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AAPM TG 195 Charge

Develop and publish a set of fully described simulations conditions and
results for people to use as cases to validate their MC codes against.

The task group is 10 members that use Monte Carlo for their research.

Putting together 11 cases that, once fully described we'll all run in the
different codes (Geant4, MCNPX, EGNRC, Penelope) and publish
both the full description and results.

The idea is for people who want to validate their MC software, rather
than search the literature trying to find similar conditions published
previously and trying to figure out some of the always-missing details
not included in papers, they will be able to refer to our TG report and
use these fully defined case sets and compare their results to our fully
explained results, and therefore consider their software validated.

For now we are concentrating on x-ray based diagnostic tests
(mammography, radiography, CT), but if this goes well, | expect to
have follow-ups for nuclear medicine diagnostics and even therapy.
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6 Cases, Each with Data

Benchmarks are well described.

Numbering goes from Case 1 to Case 9 (3 cases were eliminated from
the originally defined set)

.| Case Descriptions -~ Case 1 HVL Final.docx

.l tgl95 ' Case 3 X Ray Production Final.doc
- Case 4 Radiography August 31 2011.docx
- Case 6 Mammo DgN.docx

Case 8 CT Dosimetry.doc

Case 9 CT Dosimetry Voxelized.doc

Case 9 Material list.xls

Material Definitions.docx

Results Sheet.xlsx

Spectra Definition Final.xlsx
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Case 1 - | 3

‘ __
TG195: Monte Carlo data sets for imaging research. SOULGE
Specifications for Half Value Layer (HVL) case. »

+ 100 mm

Aims

- Verify the accuracy of half-value layer calculations.

— Create a reference set of Monte Carlo simulations of half value layer in mammography and
radiography.

Geometry (figure 1)

- Filter is a disk of thickness t mm and diameter 40 mm. The central axis of the filter coincides
with the +z axis. The superior face of the filter lies in the plane z=+100 mm.

- Simulations are done for two thicknesses (t), corresponding to the theoretical half-value layer o
(HVL) and quarter value layer (QVL), respectively, as given in table 1. ‘ | '

Materials
- Filter material is aluminum. +X :
- The rest of the geometry is filled with air. L 1000 mm
Radiation source (figure 1) +Z : |
- Radiation source is an isotropic x-ray point source at the geometry origin (x=0, y=0, z=0). byl
The source irradiates a central circle of 1-mm diameter at the superior face of the filter. : | !
- Simulations are done for monoenergetic photons and for spectra as given in table 1. "
—~ Number of simulated source particles is such that the statistical uncertainty is 1 % on the J |
primary total energy fluence in the case of monoenergetic incident photons, and on the N
primary differential energy fluence in any given bin in the case of incident spectra. . | '

Scoring ‘
~ Scoring is done in a central circle of 10-mm diameter at the plane z=+1000 mm with and : |

without the filters. '
- For monoenergetic incident photons, the quantities scored are: (1) the primary energy fluence :
(yp) at the incident photon energy; and, (2) the non-primary (y,,) differential energy fluence ! |
(e.g., coherent and incoherent scatter, fluorescence, etc from both air and/or filter), binned in .
0.5 keV bins between zero and the incident photon energy. . |
- For incident spectra, the quantities scored are the primary (y,) and the non-primary (yap) . I
differential energy fluences using the same bin definitions as the incident spectrum. f I
- Energy fluence is converted into collision air kerma (k) off-line. k is calculated for the 10 r}]md)
primaries (kp) and non-primaries (Kyp). The mass energy absorption coefficient is evaluated '
at the central energy of each bin.
- Output is the following four air kerma ratios:
(1) kp at t=HVL / k; at t=0, (3) (Kptkap) at t=HVL / (Kytknp) at t=0,
(2) kp at t=QVL / k; at t=0, (4) (kptkap) at t=QVL / (kyt+kap) at t=0.

(not to scale) )

Figure 1: Geometry for HVL measurements.
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Case 3

TG195: Monte Carlo data sets for imaging research.
Specifications for x-ray production case.

Aims

- Verify the accuracy of electron transport and x-ray generation in typical tube targets.

— Create a reference set of Monte Carlo simulations of x-ray generation from typical tube
targets in mammography and radiography.

Geometry (figure 1)
- Target is a slab of height 25 mm, width 80 mm and thickness 10 mm. The center of the front

face of the slab is at the geometry origin (x=0, y=0, z=0). The slab is tilted at an angle 6
relative to the +z axis.

Materials

- Target material is either molybdenum or tungsten, depending on the incident electron kinetic
energy (table 1).

- The rest of the geometry is filled with vacuum.

Radiation source (figure 1)

- Radiation source is an electron beam parallel to the +x direction and uniformly covers a
circle of diameter 3 mm centered at the geometry origin (x=0, y=0, z=0).

- Electrons are monoenergetic with the energies given in table 1.

- Number of simulated source particles is such that the statistical uncertainty is 1 % on each
bin of the scored x-ray energy distribution from 7.5 keV and up. Uncertainties for bins below
7.5 keV should still be reported.

cormg (figure 2)
Energy distribution is scored in 1 keV bins for photons crossmg the plane z=+100 mm at five

square areas, 10 mm x 10 mm each. The locations of the scoring areas are given in figure 2.
- For each square area, the output is the energy distribution, the integral fluence and the
integral energy fluence. Areas 2, 1 and 3 reflect the heel effect while areas 4, 1 and 5 reflect

symmetry.

Table 1: Simulation parameters

Incident electron kinetic energy | Anode tilt angle
Case Target (keV) (degree)
Mammography | Mo 30 15
Radiography W 100 11

f I
|
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A beam
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scoring plane |
L & Pk (not to scaIcL

Figure 1: Geometry for x-ray production measurements.
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Figure 2: Five square areas of measurement (dark) at the scoring plane.
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TG 195: Monte Carlo Reference Data Sets
Radiography Dosimetry and Scatter Case Description (Case #4)

Geometry Description
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Aim:

* Verify the accuracy of x-ray transport and interaction characteristics in general radiography and whole body
tomosynthesis simulations.

* Depending on the application, either the dosimetry or the scatter results can be tested.

Solids:

* Body: Box with thickness (x-direction) T = 200 mm, width (y-direction) W = 400 mm and height (z-direction)
H = 400 mm.

PAORSISTOI Il ofT A0kl  Ideal detector: Recierigle 410 40 trr




Mammography Case Description (Case #6)

Geometry Description

Side View
X-ray point
SOUMCE =P @------------------oo-oooooooooooo A"
Top View
Breast -ray\)
=
X-ray point_|
source | 3|
Breast Co npression
I Breas a

&
o
s
<
o
o]
1

Detector Bogy Detectob
e B
ta

Front View

source

X-ray Central

Ray

SID

Breast %pmpressnon

Breast and | 3 ||

Breast Sypport F3ate Aq_i v
/[ Bedly Detectqy,

20 September 2011




Case 8
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Source path

Electronically
collimated beam

20 September 2011 Geant4 Collaboration Workshop




Geant4 Simulations Already Prepared

loannis has already prepared simulations of all the cases.

4.9.4.p02, NIST materials, Sensitive Detector

Good clean code

.| Case Descriptions .| casel

L] tgl95 || case3
case4
caseb
case8
case8b
case9
libimage

atree.mac
case3.cc
dawn.mac
CNUmakefile
hep.mac
include
newray.mac
ogl.mac
oiX.mac
ray.mac
run_Mo.in
run_W.in
run.in
seeds_55k.dat
side.mac

src

test.mac
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DetectorConstruction.cc
DetectorMessenger.cc
EventAction.cc
EventActionMessenger.cc
ImagerSD.cc

PhysicsList.cc
PrimaryGeneratorAction.cc
Run.cc

RunAction.cc
RunActionMessenger.cc




Our Part

AAPM Task Group reports have very high impact in medical physics.

loannis welcomes our participation to help insure that the Geant4 code
shows us at our best.

| would like an ad hoc group of us to advise him.

General checking, plus some particular concerns he has:

e |I'm mostly concerned about the correct definition of the physics,
especially for case #3.

e For case #3, I'm unsure about the setting of reasonable cuts to
obtain correct x-ray spectra at all energies especially < ~5 keV.

e Methods to accelerate the simulations, again especially for case #3
Final results due Nov 15th

I'm in. Let me know if you'd also like to help.
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