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The Long and Short of ItThe Long and Short of It
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IPN, HETE, and Swift Short IPN, HETE, and Swift Short GRBsGRBs
in Context of All BATSE in Context of All BATSE GRBsGRBs
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Two of David SchrammTwo of David Schramm’’s Paperss Papers

Merging neutron star-black hole
binaries (1974)

Merging neutron star-neutron star
binaries (1989)



Possible Short GRB ProgenitorsPossible Short GRB Progenitors

Magnetar
Highly magnetized young neutron star (1014-1015 G)
Crustal breaking and magnetic reconnection = “hyperflares”
Short (0.2 s) hard pulse and long (~ 200-300 s) soft pulse
Dominant timescale is Alfven velocity in neutron star

Collapsar
Core collapse of massive star (black hole + short-lived 
accretion disk)
Explains long GRBs
Dominant timescale is set by jet propagation through 
collapsing core (~10-20 s)

Compact binary mergers
Merging compact objects (NS-NS or NS-BH)
Hypercritical accretion onto a newly formed black hole
Dominant timescale is set by accretion disk viscosity

Slide courtesy of D. Frail



Key QuestionsKey Questions

How far away are they?
How much energy do they release?

Is the energy release isotropic or collimated?
Are the central engines short- or long-lived?
Is there any non-relativistic ejecta?

In what type of environments do they 
occur?

Host galaxy (and offset)
Circumburst environment



GRB 050509B: Swift DetectionGRB 050509B: Swift Detection

BAT detected very 
faint short GRB
XRT detected 11 (!)   
photons beginning  
at T+62 s
Detection of X-ray  
afterglow crucially  
important: Showed 
that short GRBs
have afterglows
No optical or radio    
afterglow detected



GRB 050509B: XRT Error CircleGRB 050509B: XRT Error Circle

XRT error circle (9.3” radius) intersects 
giant elliptical galaxy – possibly the host? 

Gehrels et al. (2005)



GRB 050509B: XGRB 050509B: X--Ray Image of FieldRay Image of Field

Burst occurred in direction of two rich 
clusters of galaxies that are merging

Image courtesy
of C. Sarazin



GRB 050509B: Optical Image of FieldGRB 050509B: Optical Image of Field

Image courtesy
of C. Sarazin

Probability of positional coincidence with large 
elliptical galaxy at random place on sky ~ 10-3, 

but in this direction probability is ~ 3 x 10-2



GRB 050509B: HST ImagesGRB 050509B: HST Images

HST image of GRB field HST image with giant elliptical 
galaxy subtracted (48 sources  

in XRT error circle)
Images courtesy of D. Fox



GRB 050709: HETEGRB 050709: HETE--2 Detection2 Detection

Hard spike plus long, soft bump 
(lasting ~ 200 s)
PLE spectrum for spike gives 
α = -0.53
PL spectrum for long, soft bump   
gives

α = -1.90
no periodic oscillations
detected

Similar temporal and spectral  
properties inferred for many 
BATSE and KONUS short 
GRBs (Lazzati et al. 2001, 
Connaughton et al. 2001, 
Fredericks et al. 2002)

Villasenor et al. (2005)



GRB 050709: HETEGRB 050709: HETE--2 Localization2 Localization

Villasenor et al. (2005)



GRB 050709: Accurate LocalizationGRB 050709: Accurate Localization

HETE-2 IPC error circle on
Chandra image, showing
X-ray afterglow

HST image showing optical
afterglow and host galaxy w.
Chandra X-ray error circle

Images courtesy of D. Fox



GRB 050709: Optical AfterglowGRB 050709: Optical Afterglow

Hjorth et al. (2005)

Discovery of X-ray afterglow led to discovery 
of optical afterglow
Host is dwarf irregular galaxy at z = 0.16



Movie of HST ImagesMovie of HST Images

Movie courtesy of D. Fox



GRB 050709: Panchromatic StudiesGRB 050709: Panchromatic Studies

D. Fox et al. (2005)

Radio

Optical

X-ray

Jet break



GRB 050709: GRB 050709: ““Solid GoldSolid Gold”” EventEvent

Some observational “firsts”:
First observation of optical afterglow of short GRB
First secure identification of host galaxy
First secure measurement of distance to short GRB
First determination of where in host galaxy burst occurred

Implications
Burst occurred in dwarf irregular galaxy undergoing some        
star formation
Energy and luminosity of this short GRB is ~ 103 times 
smaller than for long GRBs
No supernova down to very faint limits (R > 27)
Properties of long, soft bump imply burst occurred in low-
density environment
Prompt emission is jet-like



GRB 050724: Swift DetectionGRB 050724: Swift Detection

Barthelmy et al. (2005)

BAT detected bright short GRB
Event had hard spike plus long, 
soft bump like GRB 050709
X-ray, optical, and radio 
afterglows detected
X-ray afterglow exhibited 
dramatic flaring activity



GRB 050724: XGRB 050724: X--Ray AfterglowRay Afterglow

Barthelmy et al. (2005)



GRB 050724: Also a GRB 050724: Also a ““Gold PlatedGold Plated”” BurstBurst

Berger et al. (2005)

Swift XRT detection of X-ray afterglow led to
discovery of optical afterglow and host galaxy



Kulkarni & Cameron

Red elliptical galaxy
z = 0.258
L =1.6 L*
SFR < 0.03 M☼ yr-1

GRB 050724: Host GalaxyGRB 050724: Host Galaxy
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Are Any Short Are Any Short GRBsGRBs
Extragalactic Giant Extragalactic Giant MagnetarMagnetar FlaresFlares?

Signatures of SGR Giant Flares
Very hard spectrum (Epeak~ MeV)
Fast rise time
Total energy <1047 erg 
Periodicity (if you’re very lucky)
Repetition (if you live long enough)

GRB050906 was suggested as a 
candidate, based on the presence         
of a bright (K~11) galaxy in error         
box (Levan & Tanvir 2005)

Energetics were plausible

Later analysis showed that spectrum      
is far too soft

GRB051103 is now the only plausible 
candidate
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Key Questions RevisitedKey Questions Revisited

How far away are they?
How much energy do they release?

Is the energy release isotropic or collimated?
Are the central engines short- or long-lived?
Is there any non-relativistic ejecta?

In what type of environments do they 
occur?

Host galaxy (+ offset)
Circumburst environment

Precise positions made possible by 
observations of long-lived afterglows is 
the key in the case of long GRBs – and 
now short GRBs



Neutron StarNeutron Star--Neutron Star MergersNeutron Star Mergers

Rosswog et al. (2005); see also Ruffert & Janka (2001) 
and Kobayashi, Laguna, and Rasio (2005)



Neutron StarNeutron Star--Black Hole MergersBlack Hole Mergers

Kobayashi, Laguna, and Rasio (in progress)



Compact Binary Merger TimescalesCompact Binary Merger Timescales

Observations of short GRBs will 
lead to new insights into formation
and properties of compact binaries

Fryer, Woosley, and Hartmann (1999)

Belcyznski et al. (2002)



NucleosynthesisNucleosynthesis: r: r--Process NucleiProcess Nuclei

Tidal forces squeeze merging neutron star(s) 
like a tube of toothpaste 
Nuclear matter is decompressed and ejected
This process is expected to produce nuclei 
far from the β-decay instability
Neutron-rich environment will lead to rapid 
neutron capture
Such a process can be expected to produce 
r-process nuclei in observed mass range 
Narrow abundance peaks corresponding to 
neutron “magic” numbers are expected, as 
observed



Short Bursts and Gravitational WavesShort Bursts and Gravitational Waves

Slide courtesy of D. Frail



K.Thorne / NSF Review Figure courtesy of D. Fox

Gravitational WavesGravitational Waves



2005: A Summer of Short 2005: A Summer of Short GRBsGRBs
Detection by HETE-2 and Swift of four short GRBs in 
summer of 2005 (3 discussed here) have led to solution 
of greatest remaining mystery of GRBs: The Nature of 
short GRBs
Follow-up observations at X-ray, optical, and radio 
wavelengths have led to compelling evidence that short 
GRBs come from merging compact binaries (as David 
Eichler, Mario Livio, Tsvi Piran,  and David Schramm 
conjectured in 1989)
It is now clear that short GRBs will provide important 
insights into formation and properties of compact binaries
Short GRBs may well be a source of r-process nuclei (as 
David Schramm and Jim Lattimer conjectured in 1974)
Short GRBs are powerful sources of gravitational waves 
and may well be the first gravitational wave sources 
detected by advanced LIGO





Short GRB MilestonesShort GRB Milestones



Neutron StarNeutron Star--Neutron Star MergersNeutron Star Mergers



Neutron StarNeutron Star--Black Hole MergersBlack Hole Mergers



GRB 050509B: HST Imaging

Kulkarni et al. 2005
Error radius = 9.3 arcsec
4 HST Epochs
May 14 to June 10

48 sources in XRT error circle

Giant elliptical
L=1.5L*
SFR<0.1 M☼ yr-1



WELL-STUDIED SHORT BURSTS
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