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Overview

Principal aim: Augment Evaluated Nuclear Data File (ENDF)
libraries with high-resolution HPGe-quality γ-ray line data.

Improved capture-γ data needed for several high-priority
isotopes for accurate simulation of interrogation systems.

Interrogation system: Evaluating
munitions for presence of explosives,
chemicals or nerve agents.

Idaho National Laboratory - 80
units in use worldwide

SF, DD, DT neutron sources

(Gus Caffrey, Ed Seabury, INL)
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Background and problem

Neutron-capture γ rays provide unambiguous isotopic
fingerprint.

Useful for NDA applications: passive interrogation
(spontaneous-fission neutrons) and active interrogation
(external neutron source).

Bright high-energy “primary” γ rays (Eγ ≈ 4− 12 MeV) ⇒
easily seen in spectra and clearly indicate presence of Special
Nuclear Material (SNM, i.e. 235,238U and 239Pu), fission
products and an array of materials associated with SNM.

NDA applications are predicated on accurate data!

Problem: There are well-known data gaps in capture-γ ENDF
libraries; some isotopes (e.g., actinides) have no primaries at all.
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Issues with Pb capture-γ data in ENDF

“Real” (top; RHS) capture-γ spectrum
for Pb reveals inconsistencies with MCNP
simulation sourcing ENDF/7 (top; LHS).

Migration from ENDF/5 to ENDF/7
capture-γ data becomes worse.

Published literature describing Pb
simulations with ENDF/7!
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NIMB 358, 32 (2015)

Pb ENDF/7:

No primaries

amhurst@berkeley.edu


Motivation
Technical Approach

Improved ENDF libraries
Conclusion

Introduction
Issues in ENDF libraries

High-Eγ issues: lack of primary-γ data

Generally we can understand completely high-Eγ primary
region ⇒ very useful signatures for NDA.
Often these data are missing from the ENDF libraries (e.g.,
actinides).
Recent work has identified primary γ rays for the first time in
180W(n, γ) and 50 new primaries have been measured in
185Re(n, γ).
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Low-Eγ issues: self-absorption capture-γ corrections I
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High-ρ samples (e.g., W and Re) may require thickness correction to
establish σγ

Low-energy γ rays particularly susceptible to self absorption

Adjust thickness until convergence is achieved for all γ lines:
σγi (Eγ)

Aγi (Eγ)

χ2 method in Ref. [A. M. Hurst et al., NIMB 362, 38-44 (2015)]
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Low-Eγ issues: self-absorption capture-γ corrections II
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185Re(n, γ), γ standards
185Re(n, γ)

“Ideal” σγ(Re) extracted relative to well-known standard
σγ(Cl) from low-ρ ReCl3 (hydrated) sample.

Convergence achieved by comparison with lines in enriched
185Re (pure) sample.

Analysis by D. A. Matters, AFIT [PRC 93, 054319 (2016)]
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Experimental setup (1): Budapest Research Reactor
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Thermal: ∼ 106/cm2/s
Cold: ∼ 108/cm2/s
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Experimental setup (2): FRM-II Reactor Munich
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Reactor
core

HEU
plates

D2O moderator
tank

Close Far
HPGe

Sample−position:
Fission neutrons:

∼ 1× 108/cm2/s

〈En〉 ≈ 2.1 MeV

Thermal-equivalent:

∼ 2.7× 1010/cm2/s
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Statistical modeling with DICEBOX
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DICEBOX: Monte Carlo code

Generates (n, γ) decay scheme
simulations originating at Sn

All levels and γ rays below Ec are
taken from experiment

All levels and γ rays above Ec are
randomly generated

Primary γ rays from experiment
when known

Adopted photon strength function
(PSF) and level density (LD) models
to calculate partial transition widths
and compare to experimental data:

〈Γif 〉 =
f (Eγ) · E 2L+1

γ

ρ(Ei , Ji , πi )
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ENDF processing

Validated Eγ and σγ data are processed for incorporation into
ENDF and correlations with other parts of library verified.
Integrity of library is checked against LANL and LLNL
verification codes (PREPRO + NJOY + FUDGE).
Upon successfully testing out and generating representative
transport-simulation output (MCNP) ⇒ libraries are sent to
National Nuclear Data Center (NNDC) for further testing
prior to dissemination in the next ENDF/B-VIII release.
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New capture-γ data in ENDF

ENDF/B-VIII.β2 libraries updated with new evaluated capture-γ
lines

Z Element A Abundance [%] No. (n, γ) lines

3 Li 6 7.589 3

3 Li 7 92.411 3

5 B 11 80.18 13

9 F 19 100 166

11 Na 23 100 244

13 Al 27 100 290

14 Si 28 92.2297 56

17 Cl 35 75.771 382

17 Cl 37 24.229 76
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A comparison: Before and after

New σγ(Eγ) data (green) reveal marked improvement in quality and
quantity over previous capture-γ data in ENDF (red) for 27Al(n, γ)

High-resolution data needed for accurate simulations of
interrogation systems

A. M. Hurst amhurst@berkeley.edu (c/o R. B. Firestone) Nuclear Data 2016, September 11-16, Bruges, Belgium

amhurst@berkeley.edu


Motivation
Technical Approach

Improved ENDF libraries
Conclusion

New ENDF libraries
Developing the nuclear data network

Structure data improvements
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Statistical-model analysis
186W(n, γ)

Nuclear structure improvements
(γ rays, Jπ)

Updates for Evaluated Nuclear
Structure Data File (ENSDF)
and the Reference Input
Parameter Library (RIPL)
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Nuclear data library development

MIRD

RIPL

ENDF

MCNP

Medical Isotopes

Nuclear Structure

Nuclear Reactions

Users

ENSDF
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Summary and outlook

New improved neutron-capture γ-ray line data were
incorporated into and used to upgrade 9 ENDF libraries: 6Li,
7Li, 11B, 19F, 23Na, 27Al, 28Si, 35Cl, and 37Cl.
All libraries successfully passed testing and generated
representative output for MCNP transport applications.
Now available in ENDF/B-VIII.β2 via the NNDC at
Brookhaven National Laboratory.
Many more isotopes on “priority list” need improved
capture-γ data.
Widespread problems and data gaps (including missing
primaries) augmented with new evaluated capture-γ data will
provide enhanced threat-detection signatures for interrogation
systems.
More than 10 peer-reviewed publications (Physical Review,
Nuclear Science and Engineering, Nuclear Data Sheets,
Nuclear Instruments and Methods) in the past 2 years alone.
Thesis fodder for graduate students (so far: 4 PhDs, 1 MS).
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Student training

Student Degree Project Institute Current

Position

A. Ureche Ph. D. 139La(n, γ) UC Berkeley

[NSSC]

Year 2

D. A. Matters Ph. D. 185,187Re(n, γ) Air Force

Institute of

Technology

Final Year

A. G. Lerch M.S. 02/2014 185Re(n, γ) Air Force

Institute of

Technology

Group

Leader,

DTRA

C. Genreith Ph. D. 10/2014 242Pu(n, γ) Jülich Postdoc,

FRM-II

D. Turkoglu Ph. D. 11/2014 93Nb(n, γ) Ohio State

University

Postdoc,

NIST
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140La: an abundant fission product

IAEA cumulative fission yields [% per fission]

Fission Fission/(n, γ) Thermal Fast 14-MeV

Nucleus Product Yield [%] Yield [%] Yield [%]

232Th 140La - 7.7 5.7

233U 140La 6.5 6.2 4.7

235U 140La 6.3 6 4.5

238U 140La - 6.0 4.6

239Pu 140La 5.3 5.3 -

241Pu 140La 5.8 5.4 -

“A ≈ 143 Isotopes: New data for high-yield fission fragments are
needed for accurate prediction of inventory in used nuclear fuel
assemblies, development of better physics models for
calculation-based nuclear forensic tools . . . ”, White paper on
NDNCA: http://bang.berkeley.edu
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Low-energy PSF in 140La
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Provide students with an
interesting thesis topic.

Nature of photon strength function
(PSF) at low energy is a
hotly-contested issue.

PSF has fundamental application
in statistical model for γ decay
provides structural insights

Reproduce known data ⇒ validate
regions without data ⇒ improve
capture-γ library!
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Baghdad (n, n′γ) Atlas: SQL relational database

A. Demidov et al., Atlas of
Gamma-Ray Spectra from
Inelastic Scattering of Reactor
Fast Neutrons, (Moscow,
Atomizdat 1978).

105 data sets: 76 natural; 29
enriched

Over 7000 (n, n′γ) lines

Visualization of data using
relational tables

Use SQLite GUI to manipulate
data or execute SQL code

Absolute γ-ray cross sections
normalized to 2+1 → 0+gs in
56Fe (847 keV, 468 mb)

Query: retrieve σγ for enriched
110Pd(n, n′γ) where
300 ≤ Eγ ≤ 1000 keV
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