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Key Questions

& What is a gamma-ray burst (GRB)?
* Where do GRBs come from?

ow long do G
ow do we find

RBs last?
them?

ow do we |loo

K for very high energy

gamma rays from GRBs?
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Overview

\

% Gamma-ray burst basics
s Definition
4 What we know about GRBs
4 \WWhat we suspect about their sources

> Hunting for GRBs
s Wide field gamma-ray telescopes
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Gamma-Ray Burst Basics

\
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Low- High | Very Ultra High

“~ The gamma-ray spectrum

Medium High Energy
Energy Energy Undetected

Frequency 101/ 102°  103% Hz
Energy keV PeV  EeV
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What Is a gamma-ray burst?

\

> Gamma-ray bursts (GRBs) are the most
powerful explosions in space

® They last only a few seconds

% Most of the energy goes into
low energy gamma rays

4 Space-based gamma-ray
telescopes are used to find
them

10
Tme in Seconds
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GRBs appear all over the sky

\

Extremely powerful explosions happening in galaxies
throughout the Universe

2704 BATSE Gamma-Ray Bursts
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How often do GRBs happen?
\

s> A few hundred
are detected in a
year
% The SWIFT
satellite
detected 2 last

week (update:
make that 3!)

http://grb.sonoma.edu
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Two tirme dormeins

for pursts
v Snort GRBS
« Milliseconds to
secornds
v Long GBS
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rlow long do we see inem?

Short GRB example
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« Two tirmne dormeins — Two prniysical origins

Long GRBEs
Collapsar

exirerne superrova
explosion

Also good for generaiing
neutrinos

-

Snort GR
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Binary merger

Neutrorn star or neuiron
star/olaclk nole collision

Also good for gerneraiing
gravitzitional waves
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A super sugernoval

v Very energeilc supernova explosiorns

1. Massive 3"ar s5tops ourning

and loses gutward pressure
. Inner core LJHrlOSES to a

olack nole

Winds and jeis of particles
sirearrn out at speed of lignt
tnrougn siellar material

. Black nole consurmes
rernaining nearoy maierizl Credit:
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A rerdging of rieudiror stars

v Merges peiweer) two rieutror stars or a
naLtrorn star and a olack nole

Credit: SWIFI/NASA



A generic GRE mocde]

/

v« Explosion produces ajet direcied toward us
v |finzi rucr energy went out into space in zll
direciions then explosion would far exceed tne most
powerful supernova

Q

Relativistic Jets

Jet |5 bearned

] - Jet Jllmlw wWitr) olowr)
toward us

Off star rnaterizl



Cosmic Explosion of the Week



Ir) tnie news: SN 20069y

Flost Gala SH 20069y

24Y Lick infrared
v WMost energeiic supernova

onserved
v September 2006
v« Normal supernova £ 100

Gelzuy core Chandra X-ray

Too wezll In A-ray; riot 2 GRE,

Did the rmassive st I.TJOSE nergy to
internal pair production (pnotons
convertt eleuwrrposmon 0zlrs)?
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Credit: NASA/CACIUC Berkelay/IN.Smith et al,
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Flurning for Garnme-Ray B



v« MNuclear weapgons test mornrorlru satelllies
cletect =70 oursis in ine 1960's

First indication of powerful,
very snort tirescale cosmic
explosions

Neutron stars in our Gelauy?

Not clear untll later tnat
fnese were axiraczlacic



deteciors on the Cornptor
irirna Ray Opserveaitory
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v no preferred directior)!
« Two duratlons
v wo types?
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BeopusSAL detects A-ray
following e GRE

v« Wide fleld A-ray telescope on the same s

Flrst cle tection of low
| counterpart

awery!
r g r ' res e 'Y r r (&
A-ray Image afier 8 nrs After 2 days
Credit: BeppoSA/L SDC and the Agernizia Spaziale laliana



v Tne Garnrme-ray ourst

Glooal notification
within seconcds

rligr Speed Astronorny!

{JOJFJ telescopes on
ne ground can point at
Q ‘B locetions witnir)
conds to minutes
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A unicue ogporiunity
Frame 1 Frame 2 Frame 3 |0 prompt optical light seen

for most GHBs

GRB 990123

Frame 4 Frame 5 Frame6

Gammeitay fate

Credit: Dr. Michael Briggs,

Credit: Los Alarmos Neational Laporatory's ROTSE .
NASA/Marshzll

f
(Ropuatic Optical Transient Search Experirmnerit)



SwIft

« Multiwavelengin, fast pointing GREB ooservaiory
v« Distance rmeas! IFSTTJSHES

v« Waiicn afterglows

e Credit: Spectrurn Astro
Credit: NASA/SwWITE Tearn



Afterdlows

Nl erJJovvJ facle out over days
v+ Timne structure sometimes cormnoplex

Giant X-ray flare
« Muliiple explosions?
v Black nole swallowing
rernnarnis of the siar?
v Several layers of
shocrs expanding? Afterglow fade

2 min 2 hr 2 days

Afterglows show whnat
happens after the blast Seconds aiter burst

GRE 0505020 Falcone et al, (2008)



Very rigrn energy onotons frorm

v EGRET saw nign energy garnrme reys frorm 5 GF
v rlignest eneryy pniotorn observed was 18 GeV

Flurley et al, 1994
Upcdlaited plot from J.E. McEnery

A World Farnous Hign Energy Photon



fel-raly oOurs
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v« Mignt pe too late!l Prompt pnase lasis seconds
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several story multl-ton Cereniov
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UW

(—-

e

(D

About two beans high

MAGIC telescope
2l the Canary
e Islands
Buildings (in real firmne)



Widle fleld garnrna-ray ielesco



v Poslirons

« rlign energy onotons

Intensity peaks arourd 8 ki)
agove sea level
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Deiecting paricles wiin waier

Alr sriower frofn e garnrra ray

® Electron ® Muon in an air shower

r!' from a cosmic ray
nrov lignt frorr] particles Tetveling cldse to ine speed of lignt

Cer

R

Light Deteciors
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Irrulattion Movie
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« View Is from trne side
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arficle snower nits the water and Interacts
Elecirons and posltrons ermit Cerenlkoy onotons

Secondary garnma rays (formed In the air shower)
orocuce eleciron-positron pairs

f—

Color cocde

+ Electrons/Positrons
+ Secondary gammas
« Cerenkov photons



Milagro, e waier Cerernroy
telescope

Repair Rafts

Light sensor



« Milagro opserves day and nigrni
+ z2oout 8000 nours total In a single year

v« Constanily waicning for TeV iransients
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Milagor Count Rate

Fligrn energy nints

vidlence for TeV pnotons from a BATSE

B
Duration of burst from BATSE

N\

SEconds aiter ust

Atkins et al. 200C
Start time of burst from BATSE /119 21 &l 2000



What are the nignest energy photons procduced in

geurnrnae-rely oUrsts?

We're keeping our eyes open!



SUrrirnary

/

Gernrne-rely pursis are usually origntest in low energy
Celrfriel relys

We kriow rnuch more than we dicd when CGRO launcried
In 1991 tnanrs to fast rmulilwayvelengin response and ine
OUrst network

GBS OCcCUr tWo Welys

v Collapsar supernova explosiorn

v WMerging cormpact opjects, neutron stars or plack noles

We carn see inermn ai very large distarnces

Nowy Joomu witr severzal telescopes for the first
cletection of very nign eneryy garnrrza reys frorm s GRB
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