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The first moment of SN explosion

L12 TOMINAGA ET AL. Vol. 705

-2

-1

 0

 1

 2

 3

 4

 5 NUV

-2

-1

 0

 1

 2

 3

 4

 5

-20 -10 0 10 20 30
Days since the peak (observer frame) [Days]

Fl
ux

 [1
0-3

2  W
 m

-2
 H

z-1
]

FUV

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 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;
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(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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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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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
(2012 Apr - 2015 Mar)

• Extremely high cadence

• 1-hr cadence <= 2-3 days

• 4 deg2 FOV (KWFC)

• ~ 20-21 mag in g-band
(3 min exposure)

• ~50-100 deg2 /day
(SDSS fields, high SFR)

• ~100 nights /yr 

• Automatic data reduction

Expected number of detection ~1 / yr

Kiso 1.05m Schmidt telescope
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~80 SN candidates (as of 2014 May)
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Akeno 0.5m

Hiroshima 1.5m

HCT 2m

NOT 2.5m

TNG 3.6m

Swope 1m

WIYN 0.9m

Lulin 1m

OAO 1.88m

Spectroscopy in the same night!

NOTE: Non-ToO observation!
(we ALWAYS have SNe)

Weather is the major factor of success



Status 13B: 4 nights     (1-2 night/month)
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(not from KISS)
=> 2 IAU/CBET circulars
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Status 14A: 13 nights   (1-4 nights/month)
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15 IAU supernovae

Morokuma, Tominaga, MT+14, submitted to PASJ
(KISS survey strategy and initial results)

Fig. 9. Identification spectra for the CBET-reported KISS SNe except for SN 2014U which is shown in

Figure 10. The flux density (fλ) scale has arbitrary units. Observed and template spectra are shown in

black and red, respectively. SN spectra of the best-fit templates are also shown in red characters with

the estimated phase (days relative to max light) in parentheses. Telluric absorption wavelength regions

around 7,600Å are gray-shaded.

Fig. 10. Identification near-infrared spectra for SN 2014U. Flux density (fλ) scale is in arbitrary unit.

Observed and template (SN 2013hj at t = +20 days) spectra are shown in black and red, respectively.

Telluric absorption wavelength regions are gray-shaded.

28

KOOLS
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~80 SN candidates (as of 2014 May)
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SN 2014C in NGC 7331

Science under moderate weather condition
- Tomography of SN ejecta -

4 days

17 days

30 days

Kanata
~ 16 mag

150 days KOOLS
~18 mag

300 days Subaru
~ 23 mag

Project led by Katsutoshi Takaki (Hiroshima)

Outer 
ejecta

(opt. thick)

Inner
ejecta

(opt. thin)
Takaki et al.

8 days
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Figure 1. Upper left: Discovery image of SDSS J1100+4421 taken with Kiso/KWFC (stacked data on 2014 Feb 23 UT) compared with
the SDSS image taken in 2003. Upper right: Light curves of SDSS J1100+4421 around the discovery epoch. The vertical arrows in black
show the epochs of spectroscopic data. Lower: Long-term multi-color (gBRcJ) light curves of SDSS J1100+4421. In the light curves,
our photometric data are compared with SDSS g-band magnitude and B- and Rc-band magnitudes estimated from SDSS magnitudes (left
panel and shaded region). Magnitudes are given in AB magnitudes for the SDSS g band and Vega magnitudes for the other bands.

Pogge 2000). NLS1s account about 14 % of broad-line
AGNs when AGN samples are selected with optical spec-
troscopy (Zhou et al. 2006). They typically show a lu-
minosity close to the Eddington luminosity. It is now
believed that NLS1s have a young, growing massive BH
with 106 − 108M⊙ (e.g., Mathur 2000). Thus, they are
important objects for understanding the growth of BHs
to the mass range of 108 − 1010M⊙.

Radio-loud AGNs are those which possess powerful rel-
ativistic jets, and the radio loudness R (the ratio of radio
flux to optical flux) is a proxy for the jet production ef-
ficiency in a system. Statistical studies (Zhou & Wang
2002; Williams et al. 2002; Komossa et al. 2006; Whalen
et al. 2006; Zhou et al. 2006) show that the fraction of

radio-loud sources for NLS1s is small, i.e., only 7% of
NLS1s have R > 10 (2.5 % for R > 100) while about
20 % of broad-line Seyfert 1 galaxies have R > 10 (14%
for R > 100, Komossa et al. 2006). Thus, it had been
inferred that NLS1s are a radio-quiet class of AGNs, and
that young BHs in NLS1s that undergo rapid growth via
high-rate accretion do not form relativistic jets.

However, recently more and more radio-loud NLS1s are
being discovered (e.g., Yuan et al. 2008; Caccianiga et al.
2014). In addition, high-energy γ-rays (100 MeV - 100
GeV) have been detected from some radio-loud NLS1s
with Fermi Gamma-Ray Space Telescope (Abdo et al.
2009a,b; D’Ammando et al. 2012). The γ-ray detection
clearly indicates the presence of relativistic jets in these
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AGNs when AGN samples are selected with optical spec-
troscopy (Zhou et al. 2006). They typically show a lu-
minosity close to the Eddington luminosity. It is now
believed that NLS1s have a young, growing massive BH
with 106 − 108M⊙ (e.g., Mathur 2000). Thus, they are
important objects for understanding the growth of BHs
to the mass range of 108 − 1010M⊙.

Radio-loud AGNs are those which possess powerful rel-
ativistic jets, and the radio loudness R (the ratio of radio
flux to optical flux) is a proxy for the jet production ef-
ficiency in a system. Statistical studies (Zhou & Wang
2002; Williams et al. 2002; Komossa et al. 2006; Whalen
et al. 2006; Zhou et al. 2006) show that the fraction of

radio-loud sources for NLS1s is small, i.e., only 7% of
NLS1s have R > 10 (2.5 % for R > 100) while about
20 % of broad-line Seyfert 1 galaxies have R > 10 (14%
for R > 100, Komossa et al. 2006). Thus, it had been
inferred that NLS1s are a radio-quiet class of AGNs, and
that young BHs in NLS1s that undergo rapid growth via
high-rate accretion do not form relativistic jets.

However, recently more and more radio-loud NLS1s are
being discovered (e.g., Yuan et al. 2008; Caccianiga et al.
2014). In addition, high-energy γ-rays (100 MeV - 100
GeV) have been detected from some radio-loud NLS1s
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Fig. 2.— Upper: Optical spectra of SDSS J1100+4421 taken with
Subaru/FOCAS on 2014 Feb 24 UT. Epochs 1, 2, and 3 correspond
to the data taken on MJD = 56712.29, 56712.55, and 56712.64. All
the spectra are shown with 3 pixel binning (4.2 Å per binned pixel).
The dashed line shows a power law fit with fλ ∝ λ−0.6. Profiles of
strong emission lines in the stacked spectrum are shown
in the inset (in the original pixel scale, i.e., 1.4 Å per
pixel). Lower: Stacked spectrum of SDSS J1100+4421 (3
pixel binning) compared with the SDSS spectrum of PMN
J0948+0022 (flux scaled).

Figure 2 (bottom panel) shows that the spec-
trum of SDSS J1100+4421 is similar to that of
NLS1 PMN J0948+0022 except for the narrow
emission lines such as [O ii] and [O iii]. In fact,
considering the properties of the broad emission
lines and continuum, the narrow [O iii] line is un-
usually strong. Assuming a conventional conver-
sion (L5100 ≃ 102.5L[O III] and Lbol = 8.1L5100, Shen
et al. 2011; Runnoe et al. 2012), the [O iii] line
luminosity gives an estimate of bolometric lumi-
nosity Lbol of ≃ 8 × 1045 erg s−1. This is about 10
times as high as that estimated using the broad
Mg ii line or from the SDSS g-band flux in 2003,
Lbol = 5.2L3000 ≃ 6 × 1044 erg s−1.

By these facts, we interpret that SDSS
J1100+4421 is a candidate NLS1 on which a
power-law component and strong narrow-line
emissions are superimposed. Since the [O iii] line
strength is known to correlate with the radio power (e.g.,
Labiano 2008), the strong narrow components might be
related to the extreme radio loudness (see Section 3.2).

3.2. Radio Properties

Archival data show that SDSS J1100+4421 is a strong
radio source, which is recorded in various survey cat-
alogs (Table 1). Motivated by the similarity to
NLS1s, we compare the radio property of SDSS
J1100+4421 with other NLS1s. We define a radio
loudness parameter R1.4 as in Z06, Komossa et al. (2006)
and Yuan et al. (2008), i.e., the ratio of fν (1.4 GHz) to
fν (4400 Å) in the rest frame. To derive the flux in the
rest frame, a spectral shape of fν ∝ ναν is assumed,
where αν is taken to be −0.5 both in radio and optical
wavelengths as in Komossa et al. (2006) and Yuan et al.
(2008) for consistent comparison with other NLS1s.

Using the radio flux measured by FIRST and the
SDSS g-band magnitude corrected for Galactic extinc-
tion (AV = 0.035 mag, Schlegel et al. 1998), the radio
loudness is R1.4 ≃ 3 × 103. This is among the high-
est radio loudness values in the NLS1 samples (Figure
3). There are only 5 objects with R1.4 > 1000 in the
NLS1 samples presented by Z06 and Yuan et al. (2008).
It should be noted that the epochs of radio observations
are not simultaneous with each other and with those in
other wavelengths, and that the radio loudness is sub-
ject to an uncertainty generated by variability. However,
even with the optical flux at the peak of the flare, the
radio loudness is very high, R1.4 ≃ 4 × 102.

Interestingly, the source in the FIRST image
is extended compared with the beam size (Fig-
ure 1). The source has a core-dominated, two-
sided structure, with the one-side extent of 14”
(to the 3σ level). This size corresponds to about
110 kpc. If SDSS J1100+4421 is a NLS1, such
a large-scale radio structure is the largest ever
known (Doi et al. 2012, and references therein).
In the optical spectroscopic data, the [O iii] is
marginally extended to the slit direction (north-
south) although it is not conclusive. Future high-
resolution observations may reveal more detailed
structure.

3.3. Black Hole Mass and Eddington Ratio

We estimate a mass of the BH in SDSS J1100+4421
with the following conventional method. Assuming the
broad-line region (BLR) is virialized, the black hole mass
can be written as MBH = RBLRv2/G, where RBLR is the
size of BLR and v = (

√
3 × FWHM/2) for an isotropic

distribution of BLR clouds (FWHM is the width of the
broad lines). The size of BLR (RBLR) is known to cor-
relate with the continuum luminosity and emission line
luminosities (e.g., Kaspi et al. 2005). We use the em-
pirical relations of McLure & Dunlop (2004, their Eqs
A6 and A7), which give consistent BH mass estimates
within 0.33 dex using Hβ and Mg ii. To avoid possi-
ble contamination from jet emission (Yuan et al. 2008),
we use line luminosities rather than the continuum lumi-
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Figure 1. Upper left: Discovery image of SDSS J1100+4421 taken with Kiso/KWFC (stacked data on 2014 Feb 23 UT) compared with
the SDSS image taken in 2003. Upper right: Light curves of SDSS J1100+4421 around the discovery epoch. The vertical arrows in black
show the epochs of spectroscopic data. Lower: Long-term multi-color (gBRcJ) light curves of SDSS J1100+4421. In the light curves,
our photometric data are compared with SDSS g-band magnitude and B- and Rc-band magnitudes estimated from SDSS magnitudes (left
panel and shaded region). Magnitudes are given in AB magnitudes for the SDSS g band and Vega magnitudes for the other bands.

Pogge 2000). NLS1s account about 14 % of broad-line
AGNs when AGN samples are selected with optical spec-
troscopy (Zhou et al. 2006). They typically show a lu-
minosity close to the Eddington luminosity. It is now
believed that NLS1s have a young, growing massive BH
with 106 − 108M⊙ (e.g., Mathur 2000). Thus, they are
important objects for understanding the growth of BHs
to the mass range of 108 − 1010M⊙.

Radio-loud AGNs are those which possess powerful rel-
ativistic jets, and the radio loudness R (the ratio of radio
flux to optical flux) is a proxy for the jet production ef-
ficiency in a system. Statistical studies (Zhou & Wang
2002; Williams et al. 2002; Komossa et al. 2006; Whalen
et al. 2006; Zhou et al. 2006) show that the fraction of

radio-loud sources for NLS1s is small, i.e., only 7% of
NLS1s have R > 10 (2.5 % for R > 100) while about
20 % of broad-line Seyfert 1 galaxies have R > 10 (14%
for R > 100, Komossa et al. 2006). Thus, it had been
inferred that NLS1s are a radio-quiet class of AGNs, and
that young BHs in NLS1s that undergo rapid growth via
high-rate accretion do not form relativistic jets.

However, recently more and more radio-loud NLS1s are
being discovered (e.g., Yuan et al. 2008; Caccianiga et al.
2014). In addition, high-energy γ-rays (100 MeV - 100
GeV) have been detected from some radio-loud NLS1s
with Fermi Gamma-Ray Space Telescope (Abdo et al.
2009a,b; D’Ammando et al. 2012). The γ-ray detection
clearly indicates the presence of relativistic jets in these

Kanata/HONIR
MITSuME

OAO/KOOLS

Extremely radio-loud AGNs with 
  - MBH ~ 105-108 Msun
  - L ~ LEdd
=> Relativistic jets in “growing” SMBH

MT, Morokuma, Itoh, Akitaya, Tominaga, Saito et al. 2014, submitted to ApJ



Summary

• KOOLS spectroscopy for KISS (4+13 nights in 13B/14A)

• Observations on the same night

• Identification of 2 KISS SNe (19-20 mag)

• No SN shock breakout yet

• Ongoing work/Future plan 

• Survey until 2015 Mar

• 16.5 nights for 14B

• Coordinated observations with Kanata/Subaru

* Morokuma+14, submitted to PASJ (KISS initial results)
* MT+14, submitted to ApJ (flare in an unusual AGN)


