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Introduction: Recently, the first detections of inter-

stellar meteors were claimed based on data recorded by 
the United States Government (USG) satellite sensors 
and published on the CNEOS website: the so-called 
IM1 [1] and IM2 [2], the latter first identified as an in-
terstellar candidate by [3]. However, automated meteor 
networks have reported numerous Earth's hyperbolic 
impactors for decades, most of which do not provide 
convincing proof due to errors resulting from technical 
limitations [4]. CNEOS hyperbolic fireballs represent 
~1% of total meter-sized impactors, larger scale events 
that are potentially meteorite-droppers [3]. In contrast, 
there is no evidence of any recovered meteorite with a 
different composition from that of our solar nebula. So 
are interstellar meteors spurious data? Is there an effi-
cient mechanism that produces hyperbolic Earth projec-
tiles?  

CNEOS ‘interstellar’ fireballs: As of March 15, 
2022, the CNEOS public database counted 887 events 
starting from 1988. However, only 255 contained suffi-
cient data to compute the heliocentric orbit. We find that 
11.4% of them have orbits associated with Jupiter-fam-
ily comets, while 84.3% present a Tisserand parameter 
typical of asteroid origin. Among them, 5 events have 
hyperbolic orbits (see Table 1) [3]. 

Table 1. CNEOS hyperbolic fireballs heliocentric velocity, 
semi-major axis, eccentricity, and inclination. 
 

These 5 events have orbital inclinations lower than 
25º. The expected inclination of interstellar interlopers 
is an isotropic probability density function following a 
sinusoidal distribution, which is uniform in cos(i) [5]. 
This implies that the random likelihood that n orbital in-
clinations fulfill |i| ≤ θº where i in [-π/2, π/2] is  
(1-cos(θ))n. The likelihood of detecting five interstellar 
objects with inclination orbits smaller than 25º is 
~0.0007%. In addition, these events are in prograde or-
bits, which should be expected in the 50% of extra-solar 

visitors. So either there are shortcoming data in the 
CNEOS database, or these hyperbolic impactors be-
longe to our Solar System, or they come from other 
sources with a directional bias. 

Finnish grazing meteor: On October 23, 2022, at 
19:38:34 (UTC), a very fast grazing meteor (FH1) flew 
over Finland. The event was observed by 3 ground 
based video stations from the Finnish Fireball Network 
(FFN) and 1 image observation from the public: Nyrola, 
Tampere, Vaala and Sastamala. We analyze the event 
with our software 3D-FireTOC [6,7]. The luminous 
phase of FH1 started at an altitude of 126.55±0.03 km, 
traveling a distance of 409.6±0.1 km until being extin-
guished at 112.60±0.04 km altitude. The flight angle 
with respect to the local horizon was 3.589±0.013º. Fig-
ure 1 shows the recording from Sastamala and the 3D 
scaled trajectory reconstruction. FH1 exhibits no close 
encounter with any known planet and an inbound veloc-
ity excess of -1.2 km/s (Figure 2). The radiant and heli-
ocentric orbital elements are shown in Table 2. 
 

 
Figure 1. Top: FH1 5 seconds exposure image from Sasta-
mala. Bottom: 3D scaled atmospheric flight reconstruction. 

Event (UTC) Vh (km/s) a (au) e i (º) 

2021-05-06 05:54:27 44.1 -2.64 1.15 6.05 
2017-03-09 04:16:37 50.1 -1.22 1.57 24.03 
2015-02-17 13:19:50 44.0 -1.45 1.10 1.12 
2014-01-08 17:05:34 61.1 -0.46 2.42 10.05 
2009-04-10 18:42:45 45.5 -1.91 1.33 6.52 
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Figure 2. Apparent velocity computed at invertvals of 0.2 sec-
onds, fitted velocity, and the hyperbolic threshold. 

Radiant data 
     Apparent   Geocentric  Heliocentric 
RA (º) 116.410±0.01 117.15±0.01 111.76±0.02 
Dec (º) 20.00±0.02 19.45±0.02 -2.77±0.03 
V∞ (km/s) 74.2±0.2 73.2±0.2 43.5±0.2 

Orbital parameters 
a (AU) -8.0±0.9 i (º) 177.20±0.02 
e 1.122±0.013 ω (º) 15.72±0.15 
q (AU) 0.9754±0.0002 Ω (º) 30.1042±0.0001 

Table 2. FH1 radiant and orbital elements (J2000). 
 
We calibrate the light curve assuming that the radi-

ated energy by the meteor is proportional to the loss of 
kinetic energy in the form of mass loss. FH1 exhibited 
an absolute magnitude peak of -3±0.5 (Figure 3).  
From the classic luminous efficiency computed as  
log τ =  −1.51+log v when v ≥ 27 km/s [8], an initial 
photometric mass of 1.3 kg from τ = 2.3%  is obtained, 
which consequently causes it to be classified as aster-
oid-like type I meteor (PE = -4.17). Note that modern lu-
minous efficiency models such as τ = −1.53+ln v for v 
≥ 25.372 km/s would result 0.2 kg of initial mass with τ 
= 16% [9]. A typical rocky bulk density of 3,700 kg/m3 
yields a few centimeter-sized meteoroid in both cases. 
 

 
Figure 3. Photometry of FH1 from Nyrola and Vaala stations. 
The uncertainty of the magnitude is 0.44 and 0.55 respectively. 

Conclusions: We show statistical evidence that 
CNEOS hyperbolic events cannot pertain to a randomly 
incoming interstellar population as the likelihood of 
their low orbital inclinations is extremely improbable.  

We report the analyze of FH1, a hyperbolic grazing 
meteoroid. IM1, IM2, and FH1 have high-strength non-
cometary composition and low orbital inclinations. 
Therefore, two questions arise: 
• Are interstellar projectiles biased in direction and 

density? There may be an unidentified extra-solar 
source producing hyperbolic Earth impactors. Only 
large or strong bodies may survive the harsh inter-
stellar medium or the required ejection to escape 
from their native systems.  

• Are they Oort cloud objects accelerated into the in-
ner solar system? This would have profound impli-
cations for solar system formation models. FH1 
would be the second cm-sized asteroid-like ob-
served object after [10] and IM2 the first detected 
iron-like body from the outermost part of our Solar 
System. This would provide further evidence for 
the Jupiter's "Grand Tack" scenario. 

The existence of massive unknown objects, such as 
the supposed planet 9, rogue planets, or brown dwarfs, 
cannot be rule out as other feasible explanations for ac-
celerated Earth impactors. 

In summary, FH1 appears as a highly unusual event 
that together with the CNEOS hyperbolic fireball anom-
alies could reveal an interesting provenance with major 
implications for planetary science. 
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