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Model 1.

VOolk & Atoyan ApJ541,88(2000

Hadronic emission: p+p- p® (- g+g) + X

2 F{E) {erg cm_zs_i}
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F16. 2—Hadronic y-ray fluxes expected from the Coma Cluster for a
proton differential energy spectrum with spectral index o = 2.1 and
cutoff energy E, = 200 TeV. The solid and dashed curves show the y-ray
fluxes produced in pp interactions of CRs with E., = 3 x 10°% ergs and
Eg =3 x 10°! ergs, respectively, in an ICM with n = 1072 cm™?; the
lower CR energy content might reflect a lower acceleration efficiency at the
galactic wind termination shocks. Also, the EGRET upper limit is shown
(Sreeckumar et al. 1996). The heavy bar shows the 10% level of the TeV
y-ray flux from the Crab Nebula (e.g., Konopelko 1999). The light vertical
bars show the limiting fluxes for a 100 hr observation time with the
H.E.S.S. imaging atmospheric Cerenkov telescope (IACT) array of a 1°
extended source (upper ends), on the one hand, and of a point source (lower

ends) on the other (see Aharonian et al. 1997a, 1997b).



Model 2. Gabici& BlasjAstropart. Phys. 20, 579 (200«

IC emission from high -energy electron
Interactions with the CMB

1n-1
"‘-‘m 10712
g From top to bottom:
= (1) amerger between two
e clusters withmassed 0'5Mg
10-18 and103Mg ;
(2) an accreting clustewith
massl0Mg with a magnetic
; | o ! AN fieldat the shock in the
9 00 1000 00 upstreamregion 0.1nG:
B{GeV) (3) an accretingluster with
Fig. 3. Gamma ray emission in the 100 GeV-10 TeV region. maslel5M8 with amagnetic
The thick solid lines represent the sensitivities of a IACT for field at the shock in the

point sources (lower curve) and extended sources (upper curve).
The predicted gamma ray fluxes from a Coma-like cluster at a
distance of 100 Mpc with and without absorption of the in-
frared background are plotted as dashed and solid lines re-

4 spectively.

upstreamregion 0.0InG.



Model 3.

Inoue Aharonian& Sugiyam#apJ628, L9 (2005

Synchrotron and IC emission from

secondary electron/ positron pairs produced
In p-ginteractions with the CMB

-10¢ ' ! 1

i LP=37(;1045 erg/s
b Tp=2 Gyr, R=3.2 Mpc
-11F =10 em”
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-— 0.3 (1.4x10"%)

— [ D=100 Mpc muma 1 (4.5x10%%)
w
o ]
5 E
) 5
$d =
L, . s
%) \ ]
= \ 3
o ' -
= \ g
&hn . s ki
k= X :
|‘¥ ?,// _:
A E
8 10 12 14
og E [eV]

F1G. 1.— Spectra of proton-induced emission from our fiducial cluster accretion shock, for B, = 0.1, 0.3 and 1pG. The p-p 7 component
has been multiplied by 10.



Model 4.

Simulation with a universal cosmic

Pinzke & PfrommeagrXiv: 1001.5023 (2010
-ray

spectrum and spatial distribution

3

3

e
&

ﬁ”—y(E?’ > 100 MeV) [phem™2 s7!]

=

—
—

incl. galaxies
excl. galaxies

20

40 ' 60
extended HIFLUGCS cluster [D

Figure 19. Predicted y-ray flux above 100 MeV in clusters and groups in the extended HIFLUGCS catalog to which we also add the Virgo cluster. The
flux comes from the region within the Fermi angular resolution at 100 MeV, i.e. a circular region of radius 3.5 degree that contains 68 per cent of the PSF,
but with the limit at 3 Ry for each cluster and group. The black line refers to our optimistic model where we include the flux contribution from galaxies
and the red line shows the flux without galaxies (cf. Table[5). We name the clusters and groups with j”fnu_T{Ey > 100MeV) = 2% 10-9 phem=2s~! in
our optimistic model which roughly corresponds to the sensitivity of the Fermi all-sky survey after two years of data taking.
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Reimer et alApJ588, 155 (2003)

EGRETDD RGeV HQ§ oz

/ b Flux (=100 MeV)
Number Name (deg) (deg) = (10-"Fem—2g— 1)

N m o ook s macaa A AN A426 (Per Cluster) 150.58 —13.26 0.0184 <3.72
e susatatas saananananDeys Oph Cluster 0.56 9.27 0.028 = 5.00
D R NNNERSSRSSRRE VIR Cluster 282.08 75.20 0.0038 <2.18
[ SO AN A e - S Coma Cluster 58.13 88.01 0.0238 < 3.81
it Tittansssa naxas A2319 75.68 13.50 0.056 =<3.79
A3571 316.31 28.54 0.04 <= 6.34
A3526(Cen Cluster) 302.40 21.35 0.0109 <531
Tra Cluster 324.36 —~11.38 0.051 <8.13
3C 129(3A 0446-+-449) 160.39 0.13 0.0223 = 5.29
AWMT7(2ZA 0251 +413) 146.34 —15.63 0.018 <3.47
AT754 239.20 24.71 0.054 <8.18
A2029 6.49 50.55 0.0768 = 7.49
A2142 44.23 48.69 0.0899 =497
A2199 62.93 43.69 0.0299 <9,27
A366T 340.88 —~33.39 0.055 <3.82
A478 182.43 —28.29 0.09 =514
ABS8S 115.04 —72.06 0.055 = 6.32
A3266 272.14 —~40.16 0.0545 =442
A401 164,18 -38.87 0.075 <9.28
1 3A0745 191 236.42 2.99 0.1028 = 7.08
A496 200.57 —36.48 0.0327 <7.11
Al1795 33.81 77.18 0.063 < 3.98
> . AN AR PR A A2256 111.10 31.74 0.056 =4.28
24 ...cicienennnnnnnnnanans Cyg A Cluster 76.19 5.76 0.057 =446
¥ 4§ S A T A e A 2A 0335.+096 176.25 -35.08 0.0349 <811
> Al1060 269.63 26.50 00114 < 14.85
A3S558 312.00 30.72 0.048 < 3.58
A6Ga4 22993 15.29 0.0704 =9.71
Al1651 306.73 58.63 0.086 <3.75
A3S562 313.30 30.35 0.0499 =<3.62
Al367 234.80 73.03 0.0215 <272
A399 164.36 —39.46 0.072 =492
7 A2147 28.80 44 .49 0.0356 = 7.45
Al119 125.74 64.11 0.044 =4.51
A3158 264.68 ~48.76 0.0575 =2.52
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Perseus (03h19m,413 06 ) 0.018 <13% Crab Whipple
(>400GeV, 0.3 (Perkins+ 2006)
- <1-2% Crab MAGIC
(>150GeV, poirdike) (Aleksier 2009)
Abell2029 (15h10m,054 56 ) 0.077 <14% Crab Whipple
(>400GeV, 0.3 (Perkins+ 2006)
Abell 496 (04h34m;13 1 6 8 0.033 <5% Crab H.E.S.S.
(>0.57TeV, 0.6 (Aharoniar- 2008)
Abell 85 (00h42m;09 2 1 6  0.055 <2% Crab H.E.S.S.
(>0.46TeV, 0.49 (Aharoniar+ 2008)
Coma (12h59m, 275 8 6 ) 0.023 <15% Crab H.E.S.S.
(>1TeV, 0.4) (Aharoniar- 2009)
Abell3667 (20h12m;56 506  0.055 <29% Crab CANGAROO-III
(>950GeV, 0.9 (Kiuchi+ 2009)
Abell4038 (23h47m;28 1 26  0.029 <12%Crab CANGAROO-III

(>750GeV, 0.25

(Kiuchi+ 2009)



Fermi Gamma -ray Space Telescope

- D T ———
' ——— v
General Dynamics clean room, standing are: Chip Meegan, NASA Marshall
Space Flight Center, Hunstville, Ala.; Peter Michelson, Stanford University,
Stanford, Calif.; Steve Ritz, from NASA Goddard Space Flight Center,
Greenbelt, Md. Kneeling are: Bill Atwood, University of California at
Santa Cruz, Calif.; Dan Blackwood, NASA Headquarters; Rick Harnden,
NASA Headquarters, Washington; and Neil Johnson, Naval Research
Laboratory, Washington. In the right corner, a technician checks the satellite.
Credit: NASA and General Dynamics
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P. Michelson, March 2009

Fermi Gamma -ray Space Telescope: spec

Ang. Res. | Ang.Res. | Eng.Rng. | A @ e
(100 MeV) (10 GeV) | (GeV) (cm2 sr) S

1991—00 0 03—1 0

S EEmre et

FL:';"' 2008~ 35° 0.1° 0.02-300 25,000 1 x 108/yr

. LAT has surpassed EGRET and AGILE celestial gamma-ray totals
*» Unlike EGRET and AGILE, LAT is an effective

whole sky every ~3 hours ‘
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Sample event display (1)




Sample event display (2)




Sample event display (3)




Sample event display (4)




Event class and effective area

Real event
distribution

16
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Fig. 2. Effective area versus energy at normal incidence for Diffuse
(dashed), Source (solid) and Transient (dotted) P6_WV3 event classes.
1.5-10° _ Tl’anSIent
- Source
1.0-10% _ lefuse
LT E
Fr oDi ffugeod
5.0-10" =,
- . >100-200 MeV
’ L T _— i |
S r 5 s

. Log (energy)



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

Fermi First Source Catalog (1FGL)

2010 1 14 1451 (1.B10'0oDi ffuseo MeWwents >10

0 a0 €80 B3 100120

L8
vhf O
u‘."' - o . -
; 1 [ - ) L= = (S ] o 3 \ = % .
% 2 (;)1 't,'.ll Um g ruml : @ E oo l(" i) l’ll\;}:\'-"ﬁ‘ ﬁ‘gl X l"’l:‘"l | Vo l'%\‘:{;' tx1 % B (SRS 2 k=
e drl e ¢ =] e lfr'“?:‘l'l' ppcs s § S [ B : = '-cll o
R m] o = ) Q“"u&‘lwtﬁ‘\ 5 ; ok 'u&- O =) 1 . £
7 rll_llul‘{l"’ =4 L?[H % o [ o= H”H 5 (ilnl . SR | ”'H(J‘n (RS- l":'" ! o [N
- - "",I)nt_’ll 'U“,-,lll:j [SY=VENE <oy ) L @ By (& [t 4
g LA g 1‘11 At T . : = ol g BB u, o v (= . B
; - ¥ £ R~ l_" = ._,,.,:' - Iy "'l “ (A= ST S
© DR RN =D 0 'it'" == g2
- A i L ll'1 o b
. L | = o <
L =% '.frllj“"l J—"' T | ™ o UL lr&‘ B8 o=
J - o
< - 1 (] 1
L‘ -
-90
o Unassociated AGN — blazar ~ AAGN — unknown
Potential SNR - Starburst Gal - AGN — non blazar
17 Pulsar * Pulsar w/PWN -+ Galaxy
SNR 1 XRB or MQO Globular cluster




o Unassociated
Potential SNR  + Starburst Gal

Pulsar
SNR

AGN - blazar

<« AGN = unknown
= AGN = non blazar

* Pulsar w/PWN + Galaxy

£ XRB or MQO

Globular cluster

B0 o 100120



Superi mposgde (|l i1 near

o Unassociated AGN - blazar = AGN = unknown
Potential SNR  + Starburst Gal = AGN — non blazar

Pulsar * Pulsar w/PWN + Galax y
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Fermi count map
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Fermi Galactic diffuse model
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Fermi isotropic model

22

104

S
A ]' A

L3
T

Commn- oy vy (o e

EX

ragalocti® gpeeees

L] bookg"o"md i

dal




Point sources = Observed intensity & Diffuse model

Observed

Galactic diffuse
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Sources = residuals
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T. Porter, talk affeV Particle Astrophysics (2009)

Galactic diffuse emission: components

Cosmic Rays and Diffuse Emission

42 sigma (200342004 dais) o 140

20 GeV/n

CR species:
> Only 1 location

Credit: Moskalenko » modulation

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, July 14™ 2009




T. Porter, talk affeV Particle Astrophysics (2009)

Galactic diffuse model: profile
Model Adjusted: Long/Lat Profile 1.2 GeV
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* Latitude fit over factor 100 from plane to pole # IC at
high latitudes, large halo? Modified model = increased cosmic-ray
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' gas = agreement with inner Galaxy is

Troy A_ Porter, Santa Cruz Institute for Particle Physics :i very good in spectrum and prof"e



T. Porter, talk affeV Particle Astrophysics (2009)

Galactic diffuse model: spectrum
Inner Galaxy: keV to ~ 100 GeV

Porter et al. (2008) with LAT data PR!LI

galdef ID 54_80Xvarh7S
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“isotropic' = instrumental + astrophysical backgrounds

Troy A_ Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, July 14™ 2009



Skymap of 3EG and revised catalog

» 28 Red: EGR(casandjia& Grenier . A.AA 489, 849 (2008)



JearMarc Casandjiamnd Isabell&renier, 2005

Dark gas contribution

Dark gas contribution!
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3EG / 1FGL sources




EGR / 1FGL sources




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

consi stency




TeV [/ 1FGL
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>30GeV allsky map

+ TeV sources
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Ackerman, talk at Femi symposium (Nov. 2009)

Extragalactic diffuse emission

36

Comparison with EGRET results

E® dN/dE [MeV cm™“s"'sr™)

—%— EGRET - Strong etal. 2004
| — EGRET - Sreekumar et al. 1998
- —e— FermiLAT

e eeeeentll (| Considerably steeper
PRELIMINARY than the EGRET

spectrum by
Sreekumar et al.

No spectral features
around a few GeV seen
in re-analysis by Strong
et al.

10° 10°

LAT (this analysis)
EGRET (Sreekumar et al,, 1998)
EGRET (Strong et al. 2004)

10°
Energy [MeV]

Flux, E>100 MeV spectral index

1.03+/- 0.17 2.41 +/- 0.05
1.45 +/- 0.05 2.13 +/- 0.03
1.11 +/- 0.10

LAT + resolved sources below EGRET sensitivity 1.19 +/- 0.18 2.37 +/- 0.05

Fermi Symposium, 11/02/09-11/05/09

x 10 am2 s1grl

& Markus Ackermann for the LAT collaboration ¢ 11



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

Fermi analysis of point sources

FITS files:

Photon data
Spacecraft data

AFSSC website
Jeeay ASpecify position, period & energ

: Tools:
AEvent selection ] gtselect
o ATime selection gtmktime
'Sy A Livetimecube generation gtitcube
S V .
= AExposure map generation gtexpmap
model \ T :
ALikelihood analysis ] gtlike

deledit I '
et BEES A Unbinned/ Binned

Catalog
sources

analyis

Platform: Scientific Linux 4/5, Mac OS 10.4/10.5
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http://fermi.gsfc.nasa.gov/workshops/da2010_boston/

|_ AT d at a server http://fermi.gsfc.nasa.govign/ssc/LAT/LATDataQuery.cgi
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