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Origin of ultrahigh-energy cosmic rays in Binary Neutron Star Collisions and the crucial roles 
of Nuclear Physics 
 
The highest energy particles in the Universe have energies nearly a million times greater than the maximum energies 
achieved by humans (in the Large Hadron Collider at CERN).   UHECRs are very rare:  fewer than one arrives per 
square kilometer per century!  How and where Nature accelerates them has been one of the greatest mysteries in 
astrophysics for more than sixty years.  In this talk I will give an overview of the special observatories used to study 
UHECRs and what has been learned about them, and then make the case for the new idea that UHECRs are created 
in the merger of binary neutron stars.  The no-free-parameters-prediction for the spectrum agrees well with 
observations.  Testable implications are that the very highest energy UHECRs have masses greater than iron and 
originated from r-process elements, and that the highest energy neutrinos are preceded by a gravitational wave 
arriving hours-to-days earlier.  
 
The relative abundances of different nuclei in the UHECRs could be predicted, if fragmentation cross sections of 
heavy (r-process) nuclei were known. I hope that FRIB experiments and nuclear theorists at MSU can help!  
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