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The Tomo‐e Gozen 
is named after 
Tomo‐e Gozen 

(Lady Tomo‐e), who 
is a woman warrior 

born in the Kiso 
region, Japan in the 

12th century. 
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Masaomi Tanaka (Tohoku University) 

Instrument 
  Shigeyuki Sako (PI, U. Tokyo), Rhou Ohsawa (U. Tokyo) 
Transient science (survey/so;ware/follow-up) 
  Tomoki Morokuma (PI, U. Tokyo), Nozomu Tominaga (Konan U.) 
  Masaomi Tanaka (Tohoku U.), Jian Jiang (U. Tokyo),  
  Keiichi Maeda (Kyoto U.), …



Tomo-e Gozen: summary

• Instrument (PI: Shigeyuki Sako, U. Tokyo) 

• 1m Kiso Schmidt telescope 

• 84 CMOS chips (1k x 2k) 

• 20 deg2 FOV  

• Imaging with 2 Hz (2 fps) 

• ~17 mag in 0.5 sec exposure 

• 30 TB/night (raw data are deleted in 1 week) 

• Survey (PI: Tomoki Morokuma, U. Tokyo) 

• 7000 deg2 - 2 hr cadence - 18 mag (6 sec exposure) 

• No filter 

• 2018 November - (FOV 5 deg2), 2019 April - (FOV 20 deg2)
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Telescope

• 1m Kiso Schmidt telescope 

• Operated by U. Tokyo since 1974 

• 9 deg diameter FOV

h_p://www.ioa.s.u-tokyo.ac.jp/kisohp/top_e.html

!3

137.6283,+35.7940 (EL=1130 m)



Camera

• FoV of 20 deg2 in φ 9 deg

• 84 chips of CMOS, 1k x 2k pixels

• Consecutive frames in 2 fps (max)

• Big movie data of 30 TB/night (max)

Sako et al. 2018, SPIE
Kojima et al. 2018, SPIE 
Osawa et al. 2016, SPIE

Q1

Q4

Q3

Q2

the first wide‐field CMOS camera

The Tomo‐e Gozen

Slide courtesy of Shigeyuki Sako

‐ Canon 35MMFHDXM
‐ 2,000 x 1,128 pixels,  front side illuminated
‐ 19 Pm pix‐1
‐ Micro lens array + cover glass
‐ Rolling shutter
‐ sensitive area / package size = 0.35
‐ Analogue 16‐ch outputs

Large pixel CMOS sensor

Æ Less than sky background in dark night
(~50 e‐ sec‐1 /pix at the Kiso Schmidt telescope) 

‐ sensitive λ: 370 – 730 nm
‐ Power consumption: 230 mW chip‐1 @2‐fps
‐ Full Well:  6,000 e‐, 53,000 e‐ @ G=x16, x1.7
‐ Read noise:  2.0 e‐, 9.2 e‐ @ G=x16, x1.7
‐ Dark current:  6 e‐ sec‐1 @305K
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h_p://www.ioa.s.u-tokyo.ac.jp/tomoe/about.html
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ZTF (1.2m) , 47 deg2 , 2018‐, 
AΩ = 40 ,  Δτ ~ days, CCD

LSST (8.4m), 9.6 deg2 , 2023‐, 
AΩ = 320 ,  Δτ ~ hours, CCD

Comparison of Field‐of‐Views

Pan‐STARRS (1.8m), 9 deg2, 
AΩ = 15 ,  Δτ ~ days, CCD

FoV of KISO 1‐m Schmidt telescope

Tomo‐e Gozen
20 deg2 in φ 9 deg
AΩ = 28,  Δτ ~ subsec
CMOS sensors

31’

39.7’ x 22.4’
25.0’

31’

25.0’

Slide courtesy of Shigeyuki Sako

Field of view
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Survey power for transient events

The numbers in the circles show limiting magnitudes.
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Transient sky in second Jmescale

By Shigeyuki Sako

Default observing mode:  
imaging with 2 Hz (2fps) 

• ~17 mag in 0.5 sec 

• ~30 TB/night
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Northern sky transient survey
PI: Tomoki Morokuma

• Survey plan: 7000 deg2 - 2hr cadence - 18 mag 

• 1 “visit” = 60 deg2 in 1 min 

• 12 x 0.5 sec = 6 sec (~18 mag depth) 

• 2 x 2 dithering (to fill the gap) 

• 2 hr cadence (= 120 visits)  
=> ~7000 deg2 in total (elevajon > 40 deg) 

• No filter (effecjvely g + r) 

• Keep detecjon informajon of 2 Hz images 

• Schedule 

• 2018 November - (Q1, FOV 5 deg2) 

• 2019 April - (Q1-4, FOV 20 deg2)

2 x 2 dithering

1 exposure

By Tomoki Morokuma
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Data flow
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Raw image 
(0.5 sec x 12)

Standard reducjon 
(astrometry, zeromag)

**deleted in 1 week

Image subtracjon 
(PS1, r)

Subtracted 
 image

Reduced image 
(0.5 sec x 12)

Stacked image 
(6 sec)

Stack

CatalogCatalogCatalog 
(0.5 sec)

** **

Limijng magnitude

Measurement

Real/bogus classificajon 
Match w/ minor planet 

and w/ previous detecjon

30 TB/night

Web  
Interface



Transient detecJon in the test run

2019-01-11

= AT 2018leh (2018-12-31) 
= ZTF18adbmrug (2018-12-30) 
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Tomo-e Gozen: summary

• Instrument (PI: Shigeyuki Sako, U. Tokyo) 

• 1m Kiso Schmidt telescope 

• 84 CMOS chips (1k x 2k) 

• 20 deg2 FOV  

• Imaging with 2 Hz (2 fps) 

• ~17 mag in 0.5 sec exposure 

• 30 TB/night (raw data are deleted in 1 week) 

• Survey (PI: Tomoki Morokuma, U. Tokyo) 

• 7000 deg2 - 2 hr cadence - 18 mag (6 sec exposure) 

• No filter 

• 2018 November - (FOV 5 deg2), 2019 April - (FOV 20 deg2)
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Appendix
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Sensor

‐ Canon 35MMFHDXM
‐ 2,000 x 1,128 pixels,  front side illuminated
‐ 19 Pm pix‐1
‐ Micro lens array + cover glass
‐ Rolling shutter
‐ sensitive area / package size = 0.35
‐ Analogue 16‐ch outputs

Large pixel CMOS sensor

Æ Less than sky background in dark night
(~50 e‐ sec‐1 /pix at the Kiso Schmidt telescope) 

‐ sensitive λ: 370 – 730 nm
‐ Power consumption: 230 mW chip‐1 @2‐fps
‐ Full Well:  6,000 e‐, 53,000 e‐ @ G=x16, x1.7
‐ Read noise:  2.0 e‐, 9.2 e‐ @ G=x16, x1.7
‐ Dark current:  6 e‐ sec‐1 @305K
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• Large pixel CMOS sensor by Cannon  

• 2000 x 1128 pixels, front side illuminated 

• 19 um/pix (= 1.198 arcsec/pix) 

• Sensijve at 370-730 nm 

• Readout noise: 2.0 e- 

• Dark current: 6e- sec-1 @ 305K 
(sky 50 e- sec-1 pix-1 at Kiso)

‐ Canon 35MMFHDXM
‐ 2,000 x 1,128 pixels,  front side illuminated
‐ 19 Pm pix‐1
‐ Micro lens array + cover glass
‐ Rolling shutter
‐ sensitive area / package size = 0.35
‐ Analogue 16‐ch outputs

Large pixel CMOS sensor

Æ Less than sky background in dark night
(~50 e‐ sec‐1 /pix at the Kiso Schmidt telescope) 

‐ sensitive λ: 370 – 730 nm
‐ Power consumption: 230 mW chip‐1 @2‐fps
‐ Full Well:  6,000 e‐, 53,000 e‐ @ G=x16, x1.7
‐ Read noise:  2.0 e‐, 9.2 e‐ @ G=x16, x1.7
‐ Dark current:  6 e‐ sec‐1 @305K
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Sensor temperature (K)
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Bias pattern

4 x 4 bias pattern
Residual Error of self‐debias, ~0.9 e‐.
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Kojima, Sako, Ohsawa et al. 2018, SPIE

0.7 @ 500nm



Limiting magnitude

5‐V limiting magnitude
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Apparent moving speed (arcsec/sec)
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CCD
CMOS

Tomo‐e Gozen :   0.5 sec/frame,  Nread=2 e‐
PanSTARRS,  ZTF :  30 sec/frame,  Nread=5 e‐
LSST :  60 sec/frame,  Nread=10 e‐

CMOS :   efficiency=0.65,  Nread=2 e‐
CCD :  efficiency=0.90,  Nread=5 e‐

assuming same filter‐bandwidth and pixel size

Duration time of flash (sec)
0.11 0.01100 10

t

flash

co
un

t

Kojima et al. 2018, SPIE

Kojima, Sako, Ohsawa et al. 2018, SPIE Slide courtesy of Shigeyuki Sako

LimiJng magnitudes
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Rapid variability of X-ray transient (MAXI J1820+070)
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h_p://www.ioa.s.u-tokyo.ac.jp/tomoe/MAXIJ1820+070/MAXIJ1820+070.html

Sako et al. 2018, ATel, 11426

2 sec

20 sec

100 sec

MAXI J1820+070 
Reference star



Very rapid transient 
in 2Hz imaging mode
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t = 0.0-0.5 sec t = 0.5-1.0 sec t = 1.0-1.5 sec


