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Hillas, 1984
Two possible sites:

ÅMergers

ÅCluster accretion shocks
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Hadronic emission: p+p­p0 (­g+g) + X

Völk & Atoyan, ApJ541,88 (2000)
Model 1.
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IC emission from high -energy electron 

interactions with the CMB

Gabici& Blasi, Astropart. Phys. 20, 579 (2004)

From top to bottom: 

(1) a merger between two 

clusters with masses 1015M
8

and 1013M
8

; 

(2) an accreting cluster with 

mass 1015M
8

with a magnetic 

field at the shock in the 

upstream region 0.1 mG; 

(3) an accreting cluster with 

mass 1015M
8

with a magnetic 

field at the shock in the 

upstream region 0.01 mG.

Model 2.

IACT (extended)

IACT (point)
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Synchrotron and IC emission from 

secondary electron/ positron pairs produced 

in p-ginteractions with the CMB

Inoue, Aharonian& Sugiyama, ApJ628, L9 (2005)Model 3.
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Simulation with a universal cosmic -ray 

spectrum and spatial distribution
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Model 4. Pinzke & Pfrommer, arXiv: 1001.5023 (2010)



EGRETǲȏȒGeV Ḣǵʣ

Reimer et al., ApJ588, 155 (2003)

ò58 nearby 

X-ray-bright 

galaxy 

clustersó
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Name Position Redshift Limit Reference

Perseus (03h19m, 41̄30õ) 0.018 <13% Crab

(>400GeV, 0.3̄)

Whipple

(Perkins+ 2006)

¬ <1-2% Crab

(>150GeV, point-like)

MAGIC

(Aleksic+ 2009)

Abell 2029 (15h10m, 05̄45õ) 0.077 <14% Crab

(>400GeV, 0.3̄)

Whipple

(Perkins+ 2006)

Abell 496 (04h34m, -13̄ 16õ) 0.033 <5% Crab

(>0.57TeV, 0.6̄)

H.E.S.S.

(Aharonian+ 2008)

Abell 85 (00h42m,-09̄ 21õ) 0.055 <2% Crab

(>0.46TeV, 0.49̄)

H.E.S.S.

(Aharonian+ 2008)

Coma (12h59m, 27̄58õ) 0.023 <15% Crab

(>1TeV, 0.4̄)

H.E.S.S.

(Aharonian+ 2009)

Abell 3667 (20h12m, -56̄ 50õ) 0.055 <29% Crab

(>950GeV, 0.4̄)

CANGAROO-III

(Kiuchi+ 2009)

Abell 4038 (23h47m, -28̄ 12õ) 0.029 <12%Crab 

(>750GeV, 0.25̄)

CANGAROO-III

(Kiuchi+ 2009)
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Fermi Gamma -ray Space Telescope

2008 6 11
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Pair telescope for high -energy gamma -rays

Evans 1955
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ÅOSO-3 (1967-1968)

ÅSAS-2 (1972-1973)

ÅCOS B (1975-1982)

ÅCGRO/EGRET (1991-2000)

ÅAGILE (2007-)

ÅFermi (2008-)



Fermi Gamma -ray Space Telescope: spec

P. Michelson, March 2009
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Sample event display (1)
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Sample event display (2)
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Sample event display (3)
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Sample event display (4)
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Event class and effective area
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Class =

òTransientó

òSourceó

òDiffuseó

Rando, arXiv:0907.0626

Transient

Source

Diffuse

Real event

distribution Fewer

background

òDiffuseó class

>100-200 MeV



Fermi First Source Catalog (1FGL)

http://fermi.gsfc.nasa.gov/ssc/data/access/lat/1yr_catalog/

2010 1 14 1451 (1.1³107òDiffuseó events >100 MeV)
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Superimposedé
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Superimposedé (linear scale)
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Cygnus

region

Galactic

center

Vela pulsar

Geminga

Crab

Fermi count map
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Fermi Galactic diffuse model
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Fermi isotropic model
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Point sources = Observed intensity ðDiffuse model

Observed

Galactic diffuse

Isotropic

Sources

-

-

=
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Sources = residuals

Cygnus

region

Vela pulsar

Geminga

Crab
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Heavily 

depends 

on diffuse 

model!



Galactic diffuse emission: components

T. Porter, talk at TeVParticle Astrophysics (2009)
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Galactic diffuse model: profile

T. Porter, talk at TeVParticle Astrophysics (2009)
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Galactic diffuse model: spectrum

T. Porter, talk at TeVParticle Astrophysics (2009)
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Skymap of 3EG and revised catalog 
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Black: 3EG(Hartman et al.  ApJS 1999)

Red: EGR(Casandjian& Grenier, I. A. AA 489, 849 (2008)



Dark gas contribution
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3EG catalog òExtendedó catalog

Dark gas contribution!

Jean-Marc Casandjianand Isabelle Grenier, 2005



3EG / 1FGL sources
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EGR / 1FGL sources
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3EG / EGR / 1FGL sources
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3EG / EGR / 1FGL sources: close up

33 No good consistency around the Galactic centeré



TeV / 1FGL
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>30GeV allsky map
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+ TeVsources



Extragalactic diffuse emission
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Ackerman, talk at Femi symposium (Nov. 2009)



Fermi analysis of point sources

Data extract

ÅFSSC website

ÅSpecify position, period & energy

Data 
selection

ÅEvent selection

ÅTime selection

Exposure 
calculation

ÅLivetimecube generation

ÅExposure map generation

Source 
analyis

ÅLikelihood analysis

ÅUnbinned/ Binned

gtselect

gtmktime

gtltcube

gtexpmap

gtlike

Photon data

Spacecraft data

Tools:

FITS files:

http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/

Platform: Scientific Linux 4/5,  Mac OS 10.4/10.5

Data 

display

Source 

model
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ds9 / fv

modeleditor

¦See also óFermi Data Analysis Workshopó presentations:

Ex. http://fermi.gsfc.nasa.gov/workshops/da2010_boston/

Catalog

sources

http://fermi.gsfc.nasa.gov/workshops/da2010_boston/


LAT data server http://fermi.gsfc.nasa.gov/cgi-bin/ssc/LAT/LATDataQuery.cgi
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Mrk 501

START, 2009-09-30 00:00:00

Allskyfiles are readyé


