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Development of the Kiso Extremely Wide-Field CMOS Camera: Tomo-e Gozen
--- Investigation of Space Debris with Wide-Field Movie Observations
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The Tomo-e Gozen is a next-generation extremely wide-field CMOS camera being developed by Kiso
Observatory of the University of Tokyo. The Tomo-e Gozen, equipped with 84 CMOCS sensors, continuously
capture a sky as large as about 20-square-degree at 2 Hz. It will become the first astronomical movie camera
for science. The limiting magnitude of the movie data at 2 Hz is estimated to be 18 magnitude in the V-band.
The Tomo-e Gozen will provide unique opportunities to observe fast-moving objects, including space debris.
A prototype of the Tomo-e Gozen with 8 CMOS sensors was developed in December 2015. Three
experimental observational runs have been completed. In the presentation, the results of the experimental
observations are shown and possible contributions to observations of space debris are discussed.
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The Tomo-e Gozen is the first astronomical CMOS camera, which will be mounted on the 105
cm Schmidt Telescope in Kiso Observatory of the University of Tokyo. The Tomo-e Gozen can
monitor a sky of about 20 sq-degree at 2 Hz, providing a great oppotunity to detect small and fast-
moving objects. We present an overview of the Tomo-e Gozen project and describe the
performance of the Tomo-e Gozen camera in the context of observing space debris, along with
the observations with a prototype of the Tomo-e Gozen camera developed in 2015.

Telescope Kiso 105cm Schmidt
Effective FOV 20deg’ in ®9deg circle
Detectors’ 2160x1200 CMOS sensor
# of Detectors 84chips A 3D model of the Tomo-e Gozen camera
Pixel Scale 1.2 arcsec/pix mounted on the 105-cm Schmidt Telescope
Data Size 380MB/exposure .
Fradhrere 2 Hz (miax) Hishertime resolitionavaiable Follow-up observation of HITOMI (astro-H)

by reducing the sbRin ild DEview Kiso Observatory made observations of the X-ray Astronomy satellite "Hitomi" (astro-H)
Data Rate 2718/night (max) with the prototype of the Tomo-e Gozen in a cooperation with JAXA. The folowing

pictures ware created from a 2 Hz movie obtianed on 2016-03-31, The upBer anel shows

TOperated at a room temperature and under a normal pressure the trajectory of "Hitomi". "Hitomi" moved with rapidly changing its brightness. The

bottom panel shows the light curve of "Hitomi", indicating that the brightness of "Hitomi"
was periodically changing with the period of about 5.2s.

Video Photometry of Satellites (JCSAT-2)
The Tomo-e Gozen will provide a suitable data for photometry with a high Detector 8 Detector 7
time-resolution. JCSAT-2, a non-operating Japanese satellite, was observed
with the prototype of the Tomo-e Gozen. The 10 Hz movie data provided a
precise measurement of its rotational period and the existence of flashes.

/A composite image of JCSAT-2
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Detection of Faint Meteors

We have develoged an algorithm to efficiently detect faint meteors (Ohsawa :
+, Proc. SPIE, 2016). Results of the test observations suggest that the }5
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Tomo-e Gozen can detect meteorsas faint as or fainter than V'~ 13mag. 0 b amnsl Wi ¥ TN, WiV MM’U‘U" UWM
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Abackground-subtracted imagetaken st 2Hz. >

Stellar sources are masked: -

The blue lines indicates the location of 3 fairit meteor.

i e Observations of Debris with the Tomo-e Gozen

; The Tomo-e Gozen will ﬁrovide agreat oppotunity to detect small debris around the Earth. The
wide field-of-view of the Tomo-e Gozen will be beneficial in observations of debris in the low
earth orbit. The sub-second time resolution is important to investigate the rotation of debris.
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The figure below shows a rough estimate of the Iimitin$ magnitude of debris in the
geostationary equatiorial orbit (GEO). It indicates that the Tomo-e Gozen can detect 1m-
size debris in the GEO if a debris has a rough surface. If a debris has a mirror surface, the
Tomo-e Gozen can detect the debris

; d . which is smaller than 10mm as a . ; ;

: flash-like object. In the experimental © RoughSisaceGbedo-1)
Meteors are detected by the "skew and collapse” method q A S 30 (3bedo=0. 4
R Bycomparint% e lineal bri htnesso[lgthemeteor observations with the prototype .Of 3 W;zz‘mm;
with the brightriess of the Field stars the limiting magnitude the Tomo-e Gozen, several flash-lke = s MirorStocebeco0) —— |
for meteors s estimated as faintas~13mag.atthe V-band objects were detected. Large fraction g 1
of themdage assunﬁedGE% t%_eh small 2
B rotating debris in the . The size  § ]
Schedule of the Tomo-e Gozen Project distribution of the debris in the GEO 3 — 1
2013 2014 2015 = 2016 2017 = 2018 can be revealed by observations with - - e ;
the Tomo-e Gozen: .
Sensor Development  =--=------. - N Debris Diameter (m)
ow
Sensor Evaluation image provided by NASA-
.
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Development of Tomo-e Gozen

Commissioning of Tomo-e Gozen is scheduled in 2017. We have developed a
1|3_rototype of Tomo-e Gozen (Tomo-e PM, Sako+, Proc. SPIE, 2016). Development of
omo-e PM is successfully completed in2015.
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f fabrication of Tomo-e PM was conducted in collaboration with the Advanced Technology Center of

Observatory of Japan (NAO.J ) : /
NAQJ. This research was conducted using the full-HD CMOS sensors developed in collaboration with
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