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Optical Transient Search

Survey Diameter
(m)

FOV
(deg2)

Depth
(R mag)

Area/
day(deg2)

LOSS 0.76 0.01 19 galaxy
CHASE 0.4 x 4 0.03 19 galaxy

ROTSE-III 0.45 3.42 18.5 450
KISS 1.05 4 21 100
PTF 1.26 7.8 21 1000

Pan-STARRS 1.8 7 21.5 6000
SDSS-II 2.5 1.5 22.6 150
GOODS 2.5 (HST) 0.003 26 0.04

SNLS 3.6 1 24.3 2
SkyMapper 1.3 5.7 22 --

Subaru/HSC 8.2 1.75 26.5 3.5
(partly taken from Rau et al. 2009, PASP, 121, 1334)
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4 S. R. KULKARNI CALTECH OPTICAL OBSERVATORIES PASADENA, CALIFORNIA 91125, USA

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
detection7 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

Figure from LSST Science Book 
(after PTF collaboration, Rau+09, Kasliwal+,Kulkarni+)

Nova

Supernovae

Theoretically expected



The moment of supernova explosion
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Figure 2. Comparison between the NUV (top) and FUV (bottom) observations
(points, SNLS-04D2dc; Schawinski et al. 2008) and the SN IIP model without
the host galaxy extinction (dot-dashed line) and reddened for the host galaxy
extinction with EB−V,host = 0.06 mag (dashed line), 0.14 mag (solid line), and
0.22 mag (dotted line).

the values are slightly different from Schawinski et al. (2008),
the total extinction integrated over each band depends on the
intrinsic spectrum and varies with time as the spectrum changes.
The variations of extinction in the UV bands are relatively large;
for example, ∼0.3 mag in the FUV band and ∼0.1 mag in the
NUV band from t = 0 to 20 days for the SN IIP model with
MZAMS = 20 M# and E = 1.2 × 1051 erg.

Because of the large uncertainty, we assume several values
for the color excess of the host galaxy as follows: EB−V,host =
0 mag referring to the case of no extinction in the host
galaxy, EB−V,host = 0.06 mag giving half of the standard
extinction in the NUV band, EB−V,host = 0.14 mag being the
standard extinction, and EB−V,host = 0.22 mag giving double
of the standard extinction in the NUV band, which lead to
(ANUV, AFUV) = (0.18 mag, 0.15 mag), (0.75 mag, 1.10 mag),
(1.51 mag, 2.38 mag), and (2.27 mag, 3.65 mag), respectively.
Here, we assume the SMC reddening law for the host galaxy.

Figure 2 shows comparisons of UV LCs with the model with
MZAMS = 20 M# and E = 1.2 × 1051 erg. The model LCs are
consistent with the observations within the uncertainty, while
they are slightly fainter than the observations for EB−V,host =
0.14 mag. The explosion energy of SNLS-04D2dc is consistent
with the canonical value of the explosion energies of core-
collapse SNe (e.g., SN 1987A: E = (1.1 ± 0.3) × 1051 erg;
Blinnikov et al. 2000). Although the 56Ni–56Co radioactive
decay does not contribute to the shock breakout, we expediently
assume a canonical 56Ni ejection without mixing to the envelope
(the ejected 56Ni mass M(56Ni) = 0.07 M#; e.g., SN 1987A:
Blinnikov et al. 2000), and thus Mej = 16.9 M# to yield
0.07 M# of 56Ni.

The second peak in the NUV LC at t ∼ 3 days is reproduced
by the model and explained by the shift of the peak wavelength
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Figure 3. Bolometric LC (top), color temperature evolution (middle), and
photospheric velocity evolution (bottom) of the SN IIP model (lines). The insets
in the top and middle panels enlarge the phase of shock breakout.

as Schawinski et al. (2008) and Gezari et al. (2008) suggested.
The bolometric LC and the evolution of color temperature are
shown in Figure 3. Figure 3 also shows the velocity evolution
of photosphere defined as a position where the radiation and
gas are decoupled. Although the bolometric luminosity declines
monotonically after the shock breakout, the radiation energy in
the NUV band increases with time because the peak wavelength
shifts long (Figure 1). After the NUV second peak, the color tem-
perature decreases further and the peak wavelength shifts to the
optical bands. The shift is caused by not only the decreasing tem-
perature of the SN ejecta, but also an enhancement of the metal
absorption lines due to the low temperature. As a result, the UV
luminosity declines monotonically after the NUV second peak.
The model also predicts a second peak in the FUV band but the
brightening is obscured because of the low signal-to-noise ratio.

3.2. Optical Light Curves at Plateau Stage

Thanks to the multigroup radiation hydrodynamics calcula-
tions, subsequent evolutions of multicolor lights are obtained
and compared with the SNLS optical observations. Figure 4
shows comparisons of the g-, r-, i-, and z-band LCs. Here, we
adopt EB−V,host = 0.14 mag and the SMC reddening law for
the host galaxy. The total extinction at the effective wavelengths
of the g-, r-, i-, and z-band filters of the MegaPrime/MegaCam
on CFHT are as large as Ag = 0.64 mag, Ar = 0.47 mag,
Ai = 0.36 mag, and Az = 0.28 mag, respectively.

As SED peaks in the g-band at t ∼ 20 days (Figure 1),
the g-band LC peaks at t ∼ 20 days. After this epoch, the
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the values are slightly different from Schawinski et al. (2008),
the total extinction integrated over each band depends on the
intrinsic spectrum and varies with time as the spectrum changes.
The variations of extinction in the UV bands are relatively large;
for example, ∼0.3 mag in the FUV band and ∼0.1 mag in the
NUV band from t = 0 to 20 days for the SN IIP model with
MZAMS = 20 M# and E = 1.2 × 1051 erg.

Because of the large uncertainty, we assume several values
for the color excess of the host galaxy as follows: EB−V,host =
0 mag referring to the case of no extinction in the host
galaxy, EB−V,host = 0.06 mag giving half of the standard
extinction in the NUV band, EB−V,host = 0.14 mag being the
standard extinction, and EB−V,host = 0.22 mag giving double
of the standard extinction in the NUV band, which lead to
(ANUV, AFUV) = (0.18 mag, 0.15 mag), (0.75 mag, 1.10 mag),
(1.51 mag, 2.38 mag), and (2.27 mag, 3.65 mag), respectively.
Here, we assume the SMC reddening law for the host galaxy.

Figure 2 shows comparisons of UV LCs with the model with
MZAMS = 20 M# and E = 1.2 × 1051 erg. The model LCs are
consistent with the observations within the uncertainty, while
they are slightly fainter than the observations for EB−V,host =
0.14 mag. The explosion energy of SNLS-04D2dc is consistent
with the canonical value of the explosion energies of core-
collapse SNe (e.g., SN 1987A: E = (1.1 ± 0.3) × 1051 erg;
Blinnikov et al. 2000). Although the 56Ni–56Co radioactive
decay does not contribute to the shock breakout, we expediently
assume a canonical 56Ni ejection without mixing to the envelope
(the ejected 56Ni mass M(56Ni) = 0.07 M#; e.g., SN 1987A:
Blinnikov et al. 2000), and thus Mej = 16.9 M# to yield
0.07 M# of 56Ni.

The second peak in the NUV LC at t ∼ 3 days is reproduced
by the model and explained by the shift of the peak wavelength
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Figure 3. Bolometric LC (top), color temperature evolution (middle), and
photospheric velocity evolution (bottom) of the SN IIP model (lines). The insets
in the top and middle panels enlarge the phase of shock breakout.

as Schawinski et al. (2008) and Gezari et al. (2008) suggested.
The bolometric LC and the evolution of color temperature are
shown in Figure 3. Figure 3 also shows the velocity evolution
of photosphere defined as a position where the radiation and
gas are decoupled. Although the bolometric luminosity declines
monotonically after the shock breakout, the radiation energy in
the NUV band increases with time because the peak wavelength
shifts long (Figure 1). After the NUV second peak, the color tem-
perature decreases further and the peak wavelength shifts to the
optical bands. The shift is caused by not only the decreasing tem-
perature of the SN ejecta, but also an enhancement of the metal
absorption lines due to the low temperature. As a result, the UV
luminosity declines monotonically after the NUV second peak.
The model also predicts a second peak in the FUV band but the
brightening is obscured because of the low signal-to-noise ratio.

3.2. Optical Light Curves at Plateau Stage

Thanks to the multigroup radiation hydrodynamics calcula-
tions, subsequent evolutions of multicolor lights are obtained
and compared with the SNLS optical observations. Figure 4
shows comparisons of the g-, r-, i-, and z-band LCs. Here, we
adopt EB−V,host = 0.14 mag and the SMC reddening law for
the host galaxy. The total extinction at the effective wavelengths
of the g-, r-, i-, and z-band filters of the MegaPrime/MegaCam
on CFHT are as large as Ag = 0.64 mag, Ar = 0.47 mag,
Ai = 0.36 mag, and Az = 0.28 mag, respectively.

As SED peaks in the g-band at t ∼ 20 days (Figure 1),
the g-band LC peaks at t ∼ 20 days. After this epoch, the

Tominaga+09
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the values are slightly different from Schawinski et al. (2008),
the total extinction integrated over each band depends on the
intrinsic spectrum and varies with time as the spectrum changes.
The variations of extinction in the UV bands are relatively large;
for example, ∼0.3 mag in the FUV band and ∼0.1 mag in the
NUV band from t = 0 to 20 days for the SN IIP model with
MZAMS = 20 M# and E = 1.2 × 1051 erg.

Because of the large uncertainty, we assume several values
for the color excess of the host galaxy as follows: EB−V,host =
0 mag referring to the case of no extinction in the host
galaxy, EB−V,host = 0.06 mag giving half of the standard
extinction in the NUV band, EB−V,host = 0.14 mag being the
standard extinction, and EB−V,host = 0.22 mag giving double
of the standard extinction in the NUV band, which lead to
(ANUV, AFUV) = (0.18 mag, 0.15 mag), (0.75 mag, 1.10 mag),
(1.51 mag, 2.38 mag), and (2.27 mag, 3.65 mag), respectively.
Here, we assume the SMC reddening law for the host galaxy.

Figure 2 shows comparisons of UV LCs with the model with
MZAMS = 20 M# and E = 1.2 × 1051 erg. The model LCs are
consistent with the observations within the uncertainty, while
they are slightly fainter than the observations for EB−V,host =
0.14 mag. The explosion energy of SNLS-04D2dc is consistent
with the canonical value of the explosion energies of core-
collapse SNe (e.g., SN 1987A: E = (1.1 ± 0.3) × 1051 erg;
Blinnikov et al. 2000). Although the 56Ni–56Co radioactive
decay does not contribute to the shock breakout, we expediently
assume a canonical 56Ni ejection without mixing to the envelope
(the ejected 56Ni mass M(56Ni) = 0.07 M#; e.g., SN 1987A:
Blinnikov et al. 2000), and thus Mej = 16.9 M# to yield
0.07 M# of 56Ni.
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Figure 3. Bolometric LC (top), color temperature evolution (middle), and
photospheric velocity evolution (bottom) of the SN IIP model (lines). The insets
in the top and middle panels enlarge the phase of shock breakout.

as Schawinski et al. (2008) and Gezari et al. (2008) suggested.
The bolometric LC and the evolution of color temperature are
shown in Figure 3. Figure 3 also shows the velocity evolution
of photosphere defined as a position where the radiation and
gas are decoupled. Although the bolometric luminosity declines
monotonically after the shock breakout, the radiation energy in
the NUV band increases with time because the peak wavelength
shifts long (Figure 1). After the NUV second peak, the color tem-
perature decreases further and the peak wavelength shifts to the
optical bands. The shift is caused by not only the decreasing tem-
perature of the SN ejecta, but also an enhancement of the metal
absorption lines due to the low temperature. As a result, the UV
luminosity declines monotonically after the NUV second peak.
The model also predicts a second peak in the FUV band but the
brightening is obscured because of the low signal-to-noise ratio.

3.2. Optical Light Curves at Plateau Stage

Thanks to the multigroup radiation hydrodynamics calcula-
tions, subsequent evolutions of multicolor lights are obtained
and compared with the SNLS optical observations. Figure 4
shows comparisons of the g-, r-, i-, and z-band LCs. Here, we
adopt EB−V,host = 0.14 mag and the SMC reddening law for
the host galaxy. The total extinction at the effective wavelengths
of the g-, r-, i-, and z-band filters of the MegaPrime/MegaCam
on CFHT are as large as Ag = 0.64 mag, Ar = 0.47 mag,
Ai = 0.36 mag, and Az = 0.28 mag, respectively.

As SED peaks in the g-band at t ∼ 20 days (Figure 1),
the g-band LC peaks at t ∼ 20 days. After this epoch, the
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KISS: KIso Supernova Survey

• Extremely high cadence

• 1-hr cadence <= 2-3 days

• 4 deg2 FOV (KWFC)

• ~ 21 mag in g-band (3 min)

• ~50-100 deg2 /day

• ~100 nights/yr (around new moon)

• High SFR field (< 200 Mpc, 30-100 Msun/yr)

2012 Apr: Dry run -
2012 Sep: Main survey -

Kiso 1.05m Schmidt telescope

Tomoki Morokuma (PI), Nozomu Tominaga, Masaomi Tanaka et al.

~ 1-2 shock breakout / yr



KISS collaboration

• Survey members
• Tomoki Morokuma (PI), Nozomu Tominaga, Masaomi Tanaka,

Mieko Matsumoto, Kensho Mori, Koji Kawabata (and Hiroshima 
group), Yoshihiko Saito (and Tokyo Tech group), Nobuharu Ukita, 
Michael Richmond, Yuji Urata

• Indian Institute of Astrophysics 
• Devendra Sahu

• Carnegie Supernova Project (CSP) 
• Eric Hsiao, Maximilian Stritzinger, Mark Phillips, Nidia Morrell, 

Carlos Contreras, Francesco Taddia

• Telescopio Nazionale Galileo (TNG)
• Paolo Mazzali, Emma Walker, Elena Pian

• SNFactory
• Greg Aldering

• Russian Institutes 
• Dmitry Tsvetkov,  Nikolay Pavlyuk
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179 186 193 201 208 215 223 230 237 244 251

2 deg

~ 200 galaxies / 4deg2 
(< 200 Mpc)

Kiso 1m Schmidt 
telescope
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Kiso observatory

Standard pipeline

Transient pipeline

< 10 min
~ 50GB/day

KISS database
SubNewRef

cut-out images

source
info

KISS interface

Amateur astronomers

SubNewRef

Anywhere

cut-out images

KISS database

source
info



Kiso 1m

Akeno 0.5m

Hiroshima 1.5m (1)

HCT 2m

NOT 2.5m (4)

TNG 3.6m (3)

Swope 1m

WIYN 0.9m

Follow-up collaboration

Lulin 1m



KISS12a

KISS12b

KISS12c

KISS12d

KISS12e

KISS12f

KISS12g

KISS12h

KISS12i

KISS12j

KISS12k

KISS12l

KISS12m

KISS12n

KISS12q

KISS13a

KISS13b

KISS13d

KISS13l

KISS13j

51 SN candidates (as of 2013 May)

No shock breakout yet...

stay tuned!

Only 8 of 51 were confirmed by ourselves
(additional 4 by other groups)



Synergy with 3.8m telescope

• Rapid follow up

• Fully utilize high speed pointing 

• Rapid communication (< 1 hr)
(Automatic response?)

• Low resolution spectroscopy
(R~500, v~500 km/s)

• IFU is preferred 
confirmation image + spectroscopy

No Transient Left Behind



Trial with 188cm/KOOLS

• Coordinated observations 
with Kiso and Okayama
2013 Sep - (4 nights equivalent)

• Combined with other KOOLS proposals

• Low-res spectroscopy for SN candidates 
(< 19 mag) WITHOUT DELAY 

Kiso

Okayama

~ 5 SNe (~ 0.1 shock breakout) /month



“One-click” reduction for KOOLS

データ提供
山中雅之さん、浮田信治さん

Mac/Linux
(Python + PyRAF)



Summary

• Frontier of transient survey

• high cadence (< 1d)

• KISS: Kiso Supernova Survey

• 1-hr cadence survey for SN shock breakout

• ~50 SN candidates so far 
(no shock breakout)

• Synergy with 3.8m telescope

• Rapid communication

• Low-res spectroscopy (IFU is preferred)

• Trial with 188cm/KOOLS (2013 Sep-)


