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Kiso Schmidt Telescope
@Nagano, Kiso

105 cm Schmidt telescope  
(4th largest)

since 1974

84 CMOS sensors

9 deg in diameter

effective area: 20 deg2

1k x 2k ~ 20 x 40 arcmin2

no filter


gri, Ha, … sometimes

2 Hz readout (nominal)


up to ~200 Hz (wide-field 
pulsar survey by M. Ichiki)

Tomo-e Gozen
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Tomo-e Gozen Field-of-View

Q1
Q2

Q3 Q4
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Tomo-e Gozen: 4 same components (Q1-4)

©S. Sako

Q1: completed

Q3: under modification

Q2, Q4: under development. coming in a few months

Q1 commissioning data (2018/02)
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Q1+Q3 on focal plane

Q1

Q3
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10,000 deg2 - 2 hr cadence - 18 mag depth

(10,000 deg2 - 1 day cadence - 19 mag depth)

started on Nov. 8, 2018 w/ Q1 (5 deg2)

no filter: effectively g+r bands

1 visit


6 sec exposure: [0.5 sec exposure] x 12: ~18-19 mag

fully utilize 2 Hz data in (near-)future


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

cadence: 2 hours

survey area (per 2 hours): ~10,000 deg2 (EL>30-35 deg)

3-5 times visits per night

~5 “early” supernovae / year

supernova, nova, pulsar, (GW), neutrino, comet, asteroid, meteor, 
occultation, NEO, debri, super-flare, dwarf star flare, CV, “Tomo-e 
Flash” , YSO, Ultra-Long GRB, Fast Radio Burst, AGN, X-ray 
transient (MAXI, NICER, etc…), UV transient (Hibari), “Rare Event 
Survey”, polarization survey, unknown unknown??

Tomo-e Gozen Transient Survey
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Very Early Phases of Core-Collapse Supernovae

afterbefore

~days

~hours

Shock Breakout
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SN 2016gkg@NGC 613

�11

Bersten+2018, Nature
Discovered by Victor Buso@Argentine, 16-inch telescope

Very Early Phases of Core-Collapse Supernovae

possible detection with Gaia (Garnavich+2016, Rubin+2016)

serendipitous detections with Swift/XRT (SN 2008D; Soderberg+2008), 
GALEX (Schawinski+2008)
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Very Early Phases of Type Ia Supernovae

8 0  |  N A T U R E  |  V O L  5 5 0  |  5  O C T O B E R  2 0 1 7

LETTER
doi:10.1038/nature23908

A hybrid type Ia supernova with an early flash 
triggered by helium-shell detonation
Ji-an Jiang1,2, Mamoru Doi1,3,4, Keiichi Maeda3,5, Toshikazu Shigeyama4, Ken’ichi Nomoto3, Naoki Yasuda3, Saurabh W. Jha6,  
Masaomi Tanaka3,7, Tomoki Morokuma1,3, Nozomu Tominaga3,8, Željko Ivezić9, Pilar Ruiz-Lapuente10,11, Maximilian D. Stritzinger12,  
Paolo A. Mazzali13,14, Christopher Ashall13, Jeremy Mould15, Dietrich Baade16, Nao Suzuki3, Andrew J. Connolly9, 
Ferdinando Patat16, Lifan Wang17,18, Peter Yoachim9, David Jones19,20, Hisanori Furusawa7 & Satoshi Miyazaki7,21

Type Ia supernovae arise from the thermonuclear explosion of 
white-dwarf stars that have cores of carbon and oxygen1,2. The 
uniformity of their light curves makes these supernovae powerful 
cosmological distance indicators3,4, but there have long been debates 
about exactly how their explosion is triggered and what kind of 
companion stars are involved2,5,6. For example, the recent detection 
of the early ultraviolet pulse of a peculiar, subluminous type Ia 
supernova has been claimed as evidence for an interaction between 
a red-giant or a main-sequence companion and ejecta from a white-
dwarf explosion7,8. Here we report observations of a prominent but 
red optical flash that appears about half a day after the explosion of a 
type Ia supernova. This supernova shows hybrid features of different 
supernova subclasses, namely a light curve that is typical of normal-
brightness supernovae, but with strong titanium absorption, which 
is commonly seen in the spectra of subluminous ones. We argue 
that this early flash does not occur through previously suggested 
mechanisms such as the companion–ejecta interaction8–10. Instead, 
our simulations show that it could occur through detonation of a 
thin helium shell either on a near-Chandrasekhar-mass white dwarf, 
or on a sub-Chandrasekhar-mass white dwarf merging with a less-
massive white dwarf. Our finding provides evidence that one branch 
of previously proposed explosion models—the helium-ignition 
branch—does exist in nature, and that such a model may account for 
the explosions of white dwarfs in a mass range wider than previously 
supposed11–14.

As part of the newly established, multi-band Subaru survey for early- 
phase type Ia supernovae (MUSSES), which uses the Subaru/Hyper 
Suprime-Cam (HSC)15 in a high-cadence, deep-imaging survey that is  
optimized for discovering type Ia supernovae within a few days after 
explosion, we discovered a faint transient on 4.345 April 2016 (universal 
time, ut). We paid particularly close attention to this transient because 
its brightness increased by about 6.3 times within one day of the first 
observation. We designated this fast-rising transient ‘MUSSES1604D’ 
(the official designation is SN 2016jhr)—the fourth early-phase super-
nova candidate found in the April 2016 observing run of MUSSES.

Figure 1 presents the observed g-, r- and i-band light curves of 
MUSSES1604D. The earliest photometry by Subaru/HSC indicates an 

apparent g-band magnitude of 25.14 ±  0.15 on 4.345 April ut (modified  
Julian date 57482.345). One day later, MUSSES1604D brightened  
rapi dly to about 23.1 mag and 23.0 mag in the g- and r-bands, respec-
tively. More surprisingly, the g-band observation on 6 April indicates 

1Institute of Astronomy, Graduate School of Science, The University of Tokyo, 2-21-1 Osawa, Mitaka, Tokyo 181-0015, Japan. 2Department of Astronomy, Graduate School of Science, The 
University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan. 3Kavli Institute for the Physics and Mathematics of the Universe (WPI), The University of Tokyo, 5-1-5 Kashiwanoha,  
Kashiwa, Chiba 277-8583, Japan. 4Research Center for the Early Universe, Graduate School of Science, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan. 5Department  
of Astronomy, Kyoto University, Kitashirakawa-Oiwake-cho, Sakyo-ku, Kyoto 606-8502, Japan. 6Department of Physics and Astronomy, Rutgers, The State University of New Jersey,  
136 Frelinghuysen Road, Piscataway, New Jersey 08854, USA. 7National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japan. 8Department of Physics, Faculty of  
Science and Engineering, Konan University, 8-9-1 Okamoto, Kobe, Hyogo 658-8501, Japan. 9Department of Astronomy, University of Washington, Box 351580, Seattle, Washington 98195-1580,  
USA. 10Instituto de Física Fundamental, Consejo Superior de Investigaciones Científicas, Calle de Serrano 121, E-28006 Madrid, Spain. 11Institut de Ciències del Cosmos (UB-IEEC), Calle de 
Martí i Franqués 1, E-08028 Barcelona, Spain. 12Department of Physics and Astronomy, Aarhus University, Ny Munkegade 120, 8000 Aarhus C, Denmark. 13Astrophysics Research Institute, 
Liverpool John Moores University, IC2, Liverpool Science Park, 146 Brownlow Hill, Liverpool L3 5RF, UK. 14Max-Planck-Institut für Astrophysik, Karl-Schwarzschild-Strasse 1, D-85748 Garching, 
Germany. 15Centre for Astrophysics and Supercomputing, Swinburne University of Technology, Hawthorn, Victoria 3122, Australia. 16European Organisation for Astronomical Research in the 
Southern Hemisphere (ESO), Karl-Schwarzschild-Strasse 2, 85748 Garching bei München, Germany. 17George P. and Cynthia Woods Mitchell Institute for Fundamental Physics and Astronomy, 
Department of Physics and Astronomy, Texas A&M University, 4242 TAMU, College Station, Texas 77843, USA. 18Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008, 
China. 19Instituto de Astrofísica de Canarias, E-38205 La Laguna, Tenerife, Spain. 20Departamento de Astrofísica, Universidad de La Laguna, E-38206 La Laguna, Tenerife, Spain. 21SOKENDAI 
(The Graduate University for Advanced Studies), Mitaka, Tokyo 181-8588, Japan.
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Figure 1 | The multi-band light curve of MUSSES1604D. The figure 
shows photometric data from the g-, r- and i-bands (from the observer’s 
frame of reference), in the AB-magnitude system. Error bars denote 1σ 
uncertainties. The dashed lines show the best-fitting light curves derived 
from the non-early photometry (that is, at times later than about 12 days 
after the explosion) and extrapolated to earlier times, using the SALT2 
model16. We estimated the explosion epoch by adopting a classical t2 
fireball model for the early-flash phase (see Methods). The inset zooms in 
on the early-phase multi-band light curve by Subaru/HSC, showing that 
the brightening in the g-band ‘paused’ after the observation taken on the 
second night.

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

Jiang+2017, Nature, @z=0.117

©Yamanaka, M.

SN 2012ht@d~20 Mpc
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Figure 2. Model light curve of a Type Ia supernova having collided with a red
giant companion at a separation distance a = 2 × 1013 cm. The luminosity due
to the collision is prominent at times t < 8 days and for viewing angles looking
down on the collision region (θ = 0◦). At later times, the emission is powered
by the radioactive decay of 0.6M⊙ of 56Ni located in the inner layers of ejecta
(v < 109 cm s−1). The black dashed line shows the analytic prediction for the
early phase luminosity (Equation (22)).

5. OBSERVATIONAL PROSPECTS

The results derived here suggest a new means for constraining
supernova companions using early photometric observations.
Table 1 summarizes the analytic estimates of the collision emis-
sion for various SNe Ia progenitors. The basic predicted signa-
tures appear to be quite robust, as they rely only on established
physics familiar from the core collapse SNe context. However,
further numerical studies using multi-dimensional radiation-
hydrodynamics calculations (and including non-equilibrium ef-
fects) will be needed to refine the detailed light-curve and spec-
trum predictions.

For all companion types, signatures of the collision will
be prominent only for viewing angles looking down upon the
shocked region, or ∼10% of the time. Detection will, therefore,
require high cadence observations of many supernovae at the
earliest phases (!5 days) and at the bluest wavelengths possible.
Ironically, these observations may sometimes be easier for
distant SNe. At redshifts z " 0.5, the UV flux would be
redshifted into the U-band, while cosmological time dilation
would prolong the light curve by a factor (1 + z).

Detecting the collision signatures becomes significantly eas-
ier for larger separation distances. Current optical and UV data
sets likely already constrain RG companions (a ≃ 1013 cm). On-
going or upcoming surveys could be tuned to probe the larger
(M " 3 M⊙) MS companions (a ≃ 1012 cm). Optical detection
of the smallest ∼1 M⊙ MS companions (a ≃ 1011 cm) will
be challenging, requiring measurement of subtle differences in
the light curves at t ! 2 day. However, in all cases the prompt
X-ray burst should be bright. Proposed X-ray surveys (e.g.,
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Figure 3. Signatures of companion interaction in the early broadband light curves of Type Ia supernovae. We model three different progenitor scenarios: an RG
companion at a = 2 × 1013 cm (green lines), a 6M⊙ MS companion at a = 2 × 1012 cm (blue lines), and a 2 M⊙ MS companion at a = 5 × 1011 cm (red lines). The
ultraviolet light curves are constructed by integrating the flux in the region 1000–3000 Å and converting to the AB magnitude system. For all light curves shown, the
viewing angle is θ = 0◦.

Kasen+2007

model

single degenerate (SD)  vs  double degenerate (DD)
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Transient Surveys

OISTER spectroscopy
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Transient Surveys

OISTER spectroscopy



Tomo-e Gozen Survey 第9回光赤外線天文学大学間連携ワークショップ@埼玉大学, 2018/12/25,26 �15

Tomo-e Gozen Q1 Survey Observations
Started on Nov. 8, 2018

Q1: 5 deg2 FoV

remote observations


from “Kiso Observing Room” (tentative) @UT/IoA/Mitaka

Observers: 


students: Y. Kojima (NEO), N. Arima (SN Ia), M. Ichiki (pulsar), 
M. Morita (blazar), R. Hamasaki (SN, Konan), J. Jiang (SN Ia)

staffs: S. Sako, R. Ohsawa, Y. Niino (GW, FRB), TM (SN)


daytime work: T. Aoki, T. Soyano, K. Tarusawa, Y. Mori, S. Sako, 
R. Ohsawa, N. Takahashi, …


queue system

“recipe” files made by  
survey simulation


Dome is closed automatically  
when the weather gets bad.

objectives: NEO, supernovae
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Tomo-e Gozen Survey Simulation (by TM)
Requirements


maximize survey area with 
>=3 times visits with >1.5-
hour intervals. 

minimize telescope motion. 

minimize dome motion.

EL > 35 deg, higher is 
better. 

(avoid Galactic Plane)

collaboration w/ Ikeda-san@ISM 
& his collaborators ongoing…
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Q1 (5 deg2) Data

9 deg
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Survey Statistics (2018/11,12)

11/8 11/18 11/28 12/8 12/18

dark: 18.2

bright: 16.6

S/N=10 depth

transparency

seeing

17.4 mag

25.0 mag

4.5 arcsec bad in winter

~10,000 deg2

7x105 fits
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Data Products
subtracted images (reference: PS1 r-band)


light curves of transients@subtracted

stacked images


0.5 sec x 12 frames = 6 sec exposure

free from cosmic rays


simple photometry: 2x108 records 
(for ~1.5 months, Q1, …)

light curves of all detected objects ???


external data

in other wavelength and/or with other telescopes


optical, UV, IR: SDSS, PS1, GALEX, WISE, AKARI, …

X-ray: ROSAT, XMM-Newton, Chandra, …

radio: FIRST, NVSS, TGSS


object catalogs

SDSS (BAL) quasars

TNS transient objects

MPChecker asteroids

and more?

bias subtraction, dark 
subtraction, flat-field, 

astrometry

simple photometry 
(zeromag, limiting 
magnitude), image 

subtraction, transient 
detection

being 
develo

ped
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Dedicated DB / Website being prepared

developed based on KISS (Kiso/KWFC) & Subaru/HSC DB/Website

almost the same people involved


tentative DB almost completed. 

updated in a few months based on this DB


Website can be browsed only via VPN. (only for developers now)

functions


data list w/ data reduction status

transient sources from subtracted images 

transient sources from stacked images (?)

©N. Tominaga, M. Tanaka, J. Jiang, R. Ohsawa, S. Sako, TM
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still under development
tag

coordinate
date
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TXS 0506+056 = IceCube-170922A

46 records

for 35 days
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Follow-Up Observations
OISTER facilities

J-GEM facilities (not involved in OISTER)

Gemini-N/GMOS (M. Tanaka+, S19A, 2019/02-07)

(KISS collaboration)

other wavelengths
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Working Groups
tomoe-gw: gravitational wave follow-up

tomoe-sn: supernova

tomoe-ps: planetary science (debri, meteor, NEO, comet, asteroid, 
TNO, YSO, exoplanet)

tomoe-agn: AGN (incl. blazar)

tomoe-star: nova, stellar flare, late-type star

tomoe-cobj: compact object (black hole, neutron star, pulsar, 
magnetor, white dwarf, GRB, FRB), high-energy transient event

tomoe-data: data science

Ryou Ohsawa (ohsawa@ioa.s.u-tokyo.ac.jp)

Tomoki Morokuma (tmorokuma@ioa.s.u-tokyo.ac.jp)

Shigeyuki Sako (sako@ioa.s.u-tokyo.ac.jp)

mailto:ohsawa@ioa.s.u-tokyo.ac.jp
mailto:tmorokuma@ioa.s.u-tokyo.ac.jp
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Summary
Tomo-e Gozen is a ultra-wide-field imaging instrument for the 
1.05-m Kiso Schmidt telescope. 


Q1(+Q3) (10 deg2 in total) were almost completed. 

Q2 (February, 2019) & Q4 (April, 2019) coming soon. 

will be almost ready for GW follow-up before O3 starts. 


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

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

no filter


Statistics

depth: 17.4 mag (all), 18.2 (dark), 16.6 (bright)

seeing: 4.4 arcsec seeing (bad in winter)


Data products will be available for anyone being interested in 
them. 


Transient detection in subtracted images are almost ready. 

Light curves with simple photometry…?


