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Evryscope,	ASASSN,	HATPI ZTF,	CSS-II,	PS2,	BG,	ATLAS DECAM,	HSC,	LSST

Radio:
LOFAR,	MWA	and	LWA:	meter	and	decameter-mapping	
Apertif,	Meerkat and	Askap: decimetric mapping

Optical:

Infrared:	SPIRITS,	Palomar	Gattini-IR,	Polar	Gattini-IR
High	Energy:	Fermi,	Swift,	Integral

1/9/18Mansi	M.	Kasliwal

Time-Domain Astronomy
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Follow-Up	is	Key

Gemini,	Keck
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Rapid Response Follow-up with Gemini 

•Queue scheduling facilitates rapid response within minutes
•North+South: Anywhere in the Sky, Weather Hedge 
•Instrument Availability without Lunation Constraints
•Gen4 Instrument: Octocam
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I. Young Supernovae
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Infant Type II Supernovae
Connecting	the	type	of	progenitor	star	to	the	type	of	core-collapse
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Figure 2a: The early spectrum of SN 2013cu reveals W-R wind features. The spectrum (black) is compared

with WNL models (red and gray curves, o↵set vertically for clarity)7 showing remarkable similarity, both in

line features (major species marked; strong He and N lines accompanied by Balmer lines indicate a WN6h

classification) and in the continuum shape (demonstrated by overplotting the 56 kK model on the spectrum).

The similarity in continuum shape to hot model spectra limits any dust reddening to be minimal, indicating

that any pre-existing circumstellar dust must have been destroyed; compare with the observed spectrum of

the WN6(h) star HD 192163 (blue). Consistent with this conclusion, we detect no trace of Na D absorption

lines.
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Gal-Yam	et	al.	2014,	Nature
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Khazov et	al.	2016,	Rubin	et	al.	2016
See	also	Hosseinzadeh et	al.	2018
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Infant Type Ic Supernova

Figure 4: A. Spectral sequence of iPTF 14gqr without correction for galactic extinction. B.
Zoom-in of the early spectra, as shown by the black dashed box in (A), exhibiting rapid evolu-
tion of the He II line within 24 hours of discovery. The x-axis is labeled with respect to velocity
shift from the He II �4686 line. The red and blue lines mark the locations of the He II line and
a nearby C III line respectively C. Blackbody fits of photometry and spectra obtained within
the first peak (top two curves) along with a blackbody fit of the photometry near second peak
(bottom curve). The red circles indicate observed photometric fluxes (while the red triangle is
an upper limit) and the blue line is the closest spectrum in time to the early epoch of photometry.
The dashed black lines indicate the best fit blackbody SEDs (26). The fluxes have been scaled
by factors of 8x, 1x and 0.2x respectively for the curves from top to bottom.
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Figure 6: A. Comparison of the bolometric light curve of iPTF 14gqr to that of a composite
light curve composed of the ultra-stripped Type Ic SN models in (47) and early shock cooling
emission as described in (44). The black dashed line corresponds to the 56Ni powered peak in
the ultra-stripped SN models for Mej = 0.2 M�, MNi = 0.05 M� and E = 0.25 B (where B
= 1051 ergs), the magenta line corresponds to the early shock cooling emission and the blue
line is the total luminosity from the two components. We use the blackbody (BB) luminosities
to represent the early emission, while we use the pseudo-bolometric (pB) luminosities for the
second peak (26). (Right) Comparison of the peak photospheric spectra of iPTF 14gqr (the
epoch is indicated by the green dashed line in (A)) to that of the same model as in (A). The
overall continuum shape, as well as absorption features of O I, Ca II, C II and Fe II are very
well reproduced (26).

17

De	et	al.	2018,	Science,	submitted

An	ultra-stripped	
supernova	that	just	
formed	a	compact	
neutron star	binary?
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Infant Type Ia Supernova

Nugent	et	al.	2011,		Li	et	al.	2011,
Horesh et	al.	2011,	Bloom	et	al.	2011
+	122	more	papers	

! 13!

Figure 1: Swift/UVOT lightcurves of iPTF14atg. iPTF14atg lightcurvs are shown in 

red circles and lines and are compared with those of other SNe Ia (gray circles). The 

magnitudes are in the AB system. The 1-σ error bars include both statistical and 

systematic uncertainties in measurements. Lightcurves of other SNe and their explosion 

dates are taken from previous studies13,26. In each of the three UV bands (uvw2, uvm2 and 

uvw1), iPTF14atg stands out for exhibiting a decaying flux at early times. The blue and 

black dashed curves show two theoretical lightcurves derived from companion interaction 

models9. 

 Cao	et	al.	2015,	Marion	et	al.	2015,
Hosseinzadeh et	al.	2017	

What	is	the	companion	of	the	exploding	white	dwarf?
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II. Relativistic Explosions
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Gamma-Ray Bursts

Gemini LLP Annual Report   Page 4 

ionization flash features or a featureless continuum. [Khazov et al., ApJ, to be submitted April 
2015] 

 

 
 
 
Figure 2: Collage of spectra of iPTF-Fermi afterglows. Note that four out of eight have Gemini spectra. 
[Singer et al. 2015, ApJ, in press] 

Singer	et	al.	2015
Many	years	of	GRB	science	 including	high-redshift	GRBs
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Orphan Afterglows

Also,	ATLAS17aeu	(Stalder et	al.	2017)
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III. Neutron Star Mergers
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Cosmic Mines

Credit:	J.	Johnson
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Kilonovae: Heavy Element Thumbprint

Kasliwal	et	al.	2017c

Red	- Model	Prediction	from	
Kasen	et	al.	2013,	Barnes	&	Kasen	2013
Black	– Gemini-S/FLAMINGOS-2	Data

See	also	Chornock et	al.	2017,	Troja et	al.	2017
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Abundance of Heavy Elements

Rate	/	500	Gpc^-3	yr^-1		
X	Ejecta /	0.05	Msun
=	Observed	Solar	Abundance

LIGO	lower	limit:	>	320	/	Gpc^3	/	yr
PTF	upper	limit:	<	800	/	Gpc^3	/	yr

See	Kenta’s	talk
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A&A proofs: manuscript no. aanda
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Fig. 3. Comparison of a low-Ye (=0.1) matter case, representative for a "tidal" dynamical ejecta, with NIR JHK-band observations from Kasliwal
et al. (2017). The detailed model parameters are shown at the top of the panel, the inset shows the resulting abundance pattern.

We found several parameter combinations that yield good fits to
the NIR lightcurves, which underlines that at the current level of
understanding there is no unique answer to the question what
exactly caused the observed event. An interesting example is
shown in Fig. 3. The parameters (mej = 0.015 M�, Ye = 0.1,
vej = 0.15c,  = 10 cm2 g�1) of this model are characteristic for
a "tidal" component of dynamic ejecta that is ejected immedi-
ately during the merger at its original, very low electron fraction
and produces substantial r-process contributions from A ⇡ 100
up to and beyond the platinum peak, see inset. With the em-
ployed DZ-type nuclear heating rate, an ejecta mass that is char-
acteristic for mergers with near-equal masses, (see e.g. Rosswog
2013, their table 1), conveniently fits all three bands. If instead
the net nuclear heating rate of the FRDM mass model is em-
ployed, a substantially larger mass (⇠ 0.09 M�) is required to
obtain a comparable fit. While such a large ejecta mass cannot
be excluded, it is certainly not the value that is expected from
simulations (e.g. Rosswog 2013; Hotokezaka et al. 2013). The
current LIGO detection mass estimates a range from 1.36 - 2.26
M� for the primary and 0.86 - 1.36 M� for the secondary (Var-
iousCollabs 2017) and therefore allows, in principle, for a very
unequal mass binary. But whether even an extreme mass ratio
NSNS binary can eject such a large amount of mass remains an
open question.
Interestingly, the NIR late-time light curves do not necessarily
prove the presence of either lanthanides or third r-process peak
elements (although based on theoretical modeling their presence
is expected). We can, for example, also obtain a good fit for
an electron fraction (Ye = 0.28) that is large enough to avoid
the production of lanthanides and the third r-process peak and
thus has a lower e↵ective opacity ( = 1 cm2/g), see Fig. 4.
The mass of 0.05 M� could plausibly be ejected from a ⇡ 0.13
M� torus (assuming 40% ejection) and also the electron fraction

is in the range expected for matter that has been exposed to a
merger background neutrino field (Qian & Woosley 1996; Ross-
wog 2014; Perego et al. 2014). Only the velocities are larger (by
a factor of ⇠ 2) than what simulations (Fernandez & Metzger
2013; Just et al. 2015) have found so far for unbound torus mat-
ter.
Obviously, models that use only one value for electron fraction
and velocity, respectively, are oversimplifications and what has
been observed is likely a superposition of distributions of physi-
cal conditions.

4. Discussion

The observation of GW170817 is a milestone. The first direct
observation of a neutron star merger and its coincident electro-
magnetic detection has finally proven two long-held suspicions,
namely i) that such mergers are a source of short GRBs and –as
we have argued here– ii) it provides a first direct proof that their
ejecta are a major source for the cosmic r-process nucleosynthe-
sis.
We have explored the radioactive heating rate for a broad range
of physical conditions and we find that the decline of the ob-
served bolometric luminosity of AT2017gfo agrees well with the
decay produced by matter with Ye . 0.3, but not larger. This
provides direct observational evidence for neutron star mergers
being a major nucleosynthesis site and confirms earlier purely
theoretical or indirect observational conclusions (Lattimer &
Schramm 1974; Rosswog et al. 1999; Freiburghaus et al. 1999;
Korobkin et al. 2012; Hotokezaka et al. 2015; Beniamini et al.
2016).
Using nuclear network calculations employing the FRDM nu-
clear mass model, we derive a lower limit on the ejecta mass of
⇡ 1.5 ⇥ 10�2 M� to explain the bolometric luminosity. Due to

Article number, page 4 of 7

S. Rosswog et al.: The first direct double neutron star merger detection: implications for cosmic nucleosynthesis.
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from an accretion torus. The small inset shows the corresponding nucleosynthesis.
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Fig. 5. Needed event rates, scaled to an ejecta mass of 0.03 M�, if NSNS
mergers are to produce all r-process (in solar proportions) above a min-
imum nucleon number >A (solid black line). Also shown are the esti-
mated rates (90% conf.) for NSNS mergers from the population synthe-
sis study of Kim et al. (2015), the sGRB rates based on SWIFT data
from Petrillo et al. (2013) and the LVC estimate based on the first de-
tected NSNS merger event.

uncertainties in the nuclear physics far from stability, this limit
could potentially be reduced by a factor of up to ⇠ 5. Even in
this most pessimistic case the real ejecta amount would likely be
⇠ 1% of a solar mass, which is a substantial amount in a cosmic
nucleosynthesis context. Based on this first detected GW-event,
the NSM rate (90% conf.) is estimated as 320 - 4740 Gpc�3 yr�1

(LIGO-Virgo collaboration 2017), compact object merger rate
estimates based on SWIFT sGRB data point to ⇠ 500 � 1500

Gpc�3 yr�1 (Petrillo et al. 2013) while recent population synthe-
sis studies (Kim et al. 2015) estimate the rate3 as 244+325

�162 Gpc�3

yr�1o, which means that within the rate uncertainties, neutron
star mergers can well produce all the r-process elements in the
MW (Mr ⇠ 19 000 M� ; Bauswein et al. e.g. 2014; Shen et al.
e.g. 2015; Rosswog et al. e.g. 2017),

Mr ⇠ 17 000M�
 RNSNS

500Gpc�3 yr�1

!  
m̄ej

0.03M�

!  
⌧gal

1.3 ⇥ 1010yr

!
.

(3)

Clearly, which rate is needed depends on which r-process
elements are produced. In Fig. 5, we show as solid black line
the required event rate (scaled to an ejecta mass of 0.03 M�)
under the assumption that NSMs produce all r-process (in solar
proportions) above a limiting nucleon number >A. So if all
r-process is produced, an event rate of about 560 (0.03 M�/m̄ej)
yr�1 Gpc�3 is needed. While compatible with all shown rate
estimates, observations of metal-poor stars actually suggest
at least two r-process production sites (Sneden et al. 2008)
and –while disfavoured for producing the 3rd r-process peak–
supernovae could plausibly contribute lower mass r-process.
If instead, NSMs should only produce r-process beyond the
second peak (A > 130), a rate of only 70 (0.03 M�/m̄ej) yr�1

Gpc�3 would be required. The early blue emission observed
in AT2017gfo, however, is most naturally explained with
lower-opacity ejecta and therefore argues for the production
of at least some lower-mass r-process material, which would
also be consistent with recent theoretical studies (Wanajo et al.
2014; Perego et al. 2014; Just et al. 2015; Wu et al. 2016). This
could point to rates between the above two extremes. From the
3 We use the density of Milky Way equivalent galaxies of Abadie et al.
(2010) to transform between di↵erent units.

Article number, page 5 of 7

Just	the	first	two	peaks	can	explain	the	
ground-based	IR	light	curve?	
Rosswog et	al.	2017
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UVOIR Light Curve
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Evans	et	al.	2017,	Kasliwal	et	al.	2017c	

Surprise:	Too	Bright	and	Blue	at	Early	Time
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A New Model: The Cocoon Breakout

Kasliwal	et	al.	2017c
Gamma-ray	Modeling	 in	Gottlieb	et	al.	2017b;	More	analytics	 in	Piro&	Kollmeier 2017
Cocoon	for	NS	mergers:	Lazzati et	al.	2017a,b,	Gottlieb	et	al.	2017a,	Hotokezaka et	al.	2015
Simulations:	Aloy et	al.	2005,	Nagakura et	al.	2014,	Murguia-Berthier et	al.	2014	,	Duffell et	al.	2015	
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GROWTH	builds	a	global	community	ready	to	
contribute	LSST	time-domain	science.

TDA in the LSST era
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Gen4 Gemini Instrument: OCTOCAM

Interim	PI		and	PS:
Alexander	van	der	Horst
Gemini	PM:
Stephen	Goodsell
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Thank	you


