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Abstract–A calibrated lightcurve is presented of the near-Earth asteroid 2008 TC3, obtained
before it impacted Earth on October 7, 2008. The asteroid was observed in unﬁltered
images from the end of astronomical twilight until the object entered Earth’s shadow about
2 h later. The observations covered a wide range of phase angles from 14.79 to 2.93,
during which the asteroid ranged from 82,000 km to 29,000 km distance from the observer.
A method is presented for obtaining photometrically ﬁltered brightness values for the
asteroid using unﬁltered imaging techniques. Over 1,700 images of the asteroid produce a
lightcurve with a peak-to-peak variation in V of 0.76 magnitude. Analysis of the lightcurve
yields values for H = 30.86 ± 0.01 and G = 0.33 ± 0.03. Combined with other
constraints on the kinetic energy and diameter of the asteroid, which suggest a low
1.8 g cm)3 density and albedo 0.05 ± 0.01, the value of H implies an asteroid of about
4.1 m in diameter, 28 m3 in volume, and 51,000 kg in mass. The determined value of G is
out of range for normal, larger asteroids of albedo 0.05–0.15.

INTRODUCTION
The Catalina Sky Survey discovered the near-Earth
asteroid 2008 TC3 at 6:39 UT on October 6, 2008
(Kowalski et al. 2008). The Minor Planet Center soon
after suggested an atmospheric entry within 21 h of its
discovery. The Jet Propulsion Laboratory later
predicted an entry over Sudan at about 2:46 UT on
October 7 (Chesley et al. 2008; Yeomans 2008).
Notiﬁcations were sent out via the Minor Planet Center
mailing list. Kenyan infrasonic sensors and United
States government satellites both detected the object’s
atmospheric entry over the Sudanese desert (Chesley
et al. 2008). Predictions were that the asteroid would
not survive atmospheric entry; however, it was possible
that meteorite fragments would make it to the ground.
In December, several pieces were recovered in the
Nubian Desert and were named Almahata Sitta
(Jenniskens et al. 2009). This was the ﬁrst near-Earth
object detected before hitting Earth’s atmosphere, and
the ﬁrst asteroid observed before being recovered in the
form of meteorites.
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The size of the asteroid and quantity of energy
released during the impact is important for
understanding how unusual this detection was, what
the initial conditions before impact were, and how
much material did survive in the form of meteorites.
The size of the asteroid was derived from the reported
absolute brightness, H, in magnitude (Jenniskens et al.
2009). This absolute magnitude relates to the size of
the object, via the albedo, for which values adopted
were derived from the recovered meteorites. The value
for G relates to the asteroid’s physical surface light
scattering properties because it describes the importance
of the opposition effect (enhanced backscattering of
light).
A size of between 3 and 4 m was derived from our
preliminary value of H = 30.9 ± 0.1 magnitude, for an
assumed slope parameter of G = 0.15.
To improve this estimate, the asteroid’s absolute
magnitude needed to be better calibrated. The unusually
wide range of phase angles during the observations,
ranging from 14.79 to 2.93, suggested to us that even
a value of G might be derived.
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The kinetic energy of the impact was independently
inferred from the luminosity of the ﬁreball (Borovicka
and Charvat 2009) and the infrasound signal (Chesley
et al. 2008; Jenniskens et al. 2009). Other measurements
of asteroid size came from cosmic ray exposure studies
(Welten et al. 2010). It is hoped that all data together
will provide an accurate picture of the asteroid’s size,
mass, and kinetic energy just prior to impact.
The peak-to-peak brightness variations in the
lightcurve have also provided information about the
shape of the asteroid and its rotation state (Scheirich
et al. 2010). Period analysis gave a Fourier period of
49.0338 ± 0.0007 s and 96.987 ± 0.003 s (Jenniskens
et al. 2009). A subsequent study showed that the
asteroid was in a nonprincipal rotation state (Pravec
et al. 2005) with a rotation period Pw = 99.19 ± 0.07 s
and a precession period Pu = 97.00 ± 0.09 s (Scheirich
et al. 2010).
In this article, a long series of unﬁltered CCD
images of the asteroid is carefully calibrated to
determine the absolute magnitude, H, G, and a crude
estimate of the shape, size, and mass of the asteroid,
and the results are compared to those derived by other
techniques.
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Fig. 1. Frame 1192 showing 2008 TC3 in the center of the
ﬁeld with a signal-to-noise ratio of 762.

yielded a ﬁeld of view of 7.0¢ · 5.2¢ at an effective focal
length of 2,032 mm. Using proprietary image-capturing
software, 4 s integrated exposures were taken, which
gave an imaging cadence of 4.14 s.
DATA ANALYSIS PROCEDURES

INSTRUMENTAL SETUP AND OBSERVING
PROCEDURES
After being notiﬁed by a colleague about the
incoming object around 19 UT on 6 October,
photometric data were obtained starting just before the
end of astronomical twilight at 23:51 UT and continued
until 2008 TC3 entered Earth’s shadow about 2 h later.
The Moon (1 day shy of ﬁrst quarter) was low in the
sky and set at 02:45 UT.
Due to the rapid motion across the sky, a script
was created to modify the telescope tracking rates every
second so that the asteroid image would not be streaked
or drift out of the ﬁeld of view. A Lumenera LW075M
USB camera was utilized, which has a 640 · 480-pixel
chip using 7.4 lm pixels in a 4.7 · 3.6 mm array.
Each pixel is capable of recording in 8 bit or 12 bit
depth; data were obtained in the 12 bit mode. The
camera used an electronic global shutter allowing
simultaneous integration of the entire array. The CCD
produced an interline transfer progressive-scan image.
Images were streamed uncompressed over the USB bus
in 16 bit digital form and were stored directly onto a
computer.
The camera was installed unﬁltered on the Clay
Center Observatory’s 0.64 m f ⁄ 9.6 Ritchey-Chrétien
telescope, which was focal reduced to f ⁄ 3.2 to maximize
the signal-to-noise ratio of the data, give a wider ﬁeld of
view, and to give as fast of a cadence as possible. This

Data were collected from October 6, 2008,
23:48:02.46 UTC to October 7, 2008, 01:48:44.35 UTC,
during which 1,770 frames were obtained. The asteroid
was imaged until it entered Earth’s shadow. Initial
entry into the penumbra was detected at 01:47:42 UTC
and disappeared below our detection threshold
(approximately V = 16) at 01:48:37 UTC. The frame
from 01:10:00.4 UTC is shown in Fig. 1. From this
data, a preliminary instrument lightcurve was obtained
by extracting the sum pixel intensity for each asteroid
image using the DAOPHOT package.
Our initial absolute magnitude estimate of
H = 30.9 ± 0.1 magnitude was obtained by simply
detrending this data using a polynomial ﬁt to yield an
approximate correction for distance, phase, and
extinction effects.
To improve the photometric calibration, these data
were reanalyzed using the xguiphot IRAF package
(Davis 1999), which supports rectangular aperture
masks. Because the asteroid was moving rapidly across
the sky, up to 7 h)1, the stars were signiﬁcant trails. A
small number of stars pass through the narrow ﬁeld of
view. For each, the x and y positions of the end points
of the star streaks were measured, as well as the
position of the asteroid in each frame. A rectangular
aperture was placed on the midpoint of the star trail
and followed in subsequent frames. All stars combined
produced a photometric deﬁnition ﬁle for each frame.
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Table 1. Calibration stars and measured magnitudes and color.
Star
TYC
TYC
TYC
TYC
TYC
TYC
TYC
TYC
TYC

0594-0579-1
0594-1060-1
0596-1275-1
1171-0959-1
0596-0741-1
0596-1284-1
0603-0604-1
0603-0823-1
1171-0935-1

Date obs.
(2009)

V

9⁄2
9⁄2
9⁄2
9⁄2
9⁄3
9⁄3
9⁄3
9⁄3
9⁄3

11.597
12.538
12.550
13.096
11.359
10.363
12.421
11.983
12.022

B)V
±
±
±
±
±
±
±
±
±

0.015
0.018
0.012
0.017
0.009
0.011
0.018
0.014
0.013

V)R

1.534
0.720
0.467
1.017
0.781
0.497
0.510
0.476
0.944

±
±
±
±
±
±
±
±
±

0.031
0.032
0.024
0.039
0.015
0.016
0.028
0.021
0.022

0.596
0.298
0.241
0.413
0.531
0.291
0.297
0.257
0.510

V)M
±
±
±
±
±
±
±
±
±

0.022
0.023
0.023
0.024
0.018
0.019
0.033
0.027
0.027

1.872
1.688
1.652
1.746
1.821
1.708
1.683
1.668
1.086

±
±
±
±
±
±
±
±
±

0.041
0.044
0.035
0.049
0.025
0.027
0.047
0.036
0.037

Table 2. Landolt ﬁelds and RMS residuals for all-sky photometry.
Date

Landolt ﬁeld 1

Landolt ﬁeld 2

Vrms

Brms

Rrms

September 2
September 3

F 11
PG2331 + 055 A,B

PG0231 + 051 A,B,C,D,E
PG2336 + 004 A,B

0.056
0.088

0.061
0.074

0.050
0.119

The asteroid brightness was thus compared to that of
the star brightness in each frame. The asteroid
brightness was measured using a ﬁxed-sized rectangular
aperture. Different-sized aperture masks were used to
help adjust for any aperture corrections; however, the
photometry proved independent of size of the aperture
to a precision of the order of <0.05 magnitude.
As the data were collected using unﬁltered light, the
color response of the system needs to be calibrated.
This was done using all-sky photometry on two
photometric nights, September 2 and 3, 2009 using the
same camera and telescope setup used for recording the
asteroid. BVR photometry was done on nine stars
visible in the original data set plus some Landolt ﬁelds
(Landolt 1992) for calibration. Exposures varied from
0.2 to 8.0 s, depending on the brightness of each object
through each respective ﬁlter. To minimize the effects of
scintillation, 25 frames were used for each airmass and
ﬁlter combination on each target.
All image processing and analysis were performed
in IRAF (Tody 1986), with frame calibration
accomplished using CCDRED (Valdes 1988), using bias
and dark frames. Master dark frames were produced for
the CCD frame calibration, with a separate master bias
and dark for each night. The all-sky solution was
obtained using the DAOPHOT (Stetson 1987) and
PHOTCAL (Davis and Gigoux 1993) packages. The
results of the all-sky photometry on these nine stars are
listed in Table 1. The RMS residuals for the all-sky
solution and Landolt ﬁelds used for the all-sky
photometry are listed in Table 2.
Henden (2000) demonstrated that an unﬁltered
system could be calibrated to a standard ﬁlter within

the UBVRI system when the system response of the
sensor and optical system are known and calibrated.
This methodology was adopted by solving the following
equation to convert unﬁltered instrument magnitude,
M, into V instrument magnitude:
cV V þ cB ðB  VÞ þ cR ðV  RÞ þ c0 ¼ M

ð1Þ

Using Equation 1, we were able to use a leastsquares ﬁt to solve for the coefﬁcients, yielding
cV = +1.0138, cB = )0.0285, cR = )0.4956, and
c0 = )1.6925 with an RMS error of the overall ﬁt of
0.032 magnitude. The Lumenera LW075M response
curve is shown in Fig. 2 (Lumenera Corporation 2005).
To get calibrated values from the data, stars were
identiﬁed by their USNO B1.0 catalog ID using the
freeware program C2A by Philippe Deverchère. Each
star was then queried in the IRSA Gator Server using
their J2000 coordinates. Each star’s J and K magnitudes
were recorded from the 2MASS catalog (Skrutskie et al.
2006) and transformed using Equation 2 into V, V)R,
and B)V (Warner 2007) using V)J to calculate V.
V  J ¼ 1:4688ðJ  KÞ3  2:3250ðJ  KÞ2
þ 3:5143ðJ  KÞ þ 0:1496
B  V ¼ 0:2807ðJ  KÞ3  0:4535ðJ  KÞ2
þ 1:7006ðJ  KÞ þ 0:0484

ð2Þ

V  R ¼ 0:3458ðJ  KÞ3  0:5401ðJ  KÞ2
þ 1:0038ðJ  KÞ þ 0:0451
The extinction coefﬁcient and zero point were
determined using a least-squares ﬁt to convert
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Fig. 2. Spectral response curve of the Lumenera LW075M
camera.

8.0
8.0

instrument magnitude into unﬁltered magnitude using
Equation 3, where M is the instrument magnitude, M0
is the magnitude zero point, K is the extinction
coefﬁcient, X is the airmass for that frame, and Mc is
the unﬁltered calibrated magnitude:
M  M0  KX ¼ Mc

ð3Þ

RESULTS
The extinction coefﬁcient was measured over 1.998–
1.515 airmasses. Sixty-ﬁve stars utilizing 1,015 data
points were measured and used to solve the photometry
solution. The extinction coefﬁcient was determined to
be 0.1065 magnitudes per airmass in unﬁltered, and the
magnitude zero point was calculated to be 22.14
magnitudes with an RMS error of 0.115 magnitude to
the measured stars with scintillation being the dominant
source of noise.
The photometric ﬁt of pixel intensities with star
magnitudes is shown in Fig. 3. The calculated ‘‘catalog’’
unﬁltered magnitude for the calibration stars is shown
on the abscissa and their measured unﬁltered magnitude
from each frame on the ordinate. Four outliers (only
two visible on this chart) were excluded from the
solution.
The ﬁts obtained from the photometric ﬁlter
calibration method were better than expected. As the
2MASS catalog has errors in the 0.02–0.03 magnitude
range, where 8.5 < Ks < 13 (Skrutskie et al. 2006),
using a large number of stars to solve the all-sky
photometric equations can be accomplished with a high
statistical accuracy without using typical standard ﬁelds.
The largest contribution to noise for the
photometric solution in this data set was scintillation
due to short exposure times. Variable stars with a large
magnitude variation are easily excluded by statistical

9.0

10.0

11.0

12.0

13.0

Catalog Magnitude

Fig. 3. Photometric ﬁt with the calculated ‘‘catalog’’ unﬁltered
magnitude on the abscissa and their measured unﬁltered
magnitude from each frame on the ordinate.

methods. Assuming a near-photometric night, a data set
with a statistically sufﬁcient number of stars and range
of airmasses can be calibrated using standard all-sky
photometric techniques if standard ﬁelds are not
available.
The available spectral information of the asteroid
and its meteorites were used to calculate the color
indexes for the asteroid. The preimpact spectra only
covered the wavelength range 554–995 nm (Jenniskens
et al. 2009). Fortunately, the spectrum of the meteorite
samples is a good match with the preimpact spectra
(Hiroi et al. 2010; Jenniskens et al. 2010). From the
B)V value of 0.63 ± 0.03 (Hiroi et al. 2010) and a
V)R value of 0.35 measured from the spectra of the
meteorite fragments (Jenniskens et al. 2010), a
calibrated V magnitude was calculated from the
unﬁltered magnitude of the asteroid in each frame using
Equation 1.
The unﬁltered, calibrated, but not distance- and
phase-corrected lightcurve is shown in Fig. 4. While the
asteroid was being imaged it brightened by 2.8
magnitudes in V, almost saturating the CCD near the
end. The lightcurve was then corrected for range. The
effects of distance are corrected with:
VðaÞ ¼ Vobs ðaÞ  5 logðrDÞ

ð4Þ

where r is heliocentric distance and D is the geometric
distance.
Using the airmass- and range-corrected data, H and
G in the system by Bowell et al. (1989) are derived from
a least-squares ﬁt of:
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Fig. 4. Unﬁltered V-band lightcurve for 2008 TC3, corrected for atmospheric extinction.

100:4VðaÞ ¼ a1 U1 ðaÞ þ a2 U2 ðaÞ

ð5Þ

8
Ui ¼ WUis þ ð1  WÞUiL; i ¼ 1; 2
>
>
21
>
<
W ¼ e90:56tan 2a
Ci sina
Uis ¼ 1 
2
>
>
0:119þ1:341sina0:754sin a
>
:
Bi
1
UiL ¼ e  Ai ðtan 2 aÞ

ð6Þ

A1 ¼ 3:332 A2 ¼ 1:862
B1 ¼ 0:631 B2 ¼ 1:218
C1 ¼ 0:986 C2 ¼ 0:238
where a is the phase angle and calculating H and G by
H ¼ 2:5 logða1 þ a2 Þ

ð7Þ

a2
a1 þ a2

ð8Þ

G¼

The above solution was solved using the Faz
program (Bowell et al. 1989). The Faz program was not
designed to handle a complex lightcurve like that of
2008 TC3, but assumes a mean brightness, with
rotational variances removed, across the range of phase
angles and oftentimes across multiple oppositions. As a
result, different selections of data resulted in different
values of G, ranging from )0.03 to as high as 0.50.
To improve the value of G and arrive at an
accurate value of H, the asteroid shape model was used
to remove the periodic oscillations from the lightcurve.
Two solutions for the shape model of Scheirich et al.
(2010) were used with two different methods to
calculate the reﬂected intensity of light from each
model. The ﬁrst was derived by comparing the intensity
reﬂected by the shape versus the intensity reﬂected by a
sphere at the same geometry. The second was derived
by comparing the visible area of the shape versus the

visible area of the sphere. The lightcurve calculated
from these shape models still had some residuals of
about 0.3 magnitude, as the shape model was not a
perfect ﬁt to the photometric data.
The four different methods produced values of
H = 30.823, 30.818, 30.819, and 30.820 all with an
error of ± 0.011 and G = 0.309, 0.297, 0.302, and
0.298 all ±0.014 respectively, using the Faz program.
We then calculated a value for G by plotting a
graph of phase on the abscissa and magnitude on the
ordinate using Equations 5 and 6, and solved for G
using a linear ﬁt to the full data set with a slope of 0.
This produced a value of H = 30.86 ± 0.01 and
G = 0.33 ± 0.03, consistent with the values produced
from the shape model ﬁt.
The ﬁnal corrected lightcurve, using this value for
G, is shown in Fig. 5 with a closeup of part of the
lightcurve, to show more detail, in Figs. 6 and 7. H(a)
is the absolute magnitude at phase angle a and H is the
absolute magnitude at a = 0.
HðaÞ ¼ H  2:5 log½ð1  GÞU1 ðaÞ þ GU2 ðaÞ

ð9Þ

Using the value obtained for H, the size of the
asteroid can be determined based on the currently
measured albedos of the recovered fragments. In
Table 3 we show the estimated size of 2008 TC3 using
Equation 10 with albedos measured from meteorite
fragments of 0.046 ± 0.005 (Jenniskens et al. 2009) and
0.088 ± 0.015 (Hiroi et al. 2010) as there is still
uncertainty over which albedo best characterizes this
object while it was still in space. The equation for
transforming between albedo and the size of the object
is given by
log pH ¼ 6:259  2 log d  0:4H

ð10Þ

where pH is the albedo, d is the diameter in kilometers,
and H is the absolute magnitude (Bowell et al. 1989).
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Fig. 5. Unﬁltered V-band lightcurve for 2008 TC3, corrected for atmospheric extinction, range, and phase angle.
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Fig. 6. As Fig. 5, a closeup of part of the lightcurve of 2008 TC3, covering a 30 min span.
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Fig. 7. As Fig. 5, an even more detailed view of the lightcurve, showing data during a 10 min span.

The peak-to-peak variance in brightness was 0.76
magnitude while the RMS variance was 0.27 magnitude
and the absolute maximum variation from maximum
peak to minimum trough across the entire data set was

1.09 magnitude on the calibrated lightcurve. The
variance in brightness of 0.76 magnitude corresponds to
almost a 2:1 ratio of the projected area. As the asteroid
is in a chaotic rotation state, this ratio is about the
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Table 3. Calculated size of 2008 TC3 in meters and volume in m3, for mean values of albedo based on the
recovered meteorites. The minor and major axes are deﬁned by H ± 2r. Error ranges include albedo and
magnitude.
Albedo

Mean diameter

Minor axis

Major axis

Volume

0.046 ± 0.005

4:25þ0:30
0:26
3:07þ0:34
0:26

3:37þ0:24
0:21
2:43þ0:27
0:21

5:36þ0:38
0:33
3:87þ0:43
0:33

31:80þ7:32
5:49

0.088 ± 0.015

12:02þ4:45
2:85

Table 4. Table showing volume in m3, mass in kilograms, and kinetic energy in joules for various albedos and
densities. Entries in bold are within the measured range of kinetic energy estimates from luminosity and
infrasound signals, whereas entries in bold and italics are those derived from cosmic ray–induced radioactive
isotope studies.
Albedo
0.04
0.05
0.06
0.07
0.08
0.10
0.12
0.15
0.18

Volume
39.22
28.06
21.35
16.94
13.87
9.92
7.55
5.40
4.11

1.0 g cm)3
Mass
3.92
2.81
2.13
1.69
1.39
9.92
7.55
5.40
4.11

·
·
·
·
·
·
·
·
·

4

10
104
104
104
104
103
103
103
103

1.8 g cm)3
Mass

Energy
3.20
2.29
1.74
1.38
1.13
8.10
6.16
4.41
3.36

·
·
·
·
·
·
·
·
·

12

10
1012
1012
1012
1012
1011
1011
1011
1011

7.06
5.05
3.94
3.05
2.50
1.79
1.36
9.72
7.40

·
·
·
·
·
·
·
·
·

4

10
104
104
104
104
104
104
103
103

2.3 g cm)3
Mass

Energy
5.77
4.13
3.14
2.49
2.04
1.46
1.11
7.94
6.04

maximum expected variation for the projected area of a
triaxial ellipsoid. The range of possible volumes is also
listed in Table 3, assuming an oblate spheroid.
DISCUSSION
The determined value of G is out of range for
normal larger asteroids of albedo 0.05–0.15. Generally,
G has a small value for low-albedo bodies and a higher
value for high-albedo bodies (Bowell et al. 1989). A
value of G = 0.33, however, would suggest an albedo
above the range of 0.05–0.15 values measured from the
recovered ureilites (Hiroi et al. 2010). 2008 TC3 was
classiﬁed as an F-class asteroid (Jenniskens et al. 2009).
Main belt F-class asteroids have albedos around
0.058 ± 0.024 and have G values of 0.12 ± 0.08
(Warner et al. 2009), although higher values of albedo
are not uncommon (Jenniskens et al. 2010).
Perhaps G is out of range because 2008 TC3 is not
a normal body. Its superfast rotation and tumbling spin
state assured that there was no signiﬁcant regolith or
dust on any part of the surface while in space, which is
completely unique among any objects in space for
which we have well-observed phase curves.
Indeed, some recovered meteorites, such as sample
#27 (Shaddad et al. 2010), had ﬂat-faced millimeterscale surface features that reﬂected light well. Our result
suggests that this type of material characterized the

·
·
·
·
·
·
·
·
·

12

10
1012
1012
1012
1012
1012
1012
1011
1011

9.02
6.45
4.91
3.90
3.19
2.28
1.74
1.24
9.45

·
·
·
·
·
·
·
·
·

4

10
104
104
104
104
104
104
104
103

3.1 g cm)3
Mass

Energy
7.37
5.27
4.01
3.18
2.60
1.86
1.42
1.01
7.72

·
·
·
·
·
·
·
·
·

12

10
1012
1012
1012
1012
1012
1012
1012
1011

1.22
8.70
6.62
5.25
4.30
3.08
2.34
1.67
1.27

·
·
·
·
·
·
·
·
·

5

10
104
104
104
104
104
104
104
104

Energy
9.93
7.10
5.40
4.29
3.51
2.51
1.91
1.37
1.04

·
·
·
·
·
·
·
·
·

1012
1012
1012
1012
1012
1012
1012
1012
1012

surface of 2008 TC3. However, until phase-angle
dependent laboratory measurements have been made of
the albedo of these materials, this suggestion remains
speculative.
From Meteosat 8 luminosity measurements of the
meteor, a kinetic energy of 4 · 1012 Joules was derived
(Borovicka and Charvat 2009), whereas the infrasound
signal detected by the Kenyan infrasonic array I32KE
gave a kinetic energy of 6.7 ± 2.1 · 1012 joules
(Jenniskens et al. 2009). Cosmic ray-induced radioactive
isotope studies showed that 2008 TC3 had a radius of
300 ± 30 g cm)2 (Welten et al. 2010). For densities of
1.8, 2.3, and 3.1 g cm)3, this translates to a diameter of
3.3 ± 0.3, 2.6 ± 0.3, and 1.9 ± 0.2 m, and kinetic
energies of 2.9 ± 0.3 · 1012, 1.7 ± 0.2 · 1012, and
9.6 ± 1.0 · 1011 joules, respectively.
From the absolute magnitude H, the asteroid’s size,
mass, and kinetic energy can be calculated if the albedo
and density of the asteroid are known. Table 4 shows
the range of possible values for different albedos and
densities, covering the full range of meteorite densities
measured (Shaddad et al. 2010) as well as a lower value
of 1.0 g cm)3 in case the original object was more
porous than the measured meteorites. Entries in bold
are within the measured range of kinetic energy
estimates from luminosity and infrasound signals,
whereas entries in bold and italics are those derived
from cosmic ray-induced radioactive isotope studies.

Photometric observations of asteroid 2008 TC3

Only for a low asteroid density of approximately
1.8 g cm)3 can all observations be brought into
agreement, in which case the albedo is 0.05 ± 0.01.
Assuming these values for albedo and density, the
total original mass of the asteroid was about 51,000 kg.
As the entry velocity is well determined at 12.78 km s)1
at 100 km (Jenniskens et al. 2009), the total kinetic
energy of the entering body was about 4.1 · 1012 joules
in this case.
CONCLUSIONS
The absolute magnitude of 2008 TC3 was
H = 30.86 ± 0.01, whereas the slope parameter was
G = 0.33 ± 0.03. This is a signiﬁcant improvement
upon our earlier result of H = 30.9 ± 0.1 (for an
assumed G = 0.15). The uncertainty in the asteroid’s
albedo is now the limiting factor in measuring the
asteroid’s dimensions. Based on constraints from other
observations, the most likely density is a low
1.8 g cm)3, from which the albedo is 0.05 ± 0.01.
Using this albedo and density, the asteroid would be
about 4.1 m in diameter, 28 m3 in volume, and
51,000 kg in mass.
The physical meaning of the high G = 0.33 ± 0.03
compared with that of typical F-class asteroids remains
unclear, which makes any physical interpretation of the
best-ﬁt G slope parameter speculative. As more of these
small fast rotators are observed, how the value for G
applies to the physical characteristics of these objects
may become better understood.
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