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Fig. 1. Summary of typical survey depth (in optical band) and area for long-term transient surveys: All-Sky Automated Survey for Supernovae (ASAS-SN,

Kochanek et al. 2017; Holoien et al. 2017); ATLAS (Tonry et al. 2018); Evryscope (Law et al. 2015); Catalona Real-Time Transient Survey (CRTS, Drake

et al. 2009; Djorgovski et al. 2011; Palomar Transient Factory (PTF, Rau et al. 2009; Law et al. 2009; Zwicky Transient Facility (ZTF. Bellm et al. 2019); Kiso

Supernova Survey (KISS, Morokuma et al. 2014); Skymapper (Keller et al. 2007; Scalzo et al. 2017); La Silla-QUEST Low Redshift Supernova Survey (Baltay

et al. 2013); Sloan Digital Sky Survey (SDSS, Frieman et al. 2008); Pan-STARRS1 (PS1, Rest et al. 2014); Supernova Legacy Survey (SNLS, Astier et al.

2006); ESSENCE (Miknaitis et al. 2007); Dark Energy Survey (DES, (D’Andrea et al. 2018)); Subaru/XMM-Newton Deep Survey (SXDS, Morokuma et al.

2008); HST Cluster Supernova Survey (HST-CSS, Dawson et al. 2009) HST/GOODS (Dahlen et al. 2012); HST/CANDELS (Rodney et al. 2014); HST/CLASH

(Postman et al. 2012; Graur et al. 2014). Orange points show multi-filter surveys while blue points show single-filter surveys. Surveys shown in the square

symbol are high-cadence surveys with a cadence higher than 1 day.
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Yasuda+2019, in press
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Night sky is so dark at Kiso. 
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Kiso Schmidt Telescope
@Kiso, Nagano, Japan


(lon., lat., alt.)=(137d, +35d, 1130m)

Schmidt telescope


wide field-of-view

105 cm aperture corrector


4th largest Schmidt in the world

<==> P48 (Palomar, 120 cm)


open-use in 1974-2017

Instruments


photographic plate (-1990s)

mosaic CCD cameras (1990s-2018) 
Kiso Wide Field Camera 
(KWFC; 4.8 deg2, 2012-2018)

mosaic CMOS (Tomo-e Gozen)
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Tomo-e Gozen (巴御前)

専用解析サーバ

蔀関月作, 「巴御前出陣図」,
 東京国立博物館, 
©Image: TNM Image Archives84 (=21x4) CMOS sensors


20 deg2 (with gap), 9 deg in diameter

2 Hz(-200 Hz) readout

raw data: 30 TB / night

1.17 arcsec / pixel


seeing: 4.5 arcsec FWHM (median)

transient phenomena in seconds-hours scale

completed on April 23, 2019


commissioning from 2015

papers


SPIE: Sako+2016, 2018, Ohsawa+2016, 
Kojima+2018

data compression: Morii+2017

meteor: Ohsawa+2019


Tomo-e Gozen Transient Survey

7,000 deg2 - 2 hr cadence - 18 mag depth
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Tomo-e Gozen Field-of-View
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“Optical Movie Astronomy” w/ Tomo-e Gozen

Tomo-e flash??
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7,000 deg2 - 2 hr cadence - 18 mag depth

(7,000 deg2 - 1 day cadence - 19 mag depth)

started on Nov. 8, 2018 w/ Q1 (5 deg2)
Tomo-e Gozen Transient Survey

no filter: effectively g+r bands

1 visit


6 sec exposure: [0.5 sec] x 12: ~17-19 mag

many blazars, supernovae up to z~0.1


~60 deg2 (vignetted by ~30%@FoV edge)

cadence: 2 hours

survey area: ~7,000 deg2 (EL>35 deg)

3-5 times visits per night


efficient scheduling w/ statistical approach

sciences: supernova, GW, neutrino, comet, 
asteroid, meteor, NEO, debri, unknown unknown…

Limiting magnitude (10 sigmas)
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Tomo-e Gozen SkyMap (May 2019)



automatic & (almost) real-time data reduction

image calibration (astrometry, flux)

image subtraction relative to archival images (Pan-STARRS1 3pi)

search for any residuals in subtracted images

(follow-up observations with other observing facilities)


Development of this system has been completed. 

used for our supernova survey


available information

light curves etc. of transients detected in subtracted images

in a few months?: light curves etc. of known (catalogued) objects

Transient & Variable Object Search

new image

Tomo-e Gozen

reference image

Pan-STARRS

subtracted

image

- =

SN 2019cxx<< 1% of 

total area
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MMA w/ Kiso/KWFC & Tomo-e Gozen
Gravitational Wave (2015/9-)

TM+2016

Yoshida+2016

GW150914, 25 deg2

TM+ in prep.

IceCube+2018

GW151226, 778 deg2

IceCube neutrino (2017-)

100 days

Tomo-e Gozen

HESE events also can be followed (i.e., 
Tomo-e data are taken automatically)

IceCube-170922A
2 deg
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TXS 0506+056 = IceCube-170922A

46 records

for 35 days

Tomoki Morokuma
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Summary
UT/Kiso Schmidt telescope has been operated since 1974. 

We completed a new ultra-wide-field CMOS imaging instrument, 
Tomo-e Gozen in April 2019. 


20 deg2 field-of-view

zero readout time

“movie astronomy”


We have started an all-sky (northern) survey since Nov. 8, 2018. 

2Hz x 12 exposures ==> 6 sec per visit

7,000 deg2 / night

3-5 times visits

no filter (optical)

depth: 17.4 mag (all), 18.5 (dark), 16.6 (bright)

Data products


Transient detection in subtracted images are almost ready. 

Light curves with simple photometry is being recorded.


Localization of any IceCube sources are smaller or similar to 
Tomo-e Gozen field-of-view. 


