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Small bodies of the Solar System with 
the “Cassini” telescope
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The “G. D. Cassini“

telescope is hosted in a

building with a dome

inaugurated in 1976.

The dome’s diameter is 12

meters, while the height

from the ground is about 20

meters.

Recently, the dome was

insulated with a new

material.

Path of the Planets
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The “Gian Domenico Cassini” is a 1.5-m F/4.8
Ritchey-Chretien telescope with a CCD plate scale
of about 0.6 arcsec/pixel and a field of view of 13 x
13 arcmin. “Cassini” is Italy's second-largest optical
telescope.

Tandem telescope array (Newtonian reflectors, 0.35-m, F/3)
Talk by Alberto Buzzoni, Wednesday, 28 February.

«Cassini» optical telescope
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BFOSC = Bologna Faint Object and 

Spectrograph Camera

Dewar for liquid nitrogen 
(CCD is cooled with liquid nitrogen)

MAIN CCD, EEV LN/1300-EB/1
Back-illuminated, 1340 x 1300 pixel 

Secondary CCD, FLI 1001E
1024 x 1024 pixel, with Peltier cell for 
cooling.

U, B, V, R, I Johnson-Kron-Cousin filters
G, R, Z, I Thuan-Gunn filters.
Spectral range 330 - 1100 nm
Spectral wavelength calibration is obtained through exposures of a Fe 
hollow-cathode lamp filled with He-Ar.



Topics related to the observations of minor bodies
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NEOs follow-up Long period comets Active asteroids



NEO follow-up
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The NEO follow-up consists of confirming the near-Earth candidates in the NEO Confirmation Page (NEOCP), maintained by the
Minor Planet Center. The astrometric measurement of the confirmed NEOs are published in the Minor Planet Electronic Circular.

The mitigation of the impact risk of near-Earth asteroids requires continuous monitoring of this minor body population in order
to discover new members and refine the orbits of those already known. In the unfortunate event of a collision, the possibility of
mitigation depends on the warning time.

NEO detection

NEOCP
NEO confirmation



The NEOs problem: 
Detection of Faint 
Moving Objects
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2 - If the moving object is not bright enough to be seen in a single image, then the object’s signal-to-noise ratio (SNR) has to be
increased. Increasing the exposure time is not an efficient way of increasing the SNR of an asteroid unless it is a slow-moving
asteroid. If the object is fast-moving, a long exposure time makes the asteroid a streak instead of a star-like object.

3 - A common method for finding moving objects is the shift and stack technique, also known as “stack and track”. This involves
taking multiple short exposure images, short enough that the target appears as a point source and not a streak, then shifting
the images relative to one another so the object in each image is aligned with himself and then combining the images into one
by adding the pixel values.

1 - By taking multiple images of the same star
field, one would see a moving object, like an
asteroid or comet, change positions relative to
the stars.



Software for NEOs follow-up: Astrometrica
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Astrometrica implements the stack
and track technique. The target’s
movement needs to be known in
advance.

Supports ADES output format,
replacing the "old" 80-column
MPCReport file.

Stars catalogue: Gaia DR2, UCAC4, …



Software for NEOs follow-up: Tycho Tracker
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Tycho Tracker implements a technique
called Synthetic Tracking to improve the
signal-to-noise ratio of moving targets.
Unlike Astrometrica, the target’s
movement need NOT be known in
advance.



Apparent mag distribution for NEO follow-up
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A histogram showing the distribution of apparent
magnitudes of suspected near-Earth objects to be confirmed
appeared in the NEOCP of the Minor Planet Center in the
second half of May 2022.

NEOCP

Observed 
from Cassini

Median 21.2 mag

Median 21.10 mag



Cassini’s astrometric
residuals
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We used NEODyS-2 services from 
SpaceDys to compute the mean 
absolute value of the residuals in RA 
and DEC:

Mean RA residual = 0.201 arcsec

Mean DEC residuals = 0.215 arcsec

212 MPECs from 2019 to 2024

RA DEC



Comet observations
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Comet observations made with the 
«Cassini» are related to the Comet
Interceptor mission conceived after
discovering the first comet of interstellar
origin, 2I/Borisov, on August 29, 2019.

Comet Interceptor is led by the European
Space Agency (ESA) and is planned for
launch in 2029.

The spacecraft will be "parked" at the Sun-
Earth L2 point and wait up to three years for
a long-period comet with a trajectory and
speed suitable for a flyby.

The mission's science goal is to characterise
a dynamically new comet, including its
surface composition, shape, structure, and
the composition of the gas of the coma.



Purpose of comet observations with “Cassini”
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1. Characterise long-period comets (LPCs), particularly their dust
environment, vital to the Comet Interceptor (CI) mission, as the
instruments are designed to survive a dust environment equal to
1P/Halley.

2. To characterise the activity of LPCs, we observed these objects from
Earth in the years 2020-2021 and combined the results with the
dust models developed within the Italian CI team (Fulle and
Zakharov).



Long period comets observed list



2017 K2

2020 M3

2020 N1

2020 T2

2020 R4

2017 B3

2020 S8

The properties of the comet’s dust
were investigated by measuring
the dust production rate using the
Af parameter.

So, we measure the mag in the R
band using both the UCAC4 stars
catalogue as a comparison and
Landolt’s stars.



An example of Af

observations on long-period

comet C/2017 K2, observed

between 8.5 and 8.0 au.

The Af value of about

7500 cm indicates a high

dust emission in space

despite the great distance

from the Sun.

For comparison, the Af

value for Comet 67P is about

200 cm.

The Afρ is the product between the

albedo “A” (the reflectivity of grains),

the filling factor "f" and “ρ” which is

the radius of the coma under

investigation.



Published paper about long-period comets
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Active Asteroids
The minor bodies of this class are main-belt
asteroids (TJ > 3.08), which sometimes show the
typical morphological features of comets, such as
coma and tail, i.e. mass-loss phenomena. About 50
asteroids are known in this class.

The activity causes can be heterogeneous:
sublimation of volatile materials, rotational
disintegration, thermal fracturing or collision with
smaller asteroids.

The first active asteroid was (7968) Elst–Pizarro,
discovered in 1979. In 1996, it showed signs of
cometary activity (image on left).

On August 7, 1996, Eric W. Elst (Royal Observatory, Uccle, Belgium) reported his
discovery of a cometary image on mid-July exposures by Guido Pizarro with the 1.0-m
ESO Schmidt telescope at the La Silla Observatory.

Gault's Physical Characterization, Carbognani et al., Starcon2 19



(6478) Gault
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Main belt asteroid (6478) Gault in 2019
surged to very special attention as an
outstanding member of the active asteroids
class, showing typical morphological features
of comets: coma and tail.

As the outbursts appeared along the full
heliocentric orbit, even about the aphelion
distance of 2.75 au, this feature tends to
exclude the sublimation of volatile material
as a cause of the activity.

Furthermore, spectroscopic observations
showed a prevailing presence of dust, rather
than gas, both in the coma and the asteroid
tails.

Image of (6478) Gault, with its tail taken from
Cassini on 2019 March 23.



A typical light curve of Gault

Gault's Physical Characterization, Carbognani et al., Starcon2 21

Carbognani et al., 2021, MNRAS, 506, 5774-5780
Carbognani et al., 2021, MNRAS, 506, 5774-5780



Gault’s colors
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From ours filtered observations we find these mean
colors indices:

B − V = 0.84 ± 0.04
V − R = 0.43 ± 0.03
B − R = 1.27 ± 0.02

Which make it very similar to an S-type asteroid:

B − V = 0.85
V − R = 0.47
B − R = 1.32

To verify if the colors changes according to the
rotational phase, we plotted the colors vs our best
rotation period. It appears that colors on Gault’s
surface change significantly, apparently in a specific
area of the surface.

Carbognani et al., 2021, MNRAS, 506, 5774-5780
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Conclusions
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1. The “Cassini” telescope allows us to follow NEO objects up to the apparent
mag +22, thus allowing the confirmation of almost all NEOs of the NEOCP.

2. Useful results about dust production in long-period comets in support of
the Comet Interceptor mission.

3. There were good results also with the active asteroid Gault. It is reasonable
to think that small telescopes like Cassini can characterize a good part of
the active asteroids in the main belt.

24



Thank you for your 
attention



Alessandro Nastasi, Mario Di Martino, Albino Carbognani

The observation facilities 

of the GAL Hassin astronomical center
Toward a network of wide-field telescopes in Sicily
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GAL Hassin

M. Mufara

Madonie Regional 
Natural Park

Wide Field Mufara 

Telescope (WMT)

Starting in mid 2024

GAL Hassin astronomical center 

for outreach and education

Active since 2016

WMT

GRT

The Madonie park in Sicily: an excellent area for astronomical research

• Excellent night sky conditions, known since the 70’s.

• Very low light pollution.

• >200 clear nights/year (~60%).

• Low latitude (~38°).
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Planetarium

Very good seeing 
conditions (~1.5 arcsec) 

over the entire year

The Galhassin Robotic Telescope (GRT) – RC 40 cm, f/3.8

Exoplanet transitsAsteroids monitoring Space debris & 

artificial satellites

Variable stars/SNe

The research at GAL Hassin astronomical center

28



The research at GAL Hassin astronomical center – NEO monitoring

2023: the GRT gets 100% automated.

To date ~400 NEOs have been 
confirmed & monitored with the GRT 
(IAU observatory code: L34). 

29



30

ExoClock: a project coordinating 800+ observatories 

from 20+ countries, to monitor the transits of hundreds 

of exoplanets, and thus determine their accurate 

ephemeris for ARIEL 2029 mission.

GAL Hassin has been engaged in ARIEL-ExoClock

since 2019, with its robotic telescopes.

The research at GAL Hassin astronomical center – Exoplanet transits

GRT GRT2

GRT2: hosted at GAL Hassin from 2019 to 2022, owned and 

controlled by Dr. Carmelo Falco (E. Majorana Association, AG)
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A prime-focus telescope, with an 

aperture of 1 meter and a low 

focal ratio f/D = 2.1.

Optical distorsion corrected with 

five lenses. 

Derotation system.

Madonie Park

GAL Hassin

WMT

The upcoming Wide-field Mufara Telescope (WMT)

9k x 9k 10µm pixels, cryocooled, 

>90% QE 

CCD camera (scale: 1’’/px).
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The upcoming Wide-field Mufara Telescope (WMT)

• Commissioning phase completed in June 2023.

• IAU observatory code: M57 (Aug. 2023).

• Waiting for remote control activation and last tests.



• Field of view: 2.5 x 2.5 deg 

(25x full moon size), corrected.

• V ~ 21 in 60 sec (Clear filter).

33

The upcoming Wide-field Mufara Telescope (WMT)

Date: 19/09/2023
Filter: r-Sloan
Exptime: 30 sec

0.5 deg



WMT

ESA Flyeye

GRT
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ESA Flyeye

WMTGRT

WMT & Flyeye will work in synergy as complementary facilities:

• Simultaneous activities, having the same weather conditions.

• WMT will offer prompt confirmation and photometric 

characterization of targets discovered by the Flyeye.

• A unique network of telescopes in the Mediterranean area.

A network of wide field telescopes soon active in Sicily... 



Thank you

➢ www.galhassin.it

➢ alessandro.nastasi@galhassin.it
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