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Outline

Motivation
Recent Experimental Studies and Results
= Cumulative fission-product yields from neutron induced fission on
239PU, 235U’ and 238U
= Correlation measurements in direct and inverse reactions

Summary
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Measurement of Long-Lived Fission Products
Using Monoenergetic Neutron Beams
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Ny = number of atoms of a specific fission product
N;s = total number of fissions
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Motivational Factors: Luck of FPY Data in Broad Energy Intervals
for the Major Actinide Isotopes
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First Result: 147Nd FPY from Neutron-Induced Fission of 23°Pu
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147Nd FPY from Neutron-Induced Fission of 23°U, 238U, and 23°Pu

= The slope of 1*/Nd FPY from
~5.0to 14.8 MeV is negative in
all three fissile actinides

3.0

= Combined with our previous
2.5 é i 147Nd FPY data this trend is
{ } i N ] consistent with FPYs toward

} 14.8 MeV energy
201 ¢ LN I .
® = Significant reduction in the total
uncertainties of the present
mid-energy data compared to

our previously published results
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Fission Product Yields from 235238(n,f) and %*°Pu(n,f)
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Fission Product Yields from 235238(n,f) and %*°Pu(n,f)
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Comparison with GEF and BeoH
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Benchmark Inverse Kinematics Fission Observables in 238239y
with Direct Reactions Measurements

Direct reactions at HIGS:

* Stable target

* Slow-moving fragments

. 234,238 (y,f)234.238

*  Monoenergetic photon beams:
6.2<E,<13 MeV

* Frisch-grid IC surrounded with
an array of neutron and y-ray
detectors

Inverse reactions at GANIL:
* Radioactive cocktail beam of “targets”

* Fast-moving fragments

° 236U and 240Pu

*  VAMOS spectrometer with new PISTA
dE/E telescope array

* PISTA array allows determination of the
excitation energy to ~ 1 MeV
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HIGS Experiment Results From 233U(y,f):
Fission Product Yield Mass Distribution
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R. Malone et al. Paper in preparation
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HIGS Experiment Results From 233U(y,f):
Average Total Kinetic Energy Distribution <TKE>
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Comparison between HIGS cumulative and
SOFIA independent FPY measurements

Completed data collection at HIGS on
235U, 238U, and #*°Pu at E, = 13 MeV
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Summary

= Our cumulative FPYs provide a comprehensive set of data from the three
major actinides in the energy region from 0.5 to 15.0 MeV with small
neutron energy steps

* The data analysis was significantly improved, reducing the overall
uncertainties and providing more guantitative basis for evaluating of
these cumulative FPY data

= We developed new capabilities to perform correlation measurements in
fission in direct reactions that can be benchmarked with inverse
kinematic measurements

We are in the midst of a fission renaissance!
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Fission Product Mass Distribution:
What Have We Learned So Far?
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Fission Product Mass Distribution:
What Have We Learned So Far?
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Expand the theoretical capabilities to understand the evolution of the FPY at low neutron energies
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Summary: Fission Product Yield Real Estate Map
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We are in the midst of a fission renaissance!



Error estimation on the FPY Measurements:

Relative FPY Ratio
1. Statistical uncertainties of y-ray peak counts (1-2%)
2. Relative HPGe detector efficiency (1-2% including the fit)

Absolute FPY energy dependency:

Statistical error of y-ray peak counts (1-3%)

Absolute detector efficiency (2-3% including the fit)
Branching ratios (0.2 — 8% (14’Nd))

Absolute FC efficiency (3% experimentally, 0.5% simulation)
Kinematic focusing (up to 1.4%)

Isotopic corrections (0.2% for 239Pu, larger for 23°5U)

Low energy neutrons (<1%)

Neutron flux fluctuation correction (<0.3%)

Efficiency conversion ratio between close and standard geometry (<1%)
10 True coincidence summing (<1.5%)

11.Random coincidence summing (<0.2%)

12. Sample weight (<0.4%)

13. Self-absorption of y-ray (0.3 — 3%)
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