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AWE performs transmission radiography to study hydro%
behaviour of explosively driven metal systems:

The Core Punch experiment

Flash radiography (~50ns)
Deep penetration (~30cm of lead)

High energy Bremsstrahlung
(<20MeV)

Explosive protection

SPFL technology with film/image
plate detectors

Z’lﬁ@"%% Spot Size
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Radiography of explosively driven metal systems. Al - E

Obiject plus blast protection are highly attenuating -
10 - 30 cm Lead equivalent.

Object velocities > 1 kms?1 (mmps™)
Flash Radiography (50 ns) minimise motion blur

High Energy (~10 MeV) Peak Bremsstrahlung source

~ 2 - 6 MeV signal photons
~ 25 gcm? mfp
|imited Fluence < 10-3 R (~1O’OOO mm-z) Effect of 200 gem™ Filter on 6 MeV Bremsstrahlung spectrum
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Detector requirements
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Sub mm resolution
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Detectors: Storage Phosphor Image Plates (IP)

Image recorded in a thin layer of BaFBr:Eu?*
crystals excited to a meta-stable state.

Luminescence photo-stimulated by laser light in
reader.

A detector is formed from a stack of 10 - 20 IP
plus Heavy metal foils.

Standard MS plate
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Detectors: Opto-Electronic cameras @E

Image recorded on CCD camera viewing High Density % Xx-ray source
Inorganic Scintillator.

Mirror
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Performance Metrics A‘@iE

Detector Quantum Efficiency DQE

A measure of the ability of the detector system to preserve
the image information in the signal fluence.

2 I Output Signal-to-Noise Ratio ]
SN R

2

SN Rin L I nput Signal-to-Noise Ratio ’

DQE =

For an imaging system SNR? = <N>

I.e. the mean number of incident x-rays on aresolution e ement
Modulation Transfer Function MTF
A measure of the detector system Resolution.

For our high energy imaging system, the detector
resolution is dominated by the spread of secondary
radiation in the stack.
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~
MCNP calculations to support IP characterisation AWE

Part of a characterisation program covering:-
sensitivity, noise (DQE), resolution, (latent) image fade, background accumulation,
light induced fade, scanner performance, mechanical integrity etc.

Measurements of Detector MTF @ 3MeV are not easy
Physical access to sources not always practical (1 exposure per day)

Optimise Detectors

Parameter studies of resolution and DQE vs No. of plates, foil thickness etc.
Predict performance of future systems

new x-ray machines

new scintillating materials etc

Increase confidence MCNP calculations
validation of calculational modelling
Compare code results with simple experiments.
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MTF Experiment description

Producing aknown signal
modulation with highly
penetrating photonsis

difficult.

CTF - MTF conversion
requires high frequency
information - less reliable.

Source energies few keV to
Few MeV

Contrast Transfer Function Method

Resol ution Test Pattern
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Fuji BAS 2500 Scanner MTF

MTF Measurements with Resolution Test Pattern,
MS Image Plate - Fuji BAS 2500
1.0
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Spatial frequency at detector
(Ip/mm)

‘ —Optical Measurement —©—Fe-55 (6keV) —&—'Golden' x-ray set (150 kV) —=—Cs-137 (662 keV) Co0-60 (1.25 MeV) ‘

Detector MTF = Scanner MTF x Image Plate MTF

Scanner MTF effect ~ negligible at higher energies.
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MCNP resolution calculations

Model the radial energy deposition
distribution in the phosphor layer

Detector pack modelled as
cylindrical slabs

Zero radius source started along
detector axis

*E8 tallies for concentric annular
rings in the phosphor layers

Energy Deposition (MeV/g) vs radius
Point Spread Function PSF

Assuming symmetry, the PSF,
LSF and MTF are related.

per history /(Mev/q)

MCNP PSF fer DEF Cs
T T

PSF

<
S 1
L Fourier A

LSF MTF
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Fuji MS Plate MTF

MTF

0.0 0.1 0.2

MS Plate MTF - MINAC 6 MeV + 10cm Pb

0.3 0.4 0.5 0.6 0.7 0.8
Spatial Frequency mm-1

0.9 1.0 11

1.2

— Scanner MTF

— Measured MS Plate

— MCNP MS Plate

Calculational tools, including MCNP,

can be used to predict detector resolution
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Issues affecting calculation

MCNP versions 4,5 Mode PE
1 kev (default) energy cut-offs. No variance reduction
Sub-steps per electron step:- MCNP estep parameter
recommended for thin cell and/or high energy calculations
only small differences apparent
large increase in run time.
Better understanding required.
F8 tally computationally intensive

ITS energy Indexing (DBCN 17j 1 card) used for all
calculations.

EGS V3 (DOSRZNRC) gave similar results
~ 10 x faster than MCNP

Greatest dependence is on accurate modelling of
composition, material density, air gaps,source spectrum
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High Resolution Gamma Camera

Requirements
f. > 0.6 mm-1, DQE ~ 5% (6 MeV)

Scintillator :
Thin (2-4 mm BGO or LSO)

Prototype Optical CCD camera
system : PV424

2 mm BGO - Flat Field Exposure and Drill Chuck
@ MINAC 6 MeV +10cm Pb

MTF

2mm BGO MTF - MINAC 6 MeV + 10cm Pb

1.0

!

0.9

—

0.8
0.7 1
0.6
0.5 A
0.4
0.3 A
0.2

0.1 1

X

>

=

—

\

\

0.0

Spatial Fr

equency

mm-1

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

— Camera Optical MTF @ F#1.8
— Measured Scintillator MTF

— MCNP Data

Measured f. = 0.81 mm™
Calculated f, = 0.72 mm™ (MCNP)

Slide No. 13



High DQE Radiographic Imaging

MINAC 6 MeV + 10 cm Pb Filtration
PV424 Large Format CCD Camera Low Gain @ F#2

BGO Array MTF - MINAC 6 MeV + 10cm Pb
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Spatial Frequency = Measured Scintillator MTF
mm-1

MCNP was used to cal culate the energy spread
MTF in solid BGO. The spatial response of a

Test Pattern pixellated detector (of pixel pitch d) isgiven by

BGO Array 150 x 150 mm MTF (U) =[SINC (d* u)

1 mm pixels 2 cm thick
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MS Plate and Scanner DQE

_ SNR?

DQEMEAS N
INC

SNR = Measured Signal to
Noise ratio per unit area

Nine = Number of incident x-
rays per unit area

interaction probability

DQEcac =

Mean No. of PSL centr%\/
per interacting x-ray scanner efficiency

— = -1=S5 (Swank Factor)
2 M {
3M, (keV
o _3My(keV)
M 0 (3 PSL centres per keV)

M; are the moments of the absorbed energy
distribution AED
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Image Plate Calculated DQE

Calculated in MCNP
Absorbed Energy Distribution via F8 tally
Recommended Energy binning

0, 10, 0.1 etc (catch -ve scores)

AED Stondard Phosphar cobalt

Qe[ T T T T AL e e sy s
Deposition Probabilily (m@) = 0.93%
Av. Energy Depasited (m1/mD) = 134 keV

9.20 L Swank Factor (mOm2/m1* —1)= D.85

Calculated DQE = 0.49%

stot. facter =0.52

Energy per ph (m1)= 1.26 keV

T S e S e S B e
0.0 0.1 0.2 0.3 0.4 0.5
Energy deposited in phosphor (MeV)

Interaction Probability My® h = 0.0093

Avenergyperg (M) =1.25keV
Av energy deposited (M,/My) =134 keV
Swank factor (M M,/M 2 -1) =0.85
Statistical Factor =0.52
Calculated DQE =0.49%

The DQE isreduced to 52% of the Interaction
(Detection) Probability.
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Image Plate Measured DQE

Measure mean/std dev for a known,

uniform cobalt 60 exposure (500 mR).

Mean signal = 15.7

Std Dev =0.42
gs per 50u pixel = 2.1 x 10%
DQE = 6.6%

Effective pixel dimension is not the

pixel spacing

at 2 mm2 (Bin Factor = 40)

DQE = 0.5%

Laser effective spot @ ~ 200 um
Calculated DQE = 0.49%

§4%\
& 3%

D

Effect of Binning

7%

6%\
5%

2% \

1% \\k‘\?_hﬂ
o—o—o = - ~

0%

0 5 10 15 20 25 30 35 40
Bin Factor

\ —e— Evaluated using 50 um pixel area —e— Evaluated using 200 pm laser diameter \
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Image Plate DQE is ~ independent of Exposure.

Low background of IP

allows for lower exposures.

Lower exposure limit
determined by DQE
degradation from
accumulated background
noise.

Reduce time between
erasure and reading.

Shield plates.

DQE %

MS Image Plate DQE Measurements

1.0%

0.9%

0.8%

0.7%

0.6% -

% |
0.5% L ~sel,

0.4%

03% v /
02% V4

0.1%

0.0%

Cobalt-60 Equivalent Dose in mR

0.01 0.10 1.00 10.00 100.00 1000.00

—8— Measured Data - Background corrected —— Calculated Data (30 mins background accumulation)

Exposures > 100 mR - Extra noise
term proportional to signal.

Scanner/Plate non-uniformities?

Otherwise scanners do not degrade
DQE
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DQE benefits of thick scintillator systems are apparent.

MINAC 6 MeV + 10 cm Pb

DQE

35%

30%

25%

20% -+

15% -

10%

5%

0%

BGO Array - DQE MINAC 6 MeV + 10 cm Pb Filtration

|

/

4

0.1

10 100
Exposure mR

1000

10000

DQE @ 10 mR = 28%
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Summary

Simple MCNP calculations of resolution and DQE are an
important part of the detector characterisation process.

Resolution calculations agree fairly well with experiment
gives confidence in predictive capability of Monte Carlo

Monte Carlo calculations of DQE are the only way to understand
detector system noise performance.

Both “Thick” and “Thin” systems studied.

Electron transport physics differences not significant given the
magnitude of the experimental uncertainties.

Validity of the calculations limited by the knowledge of material
dimensions, compositions, density, spectra etc

(and by user errors!!)
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