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Transient sky: history and current situa8on
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Exploring shorter 8mescale
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A search for second-8mescale transients

4

• Data 

• 21 nights in 2023 Jan - Feb 

• All sky survey (~ 3 hr aHer the sunset) 

• 0.5 sec x 18 frames => ~16.5 mag (5σ) 

• 87.4 TB in total 

• Data analysis 

• 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: calibra?on, limi?ng magnitude,…

Limi?ng magnitude
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Single Shot Mul8box detector (SSD) 
Liu et al. (arXiv:1512.02325)

SSD: Single Shot MultiBox Detector 13

Fig. 5: Detection examples on COCO test-dev with SSD512 model. We show
detections with scores higher than 0.6. Each color corresponds to an object category.

Method
VOC2007 test VOC2012 test COCO test-dev2015

07+12 07+12+COCO 07++12 07++12+COCO trainval35k
0.5 0.5 0.5 0.5 0.5:0.95 0.5 0.75

SSD300 74.3 79.6 72.4 77.5 23.2 41.2 23.4
SSD512 76.8 81.6 74.9 80.0 26.8 46.5 27.8

SSD300* 77.2 81.2 75.8 79.3 25.1 43.1 25.8
SSD512* 79.8 83.2 78.5 82.2 28.8 48.5 30.3

Table 6: Results on multiple datasets when we add the image expansion data aug-
mentation trick. SSD300* and SSD512* are the models that are trained with the new
data augmentation.

5

Time

Class 0: normal

Class 1: background

Class 2: transient

Deep-learning method for flash detec8on 
(developed by the NTT group)

~80% recovery rate

Ichiro Takahashi-san’s talk 
in the symposium last year

Candidate selec?on (score, shape, mo?on, …) 
=> ~1644 objects 

Visual check (mo?on, slight elonga?on, …) 
=> 94 objects 
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Second-8mescale flashes
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image size 
8 x 8 arcmin
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Second-8mescale flashes (moving => excluded)

Please ignore this one!

/14

image size 
8 x 8 arcmin

ω ~ 15”/sec (Geosynchronous Earth orbit)
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Brightness distribu8on

2 M. Tanaka et al.

Figure 3. TPR as a function of S/N ratio

Figure 4. Images of the detected short flash

4 RESULTS

4.1 Properties of the flash

Fig: image
brightness distribution, the fainter the more
Fig: mag distribution
Sky distribution, similar to survey footprint
Fig: sky distribution
Distribution along the Galactic latitude (with survey statistics)
Fig: l distribution
e

4.2 Event rate

Fig: Rate vs mag
Lower limit
comparison with other surveys
Evryscope, W-FAST

Figure 5. magnitude distribution of the flash

Figure 6. Sky distribution of the flash

5 DISCUSSION

5.1 Origin of the flash

No detection toward the Earth’s shadow
Arima et al.
Distribution of solar separation angle
Fig: distribution of solar separation angle
Most likely origin: space debris
debris size, distance Assumption of the calculations (mirror) Also

show di�use case.
Fig: debris magnitude
If they are at LEO, apparent velocity, required rotation speed
They are GSO. apparent velocity, required rotation speed

5.2 Implications to future time-domain survey

FRB counterpart, GRB counterpart

MNRAS 000, 1–4 (2023)

74 objects (limmag > 16.5 mag)

15-16 magnitude
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ABSTRACT
To be written.

Key words: keyword1 – keyword2 – keyword3

Figure 1. Survey footprint (exposure time map)

1 INTRODUCTION

Time-domain survey
High-cadence, progress rapid transients, afterglow of gamma-ray

bursts
Extreme side, second timescale, several past works
This paper

2 OBSERVATIONS

Tomo-e Gozen camera, spec
Survey details, strategy
survey duration (2023/1-2)
Limmag = 16.5 mag
Survey statistics, areal exposure (for a given limmag)
Fig: survey footprint

¢ E-mail: masaomi.tanaka@astr.tohoku.ac.jp

Figure 2. Classification by SSD

3 METHODS

3.1 Detection methods

SSD, some details, Appendix
Fig: 3 classes
performance
Fig: True positive rate

3.2 Candidate selection

Overall strategy, clearly moving objects are not counted
threshold of the score
threshold of area
correlation coe�cient (How to remove moving objects)
visual check
multiple weak detection in 1 movie frame
elongation
Final samples

© 2023 The Authors

Survey footprint

Almost homogeneous
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EarthSun

Angle

Earth’s shadow

Our survey (all sky) 
~90 candidates in ~ 250 deg2 hr

What is the origin of the flash?

Arima et al. (Earth’s shadow) 
0-1 candidate in ~ 500 deg2 hr 
(see Arima-san’s talk)

Second-Timescale Optical Flash Detected with Tomo-e Gozen 3

Figure 7. dec distribution of the flash

Figure 8. Event rate

blind detection is tricky
Multi-wavelength time and spatial coincidence is important
Blind survey => shadow
Deeper survey such as LSST
19 mag in 30 sec exposure

Figure 9. distribution of solar separation angle

Figure 10. Magnitude of debris as a function of height
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Candidate 
Survey footprint

Very likely origin: 
ar8ficial objects (space debris) reflec8ng the Sun light
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What kind of space debris?

Second-Timescale Optical Flash Detected with Tomo-e Gozen 3

Figure 7. dec distribution of the flash

Figure 8. Event rate

blind detection is tricky
Multi-wavelength time and spatial coincidence is important
Blind survey => shadow
Deeper survey such as LSST
19 mag in 30 sec exposure

Figure 9. distribution of solar separation angle

Figure 10. Magnitude of debris as a function of height
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EarthSun

Mirror

EarthSun

Diffuse sphere

~0.3 cm @ GEO => 15 mag 
rota?on can produce a flash

~100 cm @ GEO => 15 mag 
but difficult to produce a flash…

GEOLEO
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Orbit of the debris?

LEO (Low Earth orbit): ~ 2,000 km

GEO (Geosynchronous Earth orbit): ~ 36,000 km

Tflash ~ 0.01 sec (< 2” mo?on) 
=> Trot ~ 7 sec

ω ~ 170”/sec (LEO)

4” (in 0.5 sec)

ω ~ 15”/sec (GEO)

Sun

0.5 deg

Tflash ~ 0.1 sec (< 2” mo?on) 
=> Trot ~ 70 sec

Intrinsic flash dura?on: Tflash  
Rota?on period: Trot 

=> Trot = (360/0.5) Tflash

between the Pa and the sampling period P s. For that rea-
son, a non-realistic aliasing signal appears in the light
curve. As for the previous case, this light curve must be
processed carefully with non-parametric method.

6. Discussion

In the presented work we distinguished four different
populations according to their orbits and origins. By com-
paring to other authors, e.g. Dearborn et al. (2012), the
number of LEO objects for which we could extract the
apparent rotation period is very small. We could extract
it only for one from 160 observed upper stages, which is
less than 1%. Objects on LEO have low mean altitudes
and therefore the eddy current and atmospheric drag play
a strong role in their attitude state evolution, e.g. they can
act as spin damping effects. This has been discussed and

showed in Wilson (1977), Boehnhardt et al. (1989) and
Praly et al. (2012). Majority of the LEO R/B which we
observed where on orbit for more then a decade. Therefore,
if there wasn’t recently an event such as outgassing or col-
lision with a meteoroid or space debris, this R/Bs should
decelerate their rotations considerably. At current stage
we are regularly planing and observing LEO R/Bs and S/
C to monitor whether or not their attitude states changed.
Once this change will be identified, and extensive observa-
tion campaign will be performed for the rotating LEO
upper stage to estimate its attitude state as demonstrated
in Yanagisawa and Kurosaki (2003) and Santoni et al.
(2013).

We have chosen GLONASS satellites because of large
number of existing non-functional S/C on similar orbits
and with similar physical characteristics. This allows us
to observe and study the influence and magnitude of the

Fig. 11. Apparent rotational speed of objects on GEO/Other orbits (a) as extracted from AIUB light curves and a zoomed in part of the same distribution
(b). Different types of object, namely R/B, P/L, DEB and DIS can be distinguished. Each number listed on the horizontal axis represents an individual
object.

J. Šilha et al. / Advances in Space Research 61 (2018) 844–861 855

Silha+18

Rota?on period of space debris

mobs ~ 15.5 mag  
=> mflash ~ 14 mag

mobs ~ 15.5 mag  
=> mflash ~ 11 mag

/14

Trot ~ 7 sec
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Size of the debris? 
(with magnitudes corrected for the intrinsic dura?on)

~0.5 cm

mobs ~ 15.5 mag  
=> mflash ~ 11 mag

LEO GEO

~0.1 cm

mobs ~ 15.5 mag  
=> mflash ~ 14 mag

~0.1-1.0 cm mirror??

/14
Thanks to  

Toshikage-kun and Oshikiri-kun
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Implica8ons for future transient surveys

Second-Timescale Optical Flash Detected with Tomo-e Gozen 3

Figure 7. dec distribution of the flash

Figure 8. Event rate

blind detection is tricky
Multi-wavelength time and spatial coincidence is important
Blind survey => shadow
Deeper survey such as LSST
19 mag in 30 sec exposure

Figure 9. distribution of solar separation angle

Figure 10. Magnitude of debris as a function of height
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W-FAST
Tomo-e

Evryscope

FRB rate 
(103-104 sky-1 day-1) 
see Niino-san’s talk

• Second-8mescale survey 

• Blind astrophysical survey  
=> Earth’s shadow 

• Mul?-wavelength  
coincidence (FRB, GRB) 

• Deeper survey 

• Detected as ~19 mag objects 
in 30 sec image (Rubin/LSST)
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• Second-8mescale op8cal flash with Tomo-e Gozen 

• ~200 deg2 hr monitoring with ~16.5 mag depth => 94 flash detec?on 

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

• Implica8ons for future surveys 

• Event rate ~(2-3) x 105 events sky-1 day-1  (>> FRB rate) 

• Mul?-wavelength coincidence is crucial for this ?mescale 

• Same popula?on will be detected as foreground 
in deeper ?me-domain survey (Rubin/LSST) 

• More observa8ons/data analysis? => SINET + mdx? 

• Spa?al distribu?on? => more events, bewer selec?on criteria 

• Intrinsic dura?on? => faster observa?ons (0.1 sec = 10 fps)

Summary

Your sugges?ons/feedback/idea are welcome!!
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