—!

£

MCNP5 Simulation of a Large Angle X-
Ray Scattering Experiment

Lester Biddle

Hydrodynamics Department, Atomic Weapons
Establishment (AWE)

8 April 2005



Introduction

An application of x-ray transmission
radiography at AWE

Large angle x-ray scattering experiments
conducted to measure backscatter from a test
object as a function of angle

Simulation of experiments in MCNP5
Comparisons with previous experimental
and calculational studies



Background:
X-Ray Radiography at AWE

Explosive experiments conducted to investigate
hydrodynamic behaviour of inert weapon
simulants

Primary diagnostic is short pulse twin axis
transmission radiography

Radiographic images are analysed to obtain
most probable density distribution for the
object

Scatter Is significant source of error In
density reconstruction



Background:
X-Ray Radiography at AWE
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Large Angle Scattering Experiment:
Objectives 0

Validate near-identical previous experiment
conducted by S Quillin, J O’'Malley et al at the
Los Alamos National Laboratory (LANL)
Microtron

Model the AWE experiment using MCNPS5.
Attempts to recreate the Microtron data by
O’Malley et al using MCNP4B were not
successful



Experimental Arrangement
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Experimental Results

Normalised backscatter
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MCNP5 Calculations

The LANL Monte Carlo particle transport code
MCNP5 has been used to simulate the AWE
MINAC experiments

A separate calculation has been run for each
angle

X-ray source has been modelled separately to
the experimental geometry



MCNP5 Calculations |1

Calculations run in detailed Physics mode
Includes treatment of electron binding potential

Photon and electron transport enabled
Coherent scatter switched on

Approximate alloy composition of materials
used



Modelling the Source
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Modelling the Experiment
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Comparing Calculations with

Experiment
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Comparison with Previous Work
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Comparison with Previous Work
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Comparison with Previous Work
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Why the mis-match ?

Inappropriate problem definition ?

Investigated effects of...

tally type

coherent scatter

scattering object alloy composition
photon energy cut-off

Problem with Compton scattering in MCNP
code ?

Compton s ~ Klein-Nishina =~ form factor



Conclusions

2 experimental studies conducted at different
facilities  results in good agreement

2 independent MCNP programmatic approaches
devised

neither matches the experimental data

In agreement with each other

reason for mis-match not understood, suggested
could be problem with Compton scattering in
MCNP

Backscatter for radiographic experiments continues
to be approximated experimentally



Any suggestions ?

Any questions ?



