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SpdaceDyS

 SpaceDySs.r.l. e un’azienda fondata
nel 2011 come una spin-off del
Gruppo Di Meccanica Celeste dell’
Universitadi Pisa, locataa Cascina
(Pisa) al "Polo Scientificoe
Tecnologico di Navacchio"

* SpaceDyS conta 11 soci, dei quali
alcuni hanno una lunga esperienza
nel settore aerospaziale e in
particolare nella Meccanica Celestie,
con molti anni alle spalle in
programmidelle agenize spaziali
come |'ESA, I'AS| e la NASA

 Tral fondatoric’e anche il compianto
Andrea Milani che ci ha lasciati
prematuramentenel 2018

Origini
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SpaceDyS nasce, quindi, attorno al team del prof. Milani

Il punto di forza dell’attivita di Milani all’Universita di Pisa
prima e continuato poi da SpaceDyS e il servizio NEODyS
(Near Earth Object Dynamics Site -
https://newton.spacedys.com/neodys2 )

 NEODyS e nato nel 1999

* Sioccupa del monitoraggio degli impatti per i prossimicento
anni degli asteroidi che passano vicino alla terra

 Primo al mondo, e ora € uno dei due servizi (I'altro e Sentry

del JPL della NASA) che se ne occupa (recentementesi e
aggiunto il NEOCC dell’ESA, di cui SpaceDyS ha sviluppatoil

codice)



https://newton.spacedys.com/neodys2
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P RISK LIST

Introduction

NEA elements

NEOScan Related sites Info & Credits

[Help]

Last updated: 2020-12-07 10:25:25 UTC

There are currently 1137 NEAs in the NEODyS risk list. Please, use the links above the table to display all or part of the list. The list can be sorted by clicking on the table

Notes
headers.

Past impactors

Imminent impactors

References Designation PSmax -

(29075) 1950DA -1.36
2020XR
(101955) Bennu
2010RF12
1979XB
2000SG344
202008
(99942) Apophis
2008]1L3
2009JF1

-2.05
-2.32
-3.20
-3.27
-3.38
-3.55
-3.67
-3.68
-3.72

[All| Special| Observable|Possible recovery|Lost|Small]

TSmax Status Camp. start Camp. end

nfa Special 2022-02-10

0 Observable
2023-01-24

nfa Special 2025-10-16

0 Possible recovery 2022-07-27 2022-09-03 Very faint object

Lost
Possible recovery 2027-04-01 2027-09-07 Very faint object
Lost
Special 2021-05-23

Small

small
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2010RF12 p 1mpactor TABLE

Summary

Ephemerides
Obs prediction
Orbital info
MOID
Proper elements
Observational info
Close approaches
Physical info

Graphic Tool Orbit

Esempio: 2010 RF12 ha circail 7% di probabilita di cadere nel 2095. E” attualmenteil
NEO in Risk List con probabilita piu alta. Tuttavia, € un oggetto piccolo e non pericoloso

(vear -month-day)
2095-09-05.992
2095-09-05.993
2096-09-04.914
2096-09-04.914
2098-09-05.253
2098-09-05.276
2098-09-05.339
2098-09-05.363
2099-09-05.544
2099-09-05.565
2099-09-05.934
2099-09-05.934
2100-09-05.673
2100-09-05.678

B6490.992
B6490.993
B6855.914
B6855.914
B87586.253
B7586.276
B7586.339
B7586.363
B7951.544
B7951.565
B87951.934
B87951.934
BB316.673
BB316.678

Distance + Width

Stretching

(RE)

+
+
+
+
+
+
+
+
+
+
+
+
+

(RE/g)
2.59e+1
2.44e+1
1.73e+4
1.37e+4
2.78e+5
2.53e+5
3.85e+5
2.74e+5
1.73e+5
1.65e+5
4.82e+5
4.36e+5
5.48e+5
5.31e+5

Impactor Table

{MT)
5.17e-7
6.31e-4
1.37e-11
&.08e-7
1.33e-10
4.81e-8
1.54e-11
5.95e-8
6.88e-8
5.75e-10
9.25e-12
3.24e-8
B8.67e-9
9.20e-9

87
-6.10
-9.89
-7.33
-10.82
-7.24
-7.18
-9.26
-11.05
-7.51
-8.08
-8.06

olo|lolo|o|lo|lo|lojo|o|lo|o| oo
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Attivita di SpaceDyS

Q

Il core business di SpaceDyS riguarda la determinazione
orbitale, sia di oggetti naturali (asteroidi) che artificiali (sonde

e detriti spaziali)
Sviluppo software per le agenzie

e Studi e servizi con competenze di meccanica celeste e
astronomiche per le agenzie e I'Unione Europea
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SpaceDysS

Attivita di SpaceDyS

* Tra le varie attivita svoltein quasi 10 anni di vita:
— Operazionidi NEODyS e AstDyS
— Sviluppo SW per la migrazione impact monitoring verso ESA
— Esperimentidi radio-scienza delle missioni Bepicolombo e JUNO
— Determinazione regione di impatto peri rientri (tipo GOCE)
— Simulazioni di determinazione orbitale di detriti spaziali
— Determinazione orbitale «on-board» per satelliti
— Supporto tecnico al telescopio Fly-Eye
— Studi scientifici per la commissione europea




La camera

La camera e un “occhio” che osserva il cielo di Navacchioa 360°
Esegue 30 fotoal secondo + 1 posa lunga ogni 10 minuti per calibrazione
Le immagini vengono elaborate in tempo reale e i dati trasferiti al centrodi FRIPON




NEOScan

* NEOScan e disponibile in NEODyS:
ewton.spacedys.com/neod NEOScan

NEODYS-2 ¥ ¢ oo: SN

Objects Observatories Search Risk page NEA eleme: MNEOScan R ited sites Info & Credits

[Help]

NEODyS provides information and services for all Near Earth Asteroids. Each NEA has its own dynamically generated home page

providing information and services, and a search facility puts the information in easy reach.

Starting from 1 September 2011 NEODyS is sponsored by ESA, which pays a portion of the operating costs, both for the background
orbit and risk computations and for the database and web interface; the rest of the cost is covered, as before, by the Department of
Mathematics, University of Pisa, with the running research grants of the Celestial Mechanics Group, and by IASF-INAF {(Rome), with a
PRIN-INAF grant.

The ESA participation is through a contract with SpaceDyS srl, a company of Cascina (Pisa, Italy), which is a startup promoted by same
research group which has built and operated NEODyS for the past 12 years.

This i= the beginning of a transition phase, in which ESA should progr ively larger resp ibility for the operations of
NEODyS, under the programmatic envelope of the Space Situational Awareness (55A) initiative, NEO segment. The NEODyS service is
expected to be federated, together with others including the Sp rd Central Node and the EARN Asteroid Database, in a new

comprehensive SSA-NEO information service.

The University and Research groups will in the near future continue to share the work and the responsibility, and are in any case

committed to continue for a long period of time to contribute with research, innovation and certification functions.

This is the new version NEODyS-2, implementing the new error model based upon Chesley,
Baer and Monet (Icarus 2010). The orbits have all been recomputed by using star catalog
debiasing and an error model with assumed astrometric errors RMS deduced from the tests of
the paper cited above. Rizsk files have bene recomputed for all PHAs, scanning for possible

impacts up to the year 2090; as a result, many objects do not have anymore a risk file,

Near Earth Object Rapid Observation, Characterization and Key Simulations



https://newton.spacedys.com/neodys2/NEOScan/

NEOScan

NEOScan e disponibile in NEODyS:
newton.spacedys.com/neod NEOScan

Sponsored by

d-esa

Home NEOCP Scan Risk Page NEOCP Priority List Observational tools NEODyS

Data used in this tool are about unconfirmed objects and all information should therefore be treated as potentially unreliable

Introduction

NEOScan is a system dedicated to the scan of the Minor Planet Center NED Confirmation Page (NEOCP). The goal is to identify asteroids as NEAs, MBAs or distant objects to confirm or remove
from the NEOCP and to give early warning of imminent impactors, to trigger follow-up observations. NEOScan uses a method based on the systematic ranging and on the Admissible Region theory
(Milani et al. (2004)). The mathematical theory and a detailed description of the algorithms are presented in Del Vigna (2018), PhD thesis, Spoto et al. (2018), and Del Vigna (2020).

The main steps of the service can be summarised as follows:

» scanning of the NEOCP every 2 minutes, with the immediate run of new cases or old cases just updated
computation and sampling of the Admissible Region, using a 2-dimensional representation in the range/range-rate plane with a grid or a spider web depending on the existence of a reliable
nominal selution
computation of the Manifold Of Variations (MOV), obtaining a set of virtual asteroids which represent the orbital uncertainty
propagation of the virtual asteroids in the future (currently for 30 days)
projection of the propagated MOV sampling on the Modified Target Plane, searching for virtual impactors
if virtual impactors exist, computation of the impact probability

Impact flag

T TR T W T T~ 7= - S A JRr AT O Y - A YT T T RPN ST S T 10 P,

Near Earth Object Rapid Observation, Characterization and Key Simulations



https://newton.spacedys.com/neodys2/NEOScan/

NEOScan

e NEOCP Scan List

Number of objects: 17

C3XYi82
ZTFOGPa
ALAZxH
ZTFOGPK
C414VG2

velh03

Last Update: 2020-12-02 09:17 UTC

The ephemerides provided in the below table are referred to 2020-12-03 00:00 UTC

(*'/min)

0.6938612

0.0000031

0.0000142

0.0009067

0.0000228

0.2562891

Last
Updated
(UTC)

s
-

2020-11-20
01:11
2020-12-01
22:38
2020-12-01
12:35
2020-12-01
14:18
2020-11-23
13:16
2020-11-19
16:54

Near Earth Object Rapid Observation, Characterization and Key Simulations



NEOScan

* Risk Page

Home NEOCP Scan Risk Page NEOCP Priority List Observational tools NEODyS

Last Update: 2020-12-02 09:17 UTC

Risk List Number of objects: 3

Risk List Archive

Past Impactors MOID Impact Impact | Signif. Last Updated
(au) prob. (uTC)
e e - e
- - - -
2

ZTFOGPa 0.881 33.57 0.0000031 2020-12-01 22:38
C3xXyis2 0.711 15.63 0.6938612 2020-11-20 01:11
ALA2xH 3 0.378 30.65 0.0000141 2020-11-20 23:16

Removed from the Risk List

Last Updated
(UTC)

MOID CA dist.
(au) (LD)

2020-12-02 05:18

C3ZPHU2 1.605 16.13 2.4234899
2020-11-19 17:11

jMBS012 0.284 21.37 0.3073163

Near Earth Object Rapid Observation, Characterization and Key Simulations



Strumenti per l'osservatore in NEOScan

Ohject selection: Selectanobject- |

MOV observation prediction Nominal ephemerides

This tool provides the user with the observation prediction at a given time for the selected object, based This tool provides the user with the ephemerides of the orbit with minimum x among the orbits of the MOV

on the uncertainty representation given by the MOV sampling. sampling, for the selected object and given time span and time step.

Observatory Code 500 Observatory Code 500

Prediction time (UTC) 2020 - - : Inifial time (UTC) 2020 - 06 - 17

Maximum sigma 1.0 Final ime (UTC) 2020 c 06 18

COMPUTE RESET

Step 1.0 hours H

COMPUTE RESET

This tool may require several seconds for the computation

Near Earth Object Rapid Observation, Characterization and Key Simulations




Output delle effemeridi

Ephemerides of the orbit with minimum x: ASCII file

Equatorial
5o0lEl LunEl Phase Glat Glon Delta RA*cosDE

elev, (deg) (deg] (deg) (deg) {(deg)

2020 12.633 54 7 37.85 25.5 .0 JB.4 = =2.7 0.9615 0.0700 2,253 =5.1237 5.5973 156.3
o 2020 13.633 3119 23,664 45 al. 25.5 0.0 al 3g.3y - 139.1 0.9612 0.0703 2,2287 -5.0771 5.5447 156.3
2020 14.633 3 19 38.757 453 57 28. 25.6 3g.2 - 139.2 0.%608 0.0707 2.2045 =5.0311 5.4929 156.3
o 2020 15.633 3 1% 53.656 453 51 28. 25.6 0.0 al 3Bz 138.2 =-2.% 0.9605 0.0710 2,1808  -4.3857 S5.4418 156.4

2020 16.633 320 8.366 453 47 30.66 25.6 135.3 0.5602 0.0714 2,150 -4.9408 5.3914 156.4

» Lista di effemeridi in passi di minuti, ore o giorni

e Peril oggettiin NEOCP, queste posizioni sono ottenute dall’orbita nominale,
ma spesso questi oggetti sono mal determinati e quindi queste previsioni
possono essere anche molto lontane dalla realta

e Sel’arcoosservato dell’'oggetto e abbastanzalungo e coprono almeno alcune
ore, la previsione e piu affidabile

NEO %;!,Aé‘ ROCKS
‘r’r
o

Near Earth Object Rapid Observation, Characterization and Key Simulations



Predizine dell’osservazione ad un tempo
prefissato

Observation prediction data of the orbit with minimum y: ASCII file

Prediction time = 2020/06/03,09:12:00 UTC; 59003.38 MID, Observatory = 0500

RA 17:19:23.386 [HH:MM:SS] 4.53519 [deg]
DEC = +39 05 28.37 [deg min sec] (] 7 [deg]

RA/DEC Apparent motion = 16.660 [arcsec/min]  53.597 [arcsec/min]
Apparent motion = 56.126 [arcsec/min], Position angle = 17.267 [deg]
Visual magnitude = 18.57

Solar elongation = 118.07 [deg], Lunar elongation = -62.95 [deg], Galactic latitude and longitude = 0.00 [deg] 31.73 [deg]

Elevation = 60.86 [deg], Airmass = 3 , Phase angle = 63.55 [deg]

Plot by colour code

-Select a colour code- ﬂ PLOT

Plot object classes

-Select a class of objects- : PLOT

118.60

|
-1 B 18.55

V-band magnitude

18.50

relative DEC [arc-min]

Plot impacting orbits

-Select an action for impactors- n PLOT

4 2 0
relative RA*cos(DEC) [arc-min]

Near Earth Object Rapid Observation, Characterization and Key Simulations



V- mag e MOID

Predizione Magnitudini

Visuali

relative DEC [arc-min]

1.5

_o
&)

Object P112ejwW

relative DEC [arc-min]

2

=
wn

[y

o
]

Object P112ejW

T 21.70

21.60

21.50

21.40

21.30

21.20

21.10

21.00

20.90

| |

3

2 1
relative RA*cos(DEC) [arc-min]

3

2

relative RA*cos(DEC) [arc-min]

6.00x107"

5.00x1071

4.00x1071

MOID [au]

3.00x1071

2.00x107*

1.00x10%

Predizione MOID

NEO &2, ROCKS

Near Earth Object Rapid Observation, Characterization and Key Simulations

V-band magnitude



Classi di Oggetti

= NEO orbits I
= MBO orbits
= Geoc. orbits | |
= DO orbits

SO orbits

relative DEC [arc-min]

0.02 0.015 0.01 0.005 0 -0.005 -0.01 -0.015

relative RA*cos(DEC) [arc-min]
NEO % ROCKS

Near Earth Object Rapid Observation, Characterization and Key Simulations




Impattori imminenti possibili

Object ST20F36

I I
O Impacting orbits
1.5+ 22.40
22.20
1 L |
— . =1 22.00
= -
g 0.5+ - . g
& < 121.80 E
M —— =
121.60 ©
0 _— £
() S o
g -0.5 F aamsenee ™ - - -21.40 E
'_% “...n.»-""'"m .-‘:" >
L o o 21.20
cesee’ _'-"9 21.00
ae®® o
_1 5 i o"‘ ) at® .uv'" 7
wee L - 20.80
-2 * .-'...... -
[ | | | | | | 20.60
5 4 3 2 1 0 -1 -2

relative RA*cos(DEC) [arc-min]

Near Earth Object Rapid Observation, Characterization and Key Simulations



NEOScan Priority List

Home NEOCP Scan Risk Page Observational tools NEODyS

Last Update: 2020-12-04 09:30 UTC

Priority class Priority Sun elong. Moon elong. 3 Last Updated
value (deg) (deg) (utc)

- - - -
- - - -

1.31574 - 2020-12-04 08:20
C434MD2 l.21628 - 2020-12-04 08:53
P21a7]I 0.14128 - 2020-12-04 07:17
C422TZ2 URGENT 0.11377 - 2020-12-04 09:29
C42Y0C2 MECESSARY 0.02648 - 2020-12-04 09:04

Lost objects on NEOCP

Object Numb. Last Updated Obs.
name of obs. (UTC) tools
3 2020-11-26 16:22 133
C3ZPHU2 38 2020-12-04 07:24 133
2020-11-26 16:28 133

C€433AU2 2020-12-04 08:35 (13
2020-11-25 20:53 133

Priorita basata su:
* ProbabilitadiImpatto e fine visibilitadeterminate da:
* Incertezzaincielo
 Magnitudine Visuale
* ElongazioneSolare
* Luna (fase ed elongazione lunare)
e Latitudine Galattica

Near Earth Object Rapid Observation, Characterization and Key Simulations



NEODyS: Strumento di predizione dell’osservazione

Uncertainty Region for Asteroid 2020RS
(relative to the naminal observation)

Date and time 2022/12/03 00:00:00 UTC, Sigma level 3.0

R R . . . Stars

., : " - mag = 19
1B = mag <= 19
17 < mag =< 18
16 = mag == 17

15 < mag <= 16
14 = mag <= 15
13 < mag <= 14
12 < mag == 13
mag == 12

Apparent miotson
in arc-rmanJhour
Uncertainty

— region

1 Feeld of View

=

€
£
v
3
U
[TH]
0

=10

RA*cos(DEC) (arc-min)
Background stars are provided by the GAIA DB query (EDR3).

NEO ¢, ROCKS

Near Earth Object Rapid Observation, Characterization and Key Simulations



New Priority List

* La New Priority List elenca e ordina gli oggetti secondo un Valore di Priorita
determinato da considerazioni osservative e dinamiche
* Nuovo servizio:

Email automatiche giornaliere a utenti che lo chiederanno con alcune
personalizzazioni:

* Effemeridi per Obscode, Magnitudine limite, intervallo di declinazioni,...)
Abbiamo alcuni beta-tester (grazie a loro!) per questo servizio tra gli astrofili
italiani
Se siete interessati, contattatemipure: bernardi@spacedys.com

NEO % ROCKS

Near Earth Object Rapid Observation, Characterization and Key Simulations


mailto:bernardi@spacedys.com

New Priority List Layout

Last Update: 2020-09-04 08:01 UTC
Current Moon phase: 31.2 deg. Phase percentage (100% is Full Moon): 92.77%
Epoch of ephemerides: CAL 2020/09/05 00:00:00 UTC

mber of NEOs currently in list: 63

Priority class Priority Risk Max PS 2 End of Days to RA DEC V mag | Uncertainty | Sun elong. Moon elong. Gal. latitude Next
List value g Visibility EoV (hh:mm) (deg) (arcmin) (deg) (deg) (deg) App. Reason for End of
Visibility

- - - - -
v i v v v

2020QU £ | 2020-09-06 : -46° 39'

2020QN3 . ‘ . . . | | [ | 2020-09-07 | [ ? [ 03° 25 E | 1 | 3 [ | § [ [ Low-Galactic-Latitude
2020PR2 | 4 | [ [ a | [ | 2020-09-11 [ [ 24 [ -62° 42" | | 117 | 4. [ [ 49, [ [ Low-Solar-Elongation
2020PE1 ‘ : “ | 2020-09-12 7 ' :01 -69°56' | : [ : 46.6 lar-Elongation
2018FB1 | ‘ : ‘ ’ | [ n | 2020-09-25 | | : [ 74029 | 217 | ] | i ' | 3 [ Moon
202006 | [ a ' ' ’ [ n ' | 2020-09-08 | ' :3 [ 2035 | ' 0 | ; ' ' 5 ' ' Magnitude
2020PS4 | NECESSARY | .97 [ [ [ 8 | [ | 2020-09-14 | [ g [ -36°05 | [ .128 g [ ., [ Galactic-Latitude
2020QY1 [ NECESSARY | X | [ 1 g [ ] | 020-09-08 3 | 14 [ 46° 40 [ { | A | B [ | a I [ lar-Elongation
2020MO4 | NECESSARY | X ' ' [ 7 | ’ | 2020-00-23 | | 14 [ 25006 | 210 | i | 131 ' | 3. ’ Moon
2020LZ1 | NECESSARY .93 | [ | 3 | [ | 2020-09-10 | [ g [ o104 | 3 | .0 | . | | : [ [ Magnitude
20200N1 | NECESSARY | : [ [ | ] [ 2020-09-10 | [ 2 [ 130 [ 8 | ; 46. [ : [ Magnitude
2020PR6 | NECESSARY ; ‘ ' | o | 2020-10-01 [ oa: [ 206 | .19 | ; | ; i Moon
2020PY1 | NECESSARY | i ' ' [ ' ' [ 2020-09-21 | ' : ' o | | ; | 3. | [ 3 | [ Moon
2020FW3 | NECESSARY : [ [ ‘ : N [ 2020-09-12 7 : 26 | = | .0 40. [ ; [ Magnitude
2020QM NECESSARY | | [ [ [ i ] | 2020-09-22 ' : 26058 | = .04 | : X | 4, [ Low-Solar-Elongation
2020QuU4 ‘ USEFUL ‘ ; ‘ ’ | ‘ | 2020-09-22 | ’ : [ 13007 | ‘ | ' | ’

2020QT3 | USEFUL 663 | [ | ] 2020-09-23 : -29° 52'

2020076 | USEFUL | A [ [ [ 1| [ | 2020-09-24 | [ : [ -64° 59

2020GF3 | USEFUL : ‘ ’ | 199 | | 2020-09-27 | | : | 700 41"

Near Earth Object Rapid Observation, Characterization and Key Simulations



Servizio e-mail della Priority List

€ Reply ~ Forward =5 Archive E)Junk @Dclctc More
15:2

neodys2@newton.spacedys.com ey
Priority List Ephemerides for 10/12/2020 for Observatory Code K83
Fabrizie Bernardid

Good Morning,

This email contains the ephemerides for objects in NEODyS' Priority List.

Observatory Code: K83

Observatory Name: Beppe Forti Astronomical Observatory, Montelupo
Limiting Magnitude: 19.5

Declination Range: -30 to +90

CAL 2020/Dec/10 00:00:00 UTC

MName RA DEC Vmag Elo.5un Phase Elo.Moon Gal.lat. Motion & Dir. Uncertainty Ellipse Urgency End of Vis Recov Ephemerides

(HH MM 55.555) (DD MM 55.555) (deg) (deg)  (deg) (deg)  ("/min) (deg) {arcmin) (arcmin)  (deg)
2020XB1 524 2,995 + 8 8 42.412 18.81 164.76 14.89 114.48 -15.26 23.326 92.989 0.914 0.886 97.68 LOW 2020-12-11 2020XB1 1-day Eph. for K83
2028XN 3 @ 56.325 +28 1@ 58.839 17.53 -150.89 28.49 141.15 =-26.56 23.857 321.852 0.889 0.819 148.13 LOW 2020-12-13 2020XN 1-day Eph. for K83

For any concern, please send an email to neodys-help@spacedys.com.

This service has beend developed for the NEOROCKS (NEC Rapid Observation, Characterization And Key Simulation) Project, which has received funding from the European's Horizon 2020
research and innovation programme under grant agreement No 870403.

Near Earth Object Rapid Observation, Characterization and Key Simulations
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Near Earth Object Rapid Observation, Characterization and Key Simulations



/ Programmi futuri
ceDyS ;

Q

NEODYyS e AstDyS = programmi di ricerca avanzata, sostenuti
da ASI (da confermare)

Machine Learning, intelligenza artificiale, reti neurali e deep
learning applicato alla determinazione orbitale e altri contesti




GRAZIE...




New Priority List

* The Priority List Value, used to determine the urgency for observationsis computedin this
way:
* Foreach object thatis visible today, we compute the ephemerides for 10000 days (a bit
more than 27 years)
* Ananalysis ofthevisibility windows in this timeframe is performed:
e If theonly visibility windowis now, the PL valueis very high
e If thereare several more opportunities, the PLvalueis lower
e The Visibility Window is determined by:
* V maglimits
e Sky uncertainty constraints
* Solarelongation
* Lunarelongationand phase
* Galacticlatitude
* ThePLis computed takinginto account:
* Present End of Visibility
e Visibilityduringthe next 10000 days
* Presence inRisk List and its PS value
* MOID
* Present solarandlunarelongations, uncertaintyand V magnitude

NEO % ROCKS

Near Earth Object Rapid Observation, Characterization and Key Simulations



