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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
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+)
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Discovery of a short-timescale transient
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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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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

“KISS14k”
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objects, as in blazars. To fully understand the cosmolog-
ical evolution of supermassive BHs, we have to clarify the
role of the relativistic jets in such young, growing mas-
sive BHs, and thus, the nature of radio-loud population
of NLS1s.

In this Letter, we report our serendipitous discovery
of rapid optical variability in a newly-recognized NLS1
SDSS J110006.07+442144.3 (SDSS J1100+4421) by the
Kiso Supernova Survey (KISS, Morokuma et al. 2014).
Our observations combined with past observations show
that this object is among the most radio-loud NLS1s.

2. OBSERVATIONS

2.1. Discovery

SDSS J1100+4421 was detected as a transient object
by the high-cadence transient survey KISS (Morokuma
et al. 2014). KISS uses the 1.05-m Kiso Schmidt tele-
scope equipped with Kiso Wide Field Camera (KWFC,
Sako et al. 2012), which has a 2.2 × 2.2 deg field of
view. In order to detect short-timescale transients, KISS
adopts a 1 hr cadence; i.e., the same fields are repeat-
edly observed every 1 hr. The survey is performed with
the optical g-band filter as the survey strategy is opti-
mized for the detection of shock breakout of supernovae
(Tominaga et al. 2011; Morokuma et al. 2014).

SDSS J1100+4421 was first recognized on 2014 Feb
23.46 UT with g = 19.73±0.13 mag (Figure 1 and Table
1) and registered as a supernova candidate “KISS14k”.
Nothing was visible at this position in the stacked images
taken 1 day before with a 5-σ limiting magnitude of 21.03
mag. Therefore this object brightened at least by a factor
of 3 within 1 day (1.3 mag day−1). The SDSS images
taken in 2003 show a faint object classified as a galaxy
at the same position with g = 22.16± 0.11 mag without
spectroscopic data. Compared with the brightness in
2003, the brightening is by a factor of about 10. Hereafter
we call this event a “flare”. It is, however, noted that
this object is recorded in older data with the various
magnitudes, e.g., B = 20.09 and 20.58 mag in USNO-
B1.0 (Monet et al. 2003) and 22.06 ± 0.65 mag (Lasker
et al. 2008), showing signature of continuous variability
(see also Figure 1).

After the flare, the brightness of SDSS J1100+4421
quickly declined in subsequent days (right panel of Fig-
ure 1). The stacked images show the fading object with
about g =21.1 and 21.5 mag on 2014 Feb 24 and 25, re-
spectively. The decline rate for the first 1 day after the
flare is 0.9 − 1.3 mag day−1.

2.2. Follow-up Observations

Immediately after the discovery (19.4 hr after the
first detection), we started follow-up imaging and spec-
troscopic observations with the 8.2m Subaru telescope
equipped with the Faint Object Camera And Spectro-
graph (FOCAS, Kashikawa et al. 2002). We took images
and spectra of SDSS J1100+4421 three times during the
same night. Typical seeing during the observations was
0.50-0.60”. Relative photometry for the imaging data
clearly shows intranight variability.

Spectroscopic observations were performed using an
offset 1.0” slit with the 300B grism and SY47 order-
sorting filter 30. The spectral resolution is λ/dλ = 400,

30 This configuration gives clean 1st-order spectra in 4700-
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Figure 2. Optical spectra of SDSS J1100+4421 taken with Sub-
aru/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.
Strong emission lines in the spectrum at Epoch 3 are shown in
the inset. All the spectra are shown with 3 pixel binning (4.2 Å
per a binned pixel). The dashed line shows a power law fit with
fλ ∝ λ−0.6.

which corresponds to a velocity resolution of 750 km s−1.
The obtained flux is consistent at a level of about 10%
with the FOCAS B− and i−band photometry. The opti-
cal spectra clearly show AGN features, and all the emis-
sion lines consistently indicate a redshift of z = 0.840
(Figure 2).

Imaging follow-up observations in optical and near in-
frared (NIR) wavelengths were also performed with Hor-
ishima Optical and Near-InfraRed camera (HONIR, Ak-
itaya et al. 2014) of the 1.5m Kanata telescope, the New-
tonian camera of the Kottamia Observatory 1.88m tele-
scope, the Kyoto Okayama Optical Low-dispersion Spec-
trograph (KOOLS) of the Okayama Astrophysical Obser-
vatory (OAO) 1.88m telescope (Yoshida 2005), and the
0.50m MITSuME telescope (Yatsu et al. 2007). Long-
term light curves are shown in Figure 1. Even after
the flare, this object shows some variability although the
data are not densely sampled. All the photometric data
are summarized in Table 1.

In order to measure the X-ray flux of this object,
Target of Opportunity (ToO) observations were per-
formed with the Swift XRT (Burrows et al. 2005) on
2014 Mar 16-17 UT. An X-ray source was detected at
a position consistent with SDSS J1100+4421. Assum-
ing a photon index of −2.0 (as for PMN J0948+0222,
Abdo et al. 2009a), the X-ray flux is measured to be
(1.62 ± 0.38)× 10−13 erg s−1 cm−2 at 0.3-8 keV.

3. NATURE OF SDSS J1100+4421

3.1. Spectroscopic Properties

Figure 2 shows the optical spectra of SDSS
J1100+4421. Emission lines of Mg ii, [Ne v], [O ii],

9000Å. Contamination of the 2nd-order spectrum exists at >9000
Å and it is found to be about 5% at 9200 Å for the spectra of SDSS
J1100+4421.

AGN!



AGN variability within a day?

~ 100 days for typical AGNs

Similar to Blazars (AGNs w/o emission lines)



Closer look (1): Optical spectra

• Line width of ~ 2000 km/s

• Broader than narrow line region

• Narrower than typical AGNs
==> “narrow-line” Seyfert 1 galaxy
        (MBH ~ 1.5 x 107 Msun)
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Fig. 1.— Left: Discovery image of SDSS J1100+4421 taken with Kiso/KWFC on 2014 Feb 23 UT (bottom) compared with the SDSS
color image taken in 2003 (top). Right: Light curves of SDSS J1100+4421 around the discovery epoch. Our new photometric data are
compared with SDSS (g) and synthetic (B) magnitudes (left panel and shaded region). Magnitudes are given in AB magnitudes for the
SDSS g filter and Vega magnitudes for B filter. The vertical arrows in black show the epochs when spectroscopic data were taken.

deg2 with 8 CCDs. To detect short-timescale transient,
KISS adopts 1 hr cadence, i.e., the same fields are re-
peatedly observed every 1 hr. The survey is performed
with optical g filter as the survey strategy is optimized
for the detection of shock breakout of supernovae (Tom-
inaga et al. 2011, Morokuma et al. 2014).

SDSS J1100+4421 was first recognized on 2014 Feb 23
UT with g = 19.73± 0.13 mag (Figure 1) and registered
as a supernova candidate “KISS14k”. Nothing was vis-
ible at this position in the stacked images taken 1 day
before with the 5 σ limiting magnitude of 21.03 mag.
Therefore this object brightened at least by a factor of 3
within 1 day (1.3 mag day−1). The SDSS images taken
in 2003 show a faint object with g = 22.16 ± 0.11 mag
without spectroscopic data. The position of the transient
(RA = 11:00:06.07 and Dec = +44:21:44.3) exactly co-
incides with the position of the SDSS source. Compared
with the brightness in 2003, the brightening is by factor
of about 10. Hereafter we call this event “flare”.

The brightness of SDSS J1100+4421 quickly declined
in subsequent days (right panel of Figure 1). It was not
detected in single-exposure images of KISS (g ∼> 20− 21
mag with 3 min exposure). But the stacked images show
the fading object with about g =21.1 and 21.5 mag on
2014 Feb 24 and 25, respectively. The declining rate for
the first 1 day after the flare is 0.9 − 1.3 mag day−1. A
summary of the data is given in Table 1.

2.2. Follow-up Observations

Immediately after the discovery (on 2014 Feb 24 UT,
19.4 hr after the first detection), we started follow-up
imaging and spectroscopic observations with the 8.2m
Subaru telescope equipped with the Faint Object Camera
and Spectrograph (FOCAS, Kashikawa et al. 2002). We
took images and spectra of SDSS J1100+4421 three times
during the photometric night. Relative photometry for
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Fig. 2.— Optical spectra of SDSS J1100+4421 taken with Sub-
aru/FOCAS on 2014 Feb 24 UT. Epoch 1, 2, and 3 correspond to
the data taken on MJD = 56712.29, 56712.55, and 56712.64 (shown
with the arrows in Figure 1). The emission lines in the spectrum
at epoch 3 are shown in the inset.

the FOCAS B− and i−band data were done and clear
intranight variability was detected in B-band.

Spectroscopic observations were performed on three
epochs, MJD = 56712.29, 56712.55, and 56712.64. We
used an offset 1.0” slit along the north-south direction
with the 300B grism and SY47 order-sorting filter 7.

7 This configuration would give clean 1st-order spectra in 4700-
9000Å. A contamination of the 2nd-order spectrum at > 9000 Å
is found to be about 5% (estimated at 9200 Å) for the spectra of
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objects, as in blazars. To fully understand the cosmolog-
ical evolution of supermassive BHs, we have to clarify the
role of the relativistic jets in such young, growing mas-
sive BHs, and thus, the nature of radio-loud population
of NLS1s.

In this Letter, we report our serendipitous discovery
of rapid optical variability in a newly-recognized NLS1
SDSS J110006.07+442144.3 (SDSS J1100+4421) by the
Kiso Supernova Survey (KISS, Morokuma et al. 2014).
Our observations combined with past observations show
that this object is among the most radio-loud NLS1s.

2. OBSERVATIONS

2.1. Discovery

SDSS J1100+4421 was detected as a transient object
by the high-cadence transient survey KISS (Morokuma
et al. 2014). KISS uses the 1.05-m Kiso Schmidt tele-
scope equipped with Kiso Wide Field Camera (KWFC,
Sako et al. 2012), which has a 2.2 × 2.2 deg field of
view. In order to detect short-timescale transients, KISS
adopts a 1 hr cadence; i.e., the same fields are repeat-
edly observed every 1 hr. The survey is performed with
the optical g-band filter as the survey strategy is opti-
mized for the detection of shock breakout of supernovae
(Tominaga et al. 2011; Morokuma et al. 2014).

SDSS J1100+4421 was first recognized on 2014 Feb
23.46 UT with g = 19.73±0.13 mag (Figure 1 and Table
1) and registered as a supernova candidate “KISS14k”.
Nothing was visible at this position in the stacked images
taken 1 day before with a 5-σ limiting magnitude of 21.03
mag. Therefore this object brightened at least by a factor
of 3 within 1 day (1.3 mag day−1). The SDSS images
taken in 2003 show a faint object classified as a galaxy
at the same position with g = 22.16± 0.11 mag without
spectroscopic data. Compared with the brightness in
2003, the brightening is by a factor of about 10. Hereafter
we call this event a “flare”. It is, however, noted that
this object is recorded in older data with the various
magnitudes, e.g., B = 20.09 and 20.58 mag in USNO-
B1.0 (Monet et al. 2003) and 22.06 ± 0.65 mag (Lasker
et al. 2008), showing signature of continuous variability
(see also Figure 1).

After the flare, the brightness of SDSS J1100+4421
quickly declined in subsequent days (right panel of Fig-
ure 1). The stacked images show the fading object with
about g =21.1 and 21.5 mag on 2014 Feb 24 and 25, re-
spectively. The decline rate for the first 1 day after the
flare is 0.9 − 1.3 mag day−1.

2.2. Follow-up Observations

Immediately after the discovery (19.4 hr after the
first detection), we started follow-up imaging and spec-
troscopic observations with the 8.2m Subaru telescope
equipped with the Faint Object Camera And Spectro-
graph (FOCAS, Kashikawa et al. 2002). We took images
and spectra of SDSS J1100+4421 three times during the
same night. Typical seeing during the observations was
0.50-0.60”. Relative photometry for the imaging data
clearly shows intranight variability.

Spectroscopic observations were performed using an
offset 1.0” slit with the 300B grism and SY47 order-
sorting filter 30. The spectral resolution is λ/dλ = 400,

30 This configuration gives clean 1st-order spectra in 4700-
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Figure 2. Optical spectra of SDSS J1100+4421 taken with Sub-
aru/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.
Strong emission lines in the spectrum at Epoch 3 are shown in
the inset. All the spectra are shown with 3 pixel binning (4.2 Å
per a binned pixel). The dashed line shows a power law fit with
fλ ∝ λ−0.6.

which corresponds to a velocity resolution of 750 km s−1.
The obtained flux is consistent at a level of about 10%
with the FOCAS B− and i−band photometry. The opti-
cal spectra clearly show AGN features, and all the emis-
sion lines consistently indicate a redshift of z = 0.840
(Figure 2).

Imaging follow-up observations in optical and near in-
frared (NIR) wavelengths were also performed with Hor-
ishima Optical and Near-InfraRed camera (HONIR, Ak-
itaya et al. 2014) of the 1.5m Kanata telescope, the New-
tonian camera of the Kottamia Observatory 1.88m tele-
scope, the Kyoto Okayama Optical Low-dispersion Spec-
trograph (KOOLS) of the Okayama Astrophysical Obser-
vatory (OAO) 1.88m telescope (Yoshida 2005), and the
0.50m MITSuME telescope (Yatsu et al. 2007). Long-
term light curves are shown in Figure 1. Even after
the flare, this object shows some variability although the
data are not densely sampled. All the photometric data
are summarized in Table 1.

In order to measure the X-ray flux of this object,
Target of Opportunity (ToO) observations were per-
formed with the Swift XRT (Burrows et al. 2005) on
2014 Mar 16-17 UT. An X-ray source was detected at
a position consistent with SDSS J1100+4421. Assum-
ing a photon index of −2.0 (as for PMN J0948+0222,
Abdo et al. 2009a), the X-ray flux is measured to be
(1.62 ± 0.38)× 10−13 erg s−1 cm−2 at 0.3-8 keV.

3. NATURE OF SDSS J1100+4421

3.1. Spectroscopic Properties

Figure 2 shows the optical spectra of SDSS
J1100+4421. Emission lines of Mg ii, [Ne v], [O ii],

9000Å. Contamination of the 2nd-order spectrum exists at >9000
Å and it is found to be about 5% at 9200 Å for the spectra of SDSS
J1100+4421.



Closer look (2): Archival radio data
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Fig. 1.— Left: Discovery image of SDSS J1100+4421 taken with Kiso/KWFC on 2014 Feb 23 UT (bottom) compared with the SDSS
color image taken in 2003 (top). Right: Light curves of SDSS J1100+4421 around the discovery epoch. Our new photometric data are
compared with SDSS (g) and synthetic (B) magnitudes shown in the left panel. Magnitudes are given in AB magnitudes for the SDSS g
filter and Vega magnitudes for B filter.

et al. 2012), a 64 megapixel camera covering 2.2 × 2.2
deg2 with 8 CCDs. To detect short-timescale transient,
KISS adopts 1 hr cadence, i.e., the same fields are re-
peatedly observed every 1 hr. The survey is performed
with optical g filter as the survey strategy is optimized
for the detection of shock breakout of supernovae (Tom-
inaga et al. 2011, Morokuma et al. 2014).

SDSS J1100+4421 was first recognized on 2014 Feb 23
UT with g = 19.73 ± 0.13 mag (Figure 1). Nothing was
visible at this position in the stacked images taken 1 day
before with the 5 σ limiting magnitude of 21.03 mag.
Therefore this object brightened at least by a factor of 3
within 1 day (1.3 mag day−1). The SDSS images taken
in 2003 show a faint object with g = 22.16 ± 0.11 mag
without spectroscopic data. The position of the transient
(RA = 11:00:06.07 and Dec = +44:21:44.3) exactly co-
incides with the position of the SDSS source. Compared
with the brightness in 2003, the brightening is by factor
of about 10. Hereafter we call this event “flare”.

The brightness of SDSS J1100+4421 quickly declined
in subsequent days (right panel of Figure 1). It was not
detected in single-exposure images of KISS (g ∼> 20 mag
with 3 min exposure). But stacked images show the fad-
ing object with about g =21.0 and 21.5 mag on 2014 Feb
24 and 25, respectively. The declining rate is 0.8 − 1.0
mag day−1. After this epoch, this object was not de-
tected by KISS until the end of 2014 Mar although the
detection limit is not deep g ∼> 20.0 − 20.5 mag. A sum-
mary of the data is given in Table 1.

2.2. Follow-up Observations

(Morokuma-san: please check) Immediately after
the discovery (19 hr after the first detection), we per-
formed follow-up imaging and spectroscopic observations
with the 8.2m Subaru telescope equipped with the Faint
Object Camera and Spectrograph (FOCAS, Kashikawa
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Fig. 2.— Optical spectra of SDSS J1100+4421 taken with Sub-
aru/FOCAS on 2014 Feb 24 UT. (To be replaced)

et al. 2002). The spectral resolution is R = λ/dλ =
??, which corresponds to the velocity resolution of ??
km s−1. Optical spectra show AGN features, e.g., strong
broad emission lines of Mg II, H β, and [O III], at red-
shift z = 0.84 (Figure 2). The spectra clearly indicate
that this object is not a supernova but a phenomenon
related to the AGN. We discuss the spectral features in
more detail in Section 3.1.

We observed this object again with the interval of
4 hr with Subaru/FOCAS and clearly detected the in-
tranight variability. B-band magnitude faded by 0.5 mag
within 4 hr, and spectra show the fainter continuum. The
strengths of the emission lines remain similar.

Imaging follow-up observations in optical and near in-
frared (NIR) wavelengths were also performed with Hor-
ishima Optical and Near-Infrared camera (HONIR, Saki-
moto et al. 2012) of the 1.5m Kanata telescope, the New-

Radio loudness 
R = fν (radio) / fν (opt)
    ~ 3000 !

~ 20 mJy @1.4 GHz



“Narrow-line” Seyfert 1 galaxies

• ~15 % of broad-line AGNs
(~2000 objects in SDSS)

• Relatively “narrow” broad lines
 (v < 2000 km/s)

• Smaller black hole mass 
(MBH ~ 106 - 108 Msun)

• High Eddington ratio (Lbol/LEdd ~ 0.1 - 1)

==> “Growing” supermassive black hole

• Only ~7 % of NLS1s are radio-loud (R > 10)

(e.g., Osterbrock & Pogge 1985, Pogge 2000, Komossa 2008, Zhou+2006)

Sey1Sey2
Urry & Padovani, 1995



Only 5 objects with R > 1000
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[Ne iii], H γ, H β, and [O iii] are clearly identified, con-
firming the AGN nature of this object. All three spectra
show a broad Mg ii line with a FWHM of 2, 070 ± 100
km s−1, which does not change with time. We can not
reliably measure the width of the broad component of Hβ
due to the low signal-to-noise ratio, and the Hβ line is
dominated by the narrow component (see inset of Figure
2).

The continuum flux in the three spectra shows sig-
nificant intranight variability. We find that the con-
tinuum of these spectra is well fitted by a power-law
with a slope constant in time. The power-law index is
αλ = −0.60 ± 0.01 in all three epochs, where fλ ∝ λαλ ,
(αν = −1.4 for fν ∝ ναν ). In contrast to the continuum
flux, the emission line fluxes in the three spectra are con-
sistent within the uncertainty, e.g., the variation in the
Mg ii line flux is ∼< 10%.

The width of the broad Mg ii line suggests a NLS1
classification for SDSS J1100+4421. However, SDSS
J1100+4421 does not readily fit any of common criteria
for NLS1 classification (e.g., Osterbrock & Pogge 1985;
Pogge 2000; Komossa et al. 2006): (1) narrow permitted
line (FWHM of Hβ < 2000 km s−1), (2) the presence of
Fe ii bumps at 4400-4700 Å and 5150-5400 Å, and (3)
[O iii]/Hβ < 3. As shown in Figure 2, SDSS J1100+4421
shows no clear Fe ii bump and has an [O iii]/Hβ flux ra-
tio of ∼ 8 − 10.

The absence of a Fe ii bump seems to be natural be-
cause of the strong, additional continuum component
during the flare. This component can be interpreted as
emission from a jet (Section 3.4) and could easily hide
weak Fe ii bumps. In fact, this object is found to be
extremely radio loud (see Section 3.2), and radio-loud
AGNs tend to show weaker Fe ii bumps (Boroson &
Green 1992; Sulentic et al. 2003).

Zhou et al. (2006) shows that all the objects with
FWHM of Hβ less than 2200 km s−1 show [O iii]/Hβ <
3. Thus, the spectrum of SDSS J1100+4421 is somewhat
odd. However, the broad Mg ii line with FWHM ∼ 2000
km s−1 is clearly present in our spectra. In addition,
there is the established 1:1 relation between the widths
of Hβ and Mg ii lines (Shen et al. 2008), which would
imply a similar width for Hβ. Therefore, despite being
unusual in its properties as a NLS1, we believe that a
NLS1 classification is more appropriate than that of a
Seyfert 2 galaxy.

The high [O iii]/Hβ ratio is, in fact, consistent with
the ratios for the deblended narrow components in
NLS1s measured by Zhou et al. (2006). Thus, SDSS
J1100+4421 seems to be an object that has a much
higher contribution from the narrow line region com-
pared with other NLS1s. 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 Loudness

Archival data show that SDSS J1100+4421 is a strong
radio source, which is recorded in various survey catalogs
(see Table 1). We define a radio loudness parameter R1.4
as in Zhou et al. (2006), 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,
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Figure 3. Radio loudness R1.4 and BH mass for NLS1 sam-
ples from Zhou et al. (2006) and for SDSS J1100+4421. SDSS
J1100+4421 is among the most radio-loud NLS1s. The right and
top panels show the histograms of radio loudness and BH mass,
respectively. The values for SDSS J1100+4421 are shown with
arrows.

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 extinction, 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 Zhou et al. (2006) and Yuan et al.
(2008). It should be noted that the epochs of radio ob-
servations are not simultaneous with each other and with
those in other wavelengths, and that the radio loudness
is subject to the uncertainty. However, even with the
optical flux at the peak of the flare, the radio loudness is
very high, R1.4 ≃ 4 × 102.

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, such as Mg ii and Hβ). The size of BLR
(RBLR) is known to correlate with the continuum lumi-
nosity (for example, λLλ at 5100Å), and emission line
luminosities, such as Hβ (e.g., Kaspi et al. 2005).

To avoid possible contamination from jet emission
(Yuan et al. 2008), we use line luminosities rather than
the continuum luminosities. For SDSS J1100+4421, the
Mg ii line is the best choice because of its high S/N ra-
tio. One difficulty for a fair comparison with the sample
in Zhou et al. (2006) is that the Mg ii line is out of the
spectral range in many low-redshift NLS1s. Thus, we
use the empirical 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. The con-
tinuum luminosities in the equations (L3000 and L5100)
are replaced with the line luminosities (Mg ii and Hβ, re-



AGN

“Narrow-line” Seyfert 1
(~15 % of AGN)

Radio-loud R>10
(~7 % of NLS1)

“Extremely” radio-loud 
R>1000

(~5 among 100 RL-NLS1)



A new class: “γ-loud” narrow-line Seyfert 1

• 4 radio-loud objects 
detected by Fermi
(100 MeV - 100 GeV)
=> “γ-loud” NLS1

• Relativistic jets
pointing to us
(~ blazars)

• Extreme variability
(~ blazars)
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Figure 1. SEDs of the four RL-NLS1s detected by Fermi/LAT in order of decreasing γ -ray flux. The SED of PMN J0948+0022 is that from Abdo et al. (2009a).
In the SED of 1H 0323+342, there are also detections in the hard X-rays by Swift/BAT (Cusumano et al. 2009) and INTEGRAL/ISGRI (Bird et al. 2007). The TeV
upper limit is derived from observations with Whipple (Falcone et al. 2004). Archival radio data are from NED, but are displayed just for completeness, since they are
not used in the model fit. The synchrotron self-absorption is clearly visible around 1011–12 Hz. The short dashed light blue line indicates the synchrotron component,
while the long dashed orange line is the SSC. The dot-dashed line refers to EC and the dotted black line represents the contribution of the accretion disk, X-ray corona
and the IR torus. The continuous blue line is the sum of all the contributions.

Table 3
Parameters Used to Model the SEDs

Name Rdiss
a log Mb RBLR

c P ′
i

d Ld
e Bf Γb

g θv
h γe,break

i γe,max
j s1

k s2
l

1H 0323+342 1.9 (650) 7.0 116 1.0 1.4 (0.9) 30 12 3 60 6000 –1 3.1
PKS 1502+036 24 (4000) 7.3 155 21 2.4 (0.8) 1.6 13 3 50 3000 1 3.2
PKS 2004–447 6 (4000) 6.7m 39 3.1 0.15 (0.2) 6.9 8 3 120 1500 0.2 2

PMN J0948+0022n 72 (1600) 8.2 300 240 9 (0.4) 3.4 10 6 800 1600 1 2.2

Notes.
a Dissipation radius in units of 1015 cm and (in parenthesis) in units of the Schwarzschild radius.
b Black hole mass in units of M⊙ (details and caveats about the mass estimation used in this work can be found in Ghisellini et al. 2009a; the error with this
method is generally about 50%).
c Size of the BLR in units of 1015 cm.
d Power injected in the blob calculated in the comoving frame, in units of 1041 erg s−1.
e Accretion disk luminosity in units of 1045 erg s−1 calculated by integrating the thermal component (black dotted line) of the SEDs in Figure 1 and (in
parenthesis) in Eddington units.
f Magnetic field in Gauss.
g Bulk Lorentz factor at Rdiss.
h Viewing angle in degrees.
i Break random Lorentz factors of the injected electrons.
j Maximum random Lorentz factors of the injected electrons.
k Slope of the injected electron distribution below γe,break.
l Slope of the injected electron distribution above γe,break.
m Fixed from measurement with reverberation mapping method reported by Oshlack et al. (2001).
n See Abdo et al. (2009a).

Fermi

PMN J0948+0022
(Abdo+09)



Extreme variability of γ-loud objects

L114 LIU ET AL. Vol. 715

3346 3348 3350 3352

17

17.5

18

18.5

Time (JD − 2451545)

Target B

B

Comparison B

16.5

17

17.5

18Target R

R

Comparison R

3401 3402 3403 3404 3405

17

17.5

18

18.5

Time (JD − 2451545)

B

16.5

17

17.5

18

R

Figure 1. Differential light curves for SDSS J094857.3+002225. The upper and lower panels give curves obtained on the nights of 2009 February 27 to March 5 and
April 24 to 28, respectively. (The corresponding dates on the time-axis in this figure are 3345–3351 and 3401–3405, respectively.) The inset shows the details of the
variability of the source within 4 hr on the night of April 25. The blue open squares and red open circles represent the apparent magnitude of SDSS J094857.3+002225
in the B and R bands, respectively. The blue filled squares and red filled circles represent the magnitude of one of the comparison stars in the B and R bands, respectively.
The points of the comparison stars have been shifted vertically for comparison.
(A color version of this figure is available in the online journal.)

were obtained before and after each observation run during
the twilight time. Dark frames are not needed because the
temperature of the detector is so low (∼−110 ◦C) that the dark
electrons can be entirely ignored.

The observed data are preliminarily reduced through the stan-
dard routine by IRAF package,3 including bias and flat-field cor-
rections. Several bright comparison stars are selected from the
same CCD frame to calculate differential light curve. Because
the comparison stars are brighter than the object, several check
stars with brightness comparable to the object are selected to
assess the errors in photometry. The instrumental magnitudes
of the object and of those selected stars are calculated by the
APPHOT task. The aperture photometry is adopted because the
object is a point-like source without extended emission. In each
frame, the FWHM of the object is comparable with those of
the field stars. The circular aperture radius twice of the mean
FWHM of the field stars was therefore adopted in our calcula-
tions. All the results reported below are based on these radii.

3. RESULTS

Our observations can be divided into two parts. Both of them
contain about 1 week. The source was well monitored on the
nights of 2009 February 27, March 1, March 5, April 25, and

3 IRAF is distributed by the National Optical Astronomy Observatory, which
is operated by the Association of Universities for Research in Astronomy, Inc.,
under cooperative agreement with the National Science Foundation;
http://iraf.noao.edu.

April 28. (The corresponding dates on the time-axis of Figure 1
are 3345, 3347, 3351, 3402, and 3405, respectively.) There were
no or only scarce data on the other nights because of the bad
weather. The intrinsic brightness of the comparison stars was
obtained4 and the Sloan Digital Sky Survey (SDSS) database
was used. Then the apparent magnitudes of the object can be
calculated from the differential instrumental magnitudes. The
light curves of the observations are plotted in Figure 1. The
upper two light curves show the variation of the object in the B
(by blue solid squares) and R (by red solid circles) bands. The
corresponding variations of the comparison stars are plotted by
the bottom to light curves. The fluctuations of the comparison
stars are not larger than 0.05 mag. The error bars overplotted on
the light curve are estimated from the selected check stars with
brightness comparable to that of the object.

In addition to a long-term variation with amplitude about
1 mag, the obtained light curves indicate that there were several
nights during which the INOV can be clearly identified in the
object in both the B and R bands. The variations in both bands
are similar to each other.

The amplitudes of the rapid variations are so large that the
short-term variability is quite obvious on 2009 March 1, 5,
and April 25. In particular, the weather was relatively good on
2009 March 1 and April 25, which results in relatively smaller
error bars. For example, the typical error bars on April 25 are
0.05 mag and 0.02 mag in the B and R bands, respectively. The

4 http://www.sdss.org/dr6/algorithms/sdssUBVRITransform.html#
Lupton2005

x 3

1 day

PMN J0948+0022 (Liu+10)

Synchrotron emission from jets

Detection of polarization (Eggen+13, Itoh+13)



Follow-up observations

(Subaru/FOCAS, Kanata/HONIR, MITSuME, Kottamia, 
and Okayama/KOOLS)

Variable even after the “flare”

2 Tanaka et al.
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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

HONIR
MITSuME
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Figure 4. SED of SDSS J1100+4421 (blue) compared with that of
γ-ray loud NLS1s PMN J0948+0022 (Abdo et al. 2009a) and PKS
2004-447 (Gallo et al. 2006; Abdo et al. 2009b). The optical flux of
SDSS J1100+4421 during the flare is shown in red. The Eddington
ratio for SDSS J1100+4421 is Lbol/LEdd = 5.2Lopt/LEdd ∼ 0.3
using the SDSS g-band flux.

spectively) by adopting the relations of Shen et al. (2011,
for Mg ii) and Greene & Ho (2005, for Hβ). Despite our
efforts to avoid possible contamination and systematic
differences, it should be noted that our estimate is sub-
ject to uncertainties (e.g., Calderone et al. 2013).

By adopting the luminosity and FWHM of the Mg ii
line in SDSS J1100+4421, we obtain MBH ∼ 1.5 ×
107M⊙. Figure 3 shows the radio loudness parameter
and BH mass compared with those of NLS1 samples by
Zhou et al. (2006). The BH masses for this sample are
estimated using the luminosity and FWHM of the Hβ
line. The BH mass of SDSS J1100+4421 is within the
distribution of BH masses of other NLS1s.

We estimate the Eddington ratio assuming a conven-
tional bolometric correction, Lbol = 5.2Lopt, where Lopt

is the monochromatic luminosity at 3000 Å(Runnoe et al.
2012). The monochromatic luminosities estimated from
the Mg ii line and from the SDSS g-band flux in 2003
consistently give an Eddington ratio of Lbol/LEdd ∼ 0.3.
This implies that the accretion rate (Lacc) is close to
the Eddington luminosity as the radiative efficiency of
the accretion disk is expected to be of order 10 %, i.e.,
Lacc/LEdd ∼ 10Lbol/LEdd.

3.4. Origin of the Flare

The flare observed in SDSS J1100+4421 has a
timescale of order one day. This does not agree with
the tidal disruption of a star by the central BH, the
timescale of which is typically weeks to years (e.g.,
Gezari et al. 2008; van Velzen et al. 2011). In addition,
SDSS J1100+4421 shows some signs of brightening even
after the flare. These facts also disfavor the scenario of
tidal disruption.

One might suppose that the flare arises from the vari-
ability of an accretion disk, but that is also unlikely. For
disk emission, the typical radius for optical/ultraviolet
emission is R ∼ 1015 cm ∼ 200RS, assuming standard
disk structure around a BH with MBH ∼ 1.5×107M⊙ (RS
is the Schwarzschild radius). This emitting radius is not
changed significantly even for a super-critical, slim disk

as long as R > 10RS (e.g., Mineshige et al. 2000). The
dynamical timescale at such a distance is a few tens of
days, which is much longer than the observed timescale.

The remaining possibility for the origin of the flare is
synchrotron emission from a relativistic jet. The pres-
ence of a jet is also suggested by the extreme radio loud-
ness. The steep slope of the optical spectra during the
flare (αν = −1.4) is also consistent with synchrotron
emission. Therefore, we conclude that the origin of the
flare is synchrotron emission from a jet.

Optical variability in timescales shorter than a few
days has been observed in other NLS1s (e.g., Klimek
et al. 2004; Liu et al. 2010; Paliya et al. 2013; Maune
et al. 2013; Eggen et al. 2013; Itoh et al. 2013). In the
flare, SDSS J1100+4421 brightens by a factor of at least
3 within about half a day in the rest frame. To our
knowledge, such an extreme, blazar-like variability of an
NLS1 has been confirmed for only γ-ray loud NLS1s (Liu
et al. 2010; Maune et al. 2013; Eggen et al. 2013; Itoh
et al. 2013).

Motivated by these similarities, the SED of SDSS
J1100+4421 is compared with γ-ray loud NLS1s PMN
J0948+0022 and PKS 2004-447 (Abdo et al. 2009a,b)
in Figure 4. The SED of SDSS J1100+4421 is somewhat
similar to that of PKS 2004-447 in terms of radio and op-
tical power. However, the optical-infrared slope of SDSS
J1100+4421 is flatter than that of PKS 2004-447 (and
PMN J0948+0022) although the optical-infrared obser-
vations are not simultaneous.

SDSS J1100+4421 is not detected in the Two Year
Fermi-LAT catalog (2FGL, Nolan et al. 2012). If the
γ-ray photon index is assumed to be −2.5, the same as
that of PMN J0948+0222, the upper limit of the flux is
∼ 5 × 10−12 erg s−1 cm−1. There is a large variety in
γ-ray luminosity among γ-loud NLS1s: the upper limit
is very close to the observed γ-ray luminosity of PMN
J0948+0022, but it is higher than the luminosity of PKS
2004-447 by a factor of about 30.

4. SUMMARY AND IMPLICATIONS

We report our discovery of extreme variability in SDSS
J1100+4421. Optical spectra show that this object is
likely to be a NLS1 galaxy possessing a BH with the
estimated mass of ∼ 1.5 × 107M⊙. Archival data show
that SDSS J1100+4421 is among the most radio-loud
NLS1s, with radio loudness of R1.4 ≃ 3×103, making this
object one of the few radio-loud NLS1 with R1.4 > 1 ×
103. Even with the optical flux at the brightest phase, the
radio loudness is high, R1.4 ≃ 4×102. The extreme radio
loudness suggests the presence of relativistic jets. The
observed rapid, large-amplitude variability is reminiscent
of blazars and γ-ray loud NLS1s, and it is likely to arise
from a relativistic jet rather than an accretion disk.

To understand the formation and the roles of relativis-
tic jets in radio-loud (and γ-ray loud) NLS1s, it is nec-
essary to systematically study rapid variability so that
one can investigate its duty cycle and the distribution
of variability amplitude. However, the rarity of radio-
loud NLS1s has hindered such studies so far. Our dis-
covery demonstrates that high-cadence time-domain sur-
veys may be useful to search for rare radio-loud NLS1s
through their variability, even at high redshifts where
complete spectroscopic data are not available.

Fermi



Nature of the transient

• Narrow-line Seyfert 1 (v ~ 2000 km/s)

• ~107 Msun of BH

• Extreme radio loud (R ~ 3000)

• Short timescale, blazar-like variability

• High Eddington ratio

• Lbol/LEdd ~ 0.3  ==> Lacc/LEdd ~ 3 
(Super-)critical accretion

An object similar to γ-loud NLS1s



Origin of the “flare”

1
Tidal disruption

BH disk

star

Emission 
only once...

r ~ 1015 cm
τ ~ 30 days...

2
Accretion disk

BH disk

3
Relativistic jet

BH disk

τ can be < 1 day



AGN

“Narrow-line” Seyfert 1
(~15 % of AGN)

Radio-loud R>10
(~7 % of NLS1)

“Extremely” radio-loud 
R>1000

(~5 among 100 RL-NLS1)

Time-domain survey as a new method 
to search for radio-loud objects w/o spectroscopy 

What is the role of jets 
in growing SMBH...??



Ongoing works

• Follow-up observations w/
Japanese VLBI network (JVN) 
=> imaging of jets
 (1mas ~ 7pc)
 Morokuma et al.

• Search for short timescale 
variability

LSST

The Astrophysical Journal, 781:75 (12pp), 2014 February 1 Wajima et al.
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Figure 2. VLBI images of 1H 0323+342 at epochs 1 (top left), 2 (top right), and 3 (bottom) obtained by the JVN observations at 8.4 GHz. The lowest contour is three
times the off-source rms noise (σ ). The contour levels are −3σ , 3σ × (

√
2)n (n = 0, 1, 2, . . ., 10). The dashed and solid curves show negative and positive contours,

respectively. The restoring beam is indicated in the lower left corner of each image. The labels C and D1 show the Gaussian model fitting components, and the position
of each component is indicated by a cross. The image descriptions are given in Table 1.
(A color version of this figure is available in the online journal.)

Table 3
Model Fitting Results for JVN Observations

Epoch Comp. S r φ θmaj θmin P.A. T
(image)

B,rest
(mJy) (mas) (deg) (mas) (mas) (deg) (1010 K)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

1 C 419 ± 40 . . . . . . <1.12 ± 0.11 <0.12 ± 0.01 131.1 ± 0.4 >8.3 ± 1.3
D1 54 ± 4 7.22 ± 0.17 122.8 ± 2.1 3.76 ± 0.38 0.11 ± 0.01 116.5 ± 2.7 . . .

2 C 309 ± 12 . . . . . . <0.59 ± 0.02 <0.24 ± 0.01 84.6 ± 0.5 >5.8 ± 0.4
D1 47 ± 1 6.25 ± 0.13 125.8 ± 1.9 2.76 ± 0.11 0.27 ± 0.01 109.6 ± 3.4 . . .

3 C 279 ± 11 . . . . . . <0.55 ± 0.02 <0.26 ± 0.01 117.9 ± 0.4 >5.2 ± 0.3
D1 49 ± 1 6.26 ± 0.14 124.2 ± 1.4 5.22 ± 0.21 1.62 ± 0.07 134.4 ± 3.6 . . .

Notes. Columns are as follows: (1) JVN observation epoch; (2) component name; (3) flux density; (4) distance from the origin defined by component C; (5)
position angle with respect to the origin (measured from north through east); (6)–(8) parameters of the Gaussian model: FWHM of major and minor axes and
the position angle of the major axis; (9) brightness temperature given in the source’s rest frame.

of short-term radio variability is probably associated with the
gamma-ray-emitting region.

3.2. JVN Observation Results

Figure 2 shows images of 1H 0323+342 at each epoch. The
image parameters are shown in Table 1 along with the total
flux density of all CLEAN components. JVN images could not
resolve the central one, containing a few components in the
images obtained by VLBA, as shown in Section 4. To quantify
the relative location and the flux density of each component
of the JVN images, we modeled the calibrated images with
elliptical Gaussian components. Table 3 shows the model fitting
results obtained by the AIPS task JMFIT. The formal errors of

each parameter are estimated using the formula from Fomalont
(1999). The data at all epochs are modeled satisfactorily by
two distinct components, with the brighter and unresolved
component labeled C and the weaker component labeled D1,
situated to the southeast of C. The angular size of C, shown in
Table 3, is therefore the upper limit. The sum of the flux densities
of components C and D1 is in good agreement with both the
total CLEANed flux and single-dish measurements by Y32, as
shown in Tables 1 and 2, whereas the Very Large Array (VLA)
observations at 1.4 GHz on 2006 February 7 and 2007 January
15 (VLA observation code; AP501) show the source having a
large-scale structure with a total size of about a hundred kpc
(Antón et al. 2008) and with a flux density for the extended
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• Discovery of rapid “flare” from an AGN 

• Narrow-line Seyfert 1 (~107 Msun of BH)

• High Eddington ratio (Lacc/LEdd ~ 1)

• Among the most radio-loud objects (R>1000)

• Blazar-like (γ-loud NLS1-like) variability

• Emission from the jet

• Toward understanding origin/role of AGN jets

• Time-domain survey as a new method

• Multi-frequency simultaneous observations

• More interesting science in KISS data

Summary


