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Ⅰ.  Introduction

On January 20, 2024 at 21:48 UT, Krisztián Sárneczky at the Hungarian Piszkésteto Observatory 
discovered a small asteroid 2024 BX1, which was on a collision course with Earth.

As determined by imminent impact monitoring services such as JPL’s Scout, ESA’s Meerkat and MPC’s 
internal warning system, the collision should have occurred around 0:33 UT in the area of Berlin, Germany.

This prediction was subsequently confirmed by the observation of a very bright bolide (Ribbeck), it was 
seen by a large number of mostly casual observers, and it was recorded by the various instruments of the 
European Fireball Network and partly by the cameras of the AllSky7 system.
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Ⅱ.  Instruments and data

The bolide fortunately passed within range of the core of the European Fireball Network (EN), 
especially the Czech part of the EN, whose centre is located at the Ondˇrejov Observatory.

We used a total of 17 optical records (10 digital all-sky images and 7 video records) of which 15 
were from the EN and 2 video records were from the German part of the AllSky7 network.

In addition, we used 3 radiometric and 3 spectral records exclusively from the EN network to 
determine asteroid properties. 
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Ⅱ.  Instruments and data

Fig. 2 shows the uncalibrated radiometric light curve 
of the bolide taken from the Tautenburg Observatory 
in Germany and the Czech station R˚užová.

The signal at Tautenburg is higher because this station 
was closer to the bolide.



Ⅱ.  Instruments and data
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EN: European Fireball Network       AMS: American Meteor Society       AS7: AllSky7 Global Network
DAFO: Digital Autonomous Fireball Observatory which produces all-sky photographic images and radiometric light curves
SDAFO: spectral version of the DAFO IP: Internet Protocol video camera
WT and WV: trajectory and velocity weights.
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Ⅲ.  Trajectory and orbit

The bolide trajectory was computed by the least 
squares method of Borovicka (1990). The 
trajectory was first assumed to be straight. 
Corrections for curvature due to gravity were 
applied at the end.

Good consistency of all positional measurements is 
demonstrated. There is no significant systematic 
trend of any of the 17 records.



Ⅲ.  Trajectory and orbit
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All important trajectory data

The exact time corresponding to the 
beginning of the bolide shown in the Table is 
0h32m38s.48 UT.

The ground projection of the 
atmospheric trajectory (18.5 km)



Ⅲ.  Trajectory and orbit
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geocentric radiant

apparent radiant

entry velocity
• The orbital elements determined 
from pre-collision observations are 
presented in the right column, 
providing a unique opportunity to 
compare the results of the two 
independent methods.

• The heliocentric orbit calculated 
from the bolide data agrees very well 
with the asteroid data.
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Ⅳ.  Light curve and fragmentation

• The absolute calibration (using stars) from all these 
systems is in good agreement. 

• The bright part of the bolide was well covered by the 
radiometers, which are linear detectors with high dynamic 
range.

• The bolide reached the maximum brightness of −14.4 
absolute magnitude in two almost equally bright flares at 
heights 35.2 and 33.9 km. 

• The last observed flare occurred at 24.5 km.
(The flares are signs of meteoroid fragmentations.)



Ⅳ.  Light curve and fragmentation
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Ⅳ.  Light curve and fragmentation
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• We have modeled the fragmentation using the 
Semiempirical Fragmentation Model described in 
Borovicka et al. (2020).

• The first major, and in fact catastrophic, 
fragmentation started at a height of 55 km and was 
demonstrated by the first flare.

• The major fragmentation ocurred at heights 39–29 
km.
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Ⅴ.  Meteorite strewn field

A map of the computed strewn field

The strewn field map was in fact 
made available already on January 
22 and dozens of meteorites were 
already found in the designated area.
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Ⅵ.  Spectrum and composition

• The bolide spectrum taken by the 
SDAFO at Tautenburg.

• The bright green line belongs to 
magnesium and the yellow line is of 
sodium.
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Ⅵ.  Spectrum and composition

Comparison of spectra of the Kindberg and 
Ribbeck bolides in the range 3900 – 8300 Å. • The spectrum of Kindberg was taken 

by another SDAFO of the EN network 
in Churánov station. Both bolides had 
similar speeds.

• A significant difference: In Ribbeck, 
the Fe lines are much fainter or absent 
and many lines of Mg, Na, and Ca are 
seen.

• Strong depletion of Fe is evident and 
pointed out an enstatite (MgSiO3) rich 
material even before the meteorites 
were found.
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Ⅶ.  Discussion and conclusions

• Asteroid 2024 BX1 was the eighth asteroid discovered shortly before colliding with the Earth.

• 2024 BX1 bolide occurred within the range of the EN network, which provided precise and 
multi-instrumental data including detailed radiometric light curve and spectrum.

• Our final estimate of the asteroid size from the bolide model is 0.44 m, for the mass 140 kg.

• 2024 BX1 was probably the smallest natural body ever observed telescopically in space.

• As the efficiency of asteroid discoveries increases and the bolide network expands, more such 
events can be expected.

Thanks
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