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Discoverers

ImmmMent
Impactor data
processing

* Mostly Big Surveys:
¢ Pan-STARRS, Catalina,...

e Minor Planet IAU authority
e Designations and orbits
e Services, such as NEO Confirmation Page

e NEOScan-NEODyS, Scout-JPL, Bill Gray,...
e Impact corridors

¢ Professional and amateurs observers

[
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Involved Players

e MPC, NEODyS, JPL, NEOCC

e Observers: photometry, light
curves, spectroscopy,
polarimetry,...

e Decision makers: Governments,
ONU, Space Agencies, Emergency
Management Entities,...




Spo{e;Qs
Key point: Speed

* We want to reduce the time from discovery to the time when the orbitis
well constrained, such that physical observations are possible.

Observations

Web or (Discovery)

- . Depends: minutes, hours
mailing list alert

Imminent Impactor?
NEOScan, JPL-Scout

Publication (NEOCP-
MPCQC)

Within few minutes New orbit: MPC Together with publication
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First detection
SpacebDyS

 The new fast-moving detections must be submitted to MPC as soon as possible:
— Automatic detection

— Fast validation

— Fast submission

— Time from detection to submission, ideally, within 20-30 min

* Fast follow-up, even before the NEOCP publication, is welcome:
— Collaborating observers
— Automatic alert (via telegram, whatsapp, emails, ...)

— Catalina is a good example for fast follow-up through its telescopes’ network




MPC-NEOCP ti
Spo{eDys POSHIng

The NEOCP posting for new candidates seems quite fast, (within minutes?)

Automation is a key issue

...but also data quality check

Both NEOScan and JPL-Scout are scanning the NEOCP web page very quickly
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NEOScan scanning

SpacebDyS

NEOScan is the service, available at NEODyS, which performs the imminent
impactors scanning: https://newton.spacedys.com//neodys2/NEOScan/

It scans on a frequency of 2 minutes

As soon as new data are available from NEOCP, it uses data in ADES format directly
from the MPC database replica @NEODyS: ADES has more information, in particular
the expected measurements rms performance provided directly by the observer (or

measurer)



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

/ NEOScan computation times
SpacebDyS "

 NEOScan monitors the possible imminent impactors within the next month
* Typical computation times: from few minutes to few tens of minutes

e Results of imminent impactors are posted on the NEOScan Risk Page:
https://newton.spacedys.com//neodys2/NEOScan/index risk.html



https://newton.spacedys.com/neodys2/NEOScan/index_risk.html
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NEOScan alerts

* Imminent impactors alerts are automatically sent to major players:
— MPC, JPL, NEOCC, Big Surveys, Tim Spahr, Bill Gray, follow-up observers,...

— Alerts are sent via email when the significance is good (when the observed arc is long
enough) and the impact flag >3 (depending upon the impact probability)

— Email alerts include the impact location map plot
— Comparison with JPL-Scout results
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NEOScan weak points
SpacebDyS P

* Single run depending upon backlog runs

e If the foreseen impact is happening very soon (in few hours) and the data flow from
observers is rapidly increasing, the computation might be not fast enough to catch
up

 Room for improvements: this data processing issue can be fixed and the output
release timing improved
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) NEOScan/NEODyS tools for observers
SpacebDyS !

* During the NEOROCKS project (https://www.neorocks.eu, EU grant n. 870403), we
developed some tools and services to support the follow-up observers:

— Observation prediction tools

— NEOCP Priority List

— NEOS’ Priority Lists (after MPECed)

— E-mailing service for tailored priority lists

— Follow-up observers ranking

ROCKS

Near Earth Object Rapid Observation, Characterization and Key Simulations



https://www.neorocks.eu/

- Sponsored b
@esa - SpaceDys

NEOCP Scan Risk Page Observational tools NEODyS

selection:
MOV obhservation prediction

This tool provides the user with the rvation prediction at a given time for th ed object, based on the uncertainty representation

given by the MOV sampling

Observatory Code

Prediction time (UTC)

Maximum sigma

FoV Width (E-W) I min

FoV Width ( 4 arcmin

COMPUTE RESET

This tool may require several seconds for the computation

Fixed time, full uncertainty

Pz

P11ekJ2

and given time span and time step.

Observatory Code
Initial time (UTC)
Final time (UTC)

St

Observer tools in NEOScan

Nominal ephemerides

04
04 - 15

hours H

COMPUTE RESET

Time range, only nominal

d object




SpacebDyS

e Users can select a field of view
box

e Output gives uncertainty with
an associated magnitude color
code

* Itis possible to show NEO
classes (Aten, Apollo,...)

* |t can also show impactors (if
any) to allow to focus on the
most critical part of the sky

™ 3

relative DEC [arc-min]

50

Observation Prediction output at a fixed time

o

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

Background stars are provided by the GAIA DB guery (EDR3).
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22.50

22.00

—421.50

21.00

—420.50

420.00

19.50

19.00

18.50

V-band magnitude

Stars

mag = 19

18 < mag <= 19
17 < mag <= 18
16 < mag <= 17
15 < mag <= 16
14 < mag <= 15
13 < mag <= 14
12 < mag <= 13
mag <= 12

Apparent motion of
— best-fitting orbit
in arcmin/hour

1 Field of View




Home NEOCP Scan

NEQCP Priority List

wWithdrawn from NEOCP

Risk Page

NEOCP Priority List Observational tools NEOQDYS

NEOCP

NOOksZo
c7YL242
xkos04s
xkos051
HKmMNKOL
xkos053
P21viVE
PEIVIVE
Pz1vivy
P21vgEMm
P2LVITR
CTYKRS2
CTYKQR2
P21vivs
PZIviTN
CTYKV3Z
P21vequ
H7E240

xkos033

Priority based upon:
Impact Probability and End of Visibility determined by: Sky uncertainty, Visual Magnitude, Solar
Elongation, Moon (phase and target lunar elongation) a nd Galactic Latitude

URGENT

URGENT

NECESSARY

MECESSARY

MNECESSARY

NECESSARY

MECESSARY

MECESSARY

MNECESSARY

NECESSARY

MECESSARY

MECESSARY

NECESSARY

Priarity value

RA

Last Update: 2022-07-11 09:43 UTC

AV mag. Uncertainty
(deg)

2.28479
0.53860
133472
1.42652
0.03147
0.46944
0.00138
0.00214
0.00162
0.00150
0.00155
0.00132
0.00045
0.00370
0.0011L
o.002a2
0.00031
0.00093

0.00071

Lost objects on NEOCP

object name

ALOISMI
C7YKRNZ
CTYKWX2

HKmMco1

Numb. of . .
Last Updated (UTC)
obs.

2022-07-06 22:46
2022-07-08 12:00
22-07-10 11:23

2022-06-30 0949

Sun elong.

(deg)

Moon elong.
(deg)

-
e

Gal. lat.

(deg)

a
-

Numb. of

obs.

NEOCP Priority List

Last Updated (UTC)

2022-07-02 07:32
2022-07-11 03:56
2022-07-10 08:17
2022-07-10 01:18
2022-07-11 06207

2022-07-10 0Z:10

12z
2022-07-11 09-20
2022-07-11 08:36
2022-07-11 08:45
7-11 07-42
2022-07-1
2022-07-1
2022-07-11 09:40
2022-07-11 0801

2022-07-11 08:30

2022-07-11 00207




New Priority List General Layout

Sponsored by
¢ esa A

Home Objects Observatories A it age NEA elements NEOScan Related sites Info & Credits

New Faint Objects Priority

List Last Update: 2022-07-10 19:54 UTC
Current Moon phase: 39.3 deg. Phase percentage (100% is Full Moon): B8.69%
Epoch of ephemerides: CAL 2022/07/11 00:00:00 UTC
MNumber of NEOs currently in list: 127

Object Priority class Priority Max PS . End of Days to RA DEC V mag Uncertainty Sun elong. Moon elong. Gal. latitude Next
name value value b Visibility EoV (hh:mm) (deg) {arcmin) (deg) (deg) {deg) App. Reason
- s - - - - - - - - - - - for EoV

- - - - - - - - - - -

2022NH 2022.07-16
2013XG22 2022.07-12
2022NE1 2022.07-12
2022NY 2022-07-13
2022NH1 2022-07-16
2022ND 2022-07-13
2022Ms2 2022-07-13
2022MZ1 2022-07-14
2022NQ NECESSARY 202207-14
2022Ms NECESSARY 202207-14
2020KD2 NECESSARY 202207-13
2022MY NECESSARY 202207-14
2022MM3 NECESSARY 2022-07-15
2022)Z NECESSARY 202207-17
2022MB NECESSARY 2022-07-16
2022MK3 NECESSARY T 202207-12
2022LN3 NECESSARY 202207-12




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: 20.5

Declination Range: -30 to +90

CAL 2021/Feb/16
Name RA

(HH MM
2021CZ7 15 18
2021CL4 15 29
2021CW8 9 49
2021CH8 7 54
2021CU8 1@ 32
2021Cx4 7 25
2021CD2 lo 2
2021CY5 8 31
2021CG3 11 35
2001C036 4 6
2021CM1 11 25
2021C54 14 17
2010VU198 4 12
2017BL31 1 36
2021C01 9 509
2017Y7Z1 514
2021CU5 9 32

60:00:00 UTC

-18
+7
+26
+34
+45
-25
+10

34

55
17
52

1
35
55

Vmag Elo.Sun

(deg
.5 168,

Lo RNBENLWEWN® 0

99
-117

152
-157

116
-98

-147

-148.
168.
-134.

156.
-98.
148.

-70.

-161.
-173.

OV B D~ LN R D D e 00 B e P LN

Ph. El.Moo Gal.lat. Mot. & Dir.
n) (deg)

(deg) (deg
79.0 145,
79.9 141.
61.5 -98.
30.0 -182.
11.0 -141.
42.7 -92.
24.6 -133.
21.1 -111.
22.8 -152.
75.1 -52.
30.1 -154.
59.8 159.
47.7 -51.
86.1 -34.
25.6 -117.
61.4 -66.
6.1 -126.

For any concern, please send an email to

This service has beend developed for the NEOROCKS (
under grant agreement No 870403.

neodys-help@spacedys.com.

DWOOUUNDWWD&EEDUNWO

(deg) ("/mil
48.4  86.

DN o= Wwo D oo

51.
62.

9.
21.

T~ @ @ GV~ 00 i R~ s G0 P R T

165

113.

5

327.
93.
308.

196
332

273.
86.
129.

65
7

256.
351.
221.
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NEO Rapid Observation, Characterization And Ke

Near Earth Object Rapid Observation, Characterization and Key Simulations

jopcRclofoocloiololofoloolo ool

Tail

ored priority list email for observers

Uncertainty Ellipse
(arcmin)

373
138
024
606
119
019
051
012
108
663
097
049
6e1
002
a7
662
011

jopciclofooloioloflofoloolo o olol

(aremin)

043
011
{ale}:]
028
011
oo4
017
004
612
0ol
011
612
allc]
0ol
0603
6e1
005

(deg
164.
121
192
148.

91.
136.
195
154

94.

58.
124,

64
171

68.
198,
204.
164

00 i 1t D LN P L D0 = WD 00 N D B @ D —

Urgency

URGENT
URGENT
URGENT
URGENT
NECESSARY
NECESSARY
USEFUL
USEFUL
USEFUL
LOW

Automatic daily (or configurable) e-mail to

S

End of Vis Recov Ephemerides

2021-02-18
2021-02-17
2021-62-18
2021-62-19
2021-62-19
2021-02-19
2021-62-20
2021-02-20
2021-62-23
2021-62-17
2021-02-27
2021-62-22
2021-02-17
2021-02-17
26021-62-22
2021-62-19
2021-02-22

ubscribers with some customizations:

* Obscode ephemerides, limiting magnitude,
declination range,...)
2021C77 1-day Eph. for K83
2021CL4 1-day Eph. for K83
2021CW8 1-day Eph. for K83
2021CH8 1-day Eph. for K83
2021CU8 1-day Eph. for K83
2021Cx4 1-day Eph. for K83
2021CD2 1-day Eph. for K83
2821CY5 1-day Eph. for K83
2021CG8 1-day Eph. for K83
2001C036 1-day Eph. for K83
2021CM1 1-day Eph. for K83
2021C54 1-day Eph. for K83
2016vU198 1-day Eph. for K83
20178131 1-day Eph. for Ka3
2021C01 1-day Eph. for K83
2017¥71 1-day Eph. for K83
2021CUS 1-day Eph. for K83

Simulation) Project, which has received funding from the European's Horizon 2020 research and innovation programme




Overall Follow-up Ranking

Observatory name
Cum. PL value
{link to Delta-PL assignment)

Steward (

Lemmon Station
Pan-S5TARRS 2, Haleakala
Mt. Lemmon Survey
Cerro Tololo OF

Serena

Pan-STARRS 1, Haleakala

Catalina Sky Survey-Kuiper
Karl Schwarzschild
Observatory, Tautenburg
Astronomical Research

Observatory, Westfield

Catalina Sky Survey
Canada-France-Hawaii
Telescope, Maunakea

Great Shefford

Maunakea

MAF, San Pedro de Atacama

Jpdate: 2022-12-05 12:32 UTC

Follow-up Ranking for present year 2022

Big Surveys Follow-up Ranking

Observatory name
Cum. PL value
{link to Delta-PL assignment)

Pan-STARRS 2, Haleakala
Mt. Lemmon Survey
Pan-STARRS 1, Haleakala
Catalina Sky Survey

MAF, San Pedro de Atacama
ATLAS Rio Hurtado
GINOP-KHK, Piszkesteto
ATLAS-MLO, Mauna Loa
ATLAS-HKO, Haleakala

Kitt Peak-Bok

ATLAS South Africa, Sutherland
WISE

JPL SynTrack Robotic

Telescope, Auberry

Follow-up ranking system

All others Follow-up Ranking

Observatory name
(link to Delta-PL assignment)

Steward ratory, Mt.
Lemmon Station

Cerro Tololo Observa
Serena

Catalina Sky Survey-Kuiper
Karl Schwarzschild
Ohservatory, Tautenburg
Astronomical Research
Observatory, Westfield

Unive

Canada-France-Hawaii
Telescope, Maunakea
Great Shefford
Maunakea
LPLISpacewatch Il

atory, Tican
Sandlot Observatory, Scranton
Calar Alto-Schmidt

Steward Observatory, Kitt Peak-

Purpose: motivate the observers after the MPEC release to continue to follow NEOs
Ranking obtained through the Priority List value metrics

Cum. PL value
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Conclusions

 Automation is the key issue: from discoverers, MPC and imminent impactor
scanners, but reliable data are needed (quality check)

* Fast alert broadcasting to follow-up observers is welcome: emails, telegram,
whatsapp, push communication,... (see NEOROCKS experiment)

e Alerts communicated also to physical observers for rapid characterization
* In case of a certain impact event, fast interface with decision makers is needed

* Post-discovery MPEC support to observers for continue monitoring is welcome (not-
strictly related to the imminent impactor problem)




