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Understanding	GRBs	&	SNe	with	TMT	

•  GRBs	
–  Universality	of	GRB-SN	connec6on?	
–  Characterize	environments	(circumburst	and	galac6c)	

•  SNe	(Core	Collapse	and	Type	Ia)	
– Map	local	stellar	popula6on	(progenitors	and	companions)	
–  Characterize	environments	(circumburst	and	galac6c)	
–  Observe	cooling	phase	of	CCSNe	shock	breakout	
–  Origin	of	Type	Ia	diversity	
–  Fill	z>1	with	Type	Ia	and	IIP	
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See	also	Xiaofeng	Wang’s	talk	for	a	more	detailed	
discussion	for	low	redshi8	use	of	GRBs	and	SNe	



Probing	the	Early	Universe	

•  First	Stars	(Pop	III)	and	the	Transi6on	to	Pop	II		
– When	did	they	occur	and	over	what	period	of	6me?	
– What	environment	do	they	reside	in?	

•  Massive	Star	Forma6on	Rate	at	z	>	6	
•  Environments	of	Massive	Stars	

– What	is	the	chemical	abundance	and	how	does	it	change?	
–  How	much	dust	and	how	does	it	change	over	6me?	

•  Reioniza6on	
– When	did	it	begin	and	end?	

•  Is	it	consistent	with	other	(WMAP,	quasars,	etc.)	results?	
–  Is	it	patchy	or	smooth?	
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Observa>ons	can	
be	done	with	IRIS	



Iden>fying	Pop	III	Stars	in	Galaxy	Surveys	
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Using	IRIS,	could	possibly	detect	out	to	z	~15	depending	on	true	strength	of	
signal.	Depending	on	bluest	band,	might	be	able	to	use	MICHI.	



Using	GRBs	to	Find	the	First	Stars	

•  GRBs	may	be	the	only	way	to	
observe	these	distant	objects	
directly	
–  JWST	won’t	know	where	to	
look		

–  Probability	of	finding	one	by	
chance	extremely	low	

•  Caveat:	unclear	that	Pop	III	
stars	explode	as	GRBs	

•  If	not,	we	will	s6ll	see	some	
of	the	earliest	stars	(Pop	II)	
–  GRB	090423	(z	=	8.2)	
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GRBs	are	in	the	Early	Universe	
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Pop	III	
Collapsars?		

Pop	II	GRBs	



GRBs	are	Bright!	
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~	TMT	
Detec6on	
Limit	

Grindlay et al. 2009 

Bloom et al. 2009 



Ideal	GRB	Spectral	Proper>es	for	Probing	
Non-thermal,	smoothly	joint	broken	power-law	spectrum	
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GRBs	are	not	powered	by	
a	hot	gas	in	equilibrium,	
but	are	powered	by	
accelerated	rela6vis6c	
electrons	not	in	thermal	
equilibrium.	
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Determining	Massive	SFR	with	GRBs	

Yuksel et al. 2008 

See	also	Ranga-
Ram	Chary’s	Talk	
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•  Most	star	forma6on	at	
z>10	is	in	galaxies	
fainter	than	1nJy	
–  This	is	fainter	that	

what	the	JWST	can	see	

•  GRBs	select	high-z	
galaxies	independent	
of	host	galaxy	
luminosity	



Determining	Environments	with	GRBs	
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Aherglow	spectroscopy	with	IRIS	can	provide	z,	HI	column	density	of	
host,	chemical	abundances,	dust,	&	info	on	intervening	systems	

Chornock et al. 2013 



ELT	Simulated	AKerglow	Spectrum	

Lijle	gas	in	host	⇒	
good	characteriza6on	
of	IGM.			
	
Much	gas	in	host	⇒		
superb	metallicity		
determina6ons.	

Simulated GRB090423 spectrum taken by ELT rather than VLT 
(remember this was a faint afterglow!) 
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Probing	Reioniza>on	with	GRBs	

•  Mul6ple	GRB	Sight	
Lines	Addresses:	
– When	reioniza6on	
began	

– When	it	ended	
–  Is	it	cnsistent	with	other	
sources?	

•  If	not,	why?	
–  Is	it	smooth	or	patchy?	
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Using	IIn	SNe	to	Find	the	First	Stars	
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Whalen et al. 2013 



Using	IIn	SNe	to	Find	the	First	Stars	
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Whalen et al. 2013 



Using	IIn	&	SLSNe	to	Probe	Environments	
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Cooke 2008 

•  Finding	
shock	break	
outs	at	high-
z	will	aid	in	
probing	the	
progenitors	
–  Helped	by	
6me	
dila6on	



Is	It	a	High-z	GRB?	
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Tanvir et al. 2009 

Current	
missions	
don’t	tell	

us	
anything	
about	the	
redshih	



Bursts	#	1-10	 Bursts	#	100-500	

Problem	with	No	“A	Priori” RedshiKs	

You	want	to	interrupt	
my	telescope	6me?!?	

First	few	GRB	alerts	 100th	GRB	alert	
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We transformed theHubble Space Telescope (HST ) NICMOS
F160W (AB) data point from Berger et al. (2006) to H (AB) by
using the conv_AB value from the hyperZ package4 (Bolzonella
et al. 2000),mAB(H ) ¼ mAB(F160W)þ 0:069. As the finalHST
data point is corrected for host contribution, we also corrected the
other data points in the same way. From the synthetic host spec-
trum presented in Berger et al. (2006) we derived for the host
galaxy a J-band flux density of 0.055 !Jy, which transforms into
JAB ¼ 27:0. We assumed conservative errors of 0.3 mag. The
effect of host subtraction is very small, at most 0.03 mag, since
the last afterglow data point at 5 days is still 4 mag brighter than
the host galaxy.

2.2. Fitting the Light Curve

The YJHK composite light curve consists of an early steep de-
cay (Haislip et al. 2006), which goes over into a typical afterglow
decay, followed by a further break, which is identified as a jet
break (Tagliaferri et al. 2005).We fitted the two breaks separately,
using the equation from Z06 (fixing the host flux to zero, as the
data have been corrected for host contribution). For the first fit, we
excluded all data beyond 3 days from the fit. The break smooth-
ness parameter n (see Z06) had to be fixed to n ¼ #10 (a negative
value, as the break is from steep to shallow). The jet break was
fitted with n left as a variable in the fit. For this fit, data earlier
than 0.3 days were excluded. We thus derived three decay con-
stants, which we label "0 (the steep early decay), "1, and "2 (the
typical prejet and postjet break decay). We then transformed all
data fromAB back to Vegamagnitudes using standard zero points.

The z0 data (Böer et al. 2006; Haislip et al. 2006; Tagliaferri
et al. 2005; Kawai et al. 2006) are already affected by Ly" damp-
ing. While we used the composite reference light curve to find
the z0 # J color, we did not implement the z0 data in the deriva-
tion of the light-curve parameters. We also did not implement
the subluminous Zmeasurement from Haislip et al. (2006). Böer
et al. (2006) give the TAROT measurements both as flux density
at 9500 8 and as IC magnitudes. We used the flux density and
transformed it to z0 magnitudes. Comparing these with the IC
magnitudes of Böer et al. (2006) we find IC # z0 ¼ 2:49 mag.
This is in very good agreement with the I2 # z0 color of 2.48mag
derived from late afterglow data at 1.2 days, where I2 is the Very
Large Telescope FORS2 I-band filter (for details on the I1 and I2
filters, see Tagliaferri et al. 2005). The z0 # J color derived at late
times was then used to shift all z0 data points to the J zero point
(as always, we assume achromacy, i.e., a constant spectral slope).
The result is a final composite light curve that includes all data
from the early prompt emission to the late HST detection. In the

following, when we speak of the J-band light curve, we always
refer to this composite light curve.

2.3. Results of the Light-Curve Fitting

The results of the light-curve fits using the YJHK light curve
are given in Table 1, and the complete composite light curve is
shown in Figure 1. As expected, "1 derived from the two differ-
ent fits (see x 2.2) agrees within the errors. There is some scatter
in the light-curve data, which leads to the high values of #2. This
is due to either additional measurement uncertainties or small de-
viations from a power-law decay, as it has been found that the
X-ray afterglow was extremely variable (Cusumano et al. 2006,
2007;Watson et al. 2006). The values we derived are in full agree-
ment with those of other authors (Table 1). These light-curve
parameters are typical for afterglows (see Z06 for a compilation
of light-curve parameters of all pre-Swift afterglows). The light-
curve steepening !" ¼ "2 # "1 ¼ 1:6 $ 0:2 is high but also
not extraordinary (Fig. 3 of Z06). We note that this is one of the
few light curves that allow the smoothness of the jet break to be
fitted as a free parameter, and the result is in full agreement with
the potential relationship between "1 and n found by Z06 (their
Fig. 8).

4 Available at http://webast.ast.obs-mip.fr/ hyperz /.

TABLE 1

Results of the Composite YJHK Light-Curve Fitting

Fit a # 2 Degrees of Freedom mc
b " 0 "1 "2 tb1

c tb2
c n1

d n2
d

1................. 59.2 17 18:80 $ 0:47 1:39 $ 0:13 0:92 $ 0:05 . . . 0:35 $ 0:14 . . . #10 . . .
2................. 59.7 17 20:65 $ 0:17 . . . 0:85 $ 0:08 2:45 $ 0:18 . . . 2:63 $ 0:37 . . . 1:82 $ 1:02
H06............ . . . . . . . . . 1:36þ0:06

#0:07 0:82þ0:08
#0:21 . . . %0.5 . . . . . . . . .

T05 ............ . . . . . . . . . . . . 0:72þ0:15
#0:20 2:4 $ 0:4 . . . 2:6 $ 1:0 . . . . . .

a The first fit uses data from 0.1 to 3 days after the burst, while the second fit uses only data after 0.3 days. H06 denotes the results from Haislip et al. (2006) and
T05 those of Tagliaferri et al. (2005).

b The apparent J-band magnitude at the respective break time is denoted as mc (see eq. [1] of Z06).
c The break at which the forward shock afterglow begins to dominate over the prompt flash emission is tb1, while tb2 denotes the jet break time. Break times are

given in units of days after the burst trigger.
d The values of n1 and n2 are the break smoothness parameters of the first and second breaks, respectively.

Fig. 1.—Composite z0YJHK light curve of the afterglow of GRB 050904, as
it has been constructed with the procedure outlined in xx 2.1 and 2.2. Triangles
show significant upper limits. The solid line represents the fit with the two broken
power laws, and the dotted lines represent the 1 $ confidence interval of the fit.
The dashed lines indicate the times of the two light-curve breaks at 0.35 and
2.63 days, and the three decay slopes are labeled. The residuals !m represent
observed minus fitted magnitudes. The residuals have been zoomed to show the
scatter in the data. The afterglow is seen to peak at J % 10, almost 3 mag above
the extrapolation of the fit from 0.2 days, assuming a simple power-law decay.

KANN, MASETTI, & KLOSE1188 Vol. 133

Problem with No A Priori Redshifts 
GRB 050904 GRB 090423 

Kann et al. 2007 

Tanvir et al. 2009 

~30 min 
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Future GRB Missions During TMT? 

DoMaS	

Swi*	&	
Fermi	

JANUS	

SVOM	

ETA	&	
Lobster	

z	<	6	~20	years	old	

ISS-
Lobster	

No	redshiKs	

DoMaS	
TAP	
TSO	
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TMT	Observa>ons	of	GRBs	&	SNe	Crucial	

•  We	must	have	GRB	triggering	capability,	coupled	
with	a	priori	redshih	determina6ons,	during	the	era	
of	TMT!	

•  LSST	will	provide	thousands	of	SNe	per	year.	Sihing	
thru	those	that	TMT	should	observe	is	currently	a	
challenge.	
– We	are	developing	the	Supernova	Analysis	Applica6on	
(SNAP)	which	will	quickly	type	the	SNe	based	on	light	
curve	and	model	comparisons	

–  Future	should	include	redshih	es6ma6on	
–  hjp://snap.space.swri.edu	
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