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Two very powerful probes

𝛄 𝝂e
Can’t shield 

Accompanies 𝜷-decays  
… like from fission products

Unique to an isotope

Taking full advantage of these probes in nonproliferation 
applications requires nuclear data  



SCALE model of INL Advanced Test Reactor

ATLAS detector muon system, simulated in GEANT4

The role of nuclear data is often hidden 
behind the codes we use
• MCNP6, SCALE, & GEANT4 particle transport 

codes 
• used for simulating nuclear energy generation 
• shielding and health physics calculations 

• ORIGEN & CINDER for isotope burn-up 
• nuclear waste management 
• radiochemical applications 

• All have modules that use ENDF/ENSDF data 
• Codes switch between models and data tables 

based on:  
• speed 
• fidelity to physics 

• Other code systems also use covariance data in 
uncertainty quantification  
(e.g. SCALE’s TSUNAMI)

A visualization showing the distribution of 
the fission product Xenon-135, an 

important marker for predicting reactor 
behavior, in the WB2 reactor core during 

startup. VERA enables the detailed 
tracking of Xenon-135 with greater fidelity 
than any modern reactor simulation tool 

available today.   From ORNL

Monte Carlo simulations of #AAPM 195 
report's case 5 with #EGSnrc code.   

From Lucus Paixao 
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Material Identification with Neutron-induced Gamma 
Spectrometry

• Developers of these technologies are User Group #1 in this study 
• These users need the number of absorption or scattering reactions and the number and energies of emitted gammas to 

be correct on average over many source neutrons
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CSIRO NITAA.C.T.d.o.o. SurveyorWKU PELAN

Oil well tool from schematic 

Slide from S. McConchie (ORNL)



Active interrogation with 
neutrons is common technique 
in many applications

• Inelastic (14 MeV) gammas are an obvious 
need 

• Less obvious needs:  
• Capture gammas — neutrons moderate in 

surrounding material 
• Decay gammas — these are often 

background (but could be signal too)

Figure 1: The Bulk Elemental Compositional 
Analyzer (BECA) instrument proposed for a 
future NASA mission to Venus.  From Fig 1. of 
[Parsons 2016].

 The gamma data in  
ENDF is woefully deficient  



ENDF structure data must 
be synced to ENSDF
• Level schemes (energies & BR’s) needed for inelastic data 

often used as “knob” by evaluators, not always synced with 
ENSDF 

• Capture gammas 
• In ENDF often just modeled 
• Sometimes forgotten entirely 
• Rarely in sync with ENSDF 

• 19 ENDF trackers are directly or indirectly related to 
deficient gamma data;  

• 3 trackers are just lists of deficient isotopes 
• One list is the 137 isotopes with no capture data at all!

55Mn in ENDF

55Mn in ENSDF

Seeking NA-22 funds to fix ENDF 
& get into codes  



New Experimental Capabilities
• UMass Lowell 1MW Research Reactor 

• Collimated thermal neutron beam 
• High-resolution coincidence gamma-ray spectroscopy 

• MIXED ARRAY OF DETECTORS (MAD) with HPGe/BGO assemblies 

Marian Jandel 
• Formerly Los Alamos
• Recipient of DOE Early 

Career Award in Nuclear 
Data



Rapidly addressing user needs

Deficiency in 55Mn raised at 
CSWEG

E [keV] I [ % ] 
EGAF

I [ % ] 
ENSDF

I [ % ] 
UML

212 15.9 10.6 11.9
271.2 7.04 5.7 5.9
314.4 10.9 9.4 8.5
1401 3.5* 0.88 3.4
1705 1.39 1.39 <0.5
1747 3.31 3.31 1.77
1915 2.0 2.5 1.35

Using activation, can also 
determine thermal cross section



Models
Fission Product Yield 

Distribution Data

Decay Data

Physics beyond the 
standard model

Non-proliferation 
using  monitors 𝜈𝑒

Decay Heat 
calculations

Let’s examine 
the  case in 
some more 

detail

𝜐𝑒

The role of nuclear data may be hidden, but it has impacts



PROSPECT (Precision Oscillation & 
Spectrum Experiment) show can 
monitor reactors with antineutrinos

From “The Little Neutrino Experiment That Could”, Science and 
Technology Review, LLNL, Sept (2019), pp. 20-23
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undetected. Successful neutrino detection at a nuclear reactor 

hinges on exploiting the inverse beta decay (IBD) process, in 

which the neutrino’s antiparticle—the antineutrino—collides with 

a proton, leaving behind a positron and a neutron. PROSPECT 

measures the time delay between the proton–antineutrino 

collision and subsequent capture of the neutron, thus identifying 

IBD events. In other words, Mendenhall explains, “The positron 

carries away the antineutrino’s incoming energy, which allows us 

to measure that quantity.”

In recent years, experiments at nuclear reactors have detected 

fewer antineutrinos than predicted, leading physicists to hypothesize 

that the missing particles were transforming into unobservable sterile 

neutrinos as they traveled. PROSPECT probes this anomaly by 

searching for a particular signature: neutrino oscillation.

When a neutrino is created, it starts in a quantum superposition 

of three underlying mass states that represent the three flavors. As 

the neutrino travels away from its point of creation, the differing 

mass of those underlying states causes oscillation—wherein 

the neutrino transforms from one flavor to another. Each flavor 

state generates a unique oscillation signature, represented by a 

variation in the neutrino detection rate with the distance traveled 

(the baseline). For electron antineutrinos from a nuclear reactor, 

the baseline at which oscillation first becomes noticeable is at 

about a 1-kilometer distance from the reactor. Bowden states, “The 

oscillation signature is the key to understanding the differences 

between prediction and observation. If a fourth type of neutrino 

exists, its oscillation baseline would have to be much shorter than a 

kilometer to bring prediction and observation into agreement.”

MANY experiments conducted by Lawrence Livermore      

 researchers are designed to explore questions of fundamental 

science. Others are intended to test-drive new mission-critical 

technologies. Perhaps the most exciting experiments are those 

that undertake both objectives. PROSPECT, the Precision 

Oscillation and Spectrum Experiment, is a unique neutrino–

antineutrino detection project aimed at investigating fundamental 

particle physics and improving detection sensitivity for nuclear 

fission reactions. 

The PROSPECT collaboration began in 2013, and includes 

Livermore physicists Nathaniel Bowden, Jason Brodsky, 

Tim Classen, and Michael Mendenhall, as well as colleagues 

from the National Institute of Standards and Technology 

(NIST), Brookhaven and Oak Ridge national laboratories, and 

10 universities. Over the last six years, the detector was designed, 

then assembled at Yale University, and later installed at Oak 

Ridge’s High Flux Isotope Reactor (HFIR)—a user facility that 

provides a high-intensity neutron source for materials science and 

isotope production experiments. The PROSPECT detector began 

collecting data in 2018. 
Compared to other detectors, which can weigh up to 50,000 tons, 

the 4-ton PROSPECT detector is more moderate in size. In 2016, 

the PROSPECT team won the Department of Energy’s Office 

of Science funding competition for neutrino research projects 

that were, among other criteria, “modest in cost and timescale.” 

Bowden, who serves as the project’s co-spokesperson, says, 

“Many researchers are excited about small experiments in neutrino 

detection, and our collaboration is at the forefront with the first 

published results. PROSPECT is also the first full-scale detector 

operating aboveground, which opens up possibilities for mobile 

reactor monitoring technology.” Additional funding comes from 

Livermore’s Laboratory Directed Research and Development 

Program, the Heising–Simons Foundation, and other partners. 

The Mysterious Neutrino
Since its discovery 60 years ago, the neutrino has continually 

intrigued the physics community. (See S&TR, December 2012,  

pp. 4–11; and July/August 2016, pp. 20–23.) Just when the 

elementary particle’s three “flavors” (electron, muon, and tau) 

were finally understood, along came the possibility of a fourth—

the sterile neutrino—whose existence would pose new questions 

about the Standard Model of physics.

Neutrinos are electrically neutral, have a smaller mass than 

other elementary particles, and usually pass through matter 

THE LITTLE NEUTRINO  EXPERIMENT THAT COULD

Reactor core

Weighing in at approximately 4 tons, the PROSPECT detection system arrived 
at HFIR in early 2018. (Photo courtesy of the PROSPECT collaboration.)

Lawrence Livermore is a founding 
member of PROSPECT, the 
Precision Oscillation and Spectrum 
Experiment. The sophisticated 
neutrino–antineutrino detection 
system—the first aboveground 
detector of its kind—is sited at Oak 
Ridge National Laboratory’s High 
Flux Isotope Reactor (HFIR). 



The antineutrino spectra changes with 
different 239Pu fission fraction

Diverted 239Pu shows up as unexpected 
change in spectrum vs. burn-up



IBD Antineutrino yield vs. 239Pu fission 
fraction

0.2% precision points!!!!

Nucleus Daya Bay 17 fit Huber/Mueller Summation 
E8D+J31FY

235U 6.17+-0.17 6.69+-0.15 6.46
239Pu 4.27+-0.26 4.36+-0.19 4.41
238U 10.1+-1.17 10.11
241Pu 6.04+-0.19 6.21

F.P. An et al,  
PRL 118, 251801  (2017).

σ values (10-43 cm2/fission)

Diverted 239Pu shows up as unexpected 
change in spectrum vs. burn-up



USNDP Work on data for Antineutrinos

A.A. Sonzogni et al., PRC 91, 011301(R) (2015)

Fine structure due to 4 fission products.
A.A. Sonzogni, M. Nino et al., Phys. Rev. C 98, 014323 

(2018) 

A.A. Sonzogni et al., PRL 116, 132502 (2016)

FPY re-evaluation 
project funded by NA-22

Need to revise 
FPY & decay 

data



Takeaway: nuclear data are crosscutting & often hidden

Nuclear Data

Nonproliferation

Astrophysics

EnergyMedicine

Materials Damage

Gamma-rays

Natural 
Radioactivity
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Fast neutrons

Elemental ID in Space Exploration


