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-> at least up to the knee (~ 4 PeV)
sources must be PeVatrons
more issues -> isotropy & chemical composition
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energy range
-> at least up to the knee (~ 4 PeV)
+ B-field amplification -> DSA can do it!
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supernovae first proposed by Baade&Zwicky1934

CR escape time
-> power of CR sources 1041 erg/s

Supernovae (or anything connected to them)
CR total energy
might be the sources of cosmic rays:
most popular scenario -> supernova remnants
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Cosmic ray sources: why is it so difficult?
CR

...magnetic field...

CR source

you

We cannot do CR Astronomy.
Need for indirect identification of CR sources.

Gamma rays from SNRs:
a test for CR origin
Drury, Aharonian & Volk, 1994
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Gamma rays from SNRs:
a test for CR origin
Drury, Aharonian & Volk, 1994

we need an unambiguous proof for CR acceleration
neutrinos are the candidates, but their detection is challenging
-> other gamma-ray based tests?
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Hadronic versus leptonic emission
RXJ1713: hadronic and leptonic models
Hadronic: proton spectrum E-2 -> p-p interactions -> gamma ray spectrum E-2
Leptonic: low B field -> synchrotron losses negligible -> electron spectrum E-2 ->
inverse Compton scattering -> gamma ray spectrum E-1.5
Wp = 2,7 x 1050 (n/cm-3)-1 erg
We = 3.1 x 1046 erg + B = 200 µG
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FERMI detects RX J1713
emission most
likely
LEPTONIC?

p-p interactions ->

this does NOT mean
that there are no
protons!!!
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hadronic
high gas density + shock heating
-> bright X-ray thermal emission (lines)
-> NOT OBSERVED
(see also Katz&Waxman2008)

leptonic
gas density is not a crucial parameter so
one can tune it not to violate X-ray
constraints

Gamma rays from SNRs
(Giordano et al 2011)

RXJ1713

Tycho

(Abdo et al 2010)

steep (2.3) -> hadronic?
hard (1.5) -> leptonic?
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While the synchrotron radio emission and thermal X-rays are
two distinct components of shell type SNRs in general, RX
J1713.7-3946 shows weak radio emission, and no thermal X-radiation at all. On the other hand, this object is a powerful nonthermal
X-ray and TeV c-ray emitter. The X- and VHE c-ray images of this
remnant are shown in Fig. 3a. The overall shell type structure and
its correlation with the nonthermal X-ray image is clearly recognizable, although the ‘c-X’ correlation is less evident on smaller
angular scales [48].
The broad-band c-ray spectrum of the entire remnant based on
the Fermi LAT [34] and HESS [49] measurements is shown in
Fig. 3b. It extends over five decades, from 1 GeV to 100 TeV. The
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Fig. 3. Spatial and spectral characteristics of RX J1713.7-3946. (a) (Left panel): The X- and VHE c-ray images of RX J1713.7-3946 obtained with the ASCA an
array, respectively (from Ref. [49]). (b) (Right panel): The spectral energy distribution of RX J1713.7-3946 based on the Fermi [34] and HESS [49] data
‘‘hadronic’’ and ‘‘leptonic’’ c-ray spectra calculated within a simple one-zone model are from Ref. [50]. The IC curve is obtained for the electron spectrum
synchrotron X-ray flux assuming for the strength of the magnetic field 14 lG. The ‘‘p0 -decay’’ c-ray spectrum corresponds to the spectrum of protons wi
index C ¼ 1:7 and exponential cutoff at 25 TeV.
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made with CTA may be different at lower ("1 TeV) an
(!1 TeV) energies, with the higher energy maps being
agreement with X-ray ones. This may allow this mu
model to be tested.
The knots contribute ∼10% to the X-ray emission
remnant, consistent with observations from Uchiyam
(2003). They are also much lower than the values inferr
variability by Uchiyama et al. (2007). However, there
be many knots that are not variable, which could reflect
magnetic field.

(Aharonian 2013)
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two features in the electron spectrum:
acceleration time = synchrotron loss time -> acceleration cutoff at E
2 populations
SNR age = synchrotron
loss time -> cooling break at E

Figure 10. Multi-zone model fit to RX J1713.7−3946. Curves show the total
emission from the knots and overall shock combined (black solid curve) as well
4. DISCUSSION AND CONCLUSIONS
as synchrotron emission (dot-dashed curves), Compton-scattered CMB (dashed
THUS…
curves), Compton-scattered IIRF (dotted curves), and SSC (double dot-dashed
The SNR RX J1713.7−3946 occupies an importa
curves) from the overall shock and knots.
in γ -ray studies of SNRs. Its TeV emission was first
(A color version
of this figure is available in the online journal.)
Fig. 3. Spatial and spectral characteristics of RX J1713.7-3946. (a) (Left panel): The X- and VHE c-ray images of RX J1713.7-3946 obtained with the ASCA an

no cooling break is expected…

with the CANGAROO experiment (Muraishi et al. 2000
one-zone
IC Enomoto
model et al
on further CANGAROO
observations,
claimed that a standard leptonic synchrotron/EC-CMB
did not fit these data, including the EGRET upper limit.
& Pohl (2002) argued that EGRET upper limits ru
hadronic origin, but diffusion of high-energy particles u

array, respectively (from Ref. [49]). (b) (Right panel): The spectral energy distribution of RX J1713.7-3946 based on the Fermi [34] and HESS [49] data
‘‘hadronic’’ and ‘‘leptonic’’ c-ray spectra calculated within a simple one-zone model are from Ref. [50]. The IC curve is obtained for the electron spectrum
synchrotron X-ray flux assuming for the strength of the magnetic field 14 lG. The ‘‘p0 -decay’’ c-ray spectrum corresponds to the spectrum of protons wi
index C ¼ 1:7 and exponential cutoff at 25 TeV.

themselves could contribute a significant amount to the γ -ray
emission from the source.
Smaller knots emitting synchrotron, SSC, and Comptonized
CMB and IIRF radiation were added to Model 1, as seen in

A hadronic model for RXJ1713
(Zirakashvili & Aharonian 2010, Inoue et al. 2012, Gabici & Aharonian 2014)

SNR in a dense (and clumpy!) environment
stellar wind sweeps the gas and
creates a cavity
dense clumps survive [unshocked
-> uc ~ us (nh/nc)1/2 ] both the stellar
wind and the SNR shock

no thermal X-rays!

A hadronic model for RXJ1713
(Zirakashvili & Aharonian 2010, Inoue et al. 2012, Gabici & Aharonian 2014)

SNR in a dense (and clumpy!) environment
stellar wind sweeps the gas and
creates a cavity
dense clumps survive [unshocked
-> uc ~ us (nh/nc)1/2 ] both the stellar
wind and the SNR shock

no thermal X-rays!
high energy CRs penetrate
low energy CRs don’t

clumps!
sub-parsec

Requirements
Inoue et al. 2012, Gabici & Aharonian 2014

mass in clumps >> mass in diffuse hot gas
sub-pc scale clumps, density ~103 cm-3
hot tenuous medium in the bubble n~10-2 cm-3
turbulent layer between clumps and hot medium
(~0.05 pc) with B~100 microGauss
Bohm diffusion coefficient

A hadronic model for RXJ1713
Gabici & Aharonian 2014

age -> ~1620 yr
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A hadronic model for RXJ1713
Gabici & Aharonian 2014

age -> ~1620 yr

1400

1500
1550 yr

straightforward way to test this -> neutrinos detectable with a km3 telescope

Hadronic or leptonic?

(Ellison et al 2010)

Gabici & Aharonian 2014

