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Figure 3. Light curves of the ﬁve rapidly rising transients on Days 1 and 2. The g- and r-band photometry is shown by the blue and red points, respectively. Triangles
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Subaru/HSC Transient Survey
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Fig. 3. Distribution of magnitude of bogus objects and artificial “real” objects

Machine Learning for Transient Detection
Morii+2016, PASJ, in press (arXiv:1609.03249)
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Rapidly rising transients from HSC surveys
Faster than the rising part of supernovae
Tanaka, M., et al.
as luminous as supernova peaks
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Figure 3. Light curves of the five rapidly rising transient
points.
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Evolution of Seed BHs
Volonteri 2011, Greene 2012
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Figure 1 | Evolution of seed black holes. Schematic of the evolution of seed black holes assuming two different formation mechanisms (the death of the
first generation of massive stars versus the direct collapse of gas into a black hole). Dark matter halos and the galaxies in them grow through merging. Black
holes grow both via merging and by accreting gas. One additional complication is that after merging, gravitational radiation ‘recoil’ (see text for details) may
send the black hole out of the galaxy. At present, we can distinguish between the two scenarios based on the fraction of small galaxies that contain massive
black holes (we call this the ‘occupation fraction’).

“Lowest-Mass” Black Hole in a nearby dwarf galaxy
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Baldassare et al.

blind survey (SDSS optical spectroscopy) +
follow-up spectroscopy (Baldassare+2015)
RGG 118
z = 0.0243 (~100 Mpc)
5x104 Msun BH
Figure 1. Diagnostic diagrams that characterize the photoionizing continuum in RGG 118 (
y-axis. On the x-axis, ratios of [N II] 6583, [S II] 6716
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ure 3. Left: smoothed SDSS gri image of RGG 118 (ﬁlters colored blue, green, and red, respectively). Inset: Chandra ACIS-S image of the ﬁeld of view of RGG
8. An X-ray source is clearly detected at a position consistent with the nominal SDSS position (indicated by a green circle with a radius of 2″). The image has been
3 pixels. Right: r band surface brightness versus radius for RGG 118. Surface brightness proﬁle measurements from IRAF’s
oothed with Gaussian kernel of
LIPSE package are shown as gray dots. The dark and light blue shading represents the 1σ and 3σ uncertainties, respectively, due to the sky background. The solid
ck lines plot the r-band PSF. The solid red line shows the best-ﬁt Sérsic+exponential disk proﬁle as determined by GALFIT (dashed red lines are individual
mponents).

B–V) = 0.032 for RGG 118 (Schlaﬂy & Finkbeiner 2011).
r the inner Sérsic component (consistent with a pseudobulge,
discussed in Section 3), we measure g r 0.49 0.19,
hich gives log10 (M L)r
0.23 and M*,inner = 108.8 0.2 M .
r the exponential disk component we measure
0.15 and
r 0.41 0.07, which yields log10 (M L)r
9.3 0.1
M . Combined, the masses of the bulge and
*,disk = 10
k are consistent with the NASA-Sloan Atlas total stellar
ass of M* = 10 9.3 M . We also obtain a bulge-to-disk mass
io of ∼0.3.
3. BH MASS AND SCALING RELATIONS

relation for non-active galaxies. Summing in quadrature gives
a total uncertainty of 0.42 dex (a factor of ∼2.7).
For our three different narrow line modeling techniques (see
Section 2.1.2), we obtain BH mass estimates ranging from
2.7 10 4 6.2 10 4 M (Table 1) and thus adopt a
nominal BH mass of 5 10 4 M . This is the smallest mass
reported for a BH in a galaxy nucleus.
Additionally, assuming a X-ray to bolometric correction of
10 (Marconi et al. 2004), we calculate a total accretionpowered luminosity L 4 10 40 erg s−1 for the BH in RGG
118. This corresponds to an Eddington ratio of ∼1%, similar to
AGN in more massive systems.
While the broad Hα emission in typical AGN (i.e., FWHM
1

Light Curve (optical, ~4000A@rest-frame)
original
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Subaru/HSC
2 consecutive nights
same data as that
for SN studies
Subaru/FOCAS
spectroscopy

TM+2016, PASJ, 68, 40

Identification: Subaru/FOCAS Observation
2 candidates observed
AGN w/ 2.7x106 Msun BH @ z=0.164

TM+2016, PASJ, 68, 40

Compared with SDSS spectroscopic survey…
fainter / lower luminosity
larger FWHM(Ha)
lower L(Ha)
high-end BH mass
lower Eddington rate

10% variability assumed
Subaru/Hyper Surpime-Cam
Subaru/Prime Focus Spectrograph

TM+2016, PASJ, 68, 40

Summary & Near-Future
Subaru+HSC is powerful for rapid transient studies.
Machine learning technique works well for efficient
real-time selection of real transients.
One-hour cadence surveys were done.
several rapidly rising supernovae found at z=0.3-0.8
shock breakout from a dense wind and cooling
envelope
3x106 Msun BH identified via broad Ha emission line.
Transient Surveys in COSMOS (2016-2017) & SXDS
(2017-2018) within HSC Strategic Survey Program.

