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Background : Supernovae
*Two Types of Supernovae (Physically):
» Thermonuclear Defonation of white dwarf (Ia)
+ Gravitational Core—Collapse (CC) of

massive stars (fypes 11, Ib, Ic)

-Two Types of Supernovae (Observationally):
* Type I: No H lines in spectira

* Ja: No H but Si lines

* Ib: No H, some He

« Ic: No H, little or no He

» Type 11: Hydrogen present in spectra

* Further sub—classes depending on LC shape.
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Background : Gamma Ray Bursts
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Background : Gamma Ray Bursts
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FORMATION DF A GAMMA-RAY BURST could begin
gither with the merger of two neutron stars or
with the collapse of a massive star. Both these
events create a black hole with a disk of material
around it. The hole-disk system, in turn,

s
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6RB : Progenit

compact objects




6RB : Progenit

‘a massive star
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GRB CeW 
bopular models:

(1) Accrefion near The
imit on a sfellar black he

(a’f lower rates) is known for

s in the way The engine works,

Pros: Once formed, the thsics of the oufflow
launching is better understood and provides late—time
engine activify,

Cons: Severe disadvantage is the limited energy of
5 X 10°2 ergs.
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G6RB : oufflc

The outflow is relativistic,

equirement for low

| depth,
|s X—rays, detected at

t af least some long 6RB
rarrowly beamed.,

(1) Actual Lorentz Factor of oufflow?
(2) What is the oufflow geometry?

/




FORMATION DOF A GAMMA-RAY BURST could begin
gither with the merger of two neutron stars or
with the collapse of a massive star. Both these
wmtaﬁnii&atn :;Iaglgﬂhhnln writh nidlnl: of material
aroun . The (- system, in turn,

of Ih'l.

out a jet of material at close 1o the sp
Shock waves within this material give off radiation. | JET COLLIDES WITH
AMBIENT MEDIUM

| shock wave]

BLOBS COLLIDE

BLACK HOLE

CENTRAL
ENGINE —

HYPFERNOVA SCENARID
JUAN VELASCO




GRB : Prom

Popular Model

is the

w is dissipated by E
shocks creafed by the collision
»s* of material in the outflow.

Elebtrons in the collimated outflow are accelerated
by/ the shocks, which cool, radiating the energy in
the form of synchrotfron radiation,
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6RY

The late afterglo ‘)
Radio) is enevaT d el

the collimated outflow with fhe cwc
medium. |

Most popular model/is/the external forw
shock model:
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GRB - SN Connection

Long G6RBs (L—GRBs) are Thou?m‘ To occur
during the collapse and SNe of a massive star
info a NS or BH,

So tar tive type Ic SNe have been
spectroscopically connected to long—6GrBs and
XRFs:

GRB 9804725 / SN 199gbw
GRB 030329 / SN 2003dh
GRB 031203 / SN 2003w
XRF 060218 / SN 200¢baj
XRF 10031D / SN 2010bh

All of the SNe are exfremely energetic
(> 10°* erq), leading to them being dubbed
*Hypernovae“,



GRB - SN Connection:
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GRB - SN Connection

In addition 1o the spectroscopic connection,
numerous photometric inferences have been
seen.,

(1) Late—=time *bumps* in optical/NIR LCs,




GRB - SN Connection: SN Bumps
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GRB - SN Connection

Many questions remain:

(1) For all of the 6RB—SNe apart from 6RB
0303249, the GRBs are intrinsically under—
luminous.

(2) Many events defy explanation:

(1) XRT 080109 - Shock breakout?

e M




GRB - SN Connection

So while the GRB—SN Connection has been
established, many gquestions still remain:

(1) What kind of progenitors produce these
eventis?

(2) Are the progenitors all the same?




GRE 0607214

Detected by switt on July 24, 2001,
(Grupe et al, 2000)

T90 = 115 s

z = 0,54 (Thoene et al, 2006; Fynbo i
al, 2009) =

Had a remarkably bright X—ray af _
that was still visible 430 days atter the .
initial frigger (Grupe et als . 2010)

- Plafeau phases seep
OPTica\ £ >s, whic h we
prolonged activity b
(Xu et al o 7-%8



6RbY 060'72‘!4

Procedure:

(1) Opfical photometry collected on HST &
Ground—=based felescopes

£7-) Ima?e su\oTvaoTnon on HST | Jwaqes
(subtracT host flux fvom Groun base
Images) o

ol q ow & subf vaotﬁ =T
cTeol LCs To_make “SN' LCs =

-:‘:S:s;’. ” ==




GRE 0607214

GRB 060729
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GRE 0607214
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GRE 0607214

GRB 060729

26.2 days ./._‘\

SN 1998bw
(25.8 days)

o— ¥
SN 19941
(28.8 days)

1 1

le+14
v (Hz

Cano et al, 2011 (under review




GRE 0607214

SED modelling of host:

Best fit models are for a

dusty galaxy with youn
s’res\lgvgpo;a\aﬂon Léawol q\ow

metallicity.,

However, at the sife of the
G6RB, the rest—frame
extinction is small:

=
—
=
=
=
usl

(Schady et al, 2010)
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GRB 090b1%

GRB 0490618 was discovered by Swift on TJune 1g,
20049 (Schady et al, 2004).

T90 = 113 s

2 = 0,54 (Cenko et al., 2o00a; Fatkhullin et al
2004,)

Eiso = 2.57 x 10°° ergs (Ghirlanda et al. 2010)

opfical data collected on 14 ground—based
: io data collected on 3 telescopes;
SwitT XRT data,

lure as for G6RB o0b0724.,

L e b ety e el | S e i
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SED1

SED 3

EES)
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E g

GRB 090618

SED 2

Determined rest—tframe
extinction from X—vay tfo
optical SED.

Found:

(1) small rest—frame
exTinction:

AV = 063 +/— 0.1 maq

(2) Each epoch well fit by
broken power—law:

— oVy —

(3) Break fregq., Decreasing




GRB 090618

We have modelled our optical,
X—vray and radio data at 1.s8 _;
days assuming: | I
(1) Tet—like evolution
(2) No self—absorption
(3) -F\) ey 1/3 -FOY v be\ow vm leo?jns d::;:.m 4101 3 14 le+1s 6 1;9
GRB 090618 - R-adio Detections

We find a typical freq of the 0 g —e— -

F 846 GHz —e@— s
electrons: o .

- — 2. [
- Y L T 5 ) =

Then modelled the radio data = M
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G6RB—SNe vs Local Ibc SNe

Table T. Peak Rest-Frame V-hand Absolute Magnitudes for GRB & XRF-producing SMNe

GRE EMe Redshift (=) Ay foreground A1 hose © ] .:I'.ﬁ":“k (mnag)t© Reference
CGRB 070228 ] (.605 0.513 0.15 —18.56 & 0.30 (1), (2). (3)
GRE 080326 - 21 0.26 ) 2 -10.5 (4}
GRB 980425  1998bw 0.0085 0.18 .05 —19.42+£0.30 (3} (5} (6). (7). (8}, (31)
GRB 00712 : 0.434 0.00 1.67 20224+ 0.20  (3), (10}, (11}, (12), (31}
CRE 091208 - 0.706 0.06 0.76 —19.46 + 0.75 (9}, (16)
GRE (KMH11 - 1.058 0.38 0.20 1831 % 0.15 (9}, (16)
CGRB 011121 2001ke 0.36 1.23 0.39 —19.50 + 0.33 (3). (13}, (14}, (16)
GRE (20405 - 0.698 0.14 0.15 —19.46 + 0.25 (3). (15}, (16). (31)
CGREB 020410 . ~ 0.5 .40 0.0 =~ —17.6 (3}, (17}
XRF (20003 - 0.251 0. 08 0.0 —18.80 + (.30 (3}, (18). (31)
GRE 021211 20021 1006 0.08 0.0 1827 % (.60 (9}, (19}, (16
CRB 030320 2003dh (.169 0.07 0,39 —19.04+ 025  (3) (16}, (20), (31}, (32)
XRF (30723 : 2 0.4 0,089 0.23 ~ —17.9 (3). (9), (34)
CRE 031203 20080w 0. 1055 2.77 0.85 — 20139 + (.50 (3). (21}, (22}, (31)
GREB (24 - (h.850 .18 16 —17.47 £ (.48 (2:3)
GRB (41006 - 0.716 0.07 0.11 —19.57 & 0.30 (3). (16). (24)
GRB 0505254  2005nc 0606 0.25 (.32 —18.76 + .28 (3). (25}, (26). (33)
XRF 060218  2(HMaj 0.033 0.3 0.13 —18.76 + 0.20 (3). (27}, (28), (31)
GREB (607249 - .54 11 148 —19.43 £+ (L.06 This paper
GRE 803108 - [TRILN | b3 05 — 10,12 4 (Al (249], (33)
GREB (K18 - .54 027 .3 —19.75 &£ (.14 This paper
GRB (1127 AN (LY 12 (TN} — 10 = (2 (30}

“*Host extinction where available.
bCosmological Parameters used: H, = 71 km =1 Mpe—! Oy =027 2, = (.73
“Wherever errors are not quoted in the literature conservative errors of (L4 mag are used.

(1) Galama et al. (2000}, (2) Csstander & Lamb (1999), (3} Richardson (2009}, (4) Bloom et al. (1999), (5)
Calama et al. (1908}, (6) McKenzie & Schaefer (1994), (7) Sollerman et al. (2000}, (8} Nakamura et al. (2001}, (9}
Zeh et sl (2004}, (10} Sabu et al. (2000}, (11} Fruchter et al. (2000}, (12} Christensen et al. (2004). (13) Bloom et
al. (2002}, (14) Garnavich et al. (2003}, (15) Masetti et al. (2003), (16) Kann et al. (2006}, (17} Levan et al. (2005),
(18) Bersier et al. (2006), (19) Della Valle et al. (2003}, (20) Matheson et al. (2003}, (21} Malesani et al. (2004), (22}
Mazzali et al. (2006}, (23) Soderberg et al. (2006}, (24) Stanek et al. (2005), (25) Della Valle et al. (2006a), (26) Bhstin
et al. (2006), (27) Sollerman et al. (2006), (28) Modjaz et al. (2006), (29) Tanvir et al. (2010}, (30) Cobb et al. (2010},
(31) Levesque et al. (2000}, (32) Deng et al. (2005}, (33) Kann et al. (2010}, (34) Butler et al. (2005).



G6RB—SNe vs Local Ibc SNe

Table B. Peak Rest-Frame V-band Absolute Magnitudes for Local tyvpe The & Ic SMNe

Type EhNe Redshift (=) Anr, Forepround Avhose MEEER (pnagyhe Reference
Ik 195445 LU L LUN N g - — 18,75 £ O (1}
Ic 10462 CLOM0E 012 . —18.83 + (L83 (2. (3)
Ic 1064 O.O02702 0.07 . —18.38 + (.65 2}, (4)
Ib 10661 O.002214 .04 - — 10K = (4 (4}
I 1972R. hANF2121 LN N5 - —17.44 = r4 (o)
Ic 10831 0002354 0.0 - —18.73 + 0L.45 (2. (6)
Ik 1983 bW T23 L1 .3 — 14 5% 4+ (.57 T
Ib 1983V 0.005462 0.06 1.18 —10.12 + 041 (2}, (8)
I 1984l LUR TN LY g LI - —17. 50 &= ChAdy (o)
Ik BRILE | N bAHE2HRT s L1 — 18 = 4= A (A0}
Ik 1985 F ChAWLEGT LN (h63 — 2. 19 = O 5D (11}
Ic 1987 0004410 0.08 1.28 —18.33 + 0.71 (2}, (12}, (13}
Ic 19008 0007518 0.10 2.53 —10.49 + 1.02 (2}, (14}
Ik 1941 0 41752 .19 LR ] — 3 0 4= (15}
Ic 19491 IN (h AW 1D LUN N g - — 1867 £ 1AM (2)
Ic 1902ar 0.1451 .30 0.0 —18.84 £ 0L42 (2}, (16}
Ic 19041 0001544 .11 1.30 —17.49 + (.58 (2}, (17}. (18)
Ic BL  1007ef 0.011603 .13 0.55 —17.80 + 0.21 (2}, (19}, (34)
Ic pec 1M as 0127 [N, [V —21.21 + O 20}
Ih/c 1900cq 00263090 0.16 - —19.75 + 0.72 (2}, (21}
Ib 1040dn 000038 0.16 . —17.17 + (.40 (22}
Ib/c 19906 x 0.011401 0.06 - —17.67 + 0.26 (23}
Ik B b AME22T .50 - —17.13 &= (b Al (24}
Ic BL  2002ap 002187 0.20 0.0 —17.73 + 0.21 (2}, (25}
I 3L 21501 LN - — 18O = Al (27
Ic BL  2003jd 0.018826 0.14 0.20 —19.50 + 0.30 (19}, (26). (34)
Ic Al aw LUK TN Rt 1.15 LK1 — 1806 £+ (.30 (28}
I Nl LU 05T o (VNN - — 160 = ChAdF (32}
Ib pec MHIEEE 18913 .14 - — 18,23 = A (33}
I« BL NSk Ll e .19 - — . A1 4= DAy 20}
Ic BL  2005kr 0.13 0.31 027 —10.08 4+ 040 (19}, (20}, (34)
Ic BL  2005ks 0.10 0.7 070 _18.41 + 040 (19}, (20). (34)
Ib/c  2007gr 0001728 0.19 - —16.74 £ 0.40 (30}
I« BL AT (L 546G .80 LK1 — 10 = O (31}

THost extinction where awvailable.
i"l3|:|na'|:'r.|-|:|-'l-|:|-gi.1:.a|.'|. Parameters used: H, = 71 km 21 AMpe— ! $2p, = 0,27 2, = 0.73.
“Wherever errors are not guoted in the literature conservative ervors of 004 mag are used .

(1) Wild (19607, (2) Richardson et al. (2002, (3) Bertola (1964}, (4} bMiller & Bramch (19907, (5)
Barbon et al. (1973}, (6) Tsvetlow (1883}, (7} Clocchiatti et al. (1006}, (8) Clocchiatti et al. (1997}, (9)
Bingeeli ot al. (1984}, (107 Tsvetlov (1987}, (11) Filippenko et al. { 1986}, (12} Filippenlko ot al. (19007, {13}
Nomoto et al. [ 1990}, {14} Clocchiatti et al. (2001}, (15} Benetti et al. (2002}, (16} Clocchiatti et al. {20040},
(17} YWolkoo et al. (1904), (18) Iwamoto et al. (1004), (19) Modjaz et al. (2008), (20} Hatano et al. (2001),
(21} Matheson et al. (2004}, (22} Ghu ot al. (1909}, (23) Martin et al. (1009}, (24} BAOSS, (25) Maz=ali ot
al. (2002}, (26} Valenti et al. (2008}, (27) Soderberg (20403}, (28} Taubenberger et al. (2006}, (29} Barentine
et al. (2005}, (301 Foley et al. (2007}, (31) Sabu et al. (2000}, (32) Adelman-McCarthy et al. (2005) [ 33)
Anupama et al. (2005}, (34) Lewvesque et al. (20103,



G6RB—SNe vs Local Ibc SNe

When comparing these fwo samples of SNe we are
attempting to answer the following question:

*Are the progenitors of GRB/XRF associated SNe
the same as those of local Type Ibc SNe without an
accompanying GRB/XRF trigger?”

by testing it the distribution of the peak
magnitudes are the fwo SNe are the different.

To do this we performed a Kolomogorov—=Smirnov
(ks) test on the two samples:

(1) GRB/XRF—=SNe (N:=272)

(2) Local Ibc SNe (N-=34)
(3) Local Ic SNe (N=19)

Cano et al. 2011 (under review MNRAS)



G6RB—SNe vs Local Ibc SNe

We performed the Ks test fwice:
(1) Considering all events

(2) Considering only those events where the
host extinction is known,

Table 9. Kolmogorov-Smirnov test results

Dataset Number of Data points  Mean  Standard Deviation P D® comments
GRB/XEF-associated SNe 2 -19.02 0.77 - - all events
Local type Ie SNe 14 -18.73 L. 16 0.3 all events
Local type [be SNe H -18.54 1.4 012 (.31 all events
GRB/XERF-associated SNe 21 -10.00) (.78 - - only those with host Ay
Local type Ic SNe 12 -18.75 1.3 .54 .27 only those with host Ay
Local type [be SKe 17 -18.93 .97 (188 (L18  only those with host Ay

4 Probahility and maximum difference between the GRB XRF SNe sample and the local SNe sample.




All SNe

GRB/XRF SNe
Ibc SNe --------

Table 9. Kolmogorow: irmow test results

Diataset Number of Diata points

GRB/XRF-associated SNe 22
Local type Ic SNe 19
Local type Ihe SNe kR |

GRB/XRF-associated SNe "
Local type Ic SNe 12
Local type Ibe SNe 17

Ienn

-19.0p2
_lﬂl.TE
-18.59
-19.00

-18.75
-18.93

Only SNe with host Ay,

GRB/XRF SNe
Ibc SNe --------

Etandard Deviation

0.77
100
1.4
0.78
1.03
097

Pt D®

016 .33
012 0.3

054  0.27
088 018

% Probability and maximum difference between the GRB/XRF SNe sample and the local SNe sample.

Ccomments

all events
all events
all events

only those with host Ay
only those with host Ay
only those with host Ay




G6RB—SNe vs Local Ibc SNe

wWe tind:
(1) Considering all events

Modest probability that the 6RB/XRF progenitors
are drawn from the same parent population as all
?é the )\oca\ Ibc SNe (P=0.1), and the local Ic SNe

-0,14).,

(2) Considering only those events where the
host extinction is known,

Increased probability that the 4RB/XRF
progenifors are drawn from the same parent
populations as the local Ibc SNe (P-=0.88), and the
local Ic SNe (P=0.40)

Cano et al. 2011 (under review MNRAS)



G6RB—SNe vs Local Ibc SNe

General Conclusion:

The GRB/XRF associated SNe are generally brighter
than the local Ibc sSNe,

However:

The samples ot local Ibc SNe are not complete,
they include only those events where a measurement
of the peak brightness has been made,

This fest only addresses the SNe brightness, it

does not address factors such as host and
progenitor metallicity and typical outflow velocities.,

Cano et al. 2011 (under review MNRAS)



FuTfure Research

(2) GRB 030329 / SN 2003dh
Afferglow—subtracted BVRI LCs of SN 2003dh -

pseudo Bolometric LC




XRF 100316D - SN 2010 bh

Discovered by swift on March 16, 2010 (Stamatikos
et al, 2010) in a near—=by disturbed galaxy (z
0,059; Vergani et al, 2010)

X—=vay LC similar To XRF 00218, as well as similarly
low energy budget: oD

, | iso = Toallo ergs
: _STav\mq e a\ 2010)

> vl“ fro s co p Ic
~ confirmation of type Ic
- SNe: 2010 bh

(Wiersema et al, 2010)




Lade aaldng

" XRF 1003%D - SN 2010 bh

HST photomelry

GRB 100316D /f SN2010bh
17 T T T T T

F336W —e

SNI1998bw

SN1994]

1 1
60 80

Time Since Burst (davys




HST photomelry

GRB 100316D / SN2010bh - Observer Frame SED

8.6 days
15.8 days
24 .8 days
47.3 days

SN1994[ - 11.89 days
SN1994[ - 18.89 days
SN1998bw - 9.49 days
SN1998bw - 16.69 days
SN1998bw - 25.14 days
SN1998bw - 44.14 days
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GRB 030329 — SN 2003 dh

Spectra & photometry from Matheson et al. 2003

GRB 030329 - SN2003dh

18 T T T T
SN (Spectral Decomposition %) ——e—i
foc 210 Afterglow (Spectra Decomposition %) +——e—i
Supernova (Host- GRB-subtracted) +—4—
: afterglow ——
19 : SN (Deng 2005) & — ]

TiE eniiiisy
1994 - 1.6 mag, S=1.6

1998bw + 0.2 mag, S =0.9

1998bw + 0.11 mag, S=0.8

-
LT
-
-
=1

==
-

_____
o

Il 1

40 60

Time Since Burst (days



GRB 030329 — SN 2003 dh

Photometry from Matheson et al, 2003, Lipkin et al, 2004

GRB 030329 - SN2003dh

18 1 I 1 1
R (Afterglow + host subtracted) +———
foc 210 afterglow ———
Afterglow (Spectra Decomposition) +—e—
19 - ' Supernova (Spectra Decomposition) ——e— -

1998bw + 0.2 mag, S = 0.9

1998bw + 0.11 mag, S=0.8

19941 - 1.6 mag, S= 1.6 =
SN (Deng 2005)

Il 1

40 60

Time Since Burst (days



Concluding Remarks
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Concluding Remarks

Work to do:
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