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Sako et al. 2016, SPIE
Ohsawa et al. 2016, SPIE

Extremely wide-field high-speed camera

the Tomo-e Gozen

Telescope Kiso 105-cm wide-field Schmidt

Field of view 20 deg?in ¢$9 deg, AQ =28 84 chips of high-sensitive CMOS sensors
Image sensors 84 chips of CMOS :
Data acquisition rate 2 fps (max)

Data production rate 30 TB/night (max)
Commissioning Aug. 2018

TR BEER, 74 LZ(0EB, g, r, grism) B D AATH




Completion of survey powers for transient events
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The numbers in the circles show
limiting magnitudes.




New fields developed by Tomo-e

* Survey for extremely rare transient events
MRD TR RFEIEEIA XV F ORE

* Survey for rapid transient events with t < 1 sec
1 UTTRILT 24 XV FDOEE

Shock Breakout of core-collapse SN
Explosion of Nova

Optical follow up of Gravitational wave - %

Afterglow of Gamma-ray burst — e
Optical candidate of fast radio burst Optical counterpart of GW Neutron star merger
X-ray time variable objects '

Transit of Exoplanet I s Wi .

Occultation by Trans-Neptune object ,

Potentially Hazardous Asteroid YouTube

Potentially hazardous asteroid Transit of exoplanet

O
O
O
O
O
O
O
O
O
O

Faint meteor




Timeline for Development

Commissioning in 2018

present day

1

2014 2015 2016 2017 2018

Sensor development

Sensor evaluation

Data acquisition system

Camera body
Data analyzing system

Assemble

Test observations , , : ]
‘N commissioning ' commissioning




Tomo-e Gozen Prototype model

8 chips of CMOS
sensor

Spider structure
of telescope

Tomo-e Gozen
prototype model

NELE™ Kiso 105cm
Sako et al. 2016, SPIE s Schmidt telescope
Ohsawa et al. 2016, SPIE =5




Test observations
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Observation date First light on 24t Nov. 2015

Dec. 15t —21%t, 2015 (21 nights, usable ~11nights)
Main observation mode 2 fps, full-frame, no-filter, Gain=High
Data production rate 3 TB/night (average), 35 TB/run

Targets Flash survey, Meteors, Comet




Data sample obtained by Tomo-e PM

First light image, h-x Per open star cluster High dynamic image of M42 Orion nebula
(1 chip, 5 sec exposure, FoV of 39.7" x 22.4’) (1 chip, 0.5 sec/exposure x 5,018 frames)

L 2

Movie data (10 fps, partial readout, 1 chip)




Faint meteors

Trail of faint meteor

- Faint meteors up to 14 mag detected. (> 9 mag in previous study)

- About 1,000 events of sporadic meteors detected in a night.




Ground based observation of X-ray space telescope
HITOMI

25"
N

HITOMI / JAXA

8.2 deg

Sensor 4

Sensor 6 : Sensor 5

Sensor 7

2 fps, 50 sec starting from 20:24:08 315t Mar. 2016

Light curve

E T

Relative brightness

§

Joahdy, MR AE e iAok

20.0

10.0 15.0

Time (sec) Press release from Kiso observatory. U. of Tokyo
Used in press releases at JAXA
Reported in NHK news and major news papers




* Unidentified Flash Objects detected in frames taken in 2-fps




Contamination of Artificial stellar objects

Example of flashing and moving object
Geostationary orbit satellite JCSAT2
30t Nov. 2015, 10 fps

Geostationary orbit satellite, 36,000 km

JCSAT2/Boeing

* Space debris with @ 1 cm on the geostationary orbit can be detected.

* Rotating debris are observed as “flash phenome”. = Serious problem!!
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Ly [N Data flow for 1-night data

Conceptual design

Telescopes

s KISO OBSERVATORY ~ around the world
Telescope building Support building

Camera Controller
Servers for

scientific projects

supernova

T~ 3 days GW

meteor
debris

+WCS
Analysis Server file split

flash
pulsar

t~ 1day Servers on
50 TB/d I external site

day time

Onsite DB

Light curves Short time- Detected fast  Co-added 1-2 TB/d
of all sources scale events moving objects Image files

Text files Masked movie Image files

T~ 1year

External DB

T~ 1 month




Informatical approach

These studies are now ongoing
Machine learning under collaborative research.

Collaborator: Wide-field survey team/CREST, IPMU (Pl Prof. Yoshida)

- Source detection
Supernova on parent galaxy

- Classification e i |
- :

Ref-image Obs-image Subtracted-image

e Sparse modeling

Collaborator: Prof. Ikeda, Dr. Morii @ CREST, ISM
GoDec method

Raw data Low-Rank

- Flash detection

- Movie compression

https://www.youtube.com/watch?v=BTrbow8u4Cw

* Data mining / compression

Collaborator: Dr. Yamamoto @ SAKIGAKE, Yamanashi U. @

- Source detection

Data
Base

- Fast computation
ieme: Bl
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Looking for “Spark-joy” =“& T &H X”
in Movie Big data.

INTERNATIONAL
BESTSELLER

* i b\“ 2 MILLION

COPIES SOLD

When keeping only the items you feel
“spark joy”, you will definitely become happy.

CEXOHLLE/ T AEERT &
VANVANDS R B==h c ol N/A N F=<ie- B

KONDO Marie “The Life-Changing Magic of Tidying Up”
ISBN 1607747308 (2014)

SERERRERE “AEH & Z 5 BT OEE UoKUiBTRER o
ISBN 4763131206 (2010) I e
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