightness flashes during the 5-second exposure, as illustrated in Fig 4. below.

Fig 4. An object with rapid variations in brightness during the 5-second exposure.

The last case is interesting because the 'flashes' could be very brief indeed. Some of the flashes are circular; the
width of the flash perpendicular to the track gives an estimate of the seeing, while the width of the flash along the
streak is a measure of the flash duration convolved with the seeing disk. The camera has 0.4 arc-second pixels, the
seeing was 0.7 arc-seconds FWHM, and if the rate was 5 arcsec/sec, then the flash duration was less than 0.14
seconds (and could be much less). This short time scale says that the product of albedo times area was varying very
rapidly. If this is tumbling, what is the mechanism to cause this rapid change in attitude?

4. Summary

Observations with a 6.5-m Magellan telescope have been used to investigate the properties of optically faint GEO
debris. The population of such debris appears to increase significantly as one observes to fainter and fainter
magnitudes. The total population of GEO debris larger than 10 com could be very large indeed.

Of interest are the rapid changes in brightness seen in a fraction of the population. The time scales can be less than a
few tenths of a second. If this reflects a change in attitude of the object, what is the mechanism that can cause such
rapid changes in attitude on a 10-cm size piece of debris?
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