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Outline

ÅNeutron Induced Capture and Fission ɔ-ray Spectra and Yield Measurements 

(I. Parker, K. Keparutis)

ÅThermal neutron die-away measurements (B. Wang)

ÅElemental zirconium thermal capture experiment (G. Siemers, I. Parker)

ÅPhotonuclear Production Yield Measurements at the RPI LINAC (D. Fritz)

ÅOther talks about RPI evaluation work in evaluation session:

ïNew 90,91Zr Evaluations (G. Siemers)

ï 90,91Zr evaluation in the unresolved Resonance Region (A. Golas)
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ñDevelopment of Benchmark Measurements for Capture Gamma Cascadesò



4

The Gaerttner LINAC Center

RPI ɔ-ray Spectra Measurements:

Measurements coupled with updated simulation methods provide a tool that can be 
used to assess the accuracy of ɔ-ray production data stored in nuclear data 
libraries.

Updated simulation method: mod-MCNP6.2/DICEBOX

Primary motivation ï To test evaluated ɔ-ray production data. 

Applications: ɔ-ray heating, reactor and shielding calculations, isotope identification 

via active neutron interrogation, nuclear structure studies, etc.

Develop methods to separate measured capture and prompt fission ɔ-ray spectra.

Develop test suite/benchmark to assess quality of evaluated data. 

Measured Samples: 0.01 eV Ò En Ò 100.0 eV

56Fe 55Mn/natCu 59Co

natTa natU 235U

natCd natAu natIn

natCu 55Mn natZr
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Measurement & Simulation Capabilities:

RPI ɔ-Ray Multiplicity Detector:

Å ~4́  16 segment NaI(Tl) detector array.

Å 1 cm thick B4C liner enriched to 99.5 atom % 10B to 

absorb scattered neutrons.

Å Up to 96% efficient to detect ɔ-ray cascades.

Å Located 25.6m from neutron production target.

Å Digitizer collects energy depositionfor each detector 

segment and event time, used for TOF method.

Å Historically used for neutron capture yield 

measurements in energy range from 0.01 eV ï 3 keV.

Mod-MCNP6.2[1][2]:

Å Uses Cascading ɔ-Ray Multiplicity (CGM) module to 

produce correlated secondary emissions.

Å Implements ability to read externally made ɔ-ray cascade 

files in place of CGM generated gamma cascades.

Å Outputs energy depositedfor each detector segment per 

neutron history.

ï Enables simulation and measurements to be processed 

identically.

Å Cascades files are generated with DICEBOX[3], GIDI+[4], 

or other cascade generation codes.

1Werner, C. J., (2018). MCNP version 6.2 release notes (LA-UR-18-20808). Los Alamos National Laboratory. 
2Y. Danon et al., EPJ Web of Conferences 294 01001 (2024) 
3Beļv§Ś, F. (1998). Simulation of ɔ cascades in complex nuclei with emphasis on assessment of uncertainties of cascade-related quantities. Nuclear Instruments and Methods in Physics Research 

Section A, 417(2-3), 434-449. https://doi.org/10.1016/S0168-9002(98)00787-6.
4Lawrence Livermore National Laboratory. (n.d.). GIDI+ (General Interaction Data Interface Plus) [Computer software]. GitHub. https://github.com/LLNL/gidiplus
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Method Validation with 56Fe:
DICEBOX Spectra (╔▪ ἢἒ)

Using R.B. Firestone[1] gamma-ray data as the input to 

cascade generators, simulations match experimental data 

collected at the RPI LINAC. 

0.01 eV Ò En Ò 1.0 eV       0.200 MeV Ò Eɔ       2.0 MeV Ò EɆɔ Ò 10.0 MeV
[1]R. B. Firestone et. al., Phys. Rev. C 95, 014328 (2017).
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Results: natCd, natAu 

0.01 eV Ò En Ò 1.0 eV

0.200 MeV Ò Eɔ

2.0 MeV Ò EɆɔ Ò 10.0 MeV

113Cd only in DICEBOX, all other Cd isotopes in CGM 

Isotope Abundance t͓(0.0253 eV) ͓̓(0.0253 eV)

Cd-113 0.1222 19994.01 19969.33
Rest 0.8778 55.9 22.36
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Results: natCu, natMn 

0.01 eV Ò En Ò 1.0 eV

0.200 MeV Ò Eɔ

2.0 MeV Ò EɆɔ Ò 10.0 MeV

Isotope Abundance t͓(0.0253 eV) ͓̓(0.0253 eV)
Cu-63 0.6915 6.61 4.47
Cu-65 0.3085 16.04 2.15

63Cu only in DICEBOX & GIDI+, 65Cu in standard CGM 
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Test Suite/Benchmark Development:

ÅDOE Grant deliverables include a template, necessary tools, example inputs, and test data. 

ÅWith 56Fe/DICEBOX validation method, next step is uncertainty quantification.

ÅPreliminary list had been generated, with ongoing work into each source.

Source: Description: Assessment Strategy:

Gamma-Ray Attenuation
Gamma rays emitted that lose energy and/or 

do not reach the detector. 

Quantify the effect of gamma-ray transport on the 

accuracy of energy deposition. 

Non-Sample Emissions
Capture in air, aluminum, or boron can emit 

gamma-rays. 

Remove in simulation & assess results. Further analysis 

will focus on changing size, density, etc. 

NaI False Capture
Neutrons in system scattering & capturing 

in iodine. 

Determine if negligible, predicted to be for thermal 

neutrons due to B4C liner.

Energy Calibration & 

Detector Alignment

Calculations performed to convert pulse 

integrals to energy.

Calculate the effect of uncertainty in energy calibration 

for the comparison between measured and calculated 

gamma-ray spectra. 

Processing Settings
Individual & coincident discriminators.

Coincidence time. 

Identify the effects of analysis parameter choices on the 

resulting spectra. 
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natU Measurement

Sample: 20 mil, 

18.2 g, 0.7% 235U

Contribution from 
235U(n,f) above Sn(

238U) 

Thermal ( Ȣ ╔▪Ἥἤ Ȣ) yield for 
natU sample is dominated by fission 235U(n,f)

Black data points = average 

of 16 single detector spectra

Error bars = standard 

deviation from the average 

Large capture 238U(n,ɔ) resonance at 

6.67 eV (Ȣ ╔▪Ἥἤ Ȣ) 

238U(n,ɔ) DICEBOX Spectra (╔▪ ἢἒ) 

Total Energy Deposition (Coincidence)

Normalized by the count ratio of the thermal 

spectra to the capture resonance spectra 

Contribution 

from 235U(n,f) 

above Sn(
238U)

Multiplicity 

Distribution

Demonstrates fission ɔ rays can be removed 

from spectra in a capture-dominated resonance

Note: ENDF/B-VIII.1 is 

the same as VIII.0 for 
238U ‎-ray production
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235U Capture and Fission Resonance ɔ-Ray Spectra (Uncorrected)

╢ ╢

235U 11.7 eV 

Capture Resonance

Total Energy Deposition (Coincidence)

Contribution to 235U spectra  

from 235U(n,f) above Sn(
235U)

Contamination 

from 235U(n,f) 

above Sn(
235U) 

235U 14.0 eV 

Fission Resonance

235U(n,ɔ) DICEBOX Spectra, ╔▪  TH 235U(n,f) PFGS, ╔▪  TH

Suggests ENDF/B-VIII.1 ACE PFGS is more accurate than the CGMF calculation in MCNP6.2 (discrepancy from ~5-8 MeV)

A correction needs to be made to remove the fission ɔ rays from the 235U 11.7 eV capture resonance ɔ-ray spectra
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‌ȟ πȢχτωυ

‌ȟ 0.2505

‌ȟ 0.1536

‌ȟ 0.8464

Capture Res

En = 11.7 eV

╢
Fission Res

En = 14.0 eV

╢

235U Corrected 

11.7 eV Capture 

Resonance

Total Energy Deposition (Coincidence)

235U Corrected 

14.0 eV Fission 

Resonance

‌ȟ = fraction of 

capture in resonance Ὥ
‌ȟ = fraction of 

fission in resonance Ὥ

╢♬ = Capture ONLY

╢█= Fission ONLY

╢♬
♪ȟ█╢ ♪ȟ█╢

♪ȟ♬♪ȟ█ ♪ȟ█♪ȟ♬

╢█
♪ȟ♬╢ ♪ȟ♬╢

♪ȟ♬♪ȟ█ ♪ȟ█♪ȟ♬

Correction removes ɔ rays contributing to the 11.7 eV capture resonance spectra above Sn(
235U) = 6.55 MeV due to fission

CGMF does not agree with the measured RPI ɔ-ray spectra in the 14.0 eV fission resonance above 3 MeV

235U Capture and Fission Resonance ɔ-Ray Spectra (Corrected)

Capture ɔ rays were 

not transported 
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Prompt Fission ɔ-Ray Spectra (PFGS)

RPI 235U(n,f) 14.0 eV 

Fission Resonance

Measurement and 

Simulations

There is an increase in counts from 4-8 MeV in the RPI measured 

14.0 eV fission resonance ɔ-ray spectra compared to simulations. 

Other measurements (Oberstedt and Peelle) seem to agree with 

the increase in counts in the PFGS compared to calculations with 

MCNP6.2 (CGMF, FREYA, and the LLNL fission libraries)
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Pulsed Neutron Die Away Experiments for TSL Validation at RPI

Nuclear Engineering PhD Student

Department of Mechanical, Aerospace and Nuclear Engineering

Rensselaer Polytechnic Institute, Troy, NY,  12180

Benjamin H. Wang

Gaerttner LINAC Centerï Rensselaer Polytechnic Institute

11/03/2025
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Motivation

ÅProvide Experimental Data to 

verify and improve S( ,h )̡ 
libraries for various moderators

ÅNon-Criticality Integral 

measurement method

ɀ♪
Π  

ïFinal comparison result: ♪ 

(Experimental) vs ♪ (Simulation)


