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Supernova explosions of massive stars and cosmic rays
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The Moon

Thomson et al., JGR 1997
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LL Ori Red Spider Nebula

SN1006

Cyg A




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

A. Summa et al.: Nuclear de-excitation line spectrum of Cassiopeia A
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Nuclear excitations and cosmic rays:

e 1-100 MeV cosmic rays

lonization 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

e Extragalactic cosmic rays?
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Wolf-Rayet SNR Cas A: Nuclear lines as hadronic fingerprint
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Summa et al. (2011)




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

e 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
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Assembly of
the Tracker

Assembly of
Calorimeter
Modules

EMMI-WS, GSI, Dec 7-8, 2011

Kanbach, 2011
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Virtual Institute for Nuclear Astrophysics

-
NAV
EMMI-Workshop

GSI| Darmstadt
December 2011

- MoU with nuclear gamma-ray spectroscoby
collaboration NUSTAR@FAIR ready for signature



2007 ESA M1/M2: GRIPS
2010 ESA M3: GRIPS

2014 ESA M4: ASTROGAM
2016 ESA M5: eASTROGAM
2018 ESA F-call: all-sky ASTROGAM

Ut sementem feceris, ita metes.
Cicero, de oratore 2, 65, 261
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