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Transient sky: history and current situation
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Exploring shorter timescale

heating source
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A search for second-timescale transients

Limiting magnitude
® Data

14.0 14.5 15.0 15.5 16.0 16.5 17.0 17.5 18.0

® 21 nightsin 2023 Jan - Feb . 75 —

60

45

® All sky survey (~ 3 hr after the sunset)
® 0.5secx 18 frames =>~16.5 mag (50‘) 150 120 90 60+ 30h - 0 330 300 270 240 210

® 87.4TB in total

® Data analysis R
® Tomo-e pipeline: 3D “cube” data (up to 6 TB/night)
® Transfer from the dome => main building (~ 4 hr)
® Transient finding with 4 GPUs in the main building (~4 hr)

® Off-line analysis: calibration, limiting magnitude,...
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Deep-learning method for flash detection Ichiro Takahashi-san’s talk
(developed by the NTT group) in the symposium last year

Single Shot Multibox detector (SSD) Class 0: normal

Liu et al. (arXiv:1512.02325) - - -

Class 1: background
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Class 2: transient

- Time

) ) ) ~80% recovery rate
Candidate selection (score, shape, motion, ...) ’ /

=> ~1644 objects
Visual check (motion, slight elongation, ...)
=> 94 objects
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image size
8 x 8 arcmin

Second-timescale flashes

923.5 131.7
873.5 381.7
823.5 331.7
773.5 281.7
723.5 231.7
673.5 181.7
623.5 131.7
573.5 81.7
523.5 31.7
787.6 837.6 887.6 937.6 987.6  1037.6 1087.6 1137.6 1187.6 439.9 489.9 539.9 589.9 639.9 689.9 739.9 789.9 839.9
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image size
8 x 8 arcmin

Second-timescale flashes (moving => excluded)

. 526.6
4al.a 476.6
181.3 426.6
aiks 376.6
81.3 326.6
31.3 276.6
-18.7 - - 226.6
—68.7 - " 176.6
-118.7 T r . . . . . : 126.6 + ! : s _ A I :
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w ~ 15”/sec (Geosynchronous Earth orbit)
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Number

74 objects (limmag > 16.5 mag)

Brightness distribution Sky distribution
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What is the origin of the flash?
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Arima et al. (Earth’s shadow)
0-1 candidate in ~ 500 deg? hr

f" ),
Earth’s shadow (see Arima-san’s talk)

Sun Earth
Very likely origin:
artificial objects (space debris) reflecting the Sun light
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What kind of space debris?

Albedo = 0.175 Mirror
o messs Mirror (L = 1 cm) ]
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Distance (km) ~100 cm @ GEO => 15 mag

but difficult to produce a flash...
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Orbit of the debris?
w ~ 170”/sec (LEO)
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LEO (Low Earth orbit): ~ 2,000 km

Trash ~ 0.01 sec (< 2” motion) Mobs ~ 15.5 mag
=>Trot™ 7 sec => Mfash ~ 11 mag
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GEO (Geosynchronous Earth orbit): ~ 36,000 km
w ~ 15”/sec (GEO)
Taash ~ 0.1 sec (< 2” motion) Mobs ~ 15.5 mag

=> Tt~ 70 sec => Mfash ~ 14 mag

Rotation period of space debris
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Size of the debris?
(with magnitudes corrected for the intrinsic duration)

Magnitude
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40000

Mobs ~ 15.5 mag
=> Mflash ~ 14 mag
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Implications for future transient surveys

100

Event rate (deg™2 hr71)
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see Niino-san’s talk
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Summary

® Second-timescale optical flash with Tomo-e Gozen
® ~200 deg? hr monitoring with ~16.5 mag depth => 94 flash detection

® |ikely to be space debris (~0.1-1 cm) => A possible new probe of small debris??

® Implications for future surveys
® FEvent rate ~(2-3) x 10> events sky-! day-! (>> FRB rate)
® Multi-wavelength coincidence is crucial for this timescale

® Same population will be detected as foreground
in deeper time-domain survey (Rubin/LSST)

® More observations/data analysis? => SINET + mdx?
® Spatial distribution? => more events, better selection criteria

® [ntrinsic duration? => faster observations (0.1 sec = 10 fps)

Your suggestions/feedback/idea are welcome!!
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