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Model I.

Volk & Atoyan,Ap| 541,88 (2000)

Hadronic emission: p+p—n® (—>y+y) + X
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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).
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Model 2. Gabici & Blasi, Astropart. Phys. 20, 579 (2004)

IC emission from high-energy electron
interactions with the CMB

1n-1
P
N:E 10712
S From top to bottom:
. (1) a merger between two
: I5
f clusters with masses 10"°M,
10-8E and 10"3M;
: (2) an accreting cluster with
i mass 10'°M with a magnetic
field at the shock in the
l.u—jq, 1 1 | I 11 1 .
100 1000 104 upstream region 0.1 pG;
E(GeV) (3) an accreting cluster with
Fig. 3. Gamma ray emission in the 100 GeV-10 TeV region. mass |0|5M@ with a magnetic
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.

upstream region 0.0 pG.



Model 3. Inoue, Aharonian & Sugiyama, Ap) 628, L9 (2005)

Synchrotron and IC emission from
secondary electron/ positron pairs produced
in p-yinteractions with the CMB
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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. Pinzke & Pfrommer, arXiv: 1001.5023 (2010)

Simulation with a universal cosmic-ray
spectrum and spatial distribution
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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.



Reimer et al.,Ap) 588, 155 (2003)

SGRETIZ Xk A GeVialko LR

/ b Flux (=100 MeV)
Number Name (deg) (deg) = (10-"Fem—2g— 1)
0 o 6 A A AR AR AN A426 (Per Cluster) 150.58 —13.26 0.0184 <3.72
R AN anas anananaaan daaTa Oph Cluster 0.56 9.27 0.028 = 5.00
X R e e S S A 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
S TN 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 “58 b
near
AWMT7(ZA 0251 +413) 146.34 —15.63 0.018 <3.47 y
AT54 239.20 24.71 0.054 <8.18 H
A2029 6.49 50.55 0.0768 = 7.49 X' f'a)’-bf'lght
A2142 44.23 48.69 0.0899 =497
A2199 62.93 43.69 0.0299 =9.27 galaxy
A366T 340.88 —~33.39 0.055 < 3.82
A478 182.43 —28.29 0.09 =5.14 clusters”
AB8S 115.04 —T72.06 0.055 < 6.32
A3266 272.14 —40.16 0.0545 =442
A401 16418 ~38.87 0.075 <9.28
e i 3A 0745191 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
> . PAANANPPRORoREey Y A2256 11110 31.74 0.056 < 4.28
24 ...cicienennnnnnnnnanans Cyg A Cluster 76.19 5.76 0.057 =446
¥ 4~ S o R 2A 03354+096 176.25 -35.08 0.0349 <8.11
) A1060 269.63 26.50 0.0114 < 14.85
A3S558 312.00 30.72 0.048 < 3.58
AGa4 22993 15.29 0.0704 <9.71
Al651 306.73 58.63 0.086 =<3.75
A3S562 313.30 30.35 0.0499 = 3.62
Al1367 234 .80 73.03 0.0215 <2.72
A399 164.36 —39.46 0.072 = 4.92
7 A2147 28.80 44.49 0.0356 =7.45
Al119 125.74 64.11 0.044 =4.51
A31S58 264.68 ~48.76 0.0575 =2.52




F = L2 a7 EREGIT K 2 M oBll
Name | Position | Redshift | Limit | Reference ___

Perseus

T

Abell 2029

Abell 496

Abell 85

Coma

Abell 3667

Abell 4038

(03h19m, 41° 30’)

(15h10m, 05° 45

(04h34m,-13° 16’)

(00h42m, -09° 21’)

(12h59m, 27° 58’)

(20h12m, -56° 50’)

(23h47m, -28° 12’)

0.018

0.077

0.033

0.055

0.023

0.055

0.029

<13% Crab
(>400GeV, 0.3°)

<1-2% Crab
(>150GeV, point-like)

<14% Crab
(>400GeV, 0.3°)

<5% Crab
(>0.57TeV, 0.6°)

<2% Crab
(>0.46TeV, 0.49°)

<15% Crab
(>1TeV, 0.4°)

<29% Crab
(>950GeV, 0.4°)

<12% Crab
(>750GeV, 0.25°)

Whipple
(Perkins+ 2006)
MAGIC
(Aleksic+ 2009)
Whipple
(Perkins+ 2006)

H.E.S.S.
(Aharonian+ 2008)

H.ES.S.
(Aharonian+ 2008)

H.E.S.S.
(Aharonian+ 2009)

CANGAROO-II
(Kiuchi+ 2009)

CANGAROO-II|
(Kiuchi+ 2009)



Fermi Gamma-ray Space Telescope
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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




Z of absorber

Pair telescope for high-energy gamma-rays
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P. Michelson, March 2009

Fermi Gamma-ray Space Telescope: spec

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

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 ‘
ART1-CONCIDERGE CLUSELY SPACED p *
COUNTER SPAAK CHAMBERS
/ 7/57 f
i WIRELY SPACED 5 U
| SPARK CMAMBERS = Y “ )

TiMg OoF
FLIEHT
COINC IDENCE
SYSTEM

PRESSURE VESSEL

MIATL) ENERGY
VEASIRENENT COMw

- AGILE (ASI) R
CGRO EGRET Fermi/ LAT




Sample event display (1)




Sample event display (2)




Sample event display (3)




Sample event display (4)




Real event
distribution

effective ama (cm?)

Fig.

Event class and effective area
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http://fermi.gsfc.nasa.gov/ssc/data/access/lat/ | yr_catalog/

Fermi First Source Catalog (1FGL)

201051 A 14BH XK. 1451K{K (1.1x107 “Diffuse” events >100 MeV)
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Superimposed...
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o Unassociated AGN - blazar = AGN = unknown
Potential SNR  + Starburst Gal = AGN — non blazar

Pulsar * Pulsar w/PWN + Galax y
SNR 0 XRB or MQO Globular cluster




Fermi count map
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Fermi isotropic model
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Point sources = Observed intensity — Diffuse model

Observed

| -
I .
— - Galactic diffuse
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Sources = residuals
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T. Porter, talk at TeV Particle Astrophysics (2009)

Galactic diffuse emission: components

Cosmic Rays and Diffuse Emission

42 sigma (200342004 dais) o 140

120

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 at TeV Particle Astrophysics (2009)

Galactic diffuse model: profile
Model Adjusted: Long/Lat Profile 1.2 GeV
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Troy A_ Porter, Santa Cruz Institute for Particle Physics :i very good in spectrum and prof"e



T. Porter, talk at TeV Particle Astrophysics (2009)

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

Porter et al. (2008) with LAT data PRELI
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Troy A Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, July 14™ 2009



Skymap of 3EG and revised catalog

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



Jean-Marc Casandjian and Isabelle Grenier, 2005

Dark gas contribution

Dark gas contribution!

+q 4 NHy,
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ces

3EG catalog “Extended” catalog
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3EG / 1FGL sources




EGR / 1FGL sources




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




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

Comparison with EGRET results

e eeeeentll (| Considerably steeper
PRELIMINARY than the EGRET

spectrum by
Sreekumar et al.

No spectral features
around a few GeV seen
—%¥— EGRET - Strong etal. 2004 In FE'EHEWSIS b‘f’ Strong

—=— EGRET - Sreekumar et al, 1998 et al.
—8— Formi LAT

E® dN/dE [MeV cm™“s"'sr™)
| | II

10° 10°

10°
Energy [MeV]

Flux, E>100 MeV spectral index
LAT (this analysis) 1.03 +/- 0.17 2.41 +/- 0.05
EGRET (Sreekumar et al,, 1998) 1.45 +/- 0.05 2.13 +/- 0.03

EGRET (Strong et al. 2004) 1.11 +/- 0.10

LAT + resolved sources below EGRET sensitivity 1.19 +/- 0.18 2.37 +/- 0.05
X105 am=2stigrt

36 Fermi Symposium, 11/02/09-11/05/09 & Markus Ackermann for the LAT collaboration & 11



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

Fermi analysis of point sources

N FITS files:

e FSSC website Photon data

st ¢ Specify position, period & energy | | Spacecraft data

: N Tools:
* Event selection gtselect
‘e Time selection gtmktime
ion J
Data
displ . . .
'SPa * Livetime cube generation gtltcube
S \'4 .
Sl » Exposure map generation gtexpmap
Source
model )\ - .
* Likelihood analysis gtlike
modeleditor . .
s e Unbinned / Binned
Catalog
Sources Platform: Scientific Linux 4/5, Mac OS 10.4/10.5

&% See also "Fermi Data Analysis Workshop” presentations:
Ex. http://fermi.gsfc.nasa.gov/workshops/da2010_boston/



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

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

LAT Photon, Extended, and
Spacecraft Data Query

The Photon database currently holds 246358649 photons collected between 2008-028-04T15:43:37 and
2010-01-19T07:40:15 (239557417 and 285579615 =econds Mission Elapsed Time (MET)).

Crata Policy

Data Access MNOTE: For gueries encompassing the whole sky (or close to it), please use the pre-generated Weskly
Allskry Filaes.

Drata Analysis

Newsletter [ Start Search | [ Reset | Allsky files are ready...

Facy

MOTE: additional =elections must be applied to data downloaded from the data server prior to use in a
data analysis. See recommended data selections and LAT cawveats for more details.

1. Do you want to search around a position ... 7 / Mrk 50 I

Object Name Or Eoordinat@ >
fe.qg. it i = TITE .55, -45.75" or Vela')

Coordinate System: J2000 EI

Selection Radius: 15 degrees

.. and /or search by date?

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

Observations
Dates:

Gregorian El

If wou do not enter anything, it will return results from the past 6 months.
For Gregorian dates, please enter in the format YY" ¥-MM-DO HH:MM: 55, with the start
and (optional) end time =eparated by commas.

Enter the start and (optional) end M1D in the form MMMMM_ MMM MMM MM mMmrmm
For MET {(Mission Elapsed Time], enter any integer values == 0, separated by commas.
If yvou would like to =earch from the beginning of the mission, put in START instead of a
start value.

If yvou would like to =earch up until the most recent point, put in END instead of an end
walue.

... and/or search by energy?

Energy Range:( Pl
Enter the and (optional) maximum energy, separated by a comma.

By default, only data between 100 MeWw and 300 GaV is returned.)

2. What missions and catalogs do you want to search?

FERMI Data

Photon Data [l Extended Data Spacecraft Data

MOTE: additional selections must be applied to data downloaded from the data server prior to use in a
data analysis. See recommended data selections and LAT cawveats for more details.
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Query

+ FSSC Home Query Successfully Submitted

Your query has been successfully sumitted to the search system.

Data The submitted query parameters for query ID=L100128025926E002F37EQ0D were:
Data Policy Search Center (RA,Dec)=(253.468,39.7602)
Radius =15 degrees
Data Access Start Time (MET) =239557417 seconds (2008-08-04T15:43:37)
Data Analvsis Stop Time (MET) =275961600 seconds (2009-09-30T00:00:00)
¥ Minimum Energy =100 MeV
Mew=l=EE =T Maximum Eneragy =300000 MeV
FAQ The estimated time until completion of the guery is 82 seconds. The results of the guery can be

accessed at:

@’Fermi .gsfc.nasa.gov/cagi-bin/ssc/LAT/QueryResults.cgi?id=L100128025926E0D2F37E0D

If vou would like to receive and e-mail notification when vour query is completd please submit vour e-
mail address in the form below
Click!

| Submit e-mail address | | Utzub |

39



Download

40

Data Policy

Cata Access
Data Analysis
MNewsletter

FAQ

LAT Data Query Results

Welcome to the LAT Data Query Results page. This page provides access to the LAT data requested
from the FS5C's data servers.

The submitted query parameters for query ID=L100128025926E0D2F37E0D were:

Search Center (RA,Dec)=(253.468,39.7602)

Radius =15 degrees

Start Time (MET) =239557417 =seconds (2008-08-04T15:43:37)

Stop Time (MET) =275961600 seconds (2009-09-30T00:00:00)

Minimum Energy =100 MeV

Maximum Energy =300000 MeV

Server Position in Queue Estimated Time Remaining
Fhoton Server Query Completed M/

Spacecraft Server Query Completed M/

The filenames of the result files consist of the Query ID string with an identifier appended to indicate
which database the file came from. The identifiers are of the form: _DDNN where DD indicates the
database and NN is the file number. The file number will generally be '00" unless the query resulted in a
very large data return. In that case the data is broken up into multiple files. The values of the database
field are:

# PH - Photon Database

e SC - Spacecraft Pointing, Livetime, and History Database S'
« EV - Extended Database ave as
Filename Number of Entries Size (MB) Sig v

Pvailable
Evailable
Available
Available

L100128025926E0D2F37ED0_PHOO.fits 886317 77.83
L100128025926E002F37E00_SCOO0.fits 1008229 133.69
L100128025926E0D2F37ED0_PHO1.fits 612538 53.79
L100128025926E0D2F37ED0_PHO2.fits 810327 71.15

To get the results from another query, enter the query ID string below:

Submit || Utzeyt |

You may submit a new search at:

FERMI LAT Data Query Page




Data exploration

e o .

Fle FEdit VYew Frame Bin Zoom  Scale Color FAeglan WCS  Analysis Help

Photon data Spacecraft data -

. v

Fhysical % v f
Image * ¥
frame 1 Zoom 4,000 Aovgle 0.000
e a0l view frame bin 200Mm scale cobor reqgion wes | heip

“gtselect”

to it zoom 1% 200m 174 00m 172 z00m | 200m 2 zoom 4 zooem 8

Event data

Event data in GTI (good time interval)

A 4

“gtmktime”

“gtbin”

Count map

Count map viewed by “ds9”



Mattox et al.,Ap] 461, 396 (1996)

Likelihood analysis

Likelihopd Analysis Profie
Maximize L to get best fit: i PR DY I R
"-,* - I CH:ZFFO\M fIT‘_‘. :':ef,"i:r?,f'dr'-,’eile'.,v’cuur?.:.-p.’.\340 gD02.fits
The likelihood is the probability of the observed EGRET B L Gt Tore, taobonie abbag e, COANF0Bi R PSF.
data for a SpeCiﬁC mOdel Of high-energy 'y‘ray emiSSion' lt is i Il:':l';:o\geo5:32'5:30‘31‘»:::‘(&;3 I'::nr:;:! It At 16611, 38.21 are 51, onts:
the product of the probability for each pixel: : o
L=HPEJ: (3) ‘?n M
where : ],’ b ]
B e~ % 5 > 'l | {\]T [
= 4 e . ¢ 43 H
P 9 ‘“ U * L
is the Poisson probability of observing n;; counts in pixel ij ge ) “’ H ‘ 1‘ HJ’ { |
when the number of counts predicted by the model is 0;;. E ¥ * l e Rt | B N L
The logarithm of the likelihood is more conveniently calcu- 5 1 { 1’ l g o h' ‘kf‘}-{ ;
lated Lamyw il

10 20 30 40O ':'10 60 70
lnL=Znuln(eu) —%0;;-21“('1‘11) R (5)
iy

Declination (J2000; degrees)

Because the last term is model independent, it is not useful

for estimation or for the likelihood ratio test. Neglecting the M o d e| — K | x ( d Ifo se mo del)
last term,
InL = § n;In(0;) — z} &; - (6) +K2 X(ISOtI‘OpIC)

+3, F, x(PSF),

Adjust K, &K, and seek for best fit
with F;



Likelihood fit with “gtlike”

Resulting energy spectra
Event data ‘000 X

Likelihood fit (

Galactic

i diffuse
v Background <
Source N Isotropic
model

—
2

counts/MeV

modeleditor —— 553:.225 10° R AN S .J
(GUI) 10° 10°

PN -
Catalog
sources

Scaled in
fitting

{couns . model) | model

|III|L|IIII|IIII|IIII|IIII|II
|
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'
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H
=
o
'
H
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v
'
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H
i
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'
'
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'
'
z —
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'
—_—
'
H
'
'
'
H

Least-square fitting

routines: MINUIT etc.

43



Built-in spectral functions

+ PowerLaw (see example XML Model Definition) This function has the form

W (£

dE Ey

where the parameters in the XML definition hawve the following mappings:

o Prefactor = Vo
o Index= "7
o Scale = Bo

» BrokenPowerLaw (see example XML Model Definition)

ﬂ = Ny { (EJI{Eb}-”

dE (E/Ep)™
where
o Prefactor = No
o Indexi = N
o Indexz = M2
o Breakvalue = Eb

Also available:
*LogPrabola
*BPLExpCutoff
*Gaussian
*ConstantValue
*BandFunction
*PLSuperExpCutoff

44

:

if B =< Ky
otherwise

s PowerlLaw?2 (zee example XML Model Definition). This function uses the integrated flux as a free

parameter rather than the Prefactor:

dN  N{y+1)E"

dE  Elix — EL)

min

where

& Integral = IV

e Index =T

o Lowerlimit = Emin
o UpperLimit = Enax

The UpperLimit and LowerLimit parameters are always treated as fixed, and az should be apparent
from this definition, the flux given by the Integral parameter is over the range (LowerLimit,
UpperLimit). Use of this model allows the errors on the integrated flux to be evaluated directly by
likelihood, obviating the need to propagate the errors if one is using the PowerLaw form.

BrokenPowerlLaw?2 (sce example XML Model Definition). Similar to PowerLaw2, the integral flux is
the free parameter rather than the Prefactor:

AN _ (B/B) HE < B
E = Nﬂ{Ns Emill 5 E:m—u:! i F:I'?:] kS { [E,’IE{, :I”‘*‘ atherwise
where
- -1
(£ aE Enax < E
. (r) max = L
g o ~1
NolN, Enins Bax, 1, 72) = Nx ( Emin > Bt

- 7 B -t
. (rt) dE + -[H.- (:‘;)TQJSEI otherwise

and
o Integral= N
e Indexi= T
o Indexz = M
o Breakvalue = Eb
o Lowerlimit = Eumin
o UpperLimit = Eovax



Modeleditor

ModelEditor (sources.xml)

File Edit Source Help

Title |3C2?3

3C273 Source Name: |3C2?3 Source Type:PointSource
CRATES J1239+0443

3C279 Spectrum Type: PowerLaw 2t I File: | Brovise |
GAL_v02 name value scale min max free

EG_¥l |Prefactor  |1.0 |1e-09 {0.001 |1000.0
|Index |-2.1 [1.0 -5.0 |-1.0
|Scale |100.0 1.0 {30.0 |2000.0

I | | | |
I l | | |
I | | | I
I I I I |

|
|
=
_I
L |
L
-

Spatial Model Type:  SkyDirFunction | Flle:| Browse |
name value scale min max
|Ra [187.2755  [1.0 |-360.0 |360.0
|DEC |2.0524 {1.0 |-90.0 |90.0

| | | I |
| | | I I
| I | | |
I B I l I
I | I |

45 XML-format file ... can be a part of the catalog XML file



Example session of “gtlike”

3C 273:

t> otlil fit= lot=
prompe= griike et yes plo- yes Prefactor: 10.7154 +/- 479318

Statistic to use (BINNED|UNBINNED) [UNBINNED]
Spacecraft file[none] spacecraft_data_file fits Index: -2.39036 +/- 0.261339

Event file[none] events_diffuse_filtered gti fits Scale: 100

Unbinned exposure map[none] expMap.fits Npred:28.651 ( | 07 + 48))( | 0'9(E/ | OO)-2.39iO.26

Exposure hypercube file[none] expCube fits RO distance: 10.4409 TS=58
Source model file[] src_model.xml TS value: 58.0328

Response functions to use[P6_V3_DIFFUSE]

Optimizer (DRMNFB|NEWMINUIT|MINUIT|DRMNGB|LBFGS)
[DRMNFB]JNEWMINUIT

3C 279:
Prefactor:8.97673 +/- 5.45668

i - +/-
Be patlent... Index: -2.8986 +/- 0.470354

(MORE OUTPUTS HERE...) Scale: 100 .
Npred: |3.8568 TS:Test statistics,
. ROI distance: 0 .
C ting TS values f h 4 total 112 ~
?mpu ing TS values for each source (4 total) TS value: 17.8267 Behave like (TS) o)

..... '606 X

EG_v02:
Normalization: |.11606 +/- 0.234866
Npred: 278.964

=
U
T

GAL_v02:

Value: I.161 +/- 0.328156

Npred: 199.892

WARNING: Fit may be bad in range [100, 146.235] (MeV)

counts/MeV

=
o
3
T

10°E

T ey ' WARNING: Fit may be bad in range [4472.14, 6539.83] (MeV)
! E ] Total number of observed counts: 521
§ & I Total number of model events: 521.364
46 g ;T ,,,,,,,,,, Lesetobegllg o R e

wwwwww 4 -log(Likelihood): 5979.486023



Bechtol et al., talk at TeV Particle Astrophysics (2009)

FermilZ X 2R [ DOEHI (Becktol+2009)
Cluster candidates

Monitor 15 clusters with highest predicted y-ray flux [Pfrommer 2008]

1-month counts map Coma ©
M49g © A1367
. NGC4636
Galactic diffuse NGC5846° ydra

/ \ Cem‘aumés it éi o

3129 - Ophiucl;\’us

o . ——— T, Yl (Ve

Perseus 8

% :
/ AWM Triangulum
\ Fornax

Radio galaxy o
N&C1275

Monitor cumulative significance at seed positions
Expect steady sources to accumulate significance ~ sqrt( time )
Detailed analysis with 9-month dataset

14 July 2009 Keith Bechtol -Fermi LAT




Bechtol et al., talk at TeV Particle Astrophysics (2009)

FermilZ X 2R [ DOEHI (Becktol+2009)
Non-detection -> Upper limits

Flux upper limits 95% C.L. UL Flux E>100 MeV [1e-8 ph cm2 s71]
Cluster

Ophiuchus
* £>100 MeV Fornax

* 9-month data set Coma
A3627

Perseus
* Point source spatial model A3526

Event selection

Assume

* Power law spectral model A1060

M49
~ BT
dN/dE ~ E AWM
* Photon index I" = 2 3C129
NGC4636

. A1367
Plan to address alternative A0754

spatial and spectral models in a
1-year publication

Triangulum

NGC5846
48 14 July 2009 Keith Bechtol - Fermi LAT




Bechtol et al., talk at TeV Particle Astrophysics (2009)

FermilZ X 2R [ DOEHI (Becktol+2009)
Fermi upper limits in context

Compare Fermi upper limits to EGRET and theoretical predictions

L Model Prediction
EGRET 2o UL
Fermi 9-month 26 UL

102

-
o

~~
»
o
£
o
=
Q
b
o
-
—
>
D
=
(=]
o
-
A
w
x
=
w

Predicted Flux Rank

Improved sensitivity over EGRET for each cluster
Limits are comparable to theoretical predictions of brightest clusters

49 14 July 2009 Keith Bechtol -Fermi LAT 9



Fermi/LAT count map: Perseus

0.2-10 GeV
2008Aug-2009Sep

Ref: RASS (broad)

Declination




Fermi/LAT count map: Abell 2029
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0.2-10 GeV
2008Aug-2009Sep

Ref: RASS (broad)

Declination

Right ascension



Fermi/LAT count map: Abell 496/85

Abell 496 Abell 85

PSR J0030+451

: - : : : A
: : 140442-003% : : L J0108+016%
O: ................ RREL -, "b. ------ ‘: .PKS-O-420_0.14.A‘_: : : * 4 : :

N . + : : 0 5e-nememmnerogieh ‘ ................ T PP :...._:

; Joo34-055%

:PKS 0048-071: +  + J0017.4-0503
: e F

: ; .A85 ; :

: PR o e SR B e e T :

APr-ei : PKS 0048-097

: : : : : J0132-169 * i
Do e e e e Py _ Z L : . BZBJ033-1921
] PKS 0454-234 : . : : :

0.2-10 GeV,2008Aug-20090ct
« :not OFGL source




Fermi/LAT count map: Coma

0.2-10 GeV
2008Aug-2009Sep
« :not OFGL source

: * 4C 29.45
31 231 +‘28&' Gom

Ref: RASS (broad)

+ 31302+245
L J1302+222

Declination




Fermi/LAT count map: Abell 3667

0.2-10 GeV
2008Aug-2009Sep

: : : « :not OFGL source
b 205?'4 °KS 2005-489

..J1902-513*
L} 5’

o o e m as .8l 7

..'-_J2039-é.64* e
e {4 GG Ref: RASS (broad)

703
01320 =

Declination

Right Ascension (deg)

N
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Fermi/LAT count map: Abell 4038

0.2-10 GeV
2008Aug-2009Sep

> PMN J2345-1585 « . not OFGL source
. BZB J0033 1921
.- b, R AR . ............ J233'1‘2‘1-5

Ref: RASS (broad)

42325-360 _:'

# :
.1232? 40?*

Declination




Upper limits
[Unit: 10-8cm2s-']

>100MeV | >200MeV | Bechtol etal. | EGRET Note
(95% C.L.) | (95% C.L.) | (=100 MeYV, (>100MeV,
TeVPA 2009) | Reimert)
— — 20

Perseus 3.72 NGCI275
(point source)

Abell 2029 4.8 |.3 —_ 7.49
Abell 496 1.2 0.61 — 7.11
Abell 85 0.12 0.062 — 6.32
Coma 0.88 0.44 0.6 3.81
Abell 3667 0.23 0.095 — 3.82
Abell 4038 0.52 0.45 — 3.60

Fermi Science Tools v.9.15.2, gtlike (unbinned),
point-like source,“PowerLaw2” model

Upper limits-were calculated by Profile method
56



Upper limits compared with model /TeV data (1)

Coma (E? assumed, HESS: 0.4°)

-10 r T T T T T T T T T
= -105} . )
R ' .
5 -11.5} i
o 12t -
12‘ L
= 125t :
e a0 (3x10%%erg) Y
% -135 " —_——— i"IZO (3%1061erg) \ -
R G gene
[ ——-ee 10 (0.3 V.
d —145 4 A . . +e- IC (1HG) -0
_15 A . A . i . L i . L i |

6 7 8 9 10 11 12 13 14
Log,E [eV])

® model:Vlk & Atoyan, Ap) 541,88 (2000)

57 e*e” IC model: Inoue, Aharonian & Sugiyama, Ap] 628, L9 (2005)



Upper limits

2 a1
sec |

Integral flux [em

EIIIIHI T IIIIIIII T III I T IIIIIIII T T
pevvar EGRET A3667
-ﬂ_ T HBE.:":'?_.?,
10 E_ Jﬂ:‘:."t., —
q Fermi
1M — 5, =
Y "\'H“‘
=,
B \J k
-14)
10 =
11
1
12
10 =
[ wemememamas =21
-13
10 £ esssnsnsnen =23
E I IIIIII IIII IIIII IIIII
10 -1 1 10 lu2 1u3

Photon energy [GeV]

compared with model/TeV data (2)

-'—l_ ||||||| T T ||||||| T I T T I T T ||||||| T T
g E .. EGRET A4038
"~ e,
5t | n .
- - iy,
Z 10 Vv ~
B N :
£ Fermi ",
= ‘H.m h.\
-1 ",
10 i
=11
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10"
CANGAROO
........... r=21
-1
(1 R A — r=23
|||I ll |||||I ||||I 1 1 ||||||I 2' 1 ||||||I 3| 1
10" 1 10 10 10

Photon energy [GeV|

Figures taken from Kiuchi et al., Ap] 704,240 (2009)
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Upper limits compared with model /TeV data (3)

—e— PP2010, incl.gal.
—— PP2010, exclgal.

> %/ This work
1077 [ : - - Sam— 7 Becktol+2009 !
¥ $
Ve v s g
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107° [
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10° 7} t

10—10 |
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=y .
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o
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~Tor = 20
.l

1 0—1 1 L n L n ] n L n L n ]
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Extended HIGFLUGCS cluster ID

59 Figure taken from Pinzke & Pfrommer, arXiv: 1001.5023 (2010)



Gamma-ray luminosity upper limit

Gamma—ray luminosity upper limit

1E+45 - . . . . .
"0 ' A2028
Nﬁ"u 1E+44 ® -
L.
[4h] | Parseus | |
—_ ® Ophiuchus Triangulum L o D2
& 1E+43 3C129 A406 '0&?54 .
o AT @
= ' A1060 o o ® 43667
A5
£ TE+42 ¢ *® o '\ A4038 =
= AJE26 P, mai
3 [ Coma i
— Fornasx A1 T
+ - -
% e * :@@5846
- 149 ]
= ®
© 1E+40 i
o &
— NGC 4636
1E+39 : L L 1 . :
10° 10° 10° 10°

(Distance)’ [Mpc?]
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X-ray vs gamma-ray luminosity
X-ray vs gamma—ray luminosity
1E+46 —————T——T—— T
1E+45 .
1E+44" .'-_;
1E+43 ' .' "' '
1E+42 0080 :
1E+41 | .
1E+40_— e ]
1E+39 F '
1E+38

1E+3?--“:- ] ) ] ) ] ) ] ) ] ) ] )
1E+39 1E+40 1E+41 1E+42 1E+43 1E+44 1E+45 1E+46

X-ray luminosity (erg/s)

L =001L,

Gamma-ray luminosity upper limit (erg/s)

61 X-ray luminosity: Reiprich & Bohringer, Ap] 567,716 (2002) [HIFLUGSCS]



SED [ere em s

Spectral energy distribution

SED [ere cm™s™"]
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Summary

» FILATEERBETHASNTOIRAENSDGeVH U TR E1E
FLT-o BIR(NGCI275) Z = Perseus cluster [as reported in Abdo et al.
Ap| 699,31, 20091 AN DS XA U THREENR DB o1, .

» EGRETD#ERELY—HTELUL ERIEA6 DD ERFAIF IS LIGoNT=,

[95% C.L.,>100MeV, preliminary]

Perseus —

A2029 0.78 x 10%cm2s"!
A496 0.43

A85 0.020

Coma 0.24

A3667 0.13

A4038 0.035

» SRAHDBIRILF—H L TS EXEBRFEXIY DL EREMNS
[THRHFET VISR T DHIENFoNT=,
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