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GWs detected

Metzger & Berger (2012) ApJ, 746, 48

• Compact binary coalescence

• ~1000deg2 localizations

• GW150914 — The first detection

• LVT151012 — less significance

• GW151226

• GW170104

• GW170608


• ~50deg2 localizations by three 
LIGO and Virgo detectors

• GW170814 — The first detection 

by three detectors

• EM emission 
• GW170817 — The first detection 

of a system incl. NS



Dynamical	ejecta	(~<	10	ms)

-	Mej	~	10-3	-	10-2	Msun	
-	v	~	0.1-0.2	c	
-	wide	Ye
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FIG. 2. Profiles of the electron number per baryon, Ye, (left in each panel) and the specific entropy, s, (right in each panel)
in x-y (lower in each panel) and x-z (upper in each panel) planes. The top three panels show the results for SFHo-135-135h
(left), SFHo-130-140h (middle), and SFHo-125-145h (right) at ⇡ 13ms after the onset of the merger. The lower three panels
show the results for DD2-135-135h (left), DD2-130-140h (middle), and DD2-125-145h (right) at ⇡ 10ms after the onset of the
merger.

binaries, the typical ejecta mass would approach 10�2
M�

irrespective of the EOS employed. We note that the total
ejecta mass depends only weakly on the grid resolution
as listed in Table I.

As shown in Fig. 1, the ejecta mass increases with time
for the first ⇠ 10ms after the onset of the merger. This is
in particular observed for the SFHo models with q & 0.9
and all the DD2 models. This indicates that we have to
follow the ejecta motion at least for ⇡ 10ms after the
onset of the merger. In a recent simulation of Ref. [13],

they estimated the properties of the ejecta at . 5ms after
the onset of the merger, perhaps because of their small
computational domain employed (L = 750 km). How-
ever, the ejecta mass would still increase with time in
such an early phase. This could be one of the reasons
that our results for the ejecta mass are much larger than
theirs. Figure 1 also shows that the average of Ye still
significantly varies with time for the first ⇠ 5ms after
the onset of the merger. This also shows that it would
be necessary to determine the properties of the ejecta at
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FIG. 2. Snapshots of electron fraction, normalized electron
chemical potential, and contours of rest-mass density ⇢ =
[107, 108, 109, 1010, 1011] g cm�3 at t = 43ms, when the disk
has fully self-regulated itself to mild electron degeneracy. The
interior of the BH horizon is masked (black).

imbalance: in regions of lower density, viscous heating
from MHD driven turbulence and energy release from
recombination of free nucleons into alpha particles ex-
ceeds cooling by neutrino emission, and the weak in-
teractions essentially ‘freeze-out’ (although further mix-
ing can still change Ye). In the polar funnel these out-
flows possess high-Ye (> 0.2) and high specific-entropy
(s & 100 kB/b), while the denser equatorially-directed
outflows have lower specific entropy (⇠ 10 kB/b) and
lower Ye.

Thermodynamic properties of the outflow are recorded
by 104 passive tracer particles that are advected with the
fluid. We place these tracer particles of equal mass in
the initial setup with a probability proportional to the
conserved rest-mass density D =

p
�⇢W , where � is the

determinant of the spatial metric, and W the Lorentz
factor; particles accreted onto the BH or ejected from
the disk during the early transient phase (t < 20ms) are
discarded from all further analysis.

Tab. II and Fig. 3 characterize the outflow properties
relevant to the r-process, including Ye, s, and the expan-
sion timescale texp = r/v, where v denotes the three-
velocity (e.g., [70]). These quantities are evaluated for
each tracer particle at the last time t = t5GK when the
temperature of the particle drops below 5GK. At 5GK,
NSE breaks down and full nuclear reaction network calcu-

lations are required to track nuclear abundances. We dis-
tinguish between the total outflow, defined as all tracer
particles that have reached r � 103 km by the end of
the simulation, and unbound outflow, defined as those
tracer particles that are additionally unbound according
to the Bernoulli criterion �hut > 1, where ut is the time-
component of the four-velocity.
By the end of the simulation, ⇡ (16� 23)% of the ini-

tial disk mass has been ejected into unbound outflows
with v ⇡ (0.03 � 0.1)c. With the disk still launch-
ing outflows by the end of the simulation, our GRMHD
setup potentially unbinds significantly more mass com-
pared to two-dimensional, non-MHD, Newtonian simu-
lations with similar disk parameters (Tab. II; [30, 31]).
There is an overall trend of higher Ye and specific en-
tropy, and smaller texp in polar versus equatorial out-
flows consistent with [30], while we find a factor ⇠ 20
higher overall mass in polar outflows. Our Ye distribu-
tion shows a smaller mean and does not extend as high
as in [30, 31]. This may indicate that neutrino absorp-
tion (not included here) plays a dominant role in setting
the high Ye tail of the distribution. Alternatively, previ-
ously employed pseudo-Newtonian potentials and ↵-disks
may not accurately capture the heating/cooling interplay
which controls the evolution of Ye.
Full nuclear reaction network calculations with SkyNet

[70] were performed in a post-processing step on the in-
dividual tracer particles, starting at t = t5GK. Figure 4
shows that the solar abundances [36] are well reproduced
throughout the mass number (A) range from the 2nd r-
process peak (A ⇠ 130) to the rare-earth peak (A ⇠ 165)
to the 3rd r-process peak (A ⇠ 195). There is also excel-
lent agreement with observed abundances in metal-poor
stars [37–39]. We find an overproduction at A = 132
as observed in [32, 33]. Below the 2nd r-process peak,
we recover the trends of the observed solar abundance
pattern, but overall underproduce these nuclei, which is
consistent with the absence of a significant high-Ye tail
extending to >0.25 (Fig. 3).
Conclusion.—We have shown that neutrino-cooled ac-

cretion disks in 3D GRMHD quickly self-regulate them-
selves into a state of moderate electron degeneracy (low
Ye) where heating from MRI-driven turbulence is bal-
anced by neutrino cooling. The outflows launched self-
consistently as a result of this state tend to unbind more
mass with a lower average Ye than previous axisymmet-
ric Newtonian simulations employing an ↵-viscosity. The
nucleosynthesis yields show that these outflows are suf-
ficiently neutron rich to trigger a strong r-process and
are well able to reproduce observed solar abundances
and observed r-process abundances in metal poor stars
from the 2nd to the 3rd r-process peak. Significant con-
tributions to abundances below the 2nd r-process peak,
which the present simulations underproduce, can come
from BNS mergers leading to an accretion disk around
a metastable hot neutron star, which, due to its strong
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J−GEM observation network
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GW170817
• On Aug 17, 2017, received an initial poor localization map 
• Subsequently, GRB170817 is reported 
• IRSF at South Africa tried to image a couple of galaxies 
• 5 hours later, an improved map was distributed, ~30deg2 
• Coulter+2017 reported a candidate, SSS17a nearby NGC4993 at 40Mpc 
• Many groups performed follow-up observations (Andreoni+2017; Arcavi+2017; 
Coulter+2017; Cowperthwaite+2017; Díaz+2017; Drout+2017; Evans+2017; Hu+2017; Kasliwal+2017; 
Lipunov+2017; Pian+2017; Pozanenko+2017; Shappee+2017; Smartt+2017; Tanvir+2017; Troja+2017; 
Utsumi+2017; Valenti+ 2017)



J-GEM observations

• Apply same photometry technique 
• Host galaxy subtraction, PSF photometry 

• Obtained light curve in Opt/NIR 
• A transient becomes faint and red

(Utsumi et al. 2017a, PASJ)
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Origin of SSS17a

•Brighter than the standard scenario 
• Color and decline agree with Kilonova 

• Higher mass ejection or cocoon??
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Model fitting

The higher mass model with Ye=0.25 agrees with overall trend 
BNS generates r-process elements 
(Tanaka M., UY et al. 2017, PASJ)

Dynamical ejecta Wind ejecta



• Blue in early phase, becomes red in later 
phase 

• Excess in early phase implies an 
additional component with high Ye, 
cocoon? 

(Tanaka M., UY et al. 2017, PASJ)

SED analysis



HSC survey

•HSC surveyed 23.6deg2 (56%) of the 
localization with depth of z=20.6  

• J-GEM17btc(=SSS17a) was distinguished 
transient 
• rapid decline 
• High probability along with LoS 

• Tominaga, N., TM, MT, UY et al. (2018), PASJ



Developed by Koike Michitaro (NAOJ/HSC)



Summary
• J-GEM (Japanese EM community for GW followup)

• SSS17a

• J-GEM observations reveal SSA17a is a kilonova

• The first kilonova with GW


• ~ 2 mag brighter than the standard ejecta model

• Higher mass ejection? or Cocoon?


• No other candidate is discovered

• What’s next?

• Early phase: revealing the blue component

• Variety: More events with different masses, mass ratios, 

viewing angle, also BH-NS mergers 

• Statistics: Are BNSs enough to be the origin of r-process 

elements?



For future
• We appreciate your understanding on the ToO mode, and 

observatories’ flexible supports

• sudden schedule change

• software and hardware limit were changed

• exposure under “twilight flat” condition


• For the coming GW run

• Minimize dead-time between exposures of the HSC to 

widen out the localization area

• Quick reduction and analysis to make a rapid response

• Computers

• Network


• The queue-mode observation software might be helpful


