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ll A l Brief History of Short GRBs

@ Ancient History (1973-1983) KONUS*, ISSE-3
There is a small hint of bimodality. SGRs discovered.
@ Dark/Middle Ages (1984-1990) IPN, SMM

SGRs consistent with Galactic Plane, LMC (A/A

max)-

@ BATSE Renaissance (1991-2000) BATSE
Bimodality is clear. Shorts separately isotropic.
Shorts appear slightly spectrally harder, but dynamic
ranges of Longs' & Shorts’ spectra largely overlap.
Shorts tend to have much narrower temporal structures.
(Short bursts with Extended Emission secretly postulated.)

@ Statistical Interlude (2000-2004) HETE-2

@ Modern Age (2004 —) Swift, HETE-2
Afterglows lead to Redshifts, and no SN.
Extended Emission evident in ~ 33% of Swift Short GRBs.

(*Konus lives)



Nature of Problem: Duration Distributions Overlap

120+ Nakar (2006)
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Fig. 1. The bimodal duration distribution of GRBs. The observations (2041 bursts
in the current BATSE catalog) are marked by the thick stairs. The decomposition of
the distribution into two lognormal distributions, as determined by Horvath (2002),
(thin solid lines) and the sum of these components (thick solid line) are superposed.



HR: [50-100 keV] / [25-50 keV]

Swift/BAT: T90 vs. Spectral Hardness
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Statistical Interlude: Hard X-ray Afterglows of Short GRBs

Lazzati et al. 2001 (co-addition, 76 shorts)

Lazzati, Ramirez-Ruiz & Ghisellini: Afterglows of short GRBs 3

Channel 2

Channel 1 Channel 3 Channel 4 0.5*Ch.(1+2)

30 [

2071

10¢

(s

|
=
(=

Countrate

==
™.
|
:

o

-100 0 100 -100 O 1100 -100 0O 100 -—-100 O 100 —100 0O 100
Time from GRB peak (s)

Fig. 2. Overall lightcurves in the 4 BATSE channels (from left to right) of the sample of short bursts (see text). The
rightmost panels show the average signal in the first and second channels. The time interval of the burst emission has
been excluded. The upper panels show the lighteurves without background subtraction (a constant has been subtracted
in all panels for viewing purposes in order to have zero counts at ¢ = 0). The solid line is the best fit background plus
afterglow model (in the channel 3 and 4 panels the 30 upper limit afterglow is shown). The dashed line shows the
background contribution in all channels. The lower panels show the same data and fit after background subtraction.



li IM ] Statistical Interlude: Hard X-ray Afterglows of Short GRBs
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FiG. 7.—Light curve for 100 short (<1 s), summed, background-
subtracted, BATSE bursts after peak alignment, with peak time sup-
pressed.

Several central questions remain on short GRBs,

especially concerning extended emission ...
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Berger et al. 2006
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Sw1ft GRBS w1th Redshlfts
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Geologic Time Scale

Years Before

Era Period Epoch  The Present
Holozene
Quaternary [HE_':E”“ 11,000
Fleiztocens
[Glacial] AO0,000
Cenozoic Pliocene to 2,000,000
T 13,000,000
Tertiary Oligocene 25,000,000
Eocene 36,000,000
Faleacene 28,000,000
Cretaceous 3,000,000
tMesozoic Jurazsic 135,000,000
Triazzic 100,000,000
Perrmian 230,000,000
- 280,000,000
Fennzylvanian
[Upper Carboniferous] 10,000,000
- Miggigzipian
Faleozoic [El:l_;:uier:lri;:narhnnlfemus] T
Silurian 405,000,000
Ordorvician 425,000,000
Cambrian 200,000,000
RO0,000,000

Precambrian

Us

20 x before the age
when the first
Trilobytes appeared,
Gamma-Ray Bursts
had their big heyday.

Trilobytes




W Questions on Short GRBs' Extended Emission

@ (Usual) morphology of Short GRBs
@ Dynamic range in R, = Iz / Iy,
@ Temporal structure of Extended Emission

@ Spectra of Extended Emission (vs. R,;)

Fraction of /ndividual short bursts (reported) with
Extended Emission:

BATSE ~ 1.5%
Swift/BAT ~ 33%

Two instrumental effects increase BAT percentage:

(1) BAT has A ¢ to ~ 15 keV, and
(2) uses mask-tagged background estimation

{ NOT that: BAT less sensitive && Iz oc I}




Fo (ph cm™ s7!, 50-300 keV)

Spectral Lags: Short GRBs, w/ & w/o E.E.
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l| |'| ] Pulse Widths: Brightest Short & Long GRBs

GRB 061121 & GRB 061210
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l | \ Pulse Widths: GRB 060614 and 051221a

Swift /BAT Short Bursts
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Short GRBs' Canonical Morphology: 3 phases
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Short GRBs' Canonical Morphology: Intensity Ratio

BATSE trigger 2703

T

T

T

T T

25-1000 keV

R, ~ 1/2 _

1 1 1 1 1 1 1

30 40 50 60 70
Time (s)

100

T

T

T

T

T

BATSE trigger 1997

25-1000 keV

R, ~1/10 |

70 80 90 100

Time (s)

Counts s™

Counts s™!

7.0x10%
6.3x10%

5.6x10%
4.9x10%
4.2x10*
3.5x10%
2.8x10%
2.1x10%
1.4x10%
7.0x103

-7.0x10°

1.50x10°
1.85x10°

1.20x10°
1.05x10°
9.00x10%
7.50x10%
6.00x10%
4.50x10%
3.00x10%
1.50x10%

0
-1.50x10%

BATSE trigger 5725

T T T T
" 25-1000 keV
L . ~ i
R, ~ 1/6
WWWMW’MMMWWWMM
1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70O 80 90 100
Time (s)
BATSE trigger 7647
T T T T T T T T T
I 25-1000 keV
- . ~ .
R, ~ 1/30
Leinl SpratapactV st s e N g vt - "
1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100

Time (s)



P,

Short GRBs' Canonical Morphology

R;,+ shrinks ...
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w Short GRBs' Canonical Morphology

R,,+ shrinks more
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Short GRBs' Canonical Morphology

€ 231 bursts averaged, EE individually indiscernible
€ 22 bursts, EE individually discernible
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231 Co-added BATSE bursts (where EE “indiscernible”):
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m Short GRBs' Canonical Morphology

E_xtended Emission Interval
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m Short GRBs' Canonical Morphology

Background Interval
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w Short GRBs' Canonical Morphology

Delta: EE — Bckgnd Intervals
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w "The Mysterious Burst After the Short Burst”

“New Gamma-Ray Burst Classification Scheme
from GRB 060614" Gerhels et al. (Nature 2007)

R.

nt ~< 1/1

GRB 060614 Initial short pulses
complex ~ 0.1-3 s

(6 s)
~ 5-10 s hiatus
(5 s)

Extended Emission
~ 30 - 100 s
(130 s)

150 s

(z = 0.125 and no SN)



W Conclusions: Short GRB Morphology

@ EE component is present in ~ 33% (25%) of BAT (BATSE) bursts
at levels ranging over R, = Ige/Ip. ~ 0.001 — 0.6, the large
majority with R,, ~ 0.001 — 0.01.

@ Over the range of R, ; the EE components of individual bursts
are spectrally similar, and no correlation with F_{IPC}.

@ Some of the brightest short bursts have no EE component, to
R, < 0.0003.

int

@ Vast dynamic range in R;; is the clue to short bursts.



Prompt EE component spectrally different from X-ray afterglow
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FluXss_in (107 erg cm

Prompt EE component temporally different from X-ray afterglow
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‘ = ] Diverse X-ray Afterglows of Short GRBs, not

correlated with presence/absence of EE component
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Summary

No one attribute is a silver bullet indicating short vs. long.
However, Long GRBs manifest a large range in temporal
attributes {pulse width, duration} — Short GRBs less so.

EE component is present in ~ 33% (25%) of BAT (BATSE)
bursts, to levels R,. > 0.001. Much below this level,
neither BAT nor BATSE have the sensitivity to comment.

Infrequent bursts with R, ~> 0.1 appear phenomenal, but
just represent the tail of the distribution.

A few of the very brightest short bursts have no EE
component, to R,, = I/I;;. < 0.0003.

Vast dynamic range in R, is the real mystery.



