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At 100 MeV , Middle-aged
SNRs are brighter.

High energy CR (~10 TeV)
are injected earlier, and
travel faster.

Ratio between TeV CRs and
GeV CRs is larger in young
SNRs

AGILE SNRs are in average
older than TeV or Fermi
SNRs.

SNRs at “low” energy
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At 100 MeV , Middle-aged
SNRs are brighter.

High energy CR (~10 TeV)
are injected earlier, and
travel faster.

Ratio between TeV CRs and
GeV CRs is larger in young
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SNRs at “low” energy : diffusion of CRs (W28)
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SNRs at “low” energy : diffusion of CRs (W28)
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SNRs at “low” energy : diffusion of CRs
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SNRs at “low” energy : diffusion of CRs
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SNRs at “low” energy : diffusion of CRs

In a diffusion regime CRs fill the
volume around SNRs up to:

R ~ ( 2D(E) t)°*

‘ For middle-aged SNRs (1074 yrs)
and slow D (~1-2 10*° (E/10 GeV)") :

R~ 10 pc

J --> low-energy cutoff in the CRs
~ spectrum @ ~ 10 GeV

N\ ‘ __Giuliani et al. {A&A, 2010




SNR W44

Age : ~ 20000 yr
Distance : ~ 3 Kpc
Type : mixed-morphology

|deal Laboratory for CRs Study :




SNR W44

Age : ~ 20000 yr
Distance : ~ 3 Kpc
Type : mixed-morphology

1) Expanding in a dense medium
[Reach et al . 2005]

Maser OH (1720 Hz) emission
from SNR-MC interaction
[Claussen et al. 1997, Hoffman et al. 2005]



SNR W44

I Age : ~ 20000 yr
F > 100 Mel Distance : ~ 3 KpC
A Type : mixed-morphology
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AN 1) Expanding in a dense medium
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SNR W44

Age : ~ 20000 yr
Distance : ~ 3 Kpc
Type : mixed-morphology

1) Expanding in a dense medium
[Reach et al . 2005]

Maser OH (1720 Hz) emission

from SNR-MC interaction
[Claussen et al. 1997, Hoffman et al. 2005]

2) Strong non-thermal emission in radio e
gamma-ray band

3) Large angular dimensions

Morphology and spatially resolved spectrum
(in both radio and gamma bands)



Radio Spectrum

The radio spectrum of W44 is a power-law featurless in the
frequency range ~ 10 MHz - 10 GHz
(Castelletti et al 2007)
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Fermi detection of W44

Gamma-ray emission correlated
to the shell (enhanced where ISM
IS more dense)
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Fermi/LAT measured the
spectrum of W44 in the energy
band 200 MeV - 50 GeV
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Image for E >2 GeV Abdo 2010, Science, 327
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Fermi detection of W44

Gamma-ray emission correlated
to the shell (enhanced where

110  ISM is more dense)

Fermi/LAT measured the
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AGILE detection of W44
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AGILE detection of W44

AGILE E >400 MeV




AGILE detection of W44
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Leptonic models
Electrons energy distribution:
[L(E)= K.EPe =

FL(E) = K,EPe” %

E P1 1 E P1—p2
FE =K. (=) (=(1+=
-5 (5) G0+z))

Gamma-rays emission process :
- Inverse Compton (B free parameter)

- on ISRF photons
- on CMB photons

- Bremsstrahlung (B, n free parameters)
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Leptonic model

: IC, CBR seed photons

10 —"FE:E%E?EEE : i
5 L
"y g | 4 __..' '..-_ =
;j! '; 3
1o 1= g | E
lI 1
¥ i
Ii
= 10 1-.:F' . ] -:.._Iil [
Ambient : B: 10 uG
n: 1cm3
Electrons Spectrum :
pl=0
E\" /1 E\\P1 P2 p2 =8
bl B) = K (E) (9 (1 E)) E =700 GeV



Leptonic model : Bremsstrahlung
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Leptonic model : Bremsstrahlung, B= 200
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SNR W51C

Mixed Morphology
Age : 20 000 yrs
D : 6.0 kpc
Intercting with MCs

OB assoc.
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SNR W51C
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SNR W51C
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SNR W51C
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SNR W51C
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Conlusions

Accelerated protons are present in SNRs (at least in middle-aged SNRS)

The spectrum of middle-aged SNRs show a decrease for energies lower
than ~ 1 GeV

The inferred proton spectrum for W44 has:

spectral index : - 3.0 £ 0.1
|.e. cutoff ~ 6 GeV

challenging for theoretical models of particles injection

Future Radio obs at frequencies > 10 GHz will be crucial for the
detection the sync. cut-off.



PLATE 33

H, and Halpha emission

Fig. 4—Red continuum subtracted Ha image, superposed on PSPC contours

R et al, (see 430, 760)

[Reach et al . 2005]

© American Astronomical Society * Provided by the NASA Astrophysics Data System



F*E? [erg/cm?/s]

10_9 : G o O B LT J % % ¥ ¥l ™
" "
[ n g erm“fﬁii? i § :'_ ' Gamma-ray spectrum of
- SNR W44
167
10-10 N 10 7]
[ 107 4
= 3 —
—— B
fO_”:— J
SOl G e ¥ 08 pEERRE B OB
11 0 107 o 10"
101 Uchiyama et al. 2012, Arxive 1203.3234 i
11 p ol L 1 ' B B A I | '
107 108 10° 1010 10

photon energy [eV]



erg /e sec

8

fo-2

?lﬂ—fﬂ'

¥ I:;'—?'.E

i EJ—?'E

=g

foe

FOLO0000

¢ TR 1

e o

kn

Fooo. ad

f.25000e+E88

& 2.0102Fe+10

Iy
T

7 o
el

= T B} 132! T B | ':
e =
h';l‘:li I~ / ]
1ok .
= / ]
T =
= 1 L1 11l 1 L1l 11 vl 1 111l L1l L1110
a7 o7 et Fees Fo~* 07 a7

el



erg /e sec

8

fo-2

?lﬂ—fﬂ'

¥ I:;'—?'.E

i EJ—?'E

Fo Xk
el

8 800 008

T o2 WA
e = 50000 1 ey

p : . 29752e=+78

Ll [ I B R L 111

L1 11 044

2 2.A0FFi8e+08 h_;':.'l |
ai - L PLOET 100E
n2 . 12 =
T
| 1 L1 1l
AR ;4 e

i 3

1078
el

o

e

107%



400 MeV <E <1 GeV 1 GeV <E<3GeV




CO (J 1-->0)
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