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timeline

 2009-10: Enabling Technologies                                             
design the NEO Segment
SBDC, Collaborating Observatories, Wide Survey

 2011-12: SN-III Precursor Services
establish the NEO SW System
Web Portal, Database, ESRIN offices

 2013-14: SN-V Precursor Services Operations
operate the NEO Coordination Centre                                                                           
System maintenance & improvement, Astronomical Observations, on-site operations

 2014-15: P2-NEO-I Operations, maintenance, enhancement
toward nominal NEOCC operations
System maintenance & improvement, Astronomical Observations, on-site operations

 2015-16: P2-NEO-IX, P2-COM-V, Operations & maintenance
nominal NEOCC operations & system maintenance
system corrective & evolutionary maintenance, Astronomical Observations, on-site operations
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NEO system consolidation
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NEO SW system 1.2.0 release

SN-V

1.0.0

1.1.0

P2-NEO-I

1.2.0

non-grav. pert.
impact corridor
flyby visualization

sky charts
visibility chart
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P2-NEO-VI

P2-NEO-VII

NEODyS migration
science

engineering
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NEO SEGMENT

OBSERVATIONS

the faintest NEO ever seen @ V~27.1

the faintest NEO precovery @ V=24.5
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~ 13 700 known NEOs

…of which…

~ 510 (4 %) have impact solutions (VIs) in the next century

(according to NEODyS and Sentry)

However… of those VIs:

Only ~2 % have more than one apparition

~90 % are lost!

We need to find a way to improve these numbers by:

Prevent the new ones from being lost

“Recover” some of the lost ones

NEO Statistics



There are basically three ways to deal with this problem:

Extend the observed arc at the discovery apparition

Attempt wide-field recoveries at the next apparition

Try to locate precovery observations in existing archives

These goals can be achieved using:

Large aperture telescopes

Wide-field imagers

Large repositories of astronomical images

How to do it



ESA Optical Ground Station (OGS)

Survey (with Matthias Busch)

Discovered 11 NEOs in 2014-2015

1 current VI discovery: 2014 QN266

2 comets, C/2014 C1 (TOTAS) and 

C/2015 C1 (TOTAS-Gibbs)

A 1.0 meter ESA telescope in Tenerife, Canary Islands

We have 4 to 8 nights per month, around new Moon

Follow-up

~20 NEOs observed per run

We can reach V~22

NEO or comet recoveries every month



ESO Very Large Telescope (VLT)

The faintest NEO ever seen

Observed in September 2015 at V~27.1!

Four large 8.2 meter telescopes at Cerro Paranal, Chile

~11 hours per semester in cooperation with ESO

Follow-up and recovery of VIs

FORS2 camera, 7’ FoV

More than 30 VIs observed in 2014-2015

We can reach V>26



Large Binocular Telescope (LBT)

The first NEO with LBT

2014 KC46 recovery in October 2014

V=26, uncertainty spanning the whole field

Two twin co-mounted 8.4 meter telescopes

Cooperation with the Italian partnership (INAF,

Observatory of Rome) for DDT time

Simultaneous imaging

Two wide field cameras, ideal for recoveries

Capable of reaching V~26 on a 27’ field



Collaborations
ESA Service Level Agreements:

Calar Alto Observatory, Spain

Kleť Observatory, Czech Republic

Collaborations with existing networks:

GAIA FUN-SSO

EURONEAR

Las Cumbres (LCOGT) Network

Other observatories:

Campo Imperatore, Asiago and Loiano, Italy

Mauna Kea Observatories, Hawaii, USA

NOAO CTIO Blanco Telescope + DECam, Chile

OASI Observatory, Brazil

…and many others



Outside sources:

Large telescopes (e.g. CFHT, DECam, VST)

Asteroid surveys (e.g. Pan-STARRS)

Developing our own archive (integrated with CADC)

Images from our observational activities (e.g. OGS)

Images from collaborating partners

Precoveries

The faintest NEO precovery

2008 CK70, top-10 in the list of VIs

5-day arc, effectively lost

Found in CFHT at V=24.5!



A peculiar artificial object as a test for an NEO impact

We alerted our collaborators to obtain:

Astrometric observations (Mauna Kea, Asiago, Loiano, OASI, DeSS, Lumezzane, Schiaparelli)

Precoveries (Pan-STARRS archive)

Colors (Loiano, Asiago)

Spectroscopy (Successful DDT at VLT)

Lightcurve observations (Asiago, Loiano, Schiaparelli, Lumezzane)

Airborne observation campaign (University of Stuttgart)

From… … to

Observation campaigns: WT1190F



…plus almost 30 additional objects observed, with significant changes in their impact probabilities

Objects removed from the Risk List
Object Date PS0 Telescope Instrument People Archive

2007 UW1 2013-11-28 -3.4 CFHT MegaCam M. Micheli, D. J. Tholen -

2013 XE2 2013-12-10 -4.0 PS1 GPC M. Micheli, P. Veres, R. J. Wainscoat PS1

2008 CK70 2013-12-18 -3.1 CFHT MegaCam M. Micheli CADC

2013 BP73 2013-12-20 -3.8 SDSS SDSS M. Micheli CADC

2013 YC 2014-01-22 -2.9 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2014 BD33 2014-01-29 -4.2 PS1 GPC M. Micheli PS1

2004 BX159 2014-02-18 -4.5 CFHT MegaCam M. Micheli CADC

2014 AF16 2014-03-11 -2.4 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2012 HP13 2014-04-09 -6.6 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2014 DN112 2014-05-01 -3.6 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2014 HM129 2014-05-22 -4.2 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2014 HM187 2014-05-28 -4.5 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2012 VU76 2014-06-09 -6.1 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2013 YD48 2014-06-30 -4.8 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2014 LU27 2014-07-17 -2.4 PS1 GPC M. Micheli PS1

2014 PB58 2014-08-12 -4.5 PS1 GPC M. Micheli PS1

2014 QF392 2014-08-14 -8.0 PS1 GPC M. Micheli PS1

2014 QJ392 2014-08-14 -6.1 PS1 GPC M. Micheli PS1

2014 RC 2014-09-04 -7.0 PS1 GPC M. Micheli, R. J. Wainscoat PS1

2014 KC46 2014-10-30 -4.1 LBT LBC M. Micheli, E. Dotto, E. Perozzi et al. -

At the last Final Presentations Day…



…plus almost 100 additional objects observed, with significant changes in their impact probabilities

Objects removed from the Risk List
Object Date PS0 Telescope Instrument People Archive

2007 UW1 2013-11-28 -3.4 CFHT MegaCam M. Micheli, D. J. Tholen -

2013 XE2 2013-12-10 -4.0 PS1 GPC M. Micheli, P. Veres, R. J. Wainscoat PS1

2008 CK70 2013-12-18 -3.1 CFHT MegaCam M. Micheli CADC

2013 BP73 2013-12-20 -3.8 SDSS SDSS M. Micheli CADC

2013 YC 2014-01-22 -2.9 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2014 BD33 2014-01-29 -4.2 PS1 GPC M. Micheli PS1

2004 BX159 2014-02-18 -4.5 CFHT MegaCam M. Micheli CADC

2014 AF16 2014-03-11 -2.4 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2012 HP13 2014-04-09 -6.6 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2014 DN112 2014-05-01 -3.6 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2014 HM129 2014-05-22 -4.2 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2014 HM187 2014-05-28 -4.5 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2012 VU76 2014-06-09 -6.1 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2013 YD48 2014-06-30 -4.8 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2014 LU27 2014-07-17 -2.4 PS1 GPC M. Micheli PS1

2014 PB58 2014-08-12 -4.5 PS1 GPC M. Micheli PS1

2014 QF392 2014-08-14 -8.0 PS1 GPC M. Micheli PS1

2014 QJ392 2014-08-14 -6.1 PS1 GPC M. Micheli PS1

2014 RC 2014-09-04 -7.0 PS1 GPC M. Micheli, R. J. Wainscoat PS1

2014 KC46 2014-10-30 -4.1 LBT LBC M. Micheli, E. Dotto, E. Perozzi et al. -

2014 WV363 2014-12-01 -3.4 PS1 GPC M. Micheli PS1

2014 XL7 2015-01-15 -3.0 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2003 LN6 2015-01-23 -5.2 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2015 BU92 2015-01-27 -2.9 LCOGT FTN Spectral M. Micheli, J. D. Armstrong -

2014 XM7 2015-02-09 -6.5 PS1 GPC M. Micheli PS1

2015 DA54 2015-02-26 -5.4 PS1 GPC M. Micheli PS1

2015 DF198 2015-02-26 -5.4 PS1 GPC M. Micheli PS1

2014 NG65 2015-03-25 -4.5 PS1 GPC M. Micheli PS1

2014 WP362 2015-04-10 -4.8 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2008 LG2 2015-06-16 -5.8 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2015 KL157 2015-07-13 -3.9 OGS SDC M. Micheli, D. Abreu, et al.

2015 OL35 2015-08-02 -3.9 PS1 GPC M. Micheli PS1

2015 PR228 2015-08-18 -3.6 PS1 GPC M. Micheli, B. Borgia PS1

2015 PK57 2015-08-18 -9.7 PS1 GPC M. Micheli PS1

2000 UK11 2015-08-26 -5.6 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

2015 RA36 2015-09-14 -4.5 OASI - M. Micheli, D. Lazzaro, J. S. Silva, F. Monteiro, et al. -

2011 SE191 2015-12-14 -8.5 PS1 GPC M. Micheli, A. Chessa PS1

2011 HP4 2015-12-14 -7.6 PS1 GPC M. Micheli, A. Chessa PS1

2006 XP4 2015-12-14 -7.3 VLT (UT1) FORS2 M. Micheli, O. R. Hainaut, D. V. Koschny -

Today!



2

2

NEO SW SYSTEM
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Core Services

Database

 Information

Introduction

In the SSA-NEO software system

Data Sources
External Internal: already migrated

 NEODyS: to be migrated

• Risk List

• Ephemerides

• Orbit Properties

 AstDyS

• Orbit properties (MB)

 JPL

• Comets catalogue

 MPC

• Discovery Statistics

 EARN

• Physical Properties

 Spaceguard Central Node

• Priority List



Core Services: Risk List

The Risk Page contains a continuously updated list of all NEAs for

which a non-zero impact probability has been detected.

Link to 

NEODyS

impact 

table

Physical 

Properties



Core Services: Physical Properties

The Physical Properties Page contains the latest available physical 

data. The source of each value is referenced at the bottom of the page.



Core Services: Risk List

The Risk Page contains a continuously updated list of all NEAs for

which a non-zero impact probability has been detected.

Link to 

NEODyS

impact 

table

Physical 

Properties

Orbit 

Visualizer



Core Services: Orbit Visualizer

The Orbit Visualization Tool provides a 3D animated display of the

asteroid motion by drawing its orbital path and the position of the

object along the orbit.

For NEAs a refined model of the trajectory that includes planetary

perturbations is adopted. This enhanced functionality makes use

of high-accuracy ephemerides generated by NEODyS to properly

display the orbital changes due to close encounters.



When an object approaches the Earth within 0.02 au it is possible to switch to

an inertial geocentric reference frame to visualise the geometry of the

encounter and the underlying dynamics.

Core Services: Orbit Visualizer



Core Services: Close Approaches

The Close Approaches Page displays two tables with information 

about recent and upcoming close approaches of asteroids to the 

Earth. 

Next 12 months Past 1 month



The Priority List supports the task of efficiently planning and executing NEO

follow-up observations. It classifies newly discovered objects into four priority

categories, which can guide the observer in selecting the most useful follow-up

targets.

Core Services: Priority List



Database

Database

 NEAs

 orbit properties

 physical properties

 ephemerides

COMBINED 

SEARCH



Database

Database

 NEAs

 orbit properties

 physical properties

 ephemerides

 Main belt asteroids, Transneptunian Objects, Centaurs, etc…

 orbit properties

 physical properties

 Comet:

 orbit properties

 Orbit Visualization Tool under development: DEV

 perturbed orbits: future development

 Fireball data ingestion on going: DEV TST

 Precovery system under development: DEV TST



Information
 Discovery statistics

 Basic statistical considerations summarized in simple histograms

Information

 Data mining

 Historical data mining of main interesting data, e.g. the Impact Probability change

over time of a given object: DEV

 Notification

 Internal and external e-mail notification system: DEV TST
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SSA-NEO SYSTEM

EVOLUTION



ILD
display options

3

P2-NEO-II VISUALIZATION TOOLS

nominal trajectories

VAs

VAs
VIs

FLYBY OPTION

IMPACT CORRIDOR 3D OPTION

IMPACT CORRIDOR 2D OPTION



toward SSA phase 3

models

tools

non-gravitational 
perturbations
updated error model

impact corridor visualization
flyby area visualization
sky charts
visibility chart
animations

systemsNEOPROP
NEODyS migration

observations
Fly-eye prototype
Follow-up network
NEOShield-2 collaboration

MAINTAIN STATE-OF-THE-ART 
TECHNIQUES FOR NEO 
DYNAMICAL MODELLING

PROVIDE SSA USERS WITH 
ADVANCED VISUALIZATION 
TOOLS FOR UNDERSTANDING 
THE NEO HAZARD

ACHIEVE  INDEPENDENCE IN 
NEO IMPACT MONITORING 
SW SYSTEMS 

COMPLETE THE DESIGN OF 
THE SSA-NEO SEGMENT 
OBSERVATIONAL SCENARIO
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NEO SEGMENT

COMMUNICATION
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One year of objects removed from the Risk List
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PLANETARY DEFENSE 
CONFERENCE
ESRIN, 13-17 APRIL 2015



first radar images: the object is about 80 meters in size
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RISK COMMUNICATION 

DAYS: ESRIN  20-21 OCTOBER 2015
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RISK COMMUNICATION 

DAYS: ESRIN  20-21 OCTOBER 2015
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THANK YOU

FROM THE NEO TEAM


