
Evidence for Explosive 
Nucleosynthesis in the Helium 

Shell of Massive Stars from 
Cosmochemical Samples

Bradley S. Meyer
Clemson University





“Rocks” shed light on fundamental 
(astro)physics issues:

• Heavy element nucleosynthesis
• Mixing of ejecta in supernova debris
• Cycling of dust in the interstellar medium
• Circumstances of the Sun’s birth
• Formation of the planets
• Important nuclear reactions to measure
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Mr: Lagrangian Mass Coordinate

Center: Mr = 0
Outer boundary of star: Mr = M
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Steady-state solar system 
abundances

• Meteorites have the right amount of 53Mn 
and 182Hf

• Meteorites have too much 26Al, 41Ca, and 
60Fe

• Meteorites have too little 107Pd and 129I



Multiple components required for 
the r-process?

• Evidence:
– Extinct 129I/182Hf discrepancy in the early solar 

system.
– Variability of A < 130 abundances in metal-

poor stars
• Possibilities:

– Multiple r-process components (read “sites”).
– Other sources of these “r-process isotopes”







Injection picture







Injection of Radioactivities from a 
Supernova

• With appropriate mass cut can explain early 
solar system abundance of 26Al, 60Fe, 107Pd, 129I, 
and 182Hf

• Steady-state Galactic nucleosynthesis accounts 
for 53Mn, 146Sm, and the actinides

• This scenario decouples extinct 129I and 182Hf 
from the r-process; therefore, it does not 
demand multiple r-process components.



Important nuclear reactions

• Neutron-producing reactions like 
22Ne(alpha,n)25Mg at temperatures T9=0.5-
1.5

• Neutron-capture reactions on nuclear 
several mass units neutron rich of stability





Take home message
• Fascinating cosmochemical and astronomical data on r-

process isotopes and elements are not easily explained 
by the “standard” r-process.

• Rather than indicating multiple r-process components, 
however, this may be indicating (minor) non r-process 
contributions to the production of these species from He 
shell nucleosynthesis

• Helium-shell nucleosynthesis products in cosmochemical
samples thus have implications for the astronomy of 
supernova, the circumstances of the Sun’s birth, and 
identification of important nuclear reaction cross sections 
to measure.
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