The 65" Compton Lecture Series

The Quest for Gamma Rays:
‘ Exploring the Most Violent Places

INn the Universe
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Key Questions

\

4 What Is diffuse emission and why do
astronomers want to study background light?

* What Is gamma-ray background light like?
% How diffuse is the gamma-ray background?

% What types of sources generate the most
gamma rays in our Galaxy?

4 What types of gamma-ray sources dominate the
history of the Universe?




Overview

\

s Diffuse emission
s Definition
¢ Gamma-ray backgrounds

& Extragalactic gamma rays
5 Galactic gamma rays
% Very high energy gamma-ray background




Diffuse Emission

\




What Is diffuse emission?

\

> Diffuse:
® spread out; not concentrated in one place;

» soft: (of light) transmitted from a broad light source or
reflected




What creates diffuse emission?

\

& Broad sources
% Clouds of gas and dust glow at lower energies

Unresolved sources
% Too faint to pick out individuals

Scattered particles
» Accelerated particles change direction and spread over large areas

& The very early universe

s Started small and expanded. The cosmic microwave background
makes the whole universe glow now

Instrument effects

» False signals due to things happening in or near a detector

EXxotic physics
* Interactions of undiscovered particles or objects




Diffuse X-ray background

\

* Broad regions within the Galaxy

& Gas between stars heated up by supernova
explosions and strong stellar winds

* In high energy X-rays, the entire sky glows
% Unresolved sources: distant quasars

ROZAT PSPC All-Sky Survey at 1.5 ke¥
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Credit: S.L. Showden et al
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Diffuse gamma rays

\

s Diffuse gamma rays appear to come from
a broad region of sky instead of a single
object
4 Our galaxy

& Strongest along the galactic plane and galactic
bulge

% The entire sky

* Outside of our Galaxy
s Faint and uniform




Digying cown to the packground
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Credit: S.W. Digel (NASA/GSFC)



Digying cown to the packground
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Digying cown to the packground
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Diffuse Gaurnrnea Fay Bacryrourd
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SAS Z misslon

Novernoer 1972 - June 1973

« Mapped tne nign energy
garnrnea-ray sy In deizll

« Measured nign energy
Jarnrma-ray pacKyrournd

v« Confirmned inat garnrea reys
corne frorn dense regions of
ine Galaxy

Credit: NASA FIEASARC



The MeV ournp

Sopecirurn frorm early measurermnents revealed a
fezilre In the garnma-ray pacrgrourd
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out: VeV ournp

In: GeaV excess
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Veppadatn Pn.D. Thesis 1998

Flunter et al, 1997



lalaciic Garnrne fHavs
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Sreekurmar et al, 1998



nawve jets, we see the garnrrza rays wher

When galzudes
ine jetis polnied toward us

not poining towerd Earin?

5
Garnrna raeys apove ~50 GeV undergo palr produciior
lowrn to GeV pnotons witn different

Wnat aaoourt all ine et

M

« TeV pnotons carn cascacle
directions

e
Relativistic Jets O
/
— el —— e MeV y's

Infrared y  at

Blazars could make up a majority or mayoe all of the
exiragalaciic pacrground



Wrat eaoout Garnrma-Ray BLUrsis?

«plosions nappen in galawdes througnout the Universe
the ones that direct garnrma relys toward us.,
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Can we see z ¢low
frormn GRBs that o
not polnt toward
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Galactic Garnrnea Ravs



v We suspect most cosrric rays come frorr
supernova explosions

v Trney wander tnrougnolt tne galzuy and
eventually Interact to produce garnma rays

shock
&

©



v Cosmic ralys carn e garnrrmza rays tnrougr)
interactions witn rnetier
v F = F roumrl tnait ine galactic diffuse
It tne paris of the galaxy
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High energy
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Digging up & new proolerr

v Tne GeV excess!

o4

v Trniere are (0o many darmnrme reys apove 1
GeV!
v BUL NS IS essurmru We Krow g,qu/ now o
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Eplaining tne GeV excess

Wnat eipout uniresolved polnt sources?

v Garnme ray pulsars ancd wind neoulae, yourd
SUQErnovea rernants

Is the distripuilon of cosrmic rays nes
rin different frormn tne rest of tne G

Is there anotner cormnpornent of diffuse



oevoric 10 GeV?

v Hlign Energy Asiropnysics apnorisrr
v When Ir) E]OLJD'[, loor it znotner wavelerigin
« More graciically

v Very nign energy garnrma rays are ine critical
test of garnrma ray production and cosric ra
cceleration
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© What do ground-based telescop
nign energles?






TeV Bacrgrournd will pe faint

v In general 100,000
onoions ai 10 GeV
for every 1L TeV
onotor
v [f pariicles are

pelng accelerated
to TeV energies

We cannot yet c Ie';ec; L an extragalactic TeV packground
ni TeV pnotons are apsorped



Cosric ralys frorm a prenistoric
supernova explosion running into
rmolecular clouds? After individual sources removed

Anaronian et al, 20086



The MNorinern Sy in very very
nlgry energy geunmrel relys

« Milagro opservailons over 6 years
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Pl Gelactic Ceriter

\/\ Galactic Plane

Cygnus Arm

Credit: A, Abcdo



The 20 TeV diffuse pacrground in
ine ;ygn LIS Arrr)

Te\/ J'lgfgrgl rl cl frorm
tne Cygnus Arrr
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Make that the GeV-TeV excess?  indo etz 2007



« Wnat If we oret end Ve
Jaurnrna ray so

Galacilc Center .'oy .

in the Cygnus arrmn?



I Hdser/ Ir the past, ine
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v« Currenily ooserving irie Cygr
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v Belter angular resoluiion
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SUrrirnary

\re ar important tool for prooing faint
ow 200Ut and those we rmay not nayve
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Diffuse garnrmea rays corne fror exiragalactc and

galactic sources

Diffuse exiragzalacic garnrma rays are rmostly frorm faint

) i galaudes

Diffuse C—jalacur* gﬁmm?l relys corne frorn cosmic rays

v« Away to rmeasure cosmic rays in other parts of the Galzauy

New reasurernents i nign and very rngm grlmmru rz1y

QrJQrJ]QS will irmprove our kKnowledge of wnat's in irne
pacrground rrnrl rignt ever reveal new asiropnysics



