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the first astronomical wide-field camera

the Tomo-e Gozen

Telescope Kiso 105-cm wide-field Schmidt
Field of view 20 deg? in 9 deg 84 chips of high-sensitive CMOS sensors
Image sensors 84 chips of CMOS e
Data acquisition rate 2 fps (max)

Data production rate 30 TB/night (max)

Commissioning Jan. 2019
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Operation 10 years Bim, KXE

front-side CMOS
MEA7 4 L& L

W micro-lenses




Comparison of Field of Views

HSC/Subaru (8.2m), 1.8 deg?,
AQ =91, At ~ days

SC/Subaru (8.2m), 0.3 deg?,
AQ =16, At ~ days
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ZTF (1.2m), 47 deg?, 2017-,
AQ =40, At ~ days

Pan-STARRS (1.8m), 9 deg?,
AQ =15, At ~ days

KWEFC (1.0m), 4.8 deg?,
AQ =3.8, At ~ hours

LSST (8.4m), 9.6 deg?, 2023-,
AQ =320, At ~ hours
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Tomo-e Gozen

20 deg?in ¢ 9 deg

AQ = 28, At ~ subsec
Mosaic CMOS sensors
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FoV of KISO 1-m Schmidt telescope




Wide-field Survey is the World’s First Trial

Completion of survey powers for transient events
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Intensive program of Tomo-e Gozen

* All-sky survey
10,000 deg? every 2 hours, 5 visits in a night
Record all events < 18mag
1,000 SNs/year, 5 cases just after explosion
Fast moving objects: near earth objects, space

debris, asteroids

- Follow-up /simultaneous
Optical counterpart of GW w/GW
Optical counterpart of Fast radio burst w/radio
Optical counterpart of Pulsar w/radio

Faint meteor w/radio
All-sky survey (10,000 deg? in 2hrs)

Fixed FoV + High-speed
- 2-20fps, 2-20 deg?
- Occultation of trans neptunian objects

- Flash, YSO burst, flare, faint meteor




All-sky survey

2x3 dithering
cube-FITS x 84 Take it as movie data of 2 fps = 1 cube-FITS file




Timeline for Development

present day

Commissioning in Jan. 2019 1

2013 | 2014 2015 2016 2017 2018 2019

Sensor development | | ; | | m
. E i /g\ = o1
Sensor evaluation s /'l

Data acquisition system

Camera body

Data analyzing system f
Q0 Q1 Q2 Q3 Q4
Assemble | ‘

Test observations ok ok ok ok ok
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relative QE

Sensitivity and Saturation

High-gain | = = = CCD

Mid-gain
Low-gain

Detection limit (56)
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Limiting magnitude
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10
Integration time (sec)

1% linearity

High gain

Integ time
(sec)

Limiting mag
(Vmag, 50)

Saturation
(Vmag)

0.1

17.2

10.0

1

18.8

12.6

10

20.0

15.0

100

21.3

sat due to bkg

Mid gain

Integ time

(sec)

Limiting mag
(Vmag, 50)

Saturation
(Vmag)

0.1

16.8

8.4

1

18.7

11.0

10

20.0

13.4

100

21.3

16.0

Low gain

gain 1%-linear
[fullwell

Integ time

9

Limiting mag
(Vmag, 50)

Saturation
(Vmag)

High 90 %

0.1

16.0

7.4

Mid 90 %

1

18.3

10.0

700 900 1100

Low 80 %

10

20.0

124

wavelength(nm)

213

15.0




Summary of test observations for Tomo-e PM

Sensor

Sensor alignment

Total field of

Pixel size and scale

Read noise (2 fps)

Full We:l:l::::::::::::

Linearity (error < 1%)

90, 90, 80 % @G=High, Mid, Low

Conversion factor

0.23,0.95, 2.4 e /ADU @G=High, Mid, Low

Dark current

0.1, 1 e/s/pix @4, 20°C

Sky background (dark night, no-filter)

52 e /s/pix

Limiting magt (50, no-filter, 0.5 sec)

18.0, 17.8, 17.3 mag @G=High, Mid, Low

(10 sec)

20.1, 20.1, 20.0 mag @G=High, Mid, Low

Photometric accuracy

0.1 %@t>afewsec, 1% @2 fps

Output file

4.9 Mbyte/s/chip, 16bit 3D FITS

tbased on SDSS-g, £ 0.5 mag inaccuracy




