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Presentation Overview
1. Motivation for performing 181Ta and 19F high energy quasi-

differential neutron emission measurements

2. Quasi-Differential methodology and importance for validating 
nuclear data

3. Discussion on results from the 181Ta and 19F measurements
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Motivation for RPI and Tantalum and 
Teflon Experiments

Tantalum
• Validation of new 181Ta 

evaluation in upcoming ENDF/B-
VIII.1 library

• Due to special material and 
nuclear properties 181Ta is relied 
on for the following applications:

1. Neutron-producing targets for 
linear accelerators

2. Recovering Uranium from fuel 
reprocessing1

3. Casting of molten Plutonium 
metal1
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Teflon (19Fluorine)
• Validation of the new 19F evaluation in upcoming 

ENDF/B-VIII.1 library
• Fluorine is relied on heavily in salts for Generation 

– IV reactor concepts:
• Kairos Power – FHR
• TerraPower – SFR and Natrium
• Flibe LFTR (blanket and coolant)

• Criticality safety, design, and operation of these 
reactor concepts are highly dependent on 19F 
neutronics



Quasi-Differential Experimental 
Methodology and Impact



Quasi-Differential Measurement Methodology
1. Conduct differential neutron time-of-flight experiment on sample of interest, 

validation sample, and open beam
• Due to sample size, the experiment is dominated by multiple scattering interactions

2. Perform MCNP transport calculation of validation (Carbon) measurement using 
measured neutron flux and detector efficiencies
• This validates experimental geometry and reproduction of known validations sample

3. Perform MCNP transport calculation of sample of interest measurement using 
measured neutron flux and detector efficiencies
• Differences present in nuclear data evaluations of the sample of interest are compared to the 

experimental data to validate performance or show needs for improvement
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Upgrades to RPI High Energy Scattering System
• System upgraded from Agilent-

Acqiris AP240 8-bit to Struck SIS-
3305 10-bit digitizer 

• Dynamic range of pulses increased 
from 256 bits to 1024 bits

• Sampling resolution increased from 
1.0ns to 0.8ns

• Upgrade yields 2x increase in 
relative neutron detection efficiency 
in 3 MeV – 20 MeV region

• RPI high energy neutron scattering 
system MCNP model overhauled 
more increased accuracy

EJ-301 Detectors

Sample



• Systematic uncertainty has 
been reduced to 2.6%, and 
3.1% for the Teflon and 181Ta 
experiments respectively

• Previous measurements1,2

arrived at systematic 
uncertainty of 6%

• Detector efficiencies 
determined from in-beam 
measurements

• Deadtime correction utilized 
legacy RPI algorithms 
recently validated for SIS-
3305 digitizer3
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Systematic Uncertainty Quantification
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Carbon validation measurement shows agreement within experimental uncertainty
observed for all detectors, beside 150 degrees, between 0.65 MeV and 20 MeV.

181Ta ExperimentTeflon Experiment
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ENDF/B-VIII.1 (β3) evaluation resolves spectra shape issues, but appears to have 
magnitude issues, particularly at very forward angles.  
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ENDF/B-VIII.1 (β3) evaluation resolves significant overprediction by ENDF/B-
VIII.0 evaluation. Underprediction observed below 2.5 MeV.   
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ENDF/B-VIII.1 (β3) provides best prediction of experimental data at forward angles; 
resolving scattering kernel issues in ENDF/B-VIII.0/JEFF-3.3/JENDL-5.0. Resonance 

misprediction observed below 3 MeV.
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ENDF/B-VIII.1 (β3) provides best prediction of experimental data at backward angles; 
resolving scattering kernel issues in ENDF/B-VIII.0/JEFF-3.3/JENDL-5.0. Resonance 

misprediction observed below 3 MeV.



Scattering Kernal Performance
• To test if an evaluation was more forward or backward peaked the C/E values 

were compared in large energy regions for all angles measured
• The ENDF/B-VIII.1 (β3) evaluation shows a kernel closer to unity compared to 

ENDF/B-VIII.0 and JEFF-3.3181Ta and 19F evaluations
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Conclusions and Future Studies
• High energy quasi-differential neutron emission measurements of 181Ta and Teflon 

have been performed
• Results provide validation for the performance of the ENDF/B-VIII.1 181Ta/ 19F evaluations
• Results also show regions to where improvement is needed for future 181Ta /19F evaluations

• Resonance anisotropy issues in 19F will be investigated by RPI using resonance 
parameters and the Blatt-Biedenharn formalism as part of Ph.D. thesis

• Manuscript drafts of journal papers are coming for both experiments to be 
completed this FY
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