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The A G D. Cassi
telescope is hosted in a
building with a dome
inauguratedn 1976

The d o mediameteris 12
meters, while the height
from the groundis about20
meters

Recently the dome was
insulated with a new
material




The oGian Domenico Cassira is a 1.5-m F/4.8
RitcheyChretientelescopewith a CCDplate scale
of about 0.6 arcsec/pixeland a field of view of 13 x
13arcmina / | a g llaly'ssecondlargestoptical
telescope

«Cassinb opticaltelescope

Tandemtelescope arrayNewtonianreflectors 0.35m, F/3)
Talk by Albert@BuzzoniWednesday28 February

ope, Carbognani et al. RAS; Chianti Topics 4



/ __ BFOSC= Bologna Faint Object and
| SpectrograptCamera

SecondaryfCCDFLI1001E
= 1024x 1024 pixel, with Peltier cell for
cooling

MAIN CCD, EEV LN/138®/1
Backilluminated 1340 x 1300 pixel

Dewar for liquid nitrogen
(CCDs cooled with liquid nitrogen

700 mm

Y

Collimator

Spectrograph pupil

'
Telescope focus 4 CCD

Aperture wheel

U, B, V, R, JohnsorKron-Cousirfilters

G, R, Z, ThuanGunnfilters. i
Spectrakange330- 1100 nm ‘
Spectral wavelength calibration is obtained through exposures of a Fe

Cassini Telescope, Carbognani et al. HBAS; Chianti Topics \ 5

hollow-cathodelamp filled withHe-Ar.

Shutter



Topicsrelated to the observations of minor bodies
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NEO followup

CataunA

SKY SURvEY

NEO detection NEO confirmatior

The NEOfollow-up consistsof confirmingthe near-Earthcandidatesn the NEOConfirmation Page(NEOCP)mnaintainedby the
Minor PlanetCenter Theastrometricmeasuremenbf the confirmedNEOsare publishedin the Minor PlanetElectronicCircula.

Themitigation of the impactrisk of nearEarthasteroidsrequirescontinuousmonitoring of this minor body populationin order
to discovernew membersand refine the orbits of those alreadyknown. In the unfortunate eventof a collision the possibilityof
mitigation dependson the Wamingtime- Cassini Telescope, Carbognani et al. HBAS; Chianti Topics 7



NEA track rame 1 The NEOs problem:
Detectionof Faint
Moving Objects

frame 2

P _ frame 3

1 - By taking multiple imagesof the samestar
—————y field, one would see a moving object, like an
; asteroid or comet, changepositions relative to

the stars

shift/add
velocity vector

J

2 - If the movingobijectis not bright enoughto be seenin a singleimage,thenthe 2 6 2 Sigraidaoiseratio (SNRpasto be
Increased Increasinghe exposuretime is not an efficient way of increasingthe SNRof an asteroidunlessit is a slow-moving
asteroid. If the objectis fast-moving, alongexposuretime makesthe asteroida streakinsteadof a star-like object

3 - Acommonmethodfor finding movingobjectsis the shift and stacktechnique,alsoknown asdstackand tracke. Thisinvolves
takingmultiple short exposureimages short enoughthat the target appearsasa point sourceand not a streak, then shifting
the imagesrelativeto one anothersothe objectin eachimageis alignedwith himselfand then combiningthe imagesinto one

by addingthe pixelvalues



Software folNEOdollow-up: Astrometrica

n Astrometrica for Windows
File Edit Astrometry Images Tools Internet Windows Help

L LK B B O HE A B 2 = &
B stacked Image - MHJ3111_20240202103 fits + 12 = : o] B ) . .
Ll e 2 Astrometrica implements the stack
7 |

and track technique The (I NH S
movement needs to be known In
advance

Supports ADES output format,

replacing the "old" 80-column
MPCReportile.

Starscatalogue GaiaDR2, UCA@, X

Image Stars | Ref Stars | Ref/Ast | FitOder | dRA | dDe [ Ref/Phot | dmag | ZewPt
964 736 1 2 0.09" 0.08" 632 0.15mag = 28.85mag
MHJ3111_20240202104.fits 963 632 607 2 0.09" 0.08" 530 014mag = 28.77mag
Gaia DR2 Fit Order: 2 G mag Astrometrica_asteroidi_Loi:

) B =% Q % | A B ) @ 1523 o

14/02/2024
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Software folNEOdollow-up: TychoTracker

Image Manager = Status Slack

]

g
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Tycho Tracker implements a technique

Filename

C:\Users\Albino\Lavoro\Osservazion...
C:\Users\Albino\Lavoro\Osservazion...
C:\Users\Albino\Lavoro\Osservazion...
C:\Users\Albino\Lavoro\Osservazion...
C:\Users\Albino\Lavoro\Osservazion...
C:\Users\Abbino\Lavoro\Osservazion...
C:\Users\Albino\Lavoro\Osservazion. ..
C:\Users\Albino\Lavoro\Osservazion. ..
C:\Users\Albino\Lavoro\Osservazion...
C:\Users\Abbino\Lavoro\Osservazion...
C:\Users\Albino\Lavoro\Osservazion...
C:\Users\Albino\Lavoro\Osservazion...
C:\Users\Albino\Lavoro\Osservazion...
C: \Users\Albino\Lavoro\Osservazion. ..

ExpTime(sec)
60.000000
60.000000
60.000000
60.000000
60.000000
60.000000
60.000000
60.000000
60.000000
60.000000
60.000000
60.000000
60.000000
60.000000

DeltaTime (min)

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

TotalElapsed (min) Date-Obs

1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000

2024-02-02 00:00:00.000
2024-02-02 00:00:00.000
2024-02-02 00:00:00.000
2024-02-02 00:00:00.000
2024-02-02 00:00:00.000
2024-02-02 00:00:00.000
2024-02-02 00:00:00.000
2024-02-02 00:00:00.000
2024-02-02 00:00:00.000
2024-02-02 00:00:00.000
2024-02-02 00:00:00.000
2024-02-02 00:00:00.000
2024-02-02 00:00:00.000
2024-02-02 00:00:00.000

called Synthetic Trackingto improve the

signaito-noise ratio of moving targets
Astrometrica,
movement need NOT be known
advance

Unlike

Emi

the

al

IN

al
==

Image Viewer

Eile

2024'%

20244
20245,
b1
2024

2024 »,h!-

Display View Create Location Settings Photometry Reset

: A. Carbognani

: A. Carbognani

Crosshairs: 13x13

: 598
: 2..52-m f/4.8 Reflector §

View PSF...

Combine Selected Images

OMax ©Median O Avg

Combine Motion

Dzero © Tracked () Abv

Zoom Factor (2x)
Contrast (30)

Intensity (-60)

<]

Crosshair Information

i
A
vl

Pixel=(333, 305)
RA=[ no wcs ]
DE=[ no wcs ]
ADU=[5777]

Create observation...

15:28

,’-R\
> D) & 0072024

)



Apparentmagdistributionfor NEO followup
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Numero di oggetti in NEOCP

(4]

A histogram showing the distribution of apparent
" magnitudesof suspectednearEarthobjectsto be confirmed
appearedin the NEOCPf the Minor Planet Centerin the

- secondhalf of May 2022
Median21.2 mag
B Speed vs apparent mag
d Observed ‘
T from Cassini :
H l L—H ; Median21.10 mag
M | | Men|

Magnitudine apparente 10.00 ’ .

0.00
N EO( : P 0.00 5.00 10.00 15.00 20,00 25.00

Apparent mag



DEC residuals (arcsec)

1:5
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'
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“1.5

[ | a daktidgreda
residuals

We used NEODy& services from
SpaceDysto compute the mean
absolute value of the residualsin RA
andDEC

Mean RAresidual=0.201arcsec

1 MeanDEGQesiduals=0.215arcsec

212MPECd$rom 2019to 2024

-1.5

0.5 0

RA résiduals (arcsec)

Cassini Telescope, Carbognani et L

Tt TOPToY

RA DEC



Cometobservations

Mission Phases

|
i
i
v

(a)

Launch & delivery to L2 I
Station-keeping at L2 |
Departure from L2 L2 Ear
Cruise and instrument

commissioning 1]

Vv Separation of spacecraft
elements

Vi Target Encounter

Vil Data playback and solar

wind studies, if possible

Vil Not 10 scale

\_‘

Comet observations made with the
«Cassini» are related to the Comet
Interceptor mission conceived after

discoveringthe first comet of interstellar
origin, 21/ Borisoy, on August29, 2019

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

The spacecraftwill be "parked' at the Sun
Earthl2 point and wait up to three yearsfor
a long-period comet with a trajectory and
speedsuitablefor aflyby.

Themission'ssciencegoal is to characterise
a dynamically new comet, including its

surface composition shape structure, and

the compositionof the gasof the coma

cassini lelescope, Larpognani et al. +tAe; Chianti Topics 13



Purposeof comet observationswith / I a a A

1. Characterise long-period comets (LPCs),particularly their dust
environment, vital to the Comet Interceptor (Cl) mission, as the
Instrumentsare designedto survivea dust environment equal to
1P/Halley:.

2. Tocharacteriseghe activity of LPCswe observedtheseobjectsfrom
Earth in the years 20202021 and combinedthe results with the
dust models developed within the [talian Cl team (Fulle and
Zakharoy.



|[cometa
/C2010U3
1C2017B3

(c2017K2

C2020K5
\c2020m3

|C2020N1

202072
|c2021A1

|C2020R4

202058

Long period comets observed list

A . B
data osservazione
10.03.2021
14.09.2020
15.09.2020
13.10.2020
17.08.2020
20.08.2020
21.08.2020
15.09.2020
07.05.2021
18.08.2020
14.12.2020
12.01.2021
13.01.2021
08.04.2021
12.01.2021
10.03.2021
07.04.2021
08.04.2021
10.03.2021
08.04.2021
07.05.2021
07.04.2021
08.04.2021
07.05.2021
06.05.2021
07.05.2021
07.05.2021

R 520,607

optocentro cometa (x,y) filtro

658,739 R
564,398 R
569,393 R
571,324 R
501,810 R
500,746 R
550,762 R
404,797 R
972,467 R
385,799 R
595,674 R
554,694 R
470,766 R
R,V
422,825 R
404,661 R
R,V low S/N
R,V low S/N
625,764 R
R;V
753,790/R
R,V no astrometrica
R,V no astrometrica
R, low S/N
788,792 R
703,735 R
769,544 R

E
inbound/outbound
out
out

in fino a 5jun21
out

in fino 12mar2021 poi out

in

out

out



2020 T . A
Thepropertiesof the O 2 Y Sisf2 a

were investigated by measuring
the dust productionrate usingthe
Afr parameter.

2017 K2 So,we measurethe magin the R

band using both the UCA@ stars
catalogue as a comparison and
[ | YV R&drsi Q&

2020 S8

2020 R4

e 2017 B3




Afp [cm]
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Afp vs heliocentric distance for C/2017 K2

=0 = Af(p) C/2017 K2

8.1

8.2

8.3

r (AU)

8.4

8.5

8.6

An example of Afr
observationson long-period
comet C/2017 K2, observed
betweerB.5 and8.0 au

The Afr value of about
7500 cm indicates a high
dust emission Iin space
despite the great distance
from the Sun

For comparison, the Afr
valuefor Comet67P Is about
200cm.

The A f Js the product betweenthe
albedoi A @he reflectivity of grains),
the filling factor"f" andfi j which is
the radius of the coma under
investigation



Publisheaperaboutlongperiodcomets
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ROYAL ASTRONOMICAL SOCIETY
MNRAS 513, 5377-5386 (2022) https://doi.org/10.1093/mnras/stac 1218
Advance Access publication 2022 May 3

Comets beyond 4 au: How pristine are Oort nuclei?”

Marco Fulle “,'t M. Lazzarin,” F. La Forgia “,%> V. V. Zakharov,** L. Bertini,>> E. Mazzotta Epifani,®
E. Ammannito,” A. Buzzoni “® M. T. Capria,’ A. Carbognani “,® V. Da Deppo,’ V. Della Corte,?

S. Fiscale ¥, E. Frattin,> L. Inno “,> A. Migliorini “,* C. Pernechele,'” A. Rotundi,** G. Sindoni,’
C. Tubiana “,* G. Milani,'" A. Aletti,'""'"> P. Bacci,'""* G. Baj,'" F. Bellini,'"'> E. Bryssinck,'""*

M. Di Grazia,'"'* M. Facchini,'"'> M. Feraco,'" E. Guido,"" R. Ligustri,'' F. Kugel,"'

M. Maestripieri,'""'3 D. Tirelli,'" A. Valvasori,'"'® C. Snodgrass “'7 and G. H. Jones'$!?

Figure 3. Afp of comet C/2017K2 versus the heliocentric distance ry,
measured within a sky-projected coma radius py = 5x 10* km. Diamonds:
observations of the CARA network. Squares: observations at Loiano Ob-
servatory. Dashed line: best fit of Loiano’s data constrained by the dust tail

model (Table 5).

Cassini Telescope, Carbognani et al. HBAS; Chianti Topics 18
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ActiveAsteroids

o

The minor bodies of this class are mainbelt
asteroids (TJ> 3.08), which sometimesshow the
typical morphological features of comets such as
comaand tail, i.e. masslossphenomena About 50
asteroidsare knownin this class

The activity causes can be heterogeneous
sublimation of volatile materials, rotational
disintegration, thermal fracturing or collision with
smallerasteroids

The first active asteroid was (7968 ElstPizarrq
discoveredin 1979 In 1996 it showed signs of
cometaryactivity (imageon left).

On August 7, 1996 Eric W. Elst (Royal Observatory,Uccle, Belgium)reported his
discoveryof a cometaryimageon mid-Julyexposuresy GuidoPizarrowith the 1.0-m
ESGschmidttelescopeat the LaSillaObservatory



(6478) Gault

Main belt asteroid (6478 Gault in 2019
surged to very special attention as an
outstandingmember of the active asteroids
class,showingtypical morphologicalfeatures
of comets comaandtail.

As the outbursts appeared along the full
heliocentricorbit, evenaboutthe aphelion
distance of 2.75 au, this feature tends to
excludethe sublimation of volatile material
asa causeof the activity.

Furthermore spectroscopic observations
showeda prevailingpresenceof dust, rather
than gas,both in the comaand the asteroid
tails.

Imageof (6478 Gault,with its tail takenfrom
Cassinon 2019March23.

Cassini Telescope, Carbognani et al. HBAS; Chianti Topics 20



A typical light curve of Gault

Carbognani et al., 2021, MNRAS, 506, 55780

Year: 2020
-0.10 + 1060 - 08/21
=5th Order

-0.08 |- .

=0.06 - ‘
[

-0.04 1 | I |
-0.02} | | | ' .
-]

0.00 \
@

0.02 |-

0.04

Magnitude(R) alpha({18.9%)

0.06 - —

0.08} .

1 | | | | 1 | 1 | 1

|
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.0

Figure 1. The phased light curves of August 22 session plotted with MPO
Canopus. The best period is 2.49.902 h. with an amplitude of about 0.09
mag. In the raw photometric data the August session has a gap of about 1 h
near the end, because the asteroid passed close to a very bright background
star.

Carbognani et al., 2021, MNRAS, 506, 55780
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Figure 2. The period spectrum of August 22 session according to ANOVA
algorithm. The power spectrum with three harmonics is the black curve, four
harmonics blue curve, five harmonics red curve, and six harmonics is the
magenta curve. The maximum peak is around 2.49 h.

Gault'sPhysicaCharacterizationCarbognani et al., Starcon2 21



F dzf G Qa O2f 2 NR

Carbognanl et al., 2021 MNRAS 506, 587/&0

14 Fromoursfiltered observationswe find thesemean
!—-—l—-—--‘"’ ,' colorsindices
1.2 # \s T
‘ - BLV=0.84+0.04
VER=0.43+£0.03
1F 1 BbR=127+0.02
g Whichmakeit very similarto an Stype asteroid
—o08f 1
IS, B-v BEV=0.85
o e m /-
O —0 = b Vb R=0.47
061 } | BbR=1.32
N 4
L4 ’-‘
04 ____-i--..._____./ \i’ - - To verify if the colors changesaccordingto the
& rotational phase,we plotted the colorsvs our best
05 | | | | | rotation period. It appearsthat colorson DI dzf (i ¢
0.2 0 0.2 0.4 0.6 0.8 1 surfacechangesignificantly, apparentlyin a specific

Phase (Period =2.46 hours) areaof the surface

Figure 9. Gault’s colours versus rotational phase with 2.46 h rotation period
(light-time corrected).

Gault'sPhysicaCharacterizationCarbognani et al., Starcon2 22



JOURMAL ARTICLE

Spinning and colour properties of the active
asteroid (6478) Gault @

Albino Carbognani ™=, Alberto Buzzoni =

Monthly Notices of the Royal Astronomical Society, Volume 493, Issue 1, March 2020, Pages
70-77, https://doi.org/10.1093/mnras/staa208
Published: 24 January 2020  Article history v

JOURNAL ARTICLE

Physical characterization of the active asteroid
(6478) Gault @

Albino Carbognani ™, Alberto Buzzoni, Giovanna Stirpe

Monthly Notices of the Royal Astronomical Society, Volume 506, Issue 4, October 2021,
Pages 5774-5780, https://doi.org/10.1093/mnras/stab2111
Published: 23 July 2021  Article history v
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