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Key QuestionsKey Questions

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

What is gammaWhat is gamma--ray background light like?ray background light like?

How diffuse is the gammaHow diffuse is the gamma--ray background?ray background?

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

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



OverviewOverview

Diffuse emissionDiffuse emission
DefinitionDefinition

GammaGamma--ray backgroundsray backgrounds

Extragalactic gamma raysExtragalactic gamma rays

Galactic gamma raysGalactic gamma rays

Very high energy gammaVery high energy gamma--ray backgroundray background



Diffuse EmissionDiffuse Emission



What is diffuse emission?What is diffuse emission?

Diffuse:Diffuse:
spread out; not concentrated in one place; spread out; not concentrated in one place; 
soft: (of light) transmitted from a broad light source or soft: (of light) transmitted from a broad light source or 
reflected reflected 



What creates diffuse emission?What creates diffuse emission?

Broad sourcesBroad sources
Clouds of gas and dust glow at lower energiesClouds of gas and dust glow at lower energies

Unresolved sourcesUnresolved sources
Too faint to pick out individualsToo faint to pick out individuals

Scattered particlesScattered particles
Accelerated particles change direction and spread over large areAccelerated particles change direction and spread over large areasas

The very early universe The very early universe 
Started small and expanded. The cosmic microwave background Started small and expanded. The cosmic microwave background 
makes the whole universe glow nowmakes the whole universe glow now

Instrument effectsInstrument effects
False signals due to things happening in or near a detectorFalse signals due to things happening in or near a detector

Exotic physicsExotic physics
Interactions of  undiscovered particles or objectsInteractions of  undiscovered particles or objects



Diffuse XDiffuse X--ray backgroundray background

Broad regions within the GalaxyBroad regions within the Galaxy
Gas between stars heated up by supernova Gas between stars heated up by supernova 
explosions and strong stellar windsexplosions and strong stellar winds

In high energy XIn high energy X--rays, the entire sky glowsrays, the entire sky glows
Unresolved sources: distant quasarsUnresolved sources: distant quasars

Credit: S.L. Snowden Credit: S.L. Snowden et al.et al. 1995 1995 



Diffuse gamma raysDiffuse gamma rays

Diffuse gamma rays appear to come from Diffuse gamma rays appear to come from 
a broad region of sky instead of a single a broad region of sky instead of a single 
objectobject

Our galaxy Our galaxy 
Strongest along the galactic plane and galactic Strongest along the galactic plane and galactic 
bulgebulge

The entire skyThe entire sky
Outside of our GalaxyOutside of our Galaxy
Faint and uniformFaint and uniform



Digging down to the backgroundDigging down to the background

Subtract Subtract 
point point 
sourcessources
Subtract Subtract 
the the 
GalaxyGalaxy
What’s What’s 
left?left?

Credit: S.W. Credit: S.W. DigelDigel (NASA/GSFC) (NASA/GSFC) 



Digging down to the backgroundDigging down to the background

Subtract Subtract 
point point 
sourcessources

Credit: S.W. Credit: S.W. DigelDigel (NASA/GSFC) (NASA/GSFC) 



Digging down to the backgroundDigging down to the background

Subtract Subtract 
point point 
sourcessources
Subtract Subtract 
the the 
GalaxyGalaxy
What’s What’s 
left?left?

Credit: S.W. Credit: S.W. DigelDigel (NASA/GSFC) (NASA/GSFC) 



Diffuse Gamma Ray BackgroundDiffuse Gamma Ray Background



The gammaThe gamma--ray spectrumray spectrum
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SAS 2 missionSAS 2 mission

Mapped the high energy Mapped the high energy 
gammagamma--ray sky in detailray sky in detail
Measured high energy Measured high energy 
gammagamma--ray backgroundray background
Confirmed that gamma rays Confirmed that gamma rays 
come from dense regions of come from dense regions of 
the Galaxythe Galaxy

November 1972 November 1972 -- June 1973June 1973

Credit: NASA HEASARCCredit: NASA HEASARC



The The MeVMeV bumpbump

Pessimist:                Pessimist:                
Local instrument Local instrument 
backgrounds from backgrounds from 
radioactivity interfereradioactivity interfere
Optimist:                 Optimist:                 
Exotic physics! Trace Exotic physics! Trace 
radiation from the early radiation from the early 
universe.universe.

Spectrum from early measurements revealed a Spectrum from early measurements revealed a 
feature in the gammafeature in the gamma--ray backgroundray background

Credit: NASA HEASARCCredit: NASA HEASARC



Then came the Compton Gamma Then came the Compton Gamma 
Ray ObservatoryRay Observatory

Credit: NASACredit: NASA

Larger high energy Larger high energy 
detector, EGRET detector, EGRET 

See more photons in less See more photons in less 
timetime
Detect higher energy Detect higher energy 
photonsphotons

Medium energy detector, Medium energy detector, 
COMPTELCOMPTEL

fill the Xfill the X--ray gammaray gamma--ray gapray gap

COMPTELCOMPTEL EGRETEGRET



Out: Out: MeVMeV bumpbump
In: In: GeVGeV excessexcess

KappadathKappadath Ph.D. Thesis 1998Ph.D. Thesis 1998
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Extragalactic Gamma RaysExtragalactic Gamma Rays



Extragalactic diffuseExtragalactic diffuse

Photon Photon 
densities after densities after 
subtractingsubtracting

Identified Identified 
sourcessources

Galactic Galactic 
backgroundbackground

Instrumental Instrumental 
effectseffects

SreekumarSreekumar et al. 1998et al. 1998
1 1 GeVGeV



What about What about blazarblazar galaxies?galaxies?

When galaxies have jets, we see the gamma rays when When galaxies have jets, we see the gamma rays when 
the jet is pointed toward usthe jet is pointed toward us
What about all the jets not pointing toward Earth?What about all the jets not pointing toward Earth?
Gamma rays above ~50 Gamma rays above ~50 GeVGeV undergo pair productionundergo pair production

TeVTeV photons can cascade down to photons can cascade down to GeVGeV photons with different photons with different 
directionsdirections

BlazarsBlazars could make up a majority or maybe all of the could make up a majority or maybe all of the 
extragalactic backgroundextragalactic background

Relativistic JetsRelativistic Jets

Infrared Infrared 

TeVTeV

MeVMeV ’s’s

ee--

ee++



What about GammaWhat about Gamma--Ray Bursts? Ray Bursts? 

Extremely powerful explosions happen in galaxies throughout the Extremely powerful explosions happen in galaxies throughout the UniverseUniverse
We only see the ones that direct gamma rays toward us…We only see the ones that direct gamma rays toward us…

There must be many more that we do not see!There must be many more that we do not see!



The GRB backgroundThe GRB background

Can we see a glow Can we see a glow 
from from GRBsGRBs that do that do 
not point toward not point toward 
us?us?

This will be much, This will be much, 
much fainter than much fainter than 
the the blazarsblazars



Galactic Gamma RaysGalactic Gamma Rays



Cosmic rays produce gamma Cosmic rays produce gamma 
raysrays

We suspect most cosmic rays come from We suspect most cosmic rays come from 
supernova explosionssupernova explosions
They wander throughout the galaxy and They wander throughout the galaxy and 
eventually interact to produce gamma rayseventually interact to produce gamma rays

shockshock
++

++



The matter distributionThe matter distribution

Cosmic rays can make gamma rays through Cosmic rays can make gamma rays through 
interactions with matterinteractions with matter
EGRET found that the galactic diffuse EGRET found that the galactic diffuse 
background lines up with the parts of the galaxy background lines up with the parts of the galaxy 
with the most matterwith the most matter

Light from Light from 
molecular molecular 

cloudsclouds

High energy High energy 
gamma raysgamma rays



Galactic diffuse gamma raysGalactic diffuse gamma rays

Cosmic rays generate gamma rays by several methodsCosmic rays generate gamma rays by several methods

Strong, Strong, MoskalenkoMoskalenko, and Reimer 2004, and Reimer 2004

ppoo

Small contribution from extragalactic Small contribution from extragalactic 
gammagamma--ray backgroundray background

PionPion
decaydecay

Electron Electron 
brehmsstrahlungbrehmsstrahlung

Electron inverse Electron inverse 
Compton Compton 
scatteringscattering
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NucleusNucleus

BrehmsstrahlungBrehmsstrahlung



Digging up a new problemDigging up a new problem

The The GeVGeV excess!excess!

There are too many gamma rays above 1 There are too many gamma rays above 1 
GeVGeV!!

But this is assuming we know exactly how to But this is assuming we know exactly how to 
model galactic gamma ray emissionmodel galactic gamma ray emission

Where are they from?Where are they from?



Explaining the Explaining the GeVGeV excessexcess

What about unresolved point sources?What about unresolved point sources?
Gamma ray pulsars and wind nebulae, young Gamma ray pulsars and wind nebulae, young 
supernova remnantssupernova remnants

Is the distribution of cosmic rays near the Is the distribution of cosmic rays near the 
Earth different from the rest of the Galaxy?Earth different from the rest of the Galaxy?
Is there another component of diffuse Is there another component of diffuse 
emission?emission?

Dark matter???Dark matter???



What happens beyond 10 What happens beyond 10 GeVGeV??

High Energy Astrophysics aphorismHigh Energy Astrophysics aphorism
When in doubt, look at another wavelengthWhen in doubt, look at another wavelength

More practicallyMore practically
Very high energy gamma rays are the critical Very high energy gamma rays are the critical 
test of gamma ray production and cosmic ray test of gamma ray production and cosmic ray 
accelerationacceleration

What do groundWhat do ground--based telescopes see at very based telescopes see at very 
high energies?high energies?



The Diffuse The Diffuse TeVTeV GammaGamma--Ray Ray 
BackgroundBackground



TeVTeV Background will be faintBackground will be faint

In general 100,000 In general 100,000 
photons at 10 photons at 10 GeVGeV
for every 1 for every 1 TeVTeV
photonphoton

If particles are If particles are 
being accelerated being accelerated 
to to TeVTeV energiesenergies

We cannot yet detect an extragalactic We cannot yet detect an extragalactic TeVTeV background background 
and distant and distant TeVTeV photons are absorbedphotons are absorbed



TeVTeV gammagamma--ray background near ray background near 
the Galactic Centerthe Galactic Center

H.E.S.S. detects H.E.S.S. detects 
diffuse emission near diffuse emission near 
the Galactic Centerthe Galactic Center

BeforeBefore

After individual sources removedAfter individual sources removed

AharonianAharonian et al. 2006et al. 2006

Cosmic rays from a prehistoric Cosmic rays from a prehistoric 
supernova explosion running into supernova explosion running into 

molecular clouds?molecular clouds?



The Northern Sky in very The Northern Sky in very veryvery
high energy gamma rayshigh energy gamma rays

MilagroMilagro observations over 6 yearsobservations over 6 years

Galactic PlaneGalactic Plane

Galactic CenterGalactic Center

Cygnus ArmCygnus Arm

Credit: A. Credit: A. AbdoAbdo



The 20 The 20 TeVTeV diffuse background in diffuse background in 
the Cygnus Armthe Cygnus Arm

MilagroMilagro, water Cerenkov , water Cerenkov 
telescope, detects 20 telescope, detects 20 
TeVTeV background from background from 
the Cygnus Armthe Cygnus Arm

AbdoAbdo et al. 2007et al. 2007Make that the Make that the GeVGeV--TeVTeV excess?excess?



How diffuse is it?How diffuse is it?

What if we pretend very high energy What if we pretend very high energy 
gamma ray sources detected near the gamma ray sources detected near the 
Galactic Center by H.E.S.S. have cousins Galactic Center by H.E.S.S. have cousins 
in the Cygnus arm?in the Cygnus arm?



What are cosmic rays like What are cosmic rays like 
throughout the Galaxy?throughout the Galaxy?

If a supernova happened nearby in the past, the If a supernova happened nearby in the past, the 
local cosmic ray distribution might be different local cosmic ray distribution might be different 
here from other places in the Galaxyhere from other places in the Galaxy

shockshock
++

++



VERITASVERITAS

Currently observing the Cygnus Arm as Currently observing the Cygnus Arm as 
part of a sky surveypart of a sky survey

Better angular resolutionBetter angular resolution

Harder to detect 20 Harder to detect 20 TeVTeV photons over a large photons over a large 
areaarea

Wait and see!Wait and see!



SummarySummary

Backgrounds are an important tool for probing faint Backgrounds are an important tool for probing faint 
sources we know about and those we may not have sources we know about and those we may not have 
discovereddiscovered
Diffuse gamma rays come from extragalactic and Diffuse gamma rays come from extragalactic and 
galactic sourcesgalactic sources
Diffuse extragalactic gamma rays are mostly from faint Diffuse extragalactic gamma rays are mostly from faint 
distant galaxiesdistant galaxies
Diffuse Galactic gamma rays come from cosmic raysDiffuse Galactic gamma rays come from cosmic rays

A way to measure cosmic rays in other parts of the GalaxyA way to measure cosmic rays in other parts of the Galaxy

New measurements at high and very high gamma ray New measurements at high and very high gamma ray 
energies will improve our knowledge of what’s in the energies will improve our knowledge of what’s in the 
background and might even reveal new astrophysicsbackground and might even reveal new astrophysics


