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Motivation

\

+ Gamma rays indicate sites of powerful
explosions and extreme environments in our
universe — violent places.

* Violent places in the universe offer a sensitive
study of fundamental physics and astrophysical
processes

& Gamma-ray telescopes are now revealing a
critical view of the most energetic regions in our
galaxy and in the universe.




Key Questions

\

* What are gamma rays?
* \Where do they come from?
* How do we “see” them?

% What do gamma rays tell us about the violent
places in the universe?

% How do observations of sources of gamma
rays address unanswered questions In
physics and astrophysics?




Gamma ray basics

\




What IS a gamma ray?

\

& |sn’t gamma radiation what ﬁs INCREDIBLE [
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caused Bruce Banner to
become the Incredible
Hulk?

% The term gamma ray
describes the shortest
wavelengths of light




Garnrnza ray definition
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sorne nistory

Discovered in 1900 by Frencr sclentst Paul Villard
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FlOW 1O rnewe Jearrnrma reys
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FlOW 1O rnewe Jearrnrma reys

Frorn elecirons
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Prysics 1927
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Flow 1O rnzwe gaunrmza rays

Frorn electrons
« Brenmssiraniung (oraxing radiation)
v B
v

U)

lectron decelerailon py a nucleus
rlignly relativisilc elecirons ermit garnrme rays
In aitormic or molecular reaterial
— L Ty
v olergy, — efergy,

Srenmsstraniung vy

U'l
(D

e

C=—

Nucleus



tner ways o rmawe garmnimea rays?
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Trne pottorn line
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« Most nign-energy garnma-raly producton reguires

« Ar Accelerator

v A Target
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Wiy oo for cosrnic garrrma reys?

supernova explosions release radjoacilyve
I50t0pes

Cosmic rays are rmosily orotons
Fadio and laier A-ray opservailons
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v Priotoelectric Effect
v Cornpton scatiering —
v o oF Palr Production
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We can detect the by-products of the apsorption

anc scatiering processes!
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A proolern for asironorny

Walt a rninuie.. T garmrma rays are ansorped oy maiier,
doesn’t that rmearn they are apsoroed oy the aimospnere?



Several solutions
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Solutlon |

Flign erwrj/ ( eV - 50 GeV) garmrmea rays

v« Using the Cornpton Effeci: eV - MeV
v« Using Pair Produciion: MeV — GeaV

Above 50 GeVinere are so few ¢ J?lmma relys
tnet satelllie daetectors
srrial
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Solution |

Very nign energy garmrma rays (100 GeV

L) are cdetecied using ground-pased

telescopes
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v EELS/ to cover a large area

v rlard to separaie garnrme relys frorm more
COIMIMOon cosmic rays
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1o loo for darnrmea reys

Explosions! Wrien siars go supernova, iney
relezise large arnounts of eneryeiic matier inat
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Four words: *orirnordial olack nole decay
v Prope of exotic pr/SJ o

Finc the origin of cosrmic rays: Unlike cosmic
rays, garnrmel relys travel in straignt lines



Trne nurnoer one reasorn
1o loo for darnrmea reys

(EYou’re the US military looxing for WMDs
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2L JArnneL ray sourc
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1991 NASA lalncnes a
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v Garnrme rawys are rare and rmarny sources
are relatively weax

v« Garnrma rays wiin energies Jreater then 50
Ga\/ C]Jf] rrrlvel ver/ fer o |

v Garnrmea reys ere notzis ezsy to “see” as
was orlginally thougnt



« Comoton Garnmea FHay Opservatonrn
l

(1991—2000)

v A nsirurmer

1ts span 30 eV - 30 GeV
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A garnrmza ray source catalog
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Cround-pased iglescopes

Very nigr enerygy, 200 GV — 5
TeV

New sensitive Instrurmnents wit)
good source localizaion
~40 sources and counting..




Our gelzuty, trie Miliy Way
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The Miliky Way In very nign ernerg
Celffifrel relys
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Sorme old friends..
And sorme suroprises!
supernova Rermnants

Pulsar Wind Nebulae
Microquasar

Diffuse
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