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Outline

Photoatomic and Photonuclear Options in MCNP

Verification with MCATK

Validation with Barber & George Experiments

Other Ongoing Work

Project P213: Verification and Validation of Photonuclear Simulations
CEA Collaborators: Jean-Francois Lemaitre and Amine Nasri

Meetings: Quarterly meetings/exchanges, met in-person 1 March 2024
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Photo- and Electro-atomic Physics in MCNP6

• Photo-atomic Interactions

• Electro-atomic Interactions

The photon-electron-photon cascade occurs in coupled photon-electron MCNP calculations. 
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Motivation for Photonuclear Physics

Uses
• Accelerator neutron source studies – photoneutron production
• Accelerator radiation protection
• Special nuclear materials (SNM) detection and active interrogation concepts
• Medical applications, e.g. therapy

Needs
• More complete tabulated library of photonuclear reaction physics (Latest 2019 

IAEA CRP contains 219 nuclides with photonuclear physics data)
− Compare to 550+ neutron reaction sub-library evaluations in ENDF/B-VIII.0

• Experiment data for photofission evaluation and validation of photonuclear 
data
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Photonuclear Physics Libraries

• Typical upper energy limit of ~150 MeV
• A photonuclear interaction begins with a photon absorption by a nucleus 

through the giant dipole resonance or quasi-deuteron absorption
• To be used by MCNP6, libraries are processed into ACE format
• Two libraries have been released with previous versions of the MCNP code

• The latest IAEA-2019 CRP makes up the majority of what is in ENDF/B-VIII.1 

LA150U, 13 isotopes, released ~2000
2H, 12C, 16O, 27Al, 28Si, 40Ca, 56Fe, 

63Cu, 181Ta, 184W, 206Pb, 207Pb, 208Pb

ENDF7U, 157 isotopes, released ~2006
• A superset of LA150U, including all 

13 isotopes and 144 additional 
isotopes

• Based on IAEA CRP efforts and 
ENDF/B-VII.0

See Refs. [1-5]
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Photonuclear Physics Models

• Above the ~150 MeV energy threshold physics models 
can be used directly inline within the MCNP simulation
− For incident photon energies above the maximum table 

energy and <1.2 GeV, the cascade-exciton model (CEM) [6] 
is used by default

− For incident photon energies >1.2 GeV, the Los Alamos 
quark-gluon string model (LAQGSM) [7] is used by default

• This kind of inline event generator approach is generally 
needed in these energy regimes where tabulated data 
may be difficult to evaluate and validate
− For photonuclear physics, pion production occurs ~150 MeV 

where more complex nuclear modeling is needed
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Other Photonuclear Data and Model Considerations

• In the MCNP code, photonuclear physics is off by default – users must opt-in to 
make use of this physics

• There is quite a bit of flexibility through a mix-and-match approach within 
MCNP6 to handle are sorts of physics, including photonuclear interactions
− Mixed use of model and data above and below an energy threshold
− Selective use of data and model for any nuclide

• The LLNL Fission Library [8], included in all versions of MCNP6 and in later 
versions of MCNPX, can be used to simulate photofission reactions for a 
variety of actinides
− This library does not use the ACE-based data, but is not quite a physics model event 

generator like CEM, LAQGSM, etc.
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Photonuclear Physics Enables in MCNP

• Use ISPN option on the PHYS:P card
− Both analog and biased photonuclear reaction 

options available
− In general, the photonuclear event selection, 

reaction sampling, and secondary particle 
production is handled much like all other neutral 
particles when using the tabulated data

From MCNP6.3.0 User and Theory Manual
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MCATK Photonuclear Verified Against MCNP

Verification Test
• 1-cm ball of natural U at origin
• Beam of 28 MeV photons
• Next event estimators (point detectors) at (0, 0, 

100) and (0, 100, 100)
• Physics turned off in MCNP since MCATK 

doesn’t have it
− Thick-target bremsstrahlung, Unresolved resonance 

region, Compton doppler, Photon fluorescence

MCATK

Summary
• Total neutron flux and spectra agree within 2σ
• Biasing photonuclear interactions in MCNP 

reduces uncertainty in spectra by ~30% for the 
same runtime on this simple problem.
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Validation Using Barber & George Experiments

• Electron beam incident on various targets (Al, C, Cu, Pb, Ta, U), measuring the 
neutron production in the target

• Morgan White (LANL) was responsible for the original photonuclear 
implementation in MCNP, and modeled the Barber & George experiments for 
validation purposes
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Barber and George Validation

• Al-I (top) and C-I 
(bottom) benchmark 
results shown

• Left panels from M. 
White using MCNPX

• Right panels using 
current MCNP6.3 with 
ENDF7u and ENDF/B-
VIII.1beta4 
photonuclear data

22 24 26 28 30 32 34

Energy [MeV]

100

200

300

400

500

Y
ie

ld
[n

eu
tr

on
s

/
10

6
el

ec
tr

on
s]

Exp. Val. ENDF7u Calc. Val. ENDF8.1u Calc. Val.

26 28 30 32 34

Energy [MeV]

25

50

75

100

125

150

175

200

Y
ie

ld
[n

eu
tr

on
s

/
10

6
el

ec
tr

on
s]

Exp. Val. ENDF7u Calc. Val. ENDF8.1u Calc. Val.



12

Barber and George Validation

• Pb-I (top) and C-I 
(bottom) benchmark 
results shown

• Left panels from M. 
White using MCNPX

• Right panels using 
current MCNP6.3 with 
ENDF7u and ENDF/B-
VIII.1beta4 
photonuclear data
− Problem processing Ta 

ENDF/B-VIII.1beta4 
photonuclear data
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Barber and George Validation

• Cu benchmarks shown

• Cu-65 photonuclear data 
appears to be the only 
change in ENDF/B-
VIII.1beta4 that causes 
differences in these 
benchmarks
− This could be because the 

overall sensitivity to the 
photonuclear data is limited 
within the Barber and 
George benchmarks
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Ongoing and Future Work

• Process final ENDF/B-VIII.1 photonuclear data files
− Investigate processing issue with Ta

• More photonuclear verification – pencil beam problems

• Angular-dependent thick-target bremsstrahlung upgrade
− Not relevant when transporting electrons
− See backup slide for more information

• Investigate photo- and electro-atomic implementation in MCNP

• Use new CEA photonuclear experiment (SAPHYR) as modern benchmark
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Thanks!

Questions?
mrising@lanl.gov
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Angular Dependent Thick-Target Bremsstrahlung

• Similar to what is done in the DIANE implementation
− TTB = Thick-target bremsstrahlung
− CH = Condensed History
− ADTTB = Angular-dependent TTB

Test Problem


