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Key Questions

\

5> What are the types of objects that emit
gamma rays?

% What might we discover in the future?

% How can we improve future gamma-ray
telescopes?

> What are gamma rays telling us about our
Galaxy and the Universe?




Overview

\

5> Review of gamma-ray source types

% Goals for the future
> GLAST space telescope
% Ground-based telescopes

> New views of air showers




A Brief Review

\




Galactic Sources

\

* Most are related to remnants of massive stars or
massive stars that will die in spectacular ways
» Areas containing many massive stars
% Supernova remnant blast waves
% Supernova remnant interaction with molecular clouds

SN 1006 X-ray image Magsiv_e Wolf-Rayet_star
ejecting hot material
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v Slie of /er/ massive plack nole
v

BUl wnat groduces the garmnma rays?

Artist's irmage of the Millky Way Infrared image of ceniral
lignt years of the Galauy



ce Intense and variable signals
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A-ray image of 3C 273




Garnrma-ray oursis

sed oy siellar explosions and merging pairs
trof stars and black holes

Seer all over the siy; they occur In otrer
galzdes, some very disiant
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SCOpe!
1 in snorter periods of tme

oceaie pnotorns more accuraiegly

[elescopes wiin Irmproved angular resolution
Extend opservailons inio unexplored onotor
erergy ranges
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Ct rrore garnme-rely opjects

v Opservatlons in tr
Is

e ‘ernerg
space and ground t

v gap' petweer
elescopes

)
|



Garnrnea-ray varlaoility

v Study origniness c’nanges
v Pulsars, oinaries, plazar galasies
v Garnrma-ray oursis

v rlow?
« Collect more prniotons per tme

v Large ground-pased telescopes

v More efficlent deteciors
« Watcn large paris of the siky
v eles copes with a large field of view



v A rew garnrea-rely space
rmissior
v« More pnotons

Credit: NASA E/PO, Sonormel State
University, Aurore Sirmorinet



1000’s of new sources
predicted

v Many olazar galasdes

v Otner galaxies?

v Galactic sources

v We Kknow iney are inere, |
Hlll ar vvmrl nef LJE :? D"

v \/\/r |eLt ered r\mrl rowy vvJJJ yye movv/

Whneat will GLAST do?



GeV-TaV connectlons

(D

« Current TeV ground-pased telescopes
Irnporiani for stucdying GLAST (GeV)

soLrces

v Betier lgcations — easler to Idenilfy sources
v Exiend eneryy specirurm
v Stucy va r]ﬁ'o]J]"r/ gr OLUr J e-secl 'teJescopes



now petter wrnere the garnma rays are produced — blast wave,

rest for slperrnovel rernraris
1r
surrounding rnaterial, pulsar nepula?

v Find undiscovered faint sources

v rlow?
v WMany telescopes (cover a larye arez)
v Efficient carneras
v Getrid of ur vvanted pacrground lignt



New Views of Alr Snowers



Cosrmlc-raly connections

X-rays from the
shell of a
supernova
remnant

f
.-
lﬂ__ﬁ
(G
(D
w2
<
-
—
D
(€L
®
o
(G
(G
W
(D
L
Q)
(0
o

/ )

OSINIC relys rurn

Diffuse gamma rays
from regions near the
Galactic Center



A cosrmic ray s arn
atorn stripped of
elecirons leaving ine
nucleus

Felative arnounts of
glve clues to whnere
tney carne frormn and
now iney got nere
Cosrric relys run into
tne Eartn from zll
directions all the tirme
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Cosmic rays ouUirurnoer gaurmnrmza rays
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Fincing ways to icdeniify (and avoid!) recording
OSIMIC-T2lY SMOWErS [MEaNS More Jarnimnsa ray
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ANeiorny of a garnmea-ray elr sriower

Atrnosphere
)

v Absorptiorn grocesses for nigh
eriergy onotons and elecirons
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« Pair production /7
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v Eleciron orermssiranlung /‘/
v Produce // ] /] l
v« Elecirons // j \
v Positrons (eleciron witr) l /l
oositive charge) < \
v rlign energy onhotons \



Aneiorny of a cosrnic-raly alr snower
Cosmic/ Ray

Atrnosphere
Alr Snower Corngorients

+ Shower core of nuclear pariicles
+ Nucleons (protoris Flnrl neuirons)
« Pions (deczy to garmrrza rays)
+ Subshowers theit ook like garmrmze-reay

alr showers e
« Dorminated /electrons positrons, / at

and high energy photons

« Muons (live electrons but - — S
heavier and more /j /l

Nucleon

penetrating) — <

« Peutrinos (very penetrating,

these can pass tnrougn tne =arin) l /l \



Alr snower rnoyie

« Viewooini is looxing Up anc watcning
snower develop inrougrn airmosoriere

« Color scheme
« Electrons/Positrons/Photons (not Cerenkov)
« MVuons
+ Plons
+ Protons/Neutrons
+ Other — nuclear fragments

Credit: M. Morzales
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Cerenxov lignt frorn cosrmic rays
Cosmic r‘Ly Direct light (cosmic ray flavor)

Aoout 12
First interaction
Air Shower light
(cosmic ray ?
ADoUt 5 ] energy) .

Pezal of snower

00

Combined shower images

| for 4 telescopes
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L views of the same Cere ikov flash



cosrnic-ray snower In VERITAS

Light from air shower

v Alr sniower viewed oy
VERITAS telescopes

v

Lignit frorn air snower
pariicles rougnly
elliptical

Ligni frorn original
cosric ray in ore brignt
0lsel

Three telescopes at
goocl viewing arngles,
ine otner Is not

U2

Direct light from
cosmic ray
at high altitude



cosmic ray

v Improve apility to
separsdie cosric-ray
and garnrnea-ray alr
SNowers
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An alr snower in TrlCE

« Turning up ine magnification of ) air-
snower Irneage



SUrrirnary

There arer rm/ cdifferent sources of garnrmal reys
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J\Jevv elescopes In space and on ine gulmrl niinue o
' f arnrna-rely sy and are glr 0sing
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Upcorning opservaiions witn GLAST and VERITAS will
answer quesiions and oring new gnenornenz o lignt
Developrment of new iechnicues
contnues

The deeper we ook, the petter we will understand tne
rmost violent places in the Universe and now they nave
rwchrW4anocmi orn everyining around us
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