
Supernova Remnants 
 across the spectrum 

A trip from Socorro to the space  
guided by Miller Goss 



SNe and SNRs are connected with a 
wide variety of phenomena in the 
Universe 

 Make  possible the chemistry of life  
in Earth 
  Have a great impact in the dnamic of 
galaxies 
 They are the best candidates to 
explain the cosmic rays  bombarding 
Earth from space 
 SNe serve as standard candles to 
measure size and shape of the 
Universe 





In 1988,  project AD220 was approved  to observe with the VLA 
the  SNR Puppis A 
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SNR W44 
IRAS 18542+0114 
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First images of IC443 at low radio frequencies 

74 MHz 330 MHz 





• SNRs as the factory of cosmic rays 

Back in July 1934, Baade 
and Zwicky proposed that 
most of CR observed at 
Earth may be generated in 
SNRs  the SNR paradigm. 

knee 

Cosmic rays are made up of electrons, positrons and 
atomic nuclei and they constantly bombard the Earth 



However, there are still several issues that the 
proposed particle acceleration models cannot 
explain (like the non-detection of X-ray lines from SNR RX J1713-3946). 

Also the standard calculations produce spectra  at 
odds with multiwavelegth observations. 

Probably re-acceleration of pre-existing CRs can 
account for most SNRs 

Or, acceleration can occur in previous stages, 
before explosion 

Still an open question  



Detection of Gamma-rays 

The production of gamma rays in a supernova 
shock wave tells us that it is acting like a giant 
particle accelerator in space, and thus a likely 
source of the cosmic rays in our galaxy.  

A crucial step towards confirming or rejecting the 
SNR paradigm might be made through gamma-ray 
observations. 



H.E.S.S. Cerenkov telescopes 



The recent and rapid progress in the  
emerging field of galactic VHE γ-ray astronomy 

Surveys by the atmospheric Cerenkov telescopes HEGRA, 
HESS, MAGIC, and VERITAS, have revealed almost 60 
Galactic TeV sources, the majority of which are supernova 
remnants (SNRs) or pulsar wind nebulae (PWNe), the latter 
being the largest class. 





Fermi LAT 
8keV – 300 GeV 



HESS Gamma-ray map of the region of SN 1006, based on 103 h of H.E.S.S. data. 
(Acero et al. 2010)  



RX J0852.0-4622 (G266.2-01.2) "Vela Jr." 

 E >1.3 keV Vela X 

Vela Jr 

 0.1 < E <2.4 keV 



HESS J1713-397 /  RX J1713.7-3946 



The precise mechanism for producing the 
detected TeV photons in an astronomical 
environment is still not entirely understood.  

Gamma radiation can have two different origins: 

 LEPTONIC: Inverse Compton scattering of 
relativistic electrons on the photon background 

 HADRONIC: inelastic proton-proton scatterings 
with production and decay of neutral pions  



HESS J1640-465  G338.3-0.0 
HESS J 1702-420  G344,7-0.1 
HESS J1708-443  G343.1-2.3/ B1706-44 
HESS J1713-397  RX J1713.7-3946 
HESS J1731-347  G353.6-0.1 
HESS J1747-281  G0.9+0.1 
HESS J 1858+020 
1AGL J2022+4032 

IC443 
W44 
W28 
SN1006 

High-energy sources investigated by our group 



HESS J1731-347  / G353.6-0.1 

H.E.S.S. 2008 H.E.S.S. 2010 

SGPS XMM-Newton 
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The contours traced at 4, 6 and 8σ 
delineate the TeV emission 

SNR G353.6-0.7 / HESS J1731-347 



Multi-wavelength view of the field of G338.3−0.0: Chandra emission 
is shown in red ([4.5–8] keV band, and blue ([2.5–4.5] 
keV band, and the radio emission from 843 MHz MOST is shown in green. 
The intrinsic extent of HESS J1640−465 is shown as a white dashed circle. 

G338.3−0.0 



G338.3-0.0- HESS J1640-465  

Blue: GMRT image at 613 MHz 
Green: GLIMPSE at 8 µm 
Red: MIPSGAL at 24 µm 



G344.7-0.1 and HESS J1702-420 



IR HI 

CO HI 



After 24 years working with 
Miller Goss, his strong influence 
resulted in : 

  7 people group in IAFE  

  6 PhD thesis  based on 
interferometric radio data 

  Successful observing 
proposals at VLA, EVLA. ATCA, 
GMRT, DRAO, eVLBI, ASTE, 
APEX, NANTEN, XMM-Newton 
and Chandra  

  Works with the high-energy 
collaborations HESS and 
AGILE 



Thanks Miller!! 


