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The young SNR Cassiopeia A

MAGIC detection of Cas A
(Albert et al. 2007)







The Moon

Thomson et al., JGR 1997



The Sun

Murphy et al., ApJ 1997



LL Ori Red Spider Nebula

SN1006

1E 0657-56

Cyg A



Based on cross-sections from Ramaty 1978;  Kozlovsky, Murphy, & Ramaty 2002 
Adopting Wolf-Rayet abundances

Summa, Elsässer, Mannheim 2011



Nuclear excitations and cosmic rays:

• 1-100 MeV cosmic rays
 Ionization inside of molecular clouds: The missing link to star formation
 Activation of chemical reactions on icy dust grains: The cradle of life
 Chemical composition of cosmic rays and SN ejecta: The injection problem
 Spallation yields of light element: The Lithium puzzle
 Secondary positrons: The positronium riddle

• Extragalactic cosmic rays?
Need MeV detector at least an order of magnitude better than

COMPTEL or INTEGRAL or two orders to catch the nearest AGN…



The MeV Gap

2001 DLR Small Satellite AO:   
DIVA/MEGA

2003 MEGA activities 
terminated at MPE

“There’s just one 
thing I can 
promise you 
about the outer 
space program –
your tax dollar 
will go further.”

Werner von Braun



Wolf-Rayet SNR Cas A:  Nuclear lines as hadronic fingerprint

Summa et al. (2011)



1-100 MeV cosmic rays and the
cradle of life:    The cold non-
equilibrium chemistry in ice

• Interstellar space and in partiular molecular clouds
are filled with icy grains formed by water sticking on 
silicate or ferrite cores

• Cosmic rays induce complex molecular reaction
networks in these ice grains

• Confirmed in laboratory experimtents and
simulations (M.J. Abplanalp,  PNAS,2016)

• Rosetta probe contained organic molecules from icy
material formed in the Kuiper belt





Mannheim, Phys. Rev. D, 1993





Kanbach, 2011



Rolandslied

(1075-1100)

Heidelberger Liederhandschrift (Cod. Pal. germ. 112, P, fol. 57v), 
Ende 12. Jh.

Rolands legendäres Horn Olifant im Museum der Kathedrale von 
Santiago de Compostela



Virtual Institute for Nuclear Astrophysics

EMMI-Workshop
GSI Darmstadt
December 2011

MoU with nuclear gamma-ray spectroscopy
collaboration NUSTAR@FAIR ready for signature
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Average citations 32.7 per paper
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