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Asteroid orbital families





𝑑𝑛

𝑑𝐷
∝ 𝐷−3.5

𝑛 > 𝐷 ∝ 𝐷−2.5

Power law. Why?

→ Collisional equilibrium

of  asteroidal families

Asteroids size distribution

Apparent magnitude when the object is at 1 AU from 

both the observer and the Sun at a 0° phase angle 



Near-Earth Object (NEO)

Minor bodies of  the Solar system with orbital
closest approach < 1.3 AU (1 AU ~ 150 
million km) 

• NEA: Near-Earth Asteroid

• PHO: Potentially Hazardous Object (with 
minimum orbital intersection distance of  
0.05 AU and H > 22 / D > 150 m). 

• PHA (PH Asteroid)

~ 2000

~ 150 with D > 1 km

~ 20000



../../D&D/2018/LiceoPorporatoPinerolo/(56) Russian Meteor 15-02-2013 (Best Shots) [HD] - YouTube.mp4


The rate of  small 

impacts on Earth

TAKE-HOME message:

~ 1 potential fall per year over the 

Italian territory



Meteor showers

Geminids (GEM)

3200 Phaethon (asteroid)

Leonids (LEO)

55P/Tempel-Tuttle (comet)

Perseids (PER)

109P/Swift-Tuttle (comet)

alpha Capricornids (CAP)

169P/NEAT (comet)

Southern delta Aquariids (SDA)

96P/Machholz? (comet)

Taurids (NTA/STA)

2005 TG10 (asteroid) /

2P/Encke (comet)

Lyrids (LYR)

C/1861 G1 Thatcher (comet)

and many others…

Recurrent (but not strictly) behaviour

(apparent) Radiant (point)

Background: sporadic meteors



Meteor phenomena

Four «regimes»:

1) Orbital motion: 

• perturbation of  the orbit of  the parent body 

(gravitational, collisional)

• Intersection of  the meteoroid orbit with the Earth

→ Impact velocity (in the Earth’s RF) given by the 

(vectorial) sum of  the Earth’s speed (Vo~ 30 km/s) 

and the meteoroid one

… next slide



Meteor phenomena

Four «regimes»:

1) Orbital motion:

Entry velocity between 11 and 72 km/s 

• Asteroids (and meteoroids) tipically have a 

prograde orbits, so that the vectorial sum is

tipically a «difference» of  modulus

→ asteroidal component – «low» velocity

• Comets can have retrograde orbits

→ cometary component – «high» velocity

only Earth’s gravity
1

2
𝑚𝑉2 =

𝐺𝑀𝑜𝑚

𝑟
with  𝑟 = 𝑅𝑂 + 100 km

~ 𝑉𝑜 + 2 𝑉𝑜



Meteor phenomena

Four «regimes»:

1) Orbital motion:

Entry velocity between 11 and 72 km/s 

• Asteroids (and meteoroids) tipically have a 

prograde orbits, so that the vectorial sum is

tipically a «difference» of  modulus

→ asteroidal component – «low» velocity

• Comets can have retrograde orbits

→ cometary component – «high» velocity

asteroidal

cometary



Meteor phenomena

Four «regimes»:

2) Pre-heating: 

• From 300 to 100 km of  altitude the body starts to 

«feel» the Earth’s atmosphere

• The surface temperature quickly rise (500-1000 

K) but the inside stays approximately unheated

(except for meteor dust)

• Heat conductivity (radiation transfer for small 

bodies)

• Surface tension → spallation



Meteor phenomena

Four «regimes»:

3) Ablation: 

• The pre-heating starts to melt the body

• At ~ 2500 K, evaporation starts

• Light emission due to ionization of  elements + 
black body radiation

• Energy loss due to ablation competes with 
deceleration (relevant only in low atmosphere)

• Possible phenomena: fragmentation and/or flares

If the meteoroid is slowed down until ~ 10 km/s 
and reaches the low atmosphere (< 30 km) …



Meteor phenomena

Four «regimes»:

4) Dark-flight: 

• The light emission ceases because there is not

enough kinetic energy to either evaporate or 

provide heating

• The body decelerate until it begins to «free-fall» 

to the surface of  the Earth

• Sensitive to wind intensity and direction

• Impact speed between tens to several hundreds

of  m/s



Meteor phenomena

Five or six «regimes»:

5) Impact crater

(~ 200 identified on the Earth surface)

...

6) Mass extinction



Meteor/Fireball observations

• Meteor photography has been used since 1885 (first meteor photograph in 

Prague by L. Weinek)

• 1940: major breakthrough → rotating shutter for time marks

• 1950: first multi-station observation program (Ondřejov Observatory of  

Czechoslovakia, 30 cameras)

• 1960: first meteorite recovery from systematic observation survey



Fireball Networks

• 1960: start of  several Fireball Networks. The first one was the 

Czechoslovakian Fireball Network (now called European Fireball Network).

… In the meanwhile →  Technology progress allowed video observations

• 2014: FRIPON (Fireball Recovery and InterPlanetary Observation Network)

• 2016: PRISMA (Prima Rete Italiana per la Sorveglianza Sistematica di 

Meteore ed Atmosfera)

• Today: ~ 2% of  the Earth surface is covered by Fireball Networks



Alternative methods to observe meteors

• Meteor scatter (radio meteors): 
observe the forward scatter
generated by the meteor ionized
trail of  a radio-frequency signal
emitted by a radar source (e.g.
GRAVES in France)

• Infrasounds: detect the low-
frequency components of  shock 
waves generated by the meteor
impact in the atmosphere

• Observe meteors from space

These methods don’t suffer

from bad atmospheric

conditions, as opposed to 

optical observations



PRISMA

Prima Rete Italiana per la Sorveglianza 
Sistematica di Meteore ed Atmosfera
i.e.
First Italian Network for the Systematic Surveillance of  Meteors
and Atmosphere

• Started in mid-2016 at the Astrophysical Observatory of  Turin
- National Institute of  Astrophysics (INAF – OATO) with the 
first camera (ITPI01 – Pino Torinese)

• Partnered with the twin-project FRIPON (France)

• Currently led by INAF in collaboration with many italian
universities, professional/amateur observatories, schools, 
associations…

www.prisma.inaf.it



e-FRIPON
~ 60 stations (deployed or 

purchasing / installing)



Observational strategy

Observe the atmospheric entry of  the 
same event from different stations to 
reconstruct the 3D trajectory
(triangulation)

Optimal grid spacing: ~ 80 km

• trade-off  between oversampling and only-
single-events case

• also an economical matter (both money and 
time)

• the denser the network the highest the 
magnitude detectable, but…



PRISMA Station: ALL-SKY camera
(FISH-EYE)

Intel NUC

Switch

All-sky camera:

[Basler acA1300-30gm]

▪ CCD Sony ICX445ALA

1.2 Mp (1296x966 pix)

▪ 30 fps – 1/30 s exp. time



What PRISMA is looking at?

• Apparent magnitude 𝑚 < 0 (𝑚 = 0 for very dark 

observational sites, usually −1 is the limiting magnitude)

• Diameter greater than 1 cm, mass greater than few grams

• World-wide, 1-meter meteoroid impacts occur 50 times per 

years (1 each 10 years over France, even less over Italy). Last 

«big» recorded events:

• Almahata Sitta (Sudan, 07/10/2008, 3 m)

• Chelyabinsk (Russia, 15/02/2013, 17 m)

• Realistically speaking, PRISMA looks between 1 cm and 1 m

2008 TC3 meteoroid

discovered one day 

before the fall



PRISMA calibration data

Astrometry & Photometry

Problem: Almost no stars arise from 

background on 1/30 s meteor frames

• Captures: 5 s exposure images each 10 minutes 

• About 140 captures / day, with 100-300 stars / 

captures



PRISMA calibration data

Astrometry (positional calibration)

• Automatic identification of  stars and catalogue association

• Distortion correction

(fish-eye, zenith pointing…)



PRISMA calibration data

Random projection error Systematic residuals

Azimuth

Zenith 

distance



PRISMA calibration data

Photometry (intensity calibration)

PRISMA: wide-band photometry

• Radial efficiency loss

• Magnitude zero-point and atmospheric extinction

UBVRI

QE CCD



IT20200101

New Year bolide (Cavezzo)



IT20200101

New Year bolide (Cavezzo)

▪ Captured by 8 PRISMA cameras

@ 18:26:52.9 – 58.5 (5.6 s)

▪ Good geographical distribution of  cameras

▪ 75-200 km distance

01/01/2020 @ 18:26:53



• The 3D atmospheric trajectory is

reconstructed with the triangulation

method

IT20200101

Atmospheric trajectory



IT20200101

Atmospheric trajectory



IT20200101

Atmospheric dynamics

From the triangulation results, we

compute the dynamic of  the 

bolide (velocity, acceleration, 

mass loss, effective section etc…)

Cavezzo: 

• low entry velocity (12.8 km/s)

• high inclination (68°)

→ Residual mass ≠ 0 !



IT20200101

Dark Flight

• The dark flight has to be «extrapolated» 

from the dynamical model by integrating

the system of  equation downward to the 

ground level

• Velocity scale 

km/s → m/s

must account for

winds!



IT20200101

Orbit

• The atmospheric trajectory

is backward – extrapolated

to obtain the heliocentric

orbit (orbital elements)

• One can try to identify a 

list of  parent body 

candidates from the 

computed orbital elements



Cavezzo finding timeline

H 19:27 – Evento (Bolide)

H 22:41 – Allerta

Calcolo astrometria

H 13:14 – Risultati definitivi Strewn-field

H 17:04 – Appello alla popolazione sul sito di PRISMA

Serata   – Pubblicazione appello su sito MEDIA INAF

H 15:02 – email da Davide Gaddi

H 16:00 – Contatto telefonico con Davide Gaddi

H 16:46 – Prima conferma di Romano Serra (sul posto)



Cavezzo finding timeline



Cavezzo finding timeline





Cavezzo meteorite recovery

• First Italian meteorite recovered by an observation

survey, just after 3 days from the date of  fall

• Just few tens of  meteorites recovered in the world 

with this method from 1960 until nowadays

Fusion crust

Partial fusion crust after 

one fragmentation

Fragmentation



«Pedegree» 

meteorites

Meteorites originated from 

meteoroids with observed

atmospheric trajectory and 

reconstructed pre-impact orbit

• Only 36 from 1959

• Only 21 from systematic

surveys like PRISMA

• Cavezzo is the smallest ever

recovered



One year later…

IT20210315 bolide



IT20210315 bolide

Courtesy of Gen. Elia Rubitno

Courtesy of Alessandro Caponera



IT20210315 bolide

Atmospheric trajectory

• Only one PRISMA camera was operative that night (CAPUA @ CIRA – Centro Italiano 

Ricerche Aerospaziali)

• Triangulation with two other

videos from 

Caserta (AAA – Associazione 

Arma Aeronautica) 

and Tortoreto (IMTN – Italian

Meteor and TLE network)



IT20210315 bolide

Atmospheric dynamics

• 80 km beginning heigth @ 14.6 km/s 

• 61 km luminous path, in 5.3 s at ~84°
inclination

• 19.8 km terminal heigth @ 2.8 km/s

• Terminal mass ~1 kg / ~ 8 cm size 
(assuming 3.5 g/cm3)



IT20210315 bolide

Strewn-field

• Strewn-field over the 

Temennotte locality -

Sant’Agapito (Isernia, Molise)

• Strong winds from NW

~ 100 km/h @ 10 km





What about meteorites?

• Meteoritic - remnants of  the 

original meteoroid prior to the 

atmospheric ablation

• «cheap» extraterrestrial samples 

(with respect, e.g., to sample-return

space missions)



Meteorite classification

Main dinstinction between:

• Unmelted (or undifferentiated): 
chondrites

• Melted (or differentiated): achondrites

• Partially melted: primitive achondrites

and:

• Stony meteorites

• Iron meteorites



Classification scheme

86 % of  collected meteorites are chondrites

90% of  chondrites are OC

?? some meteorites do not fit in 

this classification scheme ??

Metal / iron content (H/L/LL) and 

petrologic type (from 3 to 7)

This is not the only meteorite classification scheme proposed by the 

scientific community, it is just the more widely used



THANK YOU FOR 

YOUR ATTENTION!
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