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Introduction: The identification of their progeni-

tor bodies is crucial to increase our knowledge on the 
origin and evolution of meteoroid streams. Tradition-
ally, the similarity between two orbits has been used to 
link a given meteoroid stream with a potential parent 
body. This similarity was first expressed in terms of 
the so-called D-criterion, which was originally pro-
posed by Southworth and Hawkins [1]. Alternative 
versions of this criterion have been proposed by other 
authors [2-5]. In order to establish a relationship be-
tween the orbit of the meteoroids and that of their po-
tential parent bodies, the availability of precise orbital 
parameters is fundamental. Due to the chance of find-
ing wrong parent body candidates, it is also crucial to 
integrate the orbits of the bodies backwards in time to 
analyze the evolution of these criteria and to establish 
real (not casual) connections [6]. In this work we ana-
lyze a double-station fireball imaged in the framework 
of the SPanish Meteor Network (SPMN). By using the 
Mercury 6 symplectic integrator [7] and orbital asso-
ciation software developed by us [8], we have identi-
fied a NEO as the progenitor body of the parent mete-
oroid.  

 

 
Figure 1. Composite image of the SPMN271212 

fireball imaged from Sierra Nevada. 
 
Instrumentation: Two SPMN meteor observing 

stations were involved in the observation of the fireball 
discussed here: Sierra Nevada and Molina de Segura. 
To image this event we have used an array of low-lux 
CCD video cameras (models 902H and 902H Ulti-
mate, from Watec Corporation) working according to 
the PAL video standard. The operation of these sys-
tems is explained in [9, 10]. For meteor spectroscopy, 

we have attached holographic diffraction gratings 
(1000 lines/mm) to the objective lens of some of these 
CCD devices. In this way, we can infer information 
about the chemical nature of meteoroids ablating in the 
atmosphere. 

 

 
Figure 2. Projection on the ecliptic plane of the or-

bit of the parent meteoroid. 
 

Radiant data 
 Observed Geocentric Heliocentric 

R.A. (º) 266.5±0.4 277.3±0.4  
Dec. (º) -6.9±0.3 -16.8±0.3  

V∞ (km/s) 16.1±0.3 11.2±0.3 32.5±0.3 
Orbital parameters 

a (AU) 1.18±0.01 ω (º) 95±1 
e 0.37±0.01 Ω (º) 275.7841±10-4 

q (AU) 0.73±0.01 i (º) 2.3±0.3 
Table 1. Radiant and orbital data (J2000). 
 
Atmospheric trajectory and orbit: The fireball 

shown in Figure 1 (SPMN code 271212) was recorded 
under twilight conditions on December 27, 2012, at 
6h45m47.8±0.1s UTC. The absolute magnitude of this 
event was -9±1. The atmospheric trajectory and radiant 
were calculated with our AMALTHEA software, 
which employs the method of planes intersection [11]. 
In this way, we obtained that the luminous phase 
started at 80.5±0.5 km above the ground level. The 
bolide disappeared from the field of view of one of the 
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cameras and behind a tree appearing in the field of 
view of the other CCD video device when it was lo-
cated at a height of 47.0±0.5 km. So, the exact location 
of the terminal point could not be established, but as 
the bolide was not observed beyond the above men-
tioned tree this is constrained to a height of about 40 
km. Besides, the parent meteoroid struck the atmos-
phere with an initial velocity V∞=16.1±0.3 km/s. With 
this information, the orbit of this particle was calcu-
lated (Figure 2). The radiant and orbital parameters are 
summarized on Table 1. 
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Figure 3. Evolution with time of the DSH criterion 

calculated for the SPMN271212 fireball and NEOs 
2000AH205 and 2012XJ112. 
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Figure 4. Evolution with time of the DSH criterion 

calculated for NEOs 2000AH205 and 2012XJ112. 
 
Orbital analysis: We investigated the potential 

parent body of the SPMN271212 fireball with our 
ORAS software. The Southworth and Hawkins dis-
similarity criterion was used and eight candidates from 
the NeoDys database were obtained, all of them satis-
fying the condition DSH<0.15. The best results, how-
ever, were obtained for NEOs 2000AH205 (DSH=0.07) 

and 2012XJ112 (DSH=0.08). A numerical integration 
backwards in time of the orbital parameters of the fire-
ball and these NEOs was performed in order to test a 
link between them. These calculations were performed 
by means of the Mercury 6 software [7]. This is a hy-
brid symplectic integrator which is widely used in So-
lar system dynamics studies. The gravitational influ-
ence of Venus, the Earth-Moon system, Mars, Jupiter 
and Saturn were taken into account for these calcula-
tions. The orbits were integrated back for 50,000 
years. As can be seen in Figure 3, the DSH criterion 
remains below or equal to 0.15 during that period for 
NEO 2012XJ112, but just during about 12,000 years 
for 2000AH205. Consequently, the calculations sug-
gest that Apollo asteroid 2012XJ112 is a much better 
candidate as parent body of the SPMN271212 fireball 
than 2000AH205. Besides, this orbital analysis also 
shows a likely dynamic link between these two NEOs, 
although this is limited to a time scale of about 6,000 
years (Figure 4). 

Conclusions: We have calculated the atmospheric 
trajectory, radiant and orbit for a double-station mag. -
9 fireball recorded in the framework of the SPMN. The 
results show that the parent meteoroid of this sporadic 
event could have penetrated the atmosphere till a 
height of about 40 km. The orbital analysis performed 
with our ORAS software, based on the value of the 
Southworth and Hawkins dissimilarity criterion, pro-
vided several NEOs as potential parent bodies of this 
particle. The best results, however, were obtained for 
NEOs 2000AH205 and 2012XJ112. The integration 
backwards in time of the orbital elements shows a 
similar evolution of the meteoroid and NEO 
2012XJ112 over a time scale of, at least, 50,000 years. 
The results are also consistent with a likely dynamic 
link between both NEOs during a period of about 
6,000 years. 
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