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GRB Prompt Emission

— Duration

— Variability

— Spectra

— Interesting Issues

— Future Considerations




Swift Mission

BAT
3 instruments

7 1 |
. ’ * Rapid slewing spacecraft
* BAT instrument
- 32,000 CZT detectors
-15-150 (300) keV
=y - 1.4 srFoV
- ~100 GRBs per year

Launch November 20, 2004
- most sensitive GRB

N2 instrument flown
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Large Area Telescope (LAT):

« 20 MeV - >300 GeV

« 2.4 srFoV

» ~18 GRBs per year
Atwood+ 2009

Gamma-ray Burst Monitor (GBM)
* 8 keV - 40 MeV
* 8 srFoV

« ~300 GRBs per year
Launch June 11, 2008 Meegan+ 2009
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Swift

Tidal Distruption Events

Swift J1644+57

o Swift J2058+05
111209A

Christmas Burst
o

Long GRBs
800 L7129 Ultra-long GRBs

o
® SN 2006aj

SN 2008D S Shock Breakout
Short GRBs upernova Shock Breakou

80

A
7))
(o))
u
o

4
>
(o))
-
o
c

Ll
(o))
o

Magnetars

log Duration (s)
based on Levan+ 13




Fermi

GBM is most prolific detector of GRBs, SGRs and TGFs

Other
Cosmic rays
= Solar Flares
TGFs
SGRs
GRBs

LAT GRB rate is increasing:

- 18 GRBs 2010-11, 37 GRBs 2012-13
- Pass 8 analysis software in 2015 will increase rate even move







A Brief History of Time

T T T roITTm T T T TTrrTm T T T TTrrrm

ISEE-3

T T T T TTTIm T T T T TrrIm

T T TTTTTT

C 1 P4

KONUS-13/14

I pzZzzz772222222222222727772
(N NN S S

0 F

SIN3A3 40 ¥38NNN

Mazets 81

L)

First hints of 2 duration groups:
Cline & Desai 74

Two groups seen in ISEE-3 & Konus data
Norris+ 84
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Proof of 2 classes with large statistics from BATSE
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15-150 keV
9% short GRBs

BAT vs GBM Durations

BAT -

’J1 70 s i
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Sakamoto+ 10

Number of bursts
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Short GRB
Lightcurves

Extended Emission - 25%

GRB 050724

Counts / sec / det

0 100 200
Time (sec)

Counts / 1-ms bin

Counts / 1-ms bin

Single Spike - 15%
GRB 090621B
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GRB 060614 .-0.12s

Tgo =103 s
Could it be in "short"?

- Hard short episode followed
by softer extended emission

- Short "lag"

However:
- 5 s duration of hard episode

- Brighter & more variable
extended emission than others

Counts/sec/det

BAT Lightcurves
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LOg [ I'peak erg 3-1 ]

Lag — Peak Luminosity Relation
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LA v 3

‘% Record-Setting

- Gamma-Ray Burst
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High Energy Gamma Ray Emission

Relative to keV / MeV,
>100 MeV emission is

- delayed in initiation

- extended in time

Counts/Bin Counts/Bin Counts/Bin
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Log,,[(Photons/cm?®/sec/keV) (e,/1 MeV)?]

Band Function Spectral Shapes
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Changing Spectral Components

GRB 130427A
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Blackbody Component

GRB

131014A
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The spectrum is dominated

Guiriec +14

by BB emission early
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Underlumious Superlong GRB 060218
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Are Magnetar
Engines Part of
the GRB Family?

Ultrlong GRBs
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Is LAT High Energy GRB Emission
Prompt or Afterglow?

GRB 090510 - detected by BAT & LAT
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What is the Origin of the
GBM+LAT Spectral Components?

GRB 090510

VF, (erglcm?s)

VvF, (erglcm?s)

0.6s-0.8s: Band + PL

8 s - 0.9 s: Band ( B fixed) + PL

0.9's - 1.0 s: PL (LAT only)
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Future Cmdéﬂ‘m



ISS 'LO bSte r y-ray detector

microchannel plate

30° x 30° FOV (0.3 sr)
0.3 -6 keV
sensitivity is 10X better than BAT

ISS - ELC attach point



LAT Pass 8 Event Analysis

New software for: Improvements:
- event reconstruction - increased effective area (much better <100 MeV)
- detector simulation - increased FoV

- better understanding of systematics
- better point-spread-function (especially >100 GeV)
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