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The sources of interest to these facilities are connected to spectacular explosions. How-
ever, the horizon (radius of detectability), either for reasons of optical depth (GZK cuto↵;
�� ! e±) or sensitivity, is limited to the Local Universe (say, distance . 100Mpc). Un-
fortunately, these facilities provide relatively poor localization. The study of explosions in
the Local Universe is thus critical for two reasons: (1) sifting through the torrent of false
positives (because the expected rates of sources of interest is a tiny fraction of the known
transients) and (2) improving the localization via low energy observations (which usually
means optical). In Figure 2 we display the phase space informed by theoretical considera-
tions and speculations. Based on the history of our subject we should not be surprised to
find, say a decade from now, that we were not su�ciently imaginative.

Figure 2. Theoretical and physically plausible candidates are marked in the
explosive transient phase space. The original figure is from Rau et al. (2009).
The updated figure (to show the unexplored sub-day phase space) is from the
LSST Science Book (v2.0). Shock breakout is the one assured phenomenon on the
sub-day timescales. Exotica include dirty fireballs, newly minted mini-blazars and
orphan afterglows. With ZTF we aim to probe the sub-day phase space (see §5).

The clarity a↵orded by our singular focus – namely the exploration of the transient
optical sky – allowed us to optimize PTF for transient studies. Specifically, we undertake
the search for transients in a single band (R-band during most of the month and g band
during the darkest period). As a result our target throughput is five times more relative
to multi-color surveys (e.g. PS-1, SkyMapper).

Given the ease with which transients (of all sorts) can be detected, in most instances, the
transient without any additional information for classification does not represent a useful,
let alone a meaningful, advance. It is useful here to make the clear detection between
detection

7 and discovery.8 Thus the burden for discovery is considerable since for most

7 By which I mean that a transient has been identified with a reliable degree of certainty.
8By which I mean that the astronomer has a useful idea of the nature of the transient. At the very

minimum we should know if the source is Galactic or extra-galactic. At the next level, it would be useful
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Figure 1. PS1 absolute magnitude, rest-frame, light curves for gold sample transients. Circles represent grizP1 detections and triangles represent 3σ upper limits.
Vertical dashed lines indicate epochs when spectroscopic observations were acquired. The gray shaded region is the R-band Type Ibc template from Drout et al. (2011),
normalized to the peak magnitude of the PS1-MDS transient.
(A color version of this figure is available in the online journal.)

Figure 2. Same as Figure 1 for silver sample objects.
(A color version of this figure is available in the online journal.)

Figure 3. PS1 apparent magnitude, observer-frame, light curves for our bronze (non-spectroscopic) sample. Symbols have the same meaning as Figure 1.
(A color version of this figure is available in the online journal.)

epoch of r-band imaging for PS1-13ess with Magellan IMACS.
This additional photometry was obtained at +2, +45 and +12
rest-frame days for the three objects, respectively. The images
were processed using standard tasks in IRAF19 and calibrated
using PS1 magnitudes of field stars. We subtracted contributions
from the host galaxies using PS1 template images and the ISIS
software package as described in Chornock et al. (2013). These

19 IRAF is distributed by the National Optical Astronomy Observatory, which
is operated by the Association for Research in Astronomy, Inc. under
cooperative agreement with the National Science Foundation.

points are also shown (squares) in Figures 1 and 2, and listed in
Table 2.

2.5. Galaxy Photometry

For our entire sample we compile griz-band photometry for
any underlying galaxy/source. When possible, we utilize the
SDSS DR9 Petrosian magnitudes, which account for galaxy
morphology. For cases where the underlying galaxy/source was
too faint for a high signal-to-noise SDSS detection, we perform
aperture photometry on the PS1 deep template images, choosing
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3 days

Normal SN

Compared with normal supernovae: 
- Similar or higher luminosity (w/ large diversity) 
- Shorter >me scale (= small mass involved) 
- ~< a few % event rate

Drout+14 Toshikage et al.
By Seiji Toshikage



• Ultra-stripped envelope supernova? 

• Mej ~0.1 Msun by binary interacHon  
(e.g., Tauris+13, Moriya+17)  ? 

• Interac>on with circumstellar material? 

• Objects with emission line spectra 
(e.g., Rest+18, Ho+22, Maeda & Moriya 22) 

• Black hole-forming supernova? 

• AccreHon-powered transients? 
(e.g., Dexter & Kasen 13, Kashiyama+15)

BH or NS

Mej ~ 0.01 Msun

Distant objects: difficult to perform spectroscopy 
=> Need to discover nearby (bright) objects for spectroscopy

Mej ~ 0.1 Msun

New probes for stellar evolu>on, compact object forma>on,  
and high-energy phenomena



Tomo-e Gozen Transient Survey (2019/4-)

• All sky survey (~12,000 deg2) 

• 0.5 sec x 18 = 9 sec exposure 

• High cadence (~3,000 deg2) 

• 0.5 sec x 12 = 6 sec exposure 
=> ~18 mag (5 sigma) 

• ~0.5-1 hour cadence 

• ~ a few rapid transients / 0.5 yr  
(< 200 Mpc)

By Kakeru Oshikiri
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Fast Op>cal Transientの探査 => 押切さん (東北大)トーク
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hdps://tomoe.mtk.ioa.s.u-tokyo.ac.jp/ja/news.html

Led by 高橋 一郎さん (東北大) 
Takahashi et al. 2022



Web interface Led by 瀧田 怜さん (東京大)



Forced photometry for objects in Transient Name Server Led by 冨永 望さん

Type II
SN2020aagy

重力崩壊型超新星 
=> 村井さん(東北大)トーク 

Ia型超新星 

=> 越さん (東京大)

Discovery by other surveys 
(ZTF, ATLAS, …) 
=> Transient Name Server



Automa>c alert Led by 冨永 望さん

Automa>cally create observa>onal scripts for Seimei telescope

Discovery  
by other survey

Tomo-e data

Tomo-e Slack



Early detec>on of Type Ia supernova

5.2. Overall Feature Modeling

To interpret the overall light curve and spectral features, we
have constructed a series of phenomenological ejecta models.
The ejecta model construction follows the set up as described
by Maeda et al. (2018). The density structure is assumed to
follow an exponential function in velocity, specified by the
ejecta mass and the kinetic energy. The abundance stratification
is then assumed to be divided into the electron-capture core,
56Ni-rich core, the Si-rich zone, then the O-rich layer from the
inner to the outer region. No He-detonation layer is introduced
for the present work. In summary, we have the kinetic energy
and the masses of the four abundance zones as the input model
parameters. Indirectly, the model parameters provide a required
binding energy of the progenitor WD by subtracting the
amount of the nuclear energy generation (specified by the
composition structure) by the final kinetic energy adopted in
the model.

The ejecta models are used as an input to model detailed
radiation transfer simulations using HEIMDALL (Handling
Emission In Multi-Dimension for spectrAL and light curve
calculations; Maeda et al. 2014). Note that the ejecta models
have been input to the SNEC radiation-hydrodynamic simula-
tions to study the CSM–ejecta interaction in Section 5.1.
However, to study the overall light curve and spectral features,
we directly use the ejecta model without CSM interaction. For
the CSM properties we finally adopt (0.01 Me and 1013 cm),
the energy created by the CSM interaction is quickly lost, and
the density structure is changed only in the outermost region.
Therefore, in the post-early-flash phase as a main interest of
this section, the effect of the CSM interaction is largely
negligible (more details will be given in a forthcoming paper;
K. Maeda et al. 2022, in preparation).
We first try to obtain a reasonable model sequence that can

explain the post-early-flash phase. As the first trial we fix the
ejecta mass as 1.4Me (hereafter MCh mo del), but never find a

Figure 4. Comparisons between early-phase observations of SN 2020hvf and model light curves from different early-excess scenarios. (a) Synthesized light curves of
1D CSM–ejecta interaction assuming CSM mass of 0.01 Me with a characteristic (outer edge) radius of 1.0 × 1013 cm (“CSM-EEx”). (b) 1D He-det early-excess
simulations assuming a 0.126 Me (“He0.126-EEx;” solid lines) and a 0.084 Me (“He0.084-EEx;” dotted lines) He shell, respectively. (c) 1D companion–ejecta
interaction simulations assuming separations between a companion star and the SN ejecta center of 2.0 × 1012 cm (“Comp2e12-EEx:” solid lines) and 5.0 × 1011 cm
(“Comp5e11-EEx:” dotted lines), respectively. (d) Synthesized light curves of a 1D surface-56Ni-decay scenario with 0.16 Me (“Sur56Ni0.16-EEx:” sparsely dotted
lines), 0.05 Me (“Sur56Ni0.05-EEx:” solid lines), and 0.01 Me (“Sur56Ni0.01-EEx:” dotted lines) 56Ni distributed from surface to specific velocity layers of the
ejecta, respectively. Explosion time of the model in each panel is shifted ((a) −0.2, (b) −0.7, (c) −0.75, and (d) −1.2 days) to fit the first-night Tomo-e observation.
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Tomo-e  
high-cadence data

Probe of circumstellar environment of Type Ia SN

other carbon-rich overluminous SNe Ia (Scalzo et al. 2010;
Silverman et al. 2011; Taubenberger et al. 2011) and normal SNe Ia
at the same phase. Nondetections of the NaID doublet in our spectra
and a far location of the SN relative to the host center suggest a
negligible local extinction of the SN 2020hvf.

The redshift of the host galaxy is 0.00581± 0.00001 (Bolton
et al. 2012). Using the NASA/IPAC Extragalactic Database
(NED),4 we determine a distance modulus (DM) of 32.45±
0.15 mag to the source with corrections for peculiar velocities
due to the Virgo Supercluster, Great Attractor, and Shapley
Supercluster. The B-band peak absolute magnitude of −19.92±
0.20mag and a Δm15(B)∼ 0.78mag indicate an ultra-high
luminosity of the SN 2020hvf. Even though the distance of the
host galaxy NGC 3643 has an uncertainty due to its nearby
location, the small Δm15(B) and long rise time of the SN 2020hvf
indicate a significantly larger amount of 56Ni than that of normal
SNe Ia and are consistent with the peak absolute magnitude
derived based on the redshift-dependent DM shown here.5 Given
the clear intermediate-mass-element (IME) absorptions from the
early-time and the long-lasting C II feature, the SN 2020hvf shows
a high spectral similarity to carbon-rich overluminous SNe Ia
rather than 91T/99aa-like overluminous SNe Ia. We thus classify
the SN 2020hvf as a carbon-rich overluminous SN Ia in this paper.
We note that another estimate on the distance to the host galaxy,
NGC 3643, could be obtained through a possible galaxy group
membership. NGC 3643 may be associated with NGC 3640
(Madore et al. 2004), for which the latest measurement suggests
DM= 32.15± 0.14 (Tully et al. 2013). This is somewhat smaller

than the fiducial value we adopt, but adopting this value would
still place SN 2020hvf in the overluminous category. Given that
the group membership has not been established, we adopt the
Hubble-flow distance (corrected for the peculiar velocity) as our
fiducial value.
As shown in Figure 3, the overall spectral features such as

C II absorption lasting for more than two weeks after the
discovery are in line with other carbon-rich overluminous SNe
Ia (Hicken et al. 2007; Scalzo et al. 2010; Silverman et al.
2011; Taubenberger et al. 2011). Although the large ejecta
velocity scatter has been found in this peculiar SN Ia branch,
SN 2020hvf shows a significantly faster velocity evolution in
the pre-max phase, which has been found only in one carbon-
rich overluminous SN Ia, ASASSN-15pz (Chen et al. 2019) in
the past. Moreover, an even higher velocity component of Si II
lines was observed at t∼−10 day, which was merged with the
main absorption around the maximum. A detailed analysis of
the full spectral data set will be given in M. Kawabata et al.
(2022, in preparation). In the following, we introduce modeling
of both the prominent early optical flash and the overall
observational characteristics of the SN 2020hvf.

5. SN 2020hvf Modeling

5.1. Early-excess Modeling

The early-excess SN Ia was originally proposed as a powerful
indicator of the single-degenerate progenitor system because the
interaction between a nondegenerate companion star (e.g., red
giant, main-sequence star) and SN ejecta may cause prominent
brightness excess in the first few days of the explosion. Recently,
thanks to the progress of numerical simulations for early-phase
light curves and remarkable discoveries of the early-excess SNe
Ia, another three scenarios, i.e., the He-det, the CSM–ejecta
interaction, and the surface-56Ni-decay scenarios, have also been

Figure 2. Tomo-e images of SN 2020hvf in the first three nights. Thumbnails in odd rows are images taken in the first, second, and third nights, respectively.
Corresponding reference-subtracted images are shown in even rows.

4 http://ned.ipac.caltech.edu
5 There remains a possibility that the SN 2020hvf may not obey the Phillips
relation (Phillips et al. 1992), i.e., a very slow-evolving light curve but with
normal peak brightness, while SNe Ia with these kinds of light-curve features
have not been clearly confirmed.
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Tomo-e deep coadd reference for 20,000 deg2 sky
Led by 新納 悠さん (東京大)
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Recent updates
• Reference image by Niino-san

SN2021gmj
PS1 ref

Tomo-e ref

Improvement in image subtrac>on
Led by 新納 悠さん (東京大)

Tomo-e Tomo-e - PS1

Tomo-e Tomo-e - Tomo-e

=> Implementa>on of machine learning (高橋さん)

冨永さん2021年 シュミットシンポ資料より



Photometric catalog  
(before image subtrac>on)
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1 / 3 ページhttps://tomoe.mtk.ioa.s.u-tokyo.ac.jp/tomoesn/lc.php?ra=194.0465268837553&dec=-5.7893144001307&rad_arcsec=3

Connecting to the database 'sntomoe' successfully!

Position Search
RA 194.0465268837553     Dec -5.7893144001307     Search radius (arcsec) 3 submit

Light Curves

Source_stack
rawId      dateObs    UT       MJD         mag      magerr  dra     ddec   
1263687    2019-03-16 15:07:20 58558.6301  15.784   0.050   0.344   0.301
1286197    2019-03-16 17:08:09 58558.7140  15.817   0.036   0.202   0.256
1337774    2019-03-17 14:32:32 58559.6059  15.724   0.046   0.141   0.559
1384638    2019-03-17 16:23:35 58559.6831  15.677   0.040   0.430   0.194
3928865    2019-03-17 18:36:17 58559.7752  15.609   0.034   0.424   0.397
1568473    2019-04-03 12:53:37 58576.5372  15.243   0.022   0.162   0.409
1591082    2019-04-05 13:24:35 58578.5587  15.431   0.033   0.242   0.038
1626114    2019-04-06 13:22:29 58579.5573  15.663   0.031   0.220   0.213

(https://bokeh.pydata.org/)

J2000 12 56 11.166 -05 47 21.53

FoV: 2.99'

+
–

(http://aladin.unistra.fr/)
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銀河系内突発天体 (classical nova, dwarf nova) 

マイクロレンズイベント



Improvement in photometric stability
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• System update  

• Tomo-e reference image + real-bogus classificaHon 

• New measurements (zeromag, aperture photometry) 

• Rapid follow-up observa>ons 

• Response to mulH-messenger/mulH-wavelength trigger 

• Check rising/decline rate (to discover early transients) 

• Machine learning classifier 

• AutomaHc observaHons at Seimei 

• Explora>on for shorter-dura>on objects 

• Transient detecHon in 2 fps data => 高橋さんトーク 

• Anything else? 

• Your comments are always welcome!

まとめに代えて (今後の予定)

データ利用に興味がある方はご連絡下さい


