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Introduction

Motivation:
 Knowing about impactors in advance:

Aegis (old AstOD) for long-term, Meerkat for imminent
» (Finding scientifically interesting objects: e.g. I[EOs)

Goals [1]:

* Independent system

» Clear and quick threat assessment

» Reduce time for scheduling follow-up observations

Meerkat Asteroid Guard
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Introduction esa
Imminent Impactor Warning Service
Currently up Asteroids E-Mail Automated
to 30 days impacting notification and 24/7
into future Earth system
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Simplified system architecture / Input loop

Object with

Download Orbit

. P new obs in ..
NEOCRP list NEOCP list determination

Input: MPC (Minor Planet Center)
« NEOCP (NEO Confirmation Page) list
» Tracklets

No

Impact
score above
threshold

Notification
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Analysis loop

Orbit determination: Systematic Ranging [2,3,4]

160 x 160 grid

Uniform prior distribution

Weighted astrometric BM5S error

Topocentric range rate in kmyfs

g
~

Topocentric range in au

——~- Heliocentric baund = 95% confidence regicn . Moon impacting salutions

--ee. Gepcenbric Bound mmm Earth impacting solubbans

Sun impacting solutions
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Threat assessment: Dashboard plot esa

A10Ab75 Dashboard: 4 obs, 0.73 h arc length

Impactor Impact Times Impactor Size
Oh

Impact

Score:
0,

26.2% 136h

BN Heliocent. Impactor N =1km B 40m-10m
BN Geocent. Impactor 24k N 1km-140m s 10m-3m
No Impactor Hours after 2021-08-17 07:26 0 140m-40m Hl <3m
NEO Class NEO Size
IEO:
0.0%
H >1km B 40m-10m
N [EOC I Apolio I 1km-140m B 10m-3m
B Aten N Amor B0 140m-40m Hl <3m
Asteroid Orbit Class Comet Orbit Class Asteroid/Comet Size
NEO:
0.0%
EEE NEO E Trojan s Other N New H Cic H >1km B 40m-10m
N McA N Centaur Geocent. BN External H |Fc B 1km-140m B 10m-3m
s MBA EE TNO EEN HIc EEN ETc e 140m-40m N <3m
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Threat assessment: Scatter plot

A10ADb75 Scatter plot: 4 obs, 0.7 h arc length

Geocentric: semi-major axis - eccentricity

Geocentric: semi-major axis - inclination
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Threat assessment: Impact plot esa

A10Ab75 Impact plot: 4 obs, 0.7 h arc length

60°N |-+ =t ' sl
30°N R 4
2 o , s _.
9 !
30°s J . _ .
60°S 5
180°
Longitude
2021-08-17 19:05 2021-08-20 10:51

First observation: 2021-08-17 06:42:42, Last observation: 2021-08-17 07:26:19,
Number of observations: 4,
Median Longitude: 123.25deg, Median Latitude: 11.84deqg
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Reduce time for scheduling follow-up observations

esa

A10ADb75 Detection probability: 4 obs, 0.73 h arc length
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Example: C8FF042 esa

C8FF042 Dashboard: 4 obs, 0.41 h arc length

Impactor Impact Times Impactor Size
oh
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Impact
Score:
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B Geocent. Impactor 24h N 1km-140m B 10m-3m
No Impactor Hours after 2022-11-19 05-17 N 140m-40m E <3m
NEO Class NEO Size
IEO-
0.0%
N >1lkm Bl 40m-10m
. EO mm Apolio B 1km-140m  EEE 10m-3m
H Aten H Amor 0 140m-40m Il <3m
Asteroid Orbit Class Comet Orbit Class

Asteroid/Comet Size

NEO:
100.0%
I NEO B Trojan B Other HE New Il Cic Hl =1km B 40m-10m
N McA E Centaur Geocent. B External H Fc B 1km-140m B 10m-3m
s MBA H TNO HE Hic N ETc e 140m-40m H <3m
1"
= HEE - — | I (| BN Nz E. |



Example: C8FF042 esa

C8FF042 Impact plot: 4 obs, 0.4 h arc length

Latitude

=
180° 120°W 60°W 0° 60°E 120°E 180"
Longitude

2022-11-19 07:37 2022-11-19 08:33

First observation: 2022-11-19 04:53:01, Last observation: 2022-11-19 05:17:39,

Number of observations: 4,
Median Longitude: -91.5deg, Median Latitude: 41.48deqg
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Example: C8FF042 esa

C8FF042 Detection probability: 4 obs, 0.41 h arc length
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E-mail notification

E-Mail Notification:
Warning. New or updated objects above threshold:

» Impact score > 1%
« DCA < 7 Earth radii

All-Clear. Drop below threshold after warning

Removed. Removed after warning

E-Mail Plot:

Score dashboard plot
Systematic ranging plot
Sample scatter plot
Impact plot
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E-mail notification esa

E-Mail Content:

Object: C8FF042

Scores SEOPEs: Observations:
Impact data o Imp: 0.21256 .
. . GEOImp: 0.00000 . ggbZ' ?49 a1t
Observations « NEO: 1.00000 ; St;;: onae
« GEO: ©.00000 i R ege

Current (median) data LastDec: -0.73 deg

LastV: 19.16 mag

Impact data:

e 95% early TImp: 2022-11-19 07:46 UTC Current (median) data:

e 95% late TImp: 2022-11-19 ©8:29 UTC

e Weighted mean TImp: 2022-11-19 ©8:09 UTC « Epoch: 2022-11-19 ©5:30:00 UTC
e 95% large H: ~34.44 mag e RA: 24.70 deg

e 95% low H: ~33.26 mag * Dec: 0.71 deg

e Weighted mean H: ~33.68 mag e Unc: 14.49 arcmin

e 95% low d: ~0.5 m e Rate: 79.02 arcsec/min

e 95% large d: ~0.8 m e V: 19.15 mag

e Weighted mean d: ~0.7 m

To subscribe to Meerkat automatic mailing list, please send an email to neocc@esa.int
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