Second-timescale Glints from Satellites and Space Debris
Detected with Tomo-e Gozen
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Frontier of transient sky
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SN: supernova
SLSN: superluminous SN
FBOT: Fast blue optical transient
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History WA —IVREXE : ES

2015 December: | _ _
253 X AIETERT (20164
“Tomo-e flash” detected with Tomo-e PM - X ( )

Just on top of a galaxy

. . : 5 : . = (at z ~ 0.04)
Follow-up observations (e.g., Swift) => No detection...
Reflection of small body orbiting the Earth
can cause short-timescale “glint”
2016-: Observations toward the Earth’s shadow Richmond+20, Arima+26 3 /15
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History repeats

BEEITHERDIRY

Katz+1986

“Perseus flasher” (PF)
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Schaefer+1987

4 /15



ew probe for space debris? Impact to deep survey?

ANR—=ATF7VoFHuwryO—77? Deep survey\DEE (T ?
Rapid increase of space debris Rubin/LSST (6.5m, 9.6 deg?

http://astria.tacc.utexas.edu/AstriaGraph/ (C) Rubin Obs/NSF/AURA.

Systematic study of short-timescale “glint”

with Tomo-e Gozen 5 15



EXxposure map

A search for second-timescale glint
WRATr—IVRKROFEE

240°

e Data 0°

e 21 nightsin 2023 Jan - Feb

o All sky survey (~ 3 hr after the sunset) 50°

e 0.5sec x 18 frames => 16.5 mag (50) .

log (exposure time (s)) 3

e “Areal exposure” = 173 deg? hr
Single Shot Multibox detector (SSD)
e 87.4 TB in total Liu et al. (arXiv:1512.02325)
e Detection
e Detection with “Single shot multibox detector (SSD)”

e Non detection => Point source => Non detection

e Matching with known satellites (SpaceTrack + Skyfield)
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Brightness distribution

Sky distribution

Results
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1088 multiple detection
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466 single detection

1554 glints




Closer look <&<EBt#3
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Ariane 44L

OFH D55 (1995)
AKM: Apogee Kick Motor

H— I 04y ARSI S DR SR () . BuEEBER ()

AAIER  https://space.skyrocket.de/doc_lau_det/ariane-441_h10-3.htm

https://www.jaxa.jp/press/2005/07/20050720_sac_gms5_j.html 11 /15



Which orbit? w#omia ?

Motion on the sky

15 arcsec / s => Geosynchronous orbit (GEO)
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Corbett+2020 (Evryscope)
see also Nir+2021 (W-FAST)

* Among 70 unique catalogued objects,

59 objects are on GEO

Many of the detected glints seem to be at the GEO

12 /15

* Selection bias (our method detect only point sources)



Size?
MEDAE &3 ?
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What are they? &susik-?

GEO survey Orbital evolution => “area to mass ratio”
(long exposure without tracking)

Detections (July - Sept. 1999)
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~10 m2/ kg (= 0.1 kg / m?)
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Schildknecht+2004




Event rate
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