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Standard and conversion of the phase-space data format in dose measurement of radiotherapy

YAN Huagang'?, LIU Zhixiang', QU Dian', LIU Wu®
1. Laboratory of Science and Biomedical Engineering, School of Biomedical Engineering, Capital Medical University, Beijing 100069,
China; 2. Department of Therapeutic Radiology, Yale Medical School, New Haven 06510, USA

Abstract: Phase-space data refer to the information of the type, position, direction, and energy of particles in a plane or several
planes in the Monte Carlo (MC) simulations of the radiotherapy dose measurement. As an important assistant method, the use
of phase-space data facilitates the MC simulations. The paper aims to introduce the concept of phase-space data in MC simulation
and the International Atomic Energy Agency (IAEA) standard of phase-space data format, and to propose a method for converting
phase-space data stored in excel files to the standard IAEA format (phsp format) using Geant4, a popular MC simulation toolkit,
in order to solve the problem of using phase-space data in excel format for the researcher who used the phase-space data in IAEA
standard format, especially the Geant4 users. By introducing a class that temporarily stores and forwards phase-space data to
Geant4, the conversion of excel format to IAEA standard format can be implemented successfully.

Keywords: radiotherapy; dose measurement; Monte Carlo simulation; phase-space data; International Atomic Energy Agency
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Fig.1 An example applying phase—space data
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Tab.1 Information of particles contained in the phase—space data

Variable Meaning Type of variable
X x-coordinate in cm Realx4
v y-coordinate in cm Realx4
z z-coordinate in cm Realx4
u Direction cosine along x Realx4
v Direction cosine along y Realx4
E Kinetic energy in MeV Realx4
Statistical weight Particle statistical weight Realx4
Particle type Type of the particle Integerx2
Sign_of W Sign of W (direction cosine in z) Logicalx1
Is new_history Signifies if particle belongs to new history Logicalx1

Extra storage space for variables (e.g., EGS LATCH,

Integer extra

nx(Integerx4) (n=0)

incremental history number, etc.)

HATHOHT A R 10.02 BT,

Float_extra Extra storage space for variables (e. g., EGS ZLAST) mx(Realx4) (m=0)
RERDLH AR 1 PV AN At — ,
TR HN FHEE O 2 ReEy 2T , -
. o N st . Geant4/IAEA interface ? Geant4 User Application
AR AR R, OB, Geantd y
_-4 G4IAEAphspReader l UserPrimaryGeneratorAction |
IArEAphSP ] UserRunActi
TAEA 12 U KCHR S SRR S5 L 76 7O MC R il A ey e
%‘5‘3 J_‘%_A BEAMan/EGSmC I:F‘ ?EJI: %IJ ng Ey[—]_‘ fi6-171 o % :J:‘ Ge' """" UserSteppingAction

antd FR52 I 7, 0 il R R RR PR 98 N 51 22 i)
128t , IAEA T~ 2012 4 1E 2 Y C++4 5 19 LTI
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IAEA: International Atomic Energy Agency
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Fig.2 Interfaces between the phase—space file in IAEA standard

format and Geant4 applications
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class PhaseSpaceFile
{
public:
PhaseSpaceFile();
~PhaseSpaceFile();
public:
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G4int ReadFile(G4String,G4double*);
static PhaseSpaceFile* Getlnstance();
G4ThreeVector GetPosition() {return new
position;}
G4ThreeVector GetDirection() {return new
direction;}
G4doubleGetEnergy() {return newenergy;}
void DoOnCalled();
private:
G4ThreeVector position;
G4ThreeVector direction;
G4double energy;
static PhaseSpaceFile* fInstance;
G4long inde;
G4double* datapointer;
¥
Hrbr, ReadFile()FH T FH xIsxio-0.2.8 B3 A BRI %R, A
excel U AAHZS [AI%4E . Getlnstance()H] T Ge-
antd F£ 7 ) 46 b A11% H PhaseSpaceFile 2, GetPosi-
tion() . GetDirection() il GetEnergy() T Geant4 2 /7
ARIPUR S [ H58h | A 0O IR— 7 B9 %dfE . DoOn-
Called()|J2 4 Geantd ¥ #5225 I A £HE , 191] g 2
HH 2 [] T 7EF- T Y z A A, AR AJE excel AH2S [H] £l 4 53
HoRL T 132 877 ) 4
& 3 7 R SR A excel A2 Ta) 5 -

File Home Insert Draw Page Layout Formulas Data Review

G8 = Je

A B € D E

1 |x, microns y, microns vx, microns/s vy, microns/s vz, microns/s

2 | -179.7764684 -21.01085216 1.17984E+12 -4.31624E+11 2.998E+14
3 830.2802201 344.7256935 -4.86081E+12 -2.09012E+12 2.997E+14
4 834.1016429 232.8780779 -5.00989E+12 -1.45512E+12 2.997E+14
5 840.5289618 204.2978492 -4.95435E+12 -1.27027E+12 2.997E+14
6 | -297.1173388 337.9677468 2.21722E+12 -1.95294E+12 2.998E+14
7 69.92876775 -3.208504099 -2.88918E+11 -4.09009E+11 2.998E+14
8 | -1055.094958 -321.5333012 6.20306E+12 2.25183E+12 2.997E+14
9 -294.544438 -45.26005197 2.20533E+12 5.34874E+11 2.998E+14
0 197.5215455 299.7776562 -1.53329E+12 -1.43461E+12 2.998E+14

All photons have energy of 17.5 keV, and all weights are 1.
3 [RIEHY excel IHZ B HiiE

Fig.3 Original phase—space data in excel
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B1PrimaryGeneratorAction::B1PrimaryGenerator-
Action()

:G4VUserPrimaryGeneratorAction(), fParticleGun(0)

{

fParticleGun = new G4ParticleGun();
G4ParticleTable* particleTable =
G4ParticleTable:: GetParticleTable();
G4String particleName;
G4ParticleDefinition* particle=
particleTable->FindParticle(particleName="gam-
ma");
fParticleGun->SetParticleDefinition(particle);
h
X 5 1F GeneratePrimaries PR %% ' 7% FH Phas-
eSpaceFile I AH G pR A AR I ECHE o X 1> pR A
JETE Geantd HH IR IT I — BT FEAF (event ) I 2457
Mo JrEanT .
void B1PrimaryGeneratorAction::GeneratePrimaries
(G4Event* anEvent)
{
PhaseSpaceFile* phspfile = PhaseSpaceFile::
GetInstance();
phspfile->DoOnCalled();
G4ThreeVector aposition=phspfile->GetPosition();
G4ThreeVector adirection = phspfile->GetDirec
tion();
G4double kineticenergy = phspfile->GetEnergy();
aposition = aposition/1000; //unit conversion
fParticleGun->SetParticlePosition(aposition);
fParticleGun->SetParticleMomentumDirection
(adirection);
fParticleGun->SetParticleEnergy(kineticenergy);
fParticleGun->GeneratePrimary Vertex(anEvent);
H
BT BIRERE , AT DL T excel #% XA AH
Z3 )& (181 4)
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Fig.4 X-ray beam from the phase—space plane (the circle shown on

the left) scattered by water
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JF7E BeginOfRunAction PREL 2 SLCH44 FIEE A =S
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void B1RunAction::BeginOfRunAction(const
G4Run* aRun)
{
G41AEAphspWriter* IAEAWriter =
G4IAEAphspWriter::Getlnstance();
TAEAWriter->SetZStop(0.0001);
IAEAWriter->SetFileName(“excel2iaea”);
TAEAWriter->BeginOfRunAction(aRun);
}
void B1RunAction::EndOfRunAction(const G4Run*
aRun)
{
G4int nofEvents = aRun->GetNumberOfEvent
0
if (nofEvents==0) return;
G41AEAphspWriter::GetInstance()->EndOfRun
Action(aRun);}
void BlEventAction::BeginOfEventAction(const
G4Event* aEvent)
{
G4IAEAphspWriter* phspWriter =
G41AEAphspWriter::Getlnstance();
phspWriter->BeginOfEventAction(aEvent);

}
void B1SteppingAction::UserSteppingAction(const

G4Step* step)

{
G4IAEAphspWriter::GetInstance()->UserStep-

pingAction(step);

}

FH T excel AH 25 [H) 5040 % 17 19 5 4k S B o7
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7873 Hi SetFileName PRECI E X, B A z 4645
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