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We did not have access to a detailed luminosity prediction model for the Hayabusa re-entry bus or capsule. We have therefore taken the predicted models for the Stardust and Genesis re-entry luminosity and corrected them for the Hayabusa parameters. Our photometry of the SRC extends only 2.4 seconds from the time of first appearance until the brightening nearby bus  induces auto-gain changes in our Sony video camera. A more complete modeling and observation comparison for later in flight and from further downrange will likely be prepared by the airborne team(s).

Comparison between Stardust, Genesis, and Hayabusa Re-Entry vehicle parameters

	
	Hayabusa SRC
	Stardust SRC
	Genesis SRC

	Heat Shield Diameter
	40 cm
	81.1 cm
	152 cm

	Entry Angle
	12.0 deg
	8.2 deg
	8.0 deg

	Velocity (@135km)
	11.45 km/sec
	12.8 km/sec
	11.0 km/sec

	Mass
	18 kg
	45.8 kg
	225 kg

	Heat Shield
	Carbon ablator
	Carbon phenolic
	Carbon-carbon


     The velocity of the re-entry was calculated directly from the final TCM4 path sent to the authors by Jim Albers, and shows velocities slightly lower than the predicted 12.2 km/sec (200 km altitude). The velocity is closer to that of the Genesis re-entry than that of Stardust. Genesis re-entry luminosity was dominated by blackbody radiation from the heat shield, with little emission line contribution (4). The emission line contribution for the faster Stardust re-entry was expected to be more significant. We therefore assume that a black-body correction analysis will be a reasonable approach to estimating the expected luminosity.

Calibration

     Our photometry is confined to the first few seconds of the capsule’s re-entry signature - before saturation and auto-gain effects in the equipment entered. On these frames were captured several stars. In particular, SAO 99874 – an M star at 1400 counts (instrumental) and V=8.5 – was below saturation and imaged on a relatively un-vignetted portion of the field of view. The estimated peak heating temperature on the capsule was 3600K and was likely closer to T = 2500-3000K during the early heating we study here. The spectral energy distribution should correspond reasonably well with that for a mid M-class star, which has a similar 2500-3000K temperature, peaking in the IR.
      To predict the luminosity of the Hayabusa SRC during our photometry interval, we use the predicted luminosity of the Genesis re-entry, making corrections for differing kinetic energy, luminosity conversion efficiency, projected frontal area, and the differing atmosphere. 

Atmosphere Correction

     The Genesis mission re-entry happened in summer, on Sept 8 at a latitude of 41 north in daylight. Hayabusa re-entry was in late Fall, June 12, on a record cold night at midnight at latitude 28 south. The variation of atmospheric density with temperature and latitude make for a significant correction between these two cases. We estimate the predicted flux from Hayabusa at frame 183 of figure X, 13:51:54.2 UT, with the post TCM4 path at 103.4km altitude. The observed apparent brightness (smoothed over scintillation noise) was 1000 counts. At our latitude and date/time, air density here is approximately 30% higher than that corresponding in the 1966 Standard Atmosphere (1) at that altitude. Jenniskens etal (4) has their first flux prediction point at altitude 96 km. Corresponding to the Genesis re-entry date and latitude, the air density was the same as that of the 1976 Standard Atmosphere. A 30% higher air density corresponds to 2.4 km lower altitude, or 101.0 km. Extrapolating downward, this corresponds on the Genesis luminosity curve to roughly 0.0027 W/(cm2--sr).

Size, Kinetic Energy Correction

     At a given atmospheric density, we assume, as in Jenniskens etal, that the integrated luminosity is directly proportional to the kinetic energy, with some efficiency 
L =  ½ mv2 
The kinetic energy KE of the Hayabusa SRC was 8.7% that of Genesis. We assume the luminous conversion efficiency  for Hayabusa is the same as that for Genesis, even though Genesis was ~10 times heavier. With very similar aerodynamic profiles and velocities, this assumption however is probably not unreasonable.    
The distance from the site to the capsule is 

D2= [111.3(s-c)cos()]2 + [111.3(s-c)]2 + (a-0.1)2 km2
      = [111.3(134.46-130.885) cos(28.9deg)]2 + [111.3(30.715-28.944)] 2 + (103.3-0.1)2
    = 348.342  +  197.152 + 103.22
 D  =  410.3 km
The solid angle taken up by the projected frontal area of the heat shield is

Solid angle = 4[ (20e-5 km)2/(4 D2)] =  3.14 (20e-5)2/413.32 = 7.353 E-13  sr
The capsule at 13:51:54.2 UT had a smoothed apparent brightness in the instrumental system of 1000 counts => V=8.87 corresponding to 1.076E-15 W/cm2- (ref 3), and dividing by the solid angle of the heat shield, gives the observed Hayabusa intensity as 

Iobs = 1.46E-3 W/(cm2--sr)
The predicted intensity from the Hayabusa SRC is 8.7% of that of Genesis at the corresponding air density, or 0.087 x 2.69E-3 W/(cm2--sr) giving

 Ipred = 2.34E-4 W/(cm2--sr)
Conclusions

     We see that the observed intensity is 5 times higher than the predicted intensity. The Genesis re-entry intensity was about half the intensity predicted by this same model, prior to peak heating but significantly later than our Hayabusa observations. This significant difference may be due to several factors. First, we note that our calculations relied on an extrapolation from the earliest plotted point of the Genesis intensity model, albeit relatively modest, and the slope of the predicted intensity curve is not well determined. Second, the Hayabusa “carbon ablator” heat shield was of a different design, with enhanced protection via greater energy deposition into ablation. The Genesis “carbon-carbon” heat shield was designed to produce much less ablation. The higher expected Hayabusa ablation may have increased the diameter of the light emitting region surrounding the heat shield. If the light emitting region diameter was twice the diameter of the heat shield, the (Genesis-based) predicted intensity would match very well with what was observed. However, we note that the recovered heat shield showed only ~1/5 of the predicted amount of ablation, so this explanation may not be correct. Third, the steeper entry angle (12 deg vs 8 deg) of Hayabusa vs Genesis may have led to a quicker build-up of heating with less time for radiating this away, compared to the shallower path for Genesis. The path length of Hayabusa in descending to 101 km altitude was only 67% that of the shallower Genesis re-entry. And finally, we have assumed the luminosity for Genesis vs Hayabusa scales perfectly with the kinetic energy at the same atmospheric density.
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