Fission processes in
astropnysics

Rebecca Surman ‘
University of Notre Dame -_-f

FIESTA 2024
22 Nov 2024

Fission In R-process Elements
;F\ (
Network for Neutrinos, )
N A Nuclear Astrophysics,
and Symmetries

PHYSICS FRONTIER CENTER

Theory Alliance % N pa M

FACILITY FOR RARE ISOTOPE BEAMS

@‘ R, U.S. DEPARTMENT OF Office of @ SCiDAC ENAF

UNIVERSITY OF
NOTRE DAME 1 o
$ Science

College of Science



Nucleosynthetic processes
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r-process nucleosynthesis
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r-process astrophysical sites R N
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solar system
r-process residuals

r-process observables: abundance patterns
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consistent r-process pattern: evidence for fission cycling?
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connecting fission properties to r-process observables

* Can we exploit knowledge of fission and fissioning isotopes to
interpret r-process observables?

 What can we learn about the fission properties of neutron-rich
actinides from r-process observables?



connecting fission properties to r-process observables

* Can we exploit knowledge of fission and fissioning isotopes to
interpret r-process observables?



r-process observables: electromagnetic signatures

Kilonova SSS17a bolometric light curve
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evidence for specific elements o i |
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NSM evidence for specific elements
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Did the GW170817 merger produce actinides?
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Gamma rays from a nearby event
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Gamma rays from fission
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connecting fission properties to r-process observables

 What can we learn about the fission properties of neutron-rich
actinides from r-process observables?
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Fission yield signatures
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summary

The origin of the heaviest elements in the r-process of nucleosynthesis has been one
of the greatest mysteries in nuclear astrophysics for decades.

Despite considerable progress in the past several 75 AR AR TR T R
. . . . . 70:_ L. M -
years, including the first dlrec’F detection of an r- E FRIB ful reach . ;.. L ;
process event, the r-process site(s) has not been : :
definitively determined. “ O F i' E
55, 3
RN = 10 E
An understanding of fission is crucial for the 7 1 " 7o
. . 45~ 0.5 —
interpretation of r-process observables such as N ; :
abundance patterns and light curves. 70 80 %0 10 10 120 130
Additionally, as other nuclear physics uncertainties are Mumpower, Surman, McLaughlin,
reduced, details of fission properties of neutron-rich Aprahamian, JPPNP 2016

actinides may be extractable from r-process data.
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