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INTRODUCTION

How to interpret gamma-ray
observations ?
The supernova remnant 1C443

REVIEW :
CHARACTERIZING THE INTERSTELLAR
MEDIUM OF SUPERNOVA REMNANTS

Atomic and molecular lines,

Dust thermal emission,

7
o Magnetic field,
= S ﬂf!ﬁ"‘ :
7 .
VoA Star formation,

SUMMARY AND OUTLOOK
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Context : the interstellar medium of supernova remnants

Multi-phase medium :

- gas, grains (~1 % of the mass)

- various ionization states

- various densities (~102 to 10° cm™3)
- various temperatures (~10 to 10° K)

Multi-scales (coupled) :
- Molecular clouds, SNR cavities (~10 pc)
- Protostars (~10 au)

vL, [Lo]

ity,

Various radiation fields :
- from radio waves to gamma rays
- magnetic fields

hromatic Luminos

Monoc
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Context : leptonic and hadronic cosmic ray signatures
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Context : leptonic and hadronic cosmic ray signatures

ISM + leptonic cosmic-rays
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Context : leptonic and hadronic cosmic ray signatures

ISM + leptonic cosmic-rays
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Context : leptonic and hadronic cosmic ray signatures

ISM + leptonic cosmic-rays
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Context : leptonic and hadronic cosmic ray signatures

ISM + leptonic cosmic-rays
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Context : leptonic and hadronic cosmic ray signatures
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The radiation field in the interstellar medium of supernova remnants 11
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The supernova remnant 1C443



Context : the IC443 supernova remnant
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Context : Very high energy emission in the IC443 supernova remnant 14

VHE emission models of IC443
are partially degenerate.

Can we better constrain the
interstellar contents ?

— —
o o
N —-
p—ry o

E? dN/dE (erg cm@ s™)

—

Qe
N
r

T IIIIII|

IIIIIII

Gamma ray
Energy spectrum

Ackermann et al. 2013

Best ht broken power law

VE RITAS g\cmarl et al. 2009)
MAGIC (Albert et al. 2008
AGILE avani et al. 2010)
deca
remssirahlung
Bremsstrahlung with Break

1 IIIIIII| | Illllllr.

108

10° 10"
Energy (eV)

10" 102 |



Atomic and molecular phases

HI, *CO and H, observations



ATOMIC PHASE : Observations of the 21-cm line
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DEC (J2000)
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MOLECULAR PHASE : Observations of CO lines

Monochromatic Luminosity, vL, [Le]
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MOLECULAR PHASE : Observations of CO lines

Brightness temperature maps
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MOLECULAR PHASE : Observations of CO lines

Brightness temperature maps
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12CO spectra
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Analysis [level 1 / 3] : excitation diagrams

m > I, - Avisinerg/s/cm?/sr
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e Energy of one photon from the transition (erg)
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® Column density of the molecules in the upper state (cm?)



Analysis [level 1 / 3] : excitation diagrams
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Declination [J2000]

H, temperature tomography
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Analysis [level 2 / 3] : radiative transfer codes

Van der Tak et al. 2007
Second method : use RADEX.

(statistical equilibrium radiative
transfer with the Large Velocity
Gradient approximation)
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Analysis [level 3 / 3] : A. Shock models

The Paris-Durham molecular shock model

Developed continuously since 30 yrs Flower, D. R., Pineau des Forets, G., &
Hartquist, T. W. , 1985, MNRAS, 216, 775 + 40 papers thereafter

"  multi-fluid MHD shock (C, J, C+))

= Steady, plane-parallel (1D)

" Chemistry: 136 species (in gas, ices, grain cores), about 1000 reactions

J-type, nHi = 1e4 cm's, Vs =30 km/s
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Analysis [level 3 / 3] : A. Shock models
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Analysis [level 3 / 3] : B. Meudon PDR code

uv * input AV
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Dust phase
continuum observations



DUST PHASE : Continuum flux measurements

WISE Spitzer /MIPS
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Analysis [level 1 / 3] : Modified Black Body model

Dust grains are heated by starlight, and cool by radiating in the infrared.




Analysis [level 1 / 3] : Modified Black Body model

Dust grains are heated by starlight, and cool by radiating in the infrared.

Visible (VLT) | Infrared (HST)

dFE dFE
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Analysis [level 2 / 3] : Point Process Mapping

The PPMAP procedure summarized in one equation (Marsh et al. 2015):

Column density o
(dust + gas) Opacity index
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N(T . P1) A
I = ’ By(T
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\ | Dust optical depth Modified Blackbody (MBB)
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Analysis [level 2 / 3] : Point Process Mapping

The PPMAP procedure summarized in one equation (Marsh et al. 2015):

Column density

(dust + gas) Opacit?f index

R v

N M —Pi

A = AL dk
e - 1\2.1 x 10°** em™ /A 300 pm
/ \ Dust optical depth Modified Blackbody (MBB)
Sum on Sum on opacity
temperatures indices

Dust thermal SED

Popescu et al. 2010

— Fair approximation for thermal equilibrium
grains

— Not for very small grains and polycyclic
aromatic hydrocarbons features (PAH)
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Analysis [level 3 / 3] : HerBIE
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Analysis [level 3 / 3] : HerBIE

Normalized luminosity, vL,/ Ly
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Results in I1C443
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Results in IC443 : dust parameter maps
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Magnetic field



MAGNETIC FIELD : Anisotropic resonant scattering

Zeeman effect on

Molecular lines
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Protostars



Young stellar objets census
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Young stellar objets census
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Young stellar objets census

2MASS census

WISE census
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Young stellar objets census
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Summary



Summary : characterizing the interstellar medium of SNRs

Atomic & molecular phases Dust phase
Mass,
density, Mass, :
i ISRF .
Excitaﬁo:; diagram dynamics Modified Black Body Model
II II.
RADEX PPMAP
I11. Constraints for I11.
Paris-Durham shock model the analysis of HerBIE
Meudon PDR code gamma-ray
emission
Magnetic field
Star formation CR B Anisotropic
injection Resonant scattering
Color-color 12CO lines
filtering polarization
(WISE, 2MASS) +

Dust polarization
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