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Problem statement

No info regarding the frequency appearance of meteoroids with.cm-dm Sizes

Equivalent diameter (m)
10 100

@ satellite data (Brown et al. 2002) \ Brown+2013

6 1 = Best fit line (Brown et al. 2002)
10 = Small fireballs (Halliday et al. 1996)
E Lunar cratering (Werner et al. 2002)
105 3 LINEAR (Stewart 2001)
3 LINEAR (Harris 2002)
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Spacewatch (Rabinowitz et al. 2000)
NEAT (Rabinowitz et al. 2000)
Infrasound/acoustic bolides (ReVelle 2001)
Lunar Impacts, n=2e-3 (Ortiz et al. 2006)
Lunar impacts, n=6e-3 (Ortiz et al. 2006)
Lunar impacts, n=see text (this work)
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—— Lunar craters (ref. 9)

B NEAT (ref. 27)

m Spacewatch (ref. 27)

A Infrasound bolide flux (ref. 18)
— Power-law fit to ref. 16

B Ref.8

@ Bolide flux 1994-2013
—— Bolide flux 1994-2013 fit

Cumulative number impacting the Earth per year
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Future lunar bases

establishment
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% lLack of atrﬁbLsﬁhgr,e%rl Moon =
:2: Impact: Part of the ﬁneﬁeﬁeﬁgyl converts to luminous energy = FLASH!
% Flash = Optical+IR radiation é?@hjrdi using a telescope
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% lLarge effective area—, ~19%10° km? (Side facing Earth)
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)n between ESA-NOA/IAASARS

2015-2023: Funded by ESA E
2025-2028: Funded by Horizon Europe Programme of the European Union"and -

implemented by ESA o




Paper I: Bonanos+ 2018 | Paper II: Xilouris+ 2018
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Kick off (2/2015)
Procurements
Telescope upgrade
Software development

You are here Phase Ill — Observing period
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Tnfra

K2 Kryoneri telescope (1.2 m, f/2.8, prime focus)

+ Twin sCMOS camera system on a dichroic beam splitter ,
< R and | Filters .\
»* 36 TB storage capacity
** GPS receiver

** Meteo station
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FoV: 16'x14.4°
<Observab|e area> 3><1O6 km2



*Lunar background subtraction

L=

Elvents detection

2 b - Y TR
Random Image ' Time-weighted background image Difference image

t= (Ngx33466) ms t= (Ngx334231) ms

1
\ duration=165 ms
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Visual inspection by the expert user (cosmic rays, satellites exclusion)
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Criteria
The true impact flash must:
1. be visible in the frames of both cameras (same pixels)
2. not move on successive frames (e.g. satellite or star)
AN .
r iy Case 1
o 1=True 2=True

o
. ‘Idf'

Case 2 Case 3 '
1=False 2=False 1=True 2=False
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Case 4R Case 4l
Rejected ¥~ Detection onlyin Rcam  Detection onlyin | cam
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Web database

¢ Online database update

| Help | ContactUs | Terms And Conditions | | v . = neliota

. NELIOTA Sta | Help | ContactUs | Terms And Conditions | Login / Register
NELIOTA Archive
2252 days since start of o NELIOTA
258.93 hours of lunar tatus
e ] Detected NEQO Lunar Impact Event
The NELIOTA Archive is automatically updated with new suspected and validated flashes within o B ofhinarmed Al
24 hours of the actual observations (see observing schedule here). Seientists may obtain full access to 176 HEp ey

258.93 hours of lunar observations
= the NELIOTA Archive by registering here. If you are already registered, please login by clicking here. Project ID: 20230326 202528 203.83 T8 of lunar images
escope
The table below lists the UT date and time of the start of the validated events (ie. detected by
both cameras), their duration, peak R and | magnitude, as well as their lunar coordinates, altitute,
System az:gu:h:nd airmass. Registered users can also view the suspected events, i.e. events which cannot be - Telescope Atitude (deg) 204
validate -

Publications Camera Azimuth (deg):
Registered users have access to the FITS data cube files for each ewent, which are provided

Event Data
S o R e e v Sysem

UT Date (DD/MM/YYYY): 26/03/2023
Publications UT Time: 20:25:28547

e Moon Position (Topocentric) Finderchart (1)
Camera

Airmass: 288

Statistics + the reduced (bias-subtracted and flatficlded) images
« the backgraund image {running average of previcus reduced images)

Events & utreach I R (mao): 09102
+ the difference images (between the reduced image and the background) i il =
Links g

The recuced image files include 7 frames before and 7 frames after the frames that contain the iati Lunar Long (deg): 725
g NELIOTA Statistics
FAQ event. The difference image files include the frames that contain the event and 7 subseguent frames, g Lunar Lat (deg): 184
Events & Outreach

If you plan to scientifically exploit data from the NELIOTA Archive, please inform us in advance Duration (sec): 0085
and include the following acknowledgement in your publications: Links Additional Information

: Number of Cameras: 2
Agenc) o)

NELIOTA impact flashes

Validated NEO Lunar Impact Events

Duration 1
ut Detail:
ESES SRS
0066

26/03/2023 2025:28.547

Flazhin |

899£02 E Location of the impac

detected so far by NE
22/02/2023 17:52:04.313 0.090 10.02 0.1

22/02/2023 17ADA0.667 o2z 0402 102204 Video coverage
16/01/2022 04:11:21.223 0066 101202 00201 _—
T Location of the impact flas
g de i so far by NELIOTA,
271272022 18:11:32400 X 07£00 85201 Helecler 5o far by HELICTA

Comments: -




Web database

Event Statistics

Location of the impact flashes

Ml TR L R
= validated Flashes ﬁ’,@ﬁﬁ'ﬁ%

Date & Time Duration (sec) Observer

16/28/2025 6:32:01 .. 8.066




Web

database .

March 2026 - Global database

v2 External Observers data
v" Validation by NELIOTA experts
v “Observing sessions






Temperature






Data sampl
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m, =10.86 mag










Data sample
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Parameters

Date/time: 2023 0524 20:11:10.028 UT
| mag (peak) = 6.41 + 0.08 mag
R mag (peak) = 8.32 £ 0.11 mag
Duration (max) =0.330 s

~ Peak temperature 2824 + 237 K
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~309 hrs in total

N 2026
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Physical parameters

[ | valldatcidd 50 validated
V| suspecte suspected

50 1

30- | Y <8cminsize

20+

10+

Number of meteoroids
Number of meteoroids

—L 0 ———
AN ,LQQ N 600 @Q"\QQQ T\,LQ(_) »@«Q& ,&QQ ’\%QQ 'LQQQ "LQ’QQ rLb(QQ qg)g() (L%g() 05 10 15 20 25 30 35 40 45 50 55 6.0 65 7.0
/ o= Radius (cm)

/ Mass () =~ = - _

I validated ] I validated
/) suspected | AN suspected

v few m

v Few tens- hundreds g v'85% between 1.5-3.5m

v'63% less than 100g

Number of meteoroids
Number of meteoroids




Peak temperatures and thermal evolution
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alidated
uspected (estimated)

1000 2000 3000 4000 5000 6000 7000
Peak temperature (K)




—— VAL STREAM
----VAL + SUSP SPO

-~~~ VAL + SUSP STREAM 74 Validated only

Moon Earth

Mesosphere

1000

MS LEO GEO

it Surf  9okm) (2000 km) (36000 km)

Sporadic 7.4 102 116 4420

Frequency (meteoroid hr

Stream 12.6 173 197 7481

: .', _;_.'. ¥ .-- il -|7 ‘I.. 1.-""- :
i fp':'ﬂ“"“'t" | . E..-:l"""...-' ﬁ#‘ 3L ., -"7\."-?" A __"-.‘_ 3
' £ o Detection Rate : ="
: % In the FoV (flash/hr] Validated+suspected
‘. . Ao
_‘ < "=+ Validated Sporadic Earth
= — . : tvoe surf MS LEO GEO
LSS Validated Stream . ' P (90km) (2000 km) (36000 km)

f_a:. e ' Validated Total . Sporadic 10.7 147 167 6341

:'r“ - D ' Y Stream 23.3 321 364 13848
| — —



Appearance frequency

Collision probablllty Lunar base ™
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VAL + SUSP STREAM
O m=5x107

¢ N=1.5x10"
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hand grenade

fireworks
RPG rocket

100
Kinetic energy (MJ)




Publications

v'Bonanos et al., 2018, Astronomy & Astrophysics, 612, 76
NELIOTA: First Temperature Measurement of Lunar Impact Flashes

v/ Xilouris et al., 2018, Astronomy & Astrophysics, 619, 541

NELIOTA: The wide field, high-cadence lunar monitoring system at the prime focus of the
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Synergy with ESA/LUMIO -
- - - LB :

ESA — Politechnico Di )

University of Arizona (US) , ,

Cubesat @ L2 . -

Observations on the far side of the Moon #

Beam splitter (R and | bands)

15-20 fps

Launch: 2027?

~

Liakos, Bonanos = members of the Science team R -
Cervone+2022 & https://www.eoportal.org/satellite-missions/lumio '
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% The meteoroids have typical MEBESES of few tens
i A £
- gramsand ' o/ X .

.n%)ngfJng.vangw IS range
-

~7.5 met/hr, while with olgeli= )i 100
(mesosphere =2 meteors) andaWItHIONG
at LEO




| magnitude range
R magnitude range
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Lost energy + correction
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0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200 0.225

: o T k] i oot e 3 ,
W80 images superimposition Ey (total) = Ex(0) [g + Ea() [T +..+ EjO |, in]

A Liakos+2020




Correlations

T | T 1 Ll T T
90 95 100 105 110 115 120 12.
R magnitude

T T T T T T
2000 3000 4000 5000 6000 7000
Peak temperature (K)




Evaluati on of the events h
. 'y - s
+¢ Orbit information from US Strategic Command (USSTRATCAM) and Github (B. Gray) |

* Simplified General Perturbations (SGP4) orbit propagator
* SPICE library (JPL) for calculation of RA, Dec .

: **MASTER/PROOF tool of ESA > statistical analysis (objects in the FoV for a given %
time period) i Lo
P ' ] ' - - 1y
S X
S Apanss

Limb of the Moon
Computed location §
For 5 frames
Observed location
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