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Fission products in a 
fission environment

Meeting Isotope Needs and Capturing Opportunities for the Future: The 2015 Long Range
Plan for the DOE-NP Isotope Program, NSAC Isotopes Subcommittee, July 20, 2015

Future: Developed approaches 
will be implemented at the 
Facility for Rare Isotope Beam 
(FRIB) to explore the limits of the 
known nuclides.
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NSSC Institutes

Lawrence Livermore  
National Laboratory
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FRIB

The flagship U.S. facility in low-energy nuclear science that started civil
construction March 2014! By 2022, we will have the tools and techniques
to use it to it’s full capability!

Isotopes 
Harvesting

Reaction 
measurements in 
inverse kinematics

Predictive 
reaction theory 
for heavy nuclei
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93Sr
7.43 m

93Rb
5.84 s

93Y
10.18 h

92Sr
2.66 h

93Zr
1.6E6 y

Challenges:
• Compound nucleus 93Sr cannot

be formed through neutron
capture due to the short half life
of 92Sr

• β-decay is a very selective
decay, populating levels with
spin of 0 ≤ ∆J ≤ 1 and no
change in parity

Experiment Spring 2018:
• National Superconducting Cyclotron

Lab will provide a thermal beam
of 93Rb

• Coincidence measurements with the
Summing NaI (SuN) detector & a
plastic β-particle scintillator
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Radioactive Beam: 93Rb

Removal 
Time (s)

Contamination 
(%) 

Event 
Rate (s-1)

300 16.39 1.94
120 7.61 1.86
60 3.85 1.72
30 1.84 1.45
20 1.18 1.24
10 0.56 0.83

93Rb

93Sr

93Y

t1/2 =5.84(2) s

t1/2 =7.43(3) m

t1/2 =10.18(8) h
93Rb

SuN

β-particle
detector

tape

Tape &
Motor
Box
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Experimental Set-up

Summing NaI(Tl) (SuN) Detector
Michigan State University
[A. Simon, S. J. Quinn, A. Spyrou, et al., NIM A703 (2013) 16-21]
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Experimental Set-up
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Methodology

Hauser–Feshbach
calculations

NLD

Optical-model 
potentials
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Simulation Space

Nuclear data libraries contain no experimentally determined:
•Nuclear Level Density
•Giant Dipole Resonance
•Neutron Resonance parameters

Detector 
response

(GEANT4)

Constant Temperature (CT) Formula

RIPL-3
Level density at Sn & 
regional systematics
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Simulation Space

1. Unfold
the detector 

response

2. First 
generation
extracted

3. NLD & 
γSF

extracted

4. Normalize 
NLD & γSF 



18

Simulation Space

1. Unfold
the detector 

response

2. First 
generation
extracted

3. NLD & 
γSF

extracted

4. Normalize 
NLD & γSF 



19

First generation extracted

Plot A: 1st Generation
Procedure

Plot B: TRUE 1st

Generation
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Extracted & Normalized NLD

Nuclear Level Density

Does the extracted NLD match 
input parameters?
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210

310

410  states extract by Oslo Method 
 ENSDF and DB levels 
 CT model 

 from CT model ρ 

Sr93

von Egidy & Bucurescu 
[PRC 80, 054310 (2009)] 

Constant Temperature Formula:
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Summary & Future Work
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Disclaimer: This presentation was prepared as an account of work 
sponsored by an agency of the United States Government. Neither the 
United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or usefulness of 
any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to 
any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or 
imply its endorsement, recommendation, or favoring by the United States 
Government or any agency thereof. The views and opinions of authors 
expressed herein do not necessarily state or reflect those of the United 
States Government or any agency thereof.

Disclaimer


