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Fermi LAT 3 months: 205 bright (< 10 σ) sources
9 months, > 200 MeV: many more

the GeV sky



the TeV sky



accreDon powered      shock powered        inducDon powered
relaDvisDc jets        parDcle acceleraDon    relaDvisDc winds

              (non exclusive)

γ-ray source physics
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γ-ray bursts
Fermi look into fireballs
from keV to mulD‐GeV energies

fireball expansion, aYerglow evoluDon, X‐ray flashes, plateaux … and GeV puzzle
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γ-ray bursts
7 long + 2 short GRB, from 8 keV to tens of GeV
short & long GRB: similar phenomenology at high energy 

long GRB090323 (200s)
radio to GeV afterglow
z = 3.6

long GRB080916C
intense, z = 4.35, to 13 GeV

short GRB081024B
intense, z = 4.35, to 13 GeV

short GRB090510
intense, z = 0.9

long GRB080825C
afterglow



high-energy γ-ray afterglows
aYer EGRET findings
GRB080825C, the 1st GBM+LAT burst
GeV γ rays: 
onset delay, hardening, quick decay
suggesDve of aYerglow emission from reverse shock (SSC or ExC)

8-260 keV

0.26-5 MeV

> 80 MeV

tim
e →
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prompt spectra & Γmin

short and long GRBs so far: single band spectra from keV to GeV
⇒ synchrotron dominates to late Dmes

no quick arrival of SSC at E > 100 MeV (blast wave not cooled so quickly)
no evidence for γGeV + γBand → e±  absorpDon or soYening
⇒ Γ ≥ 900                     Γ ≥ 887 ± 21

⇒ light jets

short 
GRB081024B

long 
GRB080916C



delayed & long-lasting prompt γ rays
long ex: GRB080916C, → 1400 s short ex: GRB081024B

8 keV – 260 keV 

260 keV – 5 MeV 

LAT raw 

LAT > 100 MeV 

LAT > 1 GeV 

T
0 



prompt GeV delay
(sub‐MeV, GeV) Dme correlaDon ⇒ closeby sources



prompt GeV delay
(sub‐MeV, GeV) Dme correlaDon ⇒ closeby sources

harder    
softer?



prompt GeV delay
(sub‐MeV, GeV) Dme correlaDon ⇒ closeby sources

γγ absorption?...
no softening or cutoff

no GeV when hard X still ↑



prompt GeV delay
(sub‐MeV, GeV) Dme correlaDon ⇒ closeby sources

p+

acceleration time
then p+ synchrotron
or cascade emission



prompt GeV delay
(sub‐MeV, GeV) Dme correlaDon ⇒ closeby sources

SSC GeV 
afterglow tail?…
no double bump



Seyfert I

Seyfert II

radio-quiet AGN

AGN families
FSRQ (low MBH, 
large Lacc)?

FR II

Bl Lac (large MBH, low Lacc)?

FR I

dust
torus

NLR

dust
torus

BLR



Seyfert I

Seyfert II

radio-quiet AGN

AGN families
FSRQ (low MBH, 
large Lacc)?
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γ-ray AGN
TeV: 27 Bl Lac + 1 FSRQ + 2 radiogalaxies (M87 + Cen A)
GeV: 42 Bl Lac + 58 FSRQ + 4 uncertain + 2 radiogalaxies (NGC 1275 + Cen A) + ...



radio-loud Seyfert in γ rays!
PMN J0948+0022 (Sey1 lines + narrow lines + radio‐loud variable core, z = 0.58)
δ > 2.5 and θ < 22°
low MBH = 106‐8 M⊙ 

but high L/LEdd = 0.4
low‐power FSRQ like
⇒ acDve jet 

any other?

Effelsberg   OVRO    Swift          Fermi simultaneous 

torus

disc

corona

BLR
ExC

LBLR = 
0.1 Ldisc



jet questions

γ
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γ p+?
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100 G

shocks?
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how far?
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targets known
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slow MHD turbulent
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blazar sequence
trend for fainter, harder blue 
blazars (Bl Lacs)
spectral hardening confirmed
FSRQ → LBL → IBL → HBL 

Bl Lac
unknown
radiogal

e
x
te

rn
a
l IC

   …
  S

S
C

 

Fermi:
FSRQ
Bl Lac

unknown
radiogal



all‐sky monitoring every 3h: 
1/3 variable Fermi‐LAT sources, mostly off the plane
only 33 former EGRET sources, 11 at GeV + TeV energies
impressive mulD‐λ campaigns

a lot of variability...



… and a lot of confusion
PKS 2155‐304 in flare state: X‐TeV Dght correlaDon (SSC)
in low state: SSC 3 zones
⇒ no X‐TeV correlaDon expected, none seen, unlike in flare state

⇒ no opt‐TeV correlaDon expected, one seen ⇒ not synch. seeds ⇒ “ExC”

where are the opDcal electrons?

ATOM HESSSwift-RXTE Fermi

Ee 
< 7.2 GeV

Ee 
< 118 GeV

Fopt-FTeV Fopt-ΓGeV

FX-ΓGeV
FX-FTeV

not same time sampling



intrinsic breaks?
Δα = 1.2 > 0.5 for cooling
internal jet γγ absorpDon <<
200 eV + γ → e± ?
inner disc targets, r < 10‐100 Rgrav
BLR re‐scaOered
but no soY X‐ray cascade signs…
impact on blazar contribuDon to EBL

FSRQ

LBL HBL

PRELIMINARY

PRELIMINARY

PRELIMINARY



NGC 1275
nearby radiogalaxy (alias Perseus A or 3C84) in the Perseus cluster
with blazar‐like radio core
piercing jets

0.025”
26 lyr

radio
CXO

NRAO



NGC 1275
variability COS‐B, EGRET, Fermi (also radio) ⇒ AGN source

standard red blazar SED, Ljet (1p+/e‐radiaDng) ～ Lkin(bubbles)



γ-ray radiogalaxies
Cen A 
search for 
SwiY‐Fermi 
variabiliDes

M87 variable with HESS

Fermi

HESS

HESS
radio



blazar evolution
brightest blazar sample (> 10 σ)

FSRQ: strong evoluDon

<V/Vmax> = 0.645 ± 0.043

Bl Lac: no evoluDon?
<V/Vmax> = 0.430 ± 0.055
but few objects

disentangle BH evoluDon
from accreDon state 
(collision induced? envt?)

L-0.5

L-1.5

L-1.1



accretion states

AGN: broad-line SDSS 
quasars & LLAGN

Körding et al. ’08



GeV μQSO candidate
μQSO accreDng from massive star?
3.9 days
no complete γγ absorpDon at TeV energies...

LAT View of Compact Objects Corbet/LAT Collaboration

LS 5039: LAT light curve folded on orbital 
period + folded HESS light curve

Phase 0 = periastron passage.

Preliminary!

Monday, June 22, 2009

HESS

Fermi



GeV μQSO candidate
μQSO accreDng from massive star?
3.9 days
no complete γγ absorpDon at TeV energies...

LAT View of Compact Objects Corbet/LAT Collaboration

LS 5039: LAT light curve folded on orbital 
period + folded HESS light curve

Phase 0 = periastron passage.

Preliminary!

Monday, June 22, 2009

HESS

Fermi



identity crisis
same radiaDon processes:      e + UV* → γ       and         p + pvent * → π0 → 2γ
same variability:         dMacc/dt versus PWN compression
                stellar flux variaDon (IC emission and γ+γ → e± )
same apparent morphology: jet vs. comet tail

Mirabel ’08



LSI +61°303
26.5 day modulaDon

complex spectrum
6.3 ± 1.1 ± 0.5 GeV cut‐off

searches for many binaries

γ-ray binaries

VERITAS MAGIC

Fermi

Dhawan ’06

Fermi
Magic
Veritas



pulsar wind nebulae
Crab wind: Γ ～ 106‐7         1038‐41 e± s‐1

IC 443

wind acceleraDon (PoynDng to e±)?
relaDvisDc shock acceleraDon?

shocked wind evoluDon?
(expansion, confinement, bow shock)

e± + B ! radio"X

e± + h!

!!!!!!

CMB
IR
X

!!!!!!
!

!!!!!!

TeV
#
"

!!!!!!

e± + h!syn ! " + TeV

CXO



PWN ageing
synchrotron losses dominate
IC TeV emission to trace the wind to long distances

PSR B1823-13

E-2

     to 
           E-2.4

5 pc

50 pc

HESS



pulsar jets
synchrotron aging ⇒ “injecDon” parameters

MSH 15‐52:   400 < Eemax < 730 TeV

IC cooling to follow e± further out
need MHD models for B(r, t)

ROSAT

Forot et al. ’06

ROSAT
CXO



identification crisis
SNR+PWN or mulD‐PSR/PWNe
ex: HESS J1813-178, G12.82-0.02   HESS J1809-193



5 → 47 γ‐ray pulsars with Fermi       (+ AGILE)
γ rays = direct tracers of e± acceleraDon & cascades
(wide) γ‐ray and (narrow) radio beams misaligned
Gyr‐old ms pulsars efficient accelerators
unipolar inductor
dominant elmgn output of dynamo
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pulsar crowding

PSR J2021+4026
γ Cygni

Cyg OB2

PSR J2021+3651
dragonfly

3 month survey
E > 450 MeV

2°

LAT 95%

PSR J2032+4119



newly identified γ-ray sources 

3EG1809.5 (Taz)3EG J1826-1302 (Eel) 3EG J1420-6038 (Rabbit) 3EG J1734-3232

3EG J1741-2050 3EG J0631+0642 3EGJ2020 γ Cyg

3EG J1958+2909 

3EG J2033+4118 

MGRO J1908+06 new Fermi J0357+32 new Fermi J2238+58



outer magnetospheric accelerators
exponenDal cut‐off at a few GeV
no γ + B → e±  absorpDon ⇒ outer accelerators 

PSR B1055-52

PSR B1952+31
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PSR B1706-44



magnetosphere currents & fields
phase‐resolved spectroscopy:     to map E//  and Emax(e±)
peak driYs, P1/P2 raDo, mulD‐λ lags…                                 
but B retardaDon, light aberraDon, Dme‐of‐flight delays ⇒ causDcs
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globular clusters
47 Tuc: ms pulsars? binaries?

23 ms pulsars known ⇒ 30‐60

～10% efficiency (isotropic)

Fermi 
95%

PRELIMINARY



SN 1006

cosmic-ray sources

Xtherm Xnontherm Hα             HESS
Cassam-Chenai et al. ’09



SED diagnostics

8 G. Morlino, E. Amato and P. Blasi
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Figure 3. Spatially integrated spectral energy distribution of RX
J1713.7-3946 in the hadronic scenario, for n0 = 0.12 cm!3, u0 =
4300 km/s, B0 = 2.6 µG, ! = 3.8. The following components are
plotted: synchrotron (dotted line) thermal emission (dotted line),
Compton scattering with CMB (dashed line) and with Opt+IR
background (dot-dashed line). The contribution from pion decay
is shown as a thick solid line and corresponds to pp,max = 1.26!

105. HESS data taken from 2003 to 2005 are plotted together
with Suzaku data in the X-ray band. Also EGRET upper limit
and GLAST sensitivity are shown.

the decay of neutral pions, if the cuto! in the spectrum of
the parent protons is exponential.

A few words are in order concerning the maximum mo-
mentum of protons. The value of pp,max that provides the
best fit to the data is 1.26!105 mpc, which is obtained when
the maximum proton energy is calculated by using the con-
dition of finite size of the accelerator with ! = 0.08 in Eq. (1)
(see also Fig. 2). The condition on the age of the remnant
would have resulted in a maximum proton energy larger by
a factor " 2.

A criticism to the scenario just discussed could be raised
in that the flux of thermal X-rays plotted in Fig. 3 as a thin
dotted line exceeds the Suzaku observations. This is how-
ever true only if protons and electrons in the downstream
plasma are in thermal equilibrium, while there are reasons
to believe that this is not the case (Cassam-Chenäı et al.
(2004)). If one assumes Te = 0.01 Tp the absence of thermal
X-ray emission is naturally explained (thick dotted line in
the same plot).

The Suzaku data points are fit extremely well by
our calculations: a fact which at least confirms that the
shape of the electrons spectrum close to the cuto! is #
exp[$(E/Ee,max)2] rather than a simple exponential. In
other words, the maximum energy of electrons in this rem-
nant is determined by energy losses, rather than by the finite
age of the system. Although not very stringent, this argu-
ment suggests that the magnetic field cannot be too low, or
otherwise ICS losses would have to be dominant, implying
the presence in the remnant of a density of IR photons much
larger than in the ISM.

What if the narrow X-ray filaments are due to mag-
netic field damping or other processes other than severe
synchrotron losses? In this case there is no constraint on
the strength of the magnetic field at the shock, therefore
one may try to test the possibility of fitting the gamma ray
data with the ICS emission of high energy electrons. We
carry out the previous calculations, including the magnetic
field amplification due to streaming instability but choosing
now a large value of the parameter ", so as to reduce the in-
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Figure 4. Spatially integrated spectral energy distribution of
RX J1713.7-3946 in the leptonic scenario. The following compo-
nents are plotted: synchrotron (thin solid line) and thermal (thick
dotted line) electron emission, ICS component for CMB (dashed
line), optical (dotted line) and IR (dot-dashed line) photons, and
the sum of the three (thick solid line). The Opt+IR components
are assumed to have energy density 24 times the mean ISM value.
The other parameters are: n0 = 0.01 cm!3, u0 = 4300 km/s,
B0 = 1.5 µG and ! = 4.1. The experimental data are the same as
in Fig. 3

jection. This leads to two main e!ects: 1) lower e"ciency of
proton acceleration and 2) correspondingly lower e"ciency
of magnetic field production.

For the same values for the supernova as above (espe-
cially the distance and velocity of the shock), and assuming
n0 = 0.01 cm!3 and " = 4.1, we obtain the results illus-
trated in Fig. 4. These parameters correspond to a fraction
of accelerated particles of order " 7!10!6 and a cosmic ray
energy conversion fraction of % 2%. The curves are labelled
as follows: the solid and dotted line on the left side of the
plot are the syncrotron and thermal electron emission re-
spectively. The thin dashed, dotted and dot-dashed curves
are the ICS on the CMB, optical and IR photons respec-
tively, while the solid thick line is the sum of the three. The
assumed energy density for the optical and IR radiation is
24 and 1.2 eV/cm3 respectively.

From Fig. 4 we conclude that a fit to HESS data on RX
J1713.7-3946 can be obtained within an ICS scenario at the
price of: 1) assuming an IR background in the SNR which
exceeds the ISM value by a factor " 24; 2) neglecting the
highest energy data points of HESS.

The first issue has to do with the plateau-like shape
of the gamma ray spectrum in the lower energy part, which
cannot be fit unless a second component of the photon back-
ground (at higher frequencies) is assumed. This argument
was also made by Tanaka et al. (2008).

The second point is due to the fact that despite the
small e"ciency for proton acceleration, the magnetic field in-
ferred for the downstream plasma is still " 20µG, therefore
the maximum energy of electrons is still not large enough
to have gamma ray emission above 10 TeV. Moreover it
is worth noting that, in spite of the high energy density
assumed for the optical background, i.e. 24 eV/cm!3, the
synchrotron losses still dominates over the IC losses because
the scattering occurs in the KN limit. As a consequence the
spectrum of electrons is cut o! as exp[$(E/Ee,max)2], re-
flecting in a gamma ray spectrum with a rather sharp cuto!
which does not extend to su"ciently high energies to reach
HESS highest energy data. This is a point which is often

c" 0000 RAS, MNRAS 000, 000–000
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Figure 3. Spatially integrated spectral energy distribution of RX
J1713.7-3946 in the hadronic scenario, for n0 = 0.12 cm!3, u0 =
4300 km/s, B0 = 2.6 µG, ! = 3.8. The following components are
plotted: synchrotron (dotted line) thermal emission (dotted line),
Compton scattering with CMB (dashed line) and with Opt+IR
background (dot-dashed line). The contribution from pion decay
is shown as a thick solid line and corresponds to pp,max = 1.26!

105. HESS data taken from 2003 to 2005 are plotted together
with Suzaku data in the X-ray band. Also EGRET upper limit
and GLAST sensitivity are shown.

the decay of neutral pions, if the cuto! in the spectrum of
the parent protons is exponential.

A few words are in order concerning the maximum mo-
mentum of protons. The value of pp,max that provides the
best fit to the data is 1.26!105 mpc, which is obtained when
the maximum proton energy is calculated by using the con-
dition of finite size of the accelerator with ! = 0.08 in Eq. (1)
(see also Fig. 2). The condition on the age of the remnant
would have resulted in a maximum proton energy larger by
a factor " 2.

A criticism to the scenario just discussed could be raised
in that the flux of thermal X-rays plotted in Fig. 3 as a thin
dotted line exceeds the Suzaku observations. This is how-
ever true only if protons and electrons in the downstream
plasma are in thermal equilibrium, while there are reasons
to believe that this is not the case (Cassam-Chenäı et al.
(2004)). If one assumes Te = 0.01 Tp the absence of thermal
X-ray emission is naturally explained (thick dotted line in
the same plot).

The Suzaku data points are fit extremely well by
our calculations: a fact which at least confirms that the
shape of the electrons spectrum close to the cuto! is #
exp[$(E/Ee,max)2] rather than a simple exponential. In
other words, the maximum energy of electrons in this rem-
nant is determined by energy losses, rather than by the finite
age of the system. Although not very stringent, this argu-
ment suggests that the magnetic field cannot be too low, or
otherwise ICS losses would have to be dominant, implying
the presence in the remnant of a density of IR photons much
larger than in the ISM.

What if the narrow X-ray filaments are due to mag-
netic field damping or other processes other than severe
synchrotron losses? In this case there is no constraint on
the strength of the magnetic field at the shock, therefore
one may try to test the possibility of fitting the gamma ray
data with the ICS emission of high energy electrons. We
carry out the previous calculations, including the magnetic
field amplification due to streaming instability but choosing
now a large value of the parameter ", so as to reduce the in-
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Figure 4. Spatially integrated spectral energy distribution of
RX J1713.7-3946 in the leptonic scenario. The following compo-
nents are plotted: synchrotron (thin solid line) and thermal (thick
dotted line) electron emission, ICS component for CMB (dashed
line), optical (dotted line) and IR (dot-dashed line) photons, and
the sum of the three (thick solid line). The Opt+IR components
are assumed to have energy density 24 times the mean ISM value.
The other parameters are: n0 = 0.01 cm!3, u0 = 4300 km/s,
B0 = 1.5 µG and ! = 4.1. The experimental data are the same as
in Fig. 3

jection. This leads to two main e!ects: 1) lower e"ciency of
proton acceleration and 2) correspondingly lower e"ciency
of magnetic field production.

For the same values for the supernova as above (espe-
cially the distance and velocity of the shock), and assuming
n0 = 0.01 cm!3 and " = 4.1, we obtain the results illus-
trated in Fig. 4. These parameters correspond to a fraction
of accelerated particles of order " 7!10!6 and a cosmic ray
energy conversion fraction of % 2%. The curves are labelled
as follows: the solid and dotted line on the left side of the
plot are the syncrotron and thermal electron emission re-
spectively. The thin dashed, dotted and dot-dashed curves
are the ICS on the CMB, optical and IR photons respec-
tively, while the solid thick line is the sum of the three. The
assumed energy density for the optical and IR radiation is
24 and 1.2 eV/cm3 respectively.

From Fig. 4 we conclude that a fit to HESS data on RX
J1713.7-3946 can be obtained within an ICS scenario at the
price of: 1) assuming an IR background in the SNR which
exceeds the ISM value by a factor " 24; 2) neglecting the
highest energy data points of HESS.

The first issue has to do with the plateau-like shape
of the gamma ray spectrum in the lower energy part, which
cannot be fit unless a second component of the photon back-
ground (at higher frequencies) is assumed. This argument
was also made by Tanaka et al. (2008).

The second point is due to the fact that despite the
small e"ciency for proton acceleration, the magnetic field in-
ferred for the downstream plasma is still " 20µG, therefore
the maximum energy of electrons is still not large enough
to have gamma ray emission above 10 TeV. Moreover it
is worth noting that, in spite of the high energy density
assumed for the optical background, i.e. 24 eV/cm!3, the
synchrotron losses still dominates over the IC losses because
the scattering occurs in the KN limit. As a consequence the
spectrum of electrons is cut o! as exp[$(E/Ee,max)2], re-
flecting in a gamma ray spectrum with a rather sharp cuto!
which does not extend to su"ciently high energies to reach
HESS highest energy data. This is a point which is often
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data is at 200 photo-electrons resulting on a better spatial res-
olution of 0.08!. The detection e!ciency varies over the 5! of
the full field of view but it is almost constant at the scale of the
remnant which is " 1! wide (it varies by only 5% between the
centre and the edge of the object). All the data used in our study
are taken from AH06 and we did not reprocess any TeV data.
For the comparison of the spectral properties we used the !-ray
results presented in Table 2 of AH06 and for the comparison of
radial profile we used the data presented in Fig. 16.

3. X-ray processing

3.1. Mosaic construction

The mosaic is built in counts and an adaptive smoothing is ap-
plied such that the signal-to-noise ratio is at least 10. The in-
strumental background is derived from a compilation of blank
sky observations (Carter & Read 2007), renormalized in the
10-12 keV energy band for the MOS cameras (12-14 keV
for PN) and subtracted from each image. To have units in
photons/cm2/s/pixel instead of counts/s/pixel, the exposure map
of each observation is multiplied by the average e"ective area
in the energy band (assuming the same spectrum over the field
of view). Then a mosaic of those exposure maps is built and
smoothed in the same way. The final image is the division of the
counts mosaic by the exposure map mosaic.
The resulting image which is the sum of the MOS and available
PN data after flare screening is presented in Fig. 1. The morphol-
ogy of RX J1713.7-3946 can be decomposed in two main kinds
of structures : di"use emission present over all the remnant and
bright filaments particularly visible in the west and north of the
remnant (see Fig. 1). Thanks to the high sensitivity of XMM-
Newton, we can clearly see the faint emission in the recent ob-
servations of the regions south, east and north. In particular in
the northern region of the remnant we distinctly see a straight
edge that is not an artifact due to a CCD gap or any instrumental
e"ect. Also it is not due to an X-ray absorption along the line
of sight as this straight edge remains visible on the 4.5-7.5 keV
image (in this energy band the absorption is weak). Simply the
emission seems fainter there. Above that edge, we see a structure
(in blue-green) that seems to be the continuity of the shock.

The estimate of the astrophysical background is not sim-
ple in RX J1713.7-3946 as it seems to vary around the rem-
nant. However in order to have a rough approximation of the
background level we extracted the flux outside a circle of 0.56!

radius centered on the remnant ("J2000 =17h13m46s, #J2000 =
#39!44$56”). We then subtracted the mean value of this flux
(4.5%10#6 photons/cm2/s/arcmin2) for the morphological study.
The small structures of the SNR are not a"ected by this back-
ground subtraction.

3.2. Spectral extraction method

With its good spatial resolution, the XMM-Newton telescope
can carry out spectral study at small scale whereas in !-rays
the spectral analysis is done at larger scale due to the com-
paratively lower spatial resolution of the HESS telescopes. To
address this problem, we took into account the di"erent Point
Spread Functions and the variation of the detection e!ciency
across the field of view of the two instruments.

In the case of XMM-Newton, the detection e!ciency of the
MOS and PN cameras can drop 35% from the centre to the edge
of our 0.26! extraction regions. For the HESS telescopes the de-
tection e!ciency is almost constant to this size (see Sect 2.4).

Table 1. XMM-Newton observations used in this paper. The total
and good columns represent the exposure time before and after
flare screening.

Exposure (ks)
MOS PN

ObsId Observation Date Total Good Good

0093670101 (NE) 2001 September 5 15.3 1.8 0
0093670201 (NW) 2001 September 5 15.3 6.7 0
0093670301 (SW) 2001 September 8 15.3 15.2 10.0
0093670401 (SE) 2002 March 14 14.1 11.6 5.1
0093670501 (CE) 2001 March 2 13.8 13.0 6.5
0207300201 (CE) 2004 February 22 31.5 12.4 0.
0203470401 (NE) 2004 March 25 17.0 16.1 6.7
0203470501 (NW) 2004 March 25 18.0 13.1 9.7
0502080101 (E) 2007 September 15 34.6 5.8 0
0502080301 (W) 2007 October 3 8.9 2.8 0
0551030101 (S) 2008 September 27 24.9 24.5 20.8
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Fig. 1. EPIC MOS plus PN image in the 0.5-4.5 keV band. The
units are ph/cm2/s/arcmin2 and the scale is square root. The im-
age was adaptively smoothed to a signal-to-noise ratio of 10.
The four ellipses show the regions used to estimate the local as-
trophysical background for the spectral analysis.

When extracting an X-ray spectrum in this large region we want
all the events to contribute with the same weight to the spectrum.
To address this problem, we used the weight method described
in Arnaud et al. (2001) where each event is corrected for its ef-
ficiency loss as a function of its position on the camera and its
energy.

We also have to take into account the di"erent size of the
Point Spread Function of both instruments. For the spectral study
of this SNR, the mean spatial resolution of the HESS instru-
ment is 0.12! (68% containment radius) which is comparable to
the size of the extraction region (0.26!) whereas with the XMM-
Newton observatory, the spatial resolution is about 7 arcsecs.

We assumed that the Point Spread Function of the HESS
telescopes is a gaussian of $ = 0.0795! (corresponding to the
HESS 68% containment radius of 0.12!) and that in comparison
the Point Spread Function of XMM-Newton is negligible. To de-
crease the spatial resolution of the X-ray data, we redistributed
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Fig. 3. Best-fit X-ray spectrum from region 3 (Top panel) and
region 12 (Bottom panel) with an absorbed power law model
(MOS1 spectrum is in black and MOS2 in red). The region 3,
located on the north-west, is the brightest region of the rem-
nant. It has a steep spectrum (2.35) and has a high absorption
(0.72 ! 1022cm"2). On the south-east of the remnant, region 12
is faint, has a weak absorption (0.50!1022cm"2) and has a harder
spectrum (2.17).

bins of some X-ray profiles, there is not enough coverage to es-
timate the flux. Those bins are removed from the profile. As in
the spectral study, the two brightest point-like sources (see Sect.
3.2) were removed from the X-ray images. The resulting radial
profiles are shown in Fig. 10 and discussed in Sect. 4.3.2.

4. Results

4.1. Radio flux

An accurate estimate of the integrated radio flux density is crit-
ical to investigate the mechanisms responsible for the high-
energy emission. In this work we re-analyze the available radio
data at 1.4 GHz following two di!erent paths to estimate the
radio flux density of RX J1713.7-3946.

Since the largest well imaged structure for the ATCA obser-
vations is 25 arcmin in size, to recover information of structures
larger than this size, the combination with single dish observa-
tions is required. However, in this case, it was not possible to
complete the procedure due to the fact that the overlap annulus
of the interferometric and single antenna data set1 in the uv space

1 The only public single dish data available at this frequency come
from the Survey of the South Celestial Hemisphere carried out with
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Fig. 4. Same X-ray mosaic as Fig. 1 smoothed to match the Point
Spread Function of the HESS telescopes. The scale is linear
and units are in ph/cm2/s/arcmin2. Overlaid are the !-ray con-
tour excess (spaced at 30, 60 and 90 counts) from Fig. 7 of
Aharonian et al. (2006). The sectors used for the radial profile
comparison of Fig. 10 are also drawn.

is too small to produce a reliable image. We therefore used the
single dish data at 1.4 GHz to estimate the integrated flux den-
sity within the area covered by the X-ray emission associated
with the SNR (outer contour depicted in Fig. 5). This estimate
provides an upper limit for the flux density of about 26 Jy with an
uncertainty of the order of 10%. In addition we integrated over
an interferometric image based on ATCA data within the same
outer contour. In this case, since the largest well imaged struc-
ture at this frequency is about 25 arcmin, we corrected “by hand”
adding the minimum flux density required to fill in the few nega-
tives remaining in the image. The surface brightness correspond-
ing to this addition was below 7.4 ! 10"24 W m"2 Hz"1 sr"1.
The o!-source rms-noise is about 0.7 mJy/beam and the con-
stant value added to fill in the few negatives is 1.2 mJy/beam.
Such correction amounts less than 1% of the total estimated flux
density.

Whether the radio emission from Arc 2 (see Fig. 5) is
thermal or non-thermal in nature is an important issue as it
is one the brightest features within the X-ray contours. In or-
der to investigate the connection of Arc 2, with the SNR, we
used mid-infrared observations. The right-hand panel of Fig. 5
shows Spitzer 8 µm mid-infrared emission in the direction of
RX J1713.7-3946. Particularly, it can be seen intense infrared
emission at the location of the HII region G347.611+0.204. The
infrared emission also evidences good morphological correla-
tion with the radio Arc 2 suggesting a thermal origin for this
feature. To investigate the nature of Arc 2 we applied the color-
color criteria proposed by Reach et al. (2006) based on Spitzer
data obtained at 3.6, 4.5, 5.8, and 8 µm, finding that Arc 2 has
color characteristics compatible with polycyclic aromatic hydro-
carbons (PAHs) origin (see Fig. 6). Besides we applied HI ab-

the 30 m dish of the Argentine Institute of Radio Astronomy (IAR
Testori et al. 2001) (HPBW#34 arcmin at 1.4 GHz)

HESS 
ASCA (1-3 keV)

XMM

RXJ1713
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… 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guess who?
toward IC443

Observations of IC 443 with VERITAS 7
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FIG. 3.— Inner 0.8° of the acceptance-corrected excess map for the IC
443 field. Markers and contours follow Figure 1, with several additions.
Thick black contours: CO survey (Huang & Thaddeus 1986); black star:
PWN CXOU J061705.3+222127 (Olbert et al. 2001); open blue circle: 95%
confidence radius of 0FGL J0617.4+2234 (Abdo et al. 2009); and filled black
triangles: locations of OHmaser emission (Claussen et al. 1997; J. W. Hewitt,
private communication).
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Westerlund 1  (HESS)            Westerlund 2 (HESS + Fermi soon)

superstar clusters



much more soon

Fermi Science Support Center (hOp://fermi.gsfc.nasa.gov/ssc/)
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