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[tracking/verbose 1

*gvis.mac — Microgoft Visual Studio {Administrator)
File Edit iew Debug Tools Test iiindow  Help

A - M- B R -]l || g write_JPEG file - B
vismac| - x
| # Bets some default verhose -

#t and initializes the graphic.

Jcontrol Averbose 2
Arunfverbose 2

'ﬁtracklnsfverhosa 1
Jrunfinitialize

B Create empty scene (Mworld™ is default)
fvisfsceneforeate

#

#f Create a scene handler for a specific graphics syeten
#t Edit the next line(s) to choose another graphic svstem

#
B/ visfopen OGLIX
ﬁvisfupen OGLINIn32

Eﬁ-‘ is/open DAWNFILE

#t Draw scene

AeisSviewerfzoom 1.4

Hivis/viewer/set /viewpoint ThetaPhi 40 45 deg
Hovisfviewer/set foroject ion perspect jve
Hvisfviewer /F lush

# for drawing the tracks

# if too many tracks cause core dump =¥ storeTrajectary 0
fracking/storeTrajectary 1

fvisfecenefendOfEventiict ion accunulate

Jtestemf/event /drawTracks all

B/testen/stephax 1 mm
A estenohys fsetCuts 1 nm

ArunheanOn 1

1] |

Ttem(s) Saved Ln 1 ol 2 Cha




o ERE: 0¥, F 707 - Release¥TestEm7 exe vis.mac

Start Run processing.
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* G4Track Information: Particle = proton,  Track ID =1, FParent ID =10
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KireE dEStep  Steplenz  Trakleng Yo lume Process
il 1 i 160 Mey 0 ey 0 fm frm World initstep
I i frn 160 Mey1.hde-018 &Y ? cm Zocm World Transportation
il BB um i 158 Mel  1.52 Mey mm .2 cm hsorber hloni
el L L 140 Ml 15,2 Mel o 79 o Shzorber hlani
m Lm Lm 122 Mel 18 Mel om T2 om bhsorber hloni
i 78 i 106 Mel 15,7 Mey o o Shzorber hlani
mm B8 mm um 2.7 MeY 14 Mel o o bhsorber hloni
I 237 un o 801 MeY 1 Mel o o Shzorber hlani
m J96 mm um 636 Mel A el om om bhsorber hloni
I J95 un 53,3 Mel .3 MeY M o Shzorber hlani
cm a6 mm um 49,8 Me¥ B.hE Mel A mm o bhsorber hloni
I L7 L 47 Me¥  7.79 Me¥ 594 mm o Sh=orber hlani
m A6 mm um 346 Me¥ V.38 MeW 476 mm om bhsorber hloni
i BT un 277 MeY BT MeV 379 mm o fhsorber hloni
cm LB mm um 2008 MeY 6.7 MeV 3,01 mm o bhsorber hloni
I A4 L 14 Mel 6.94 MY 2.34 mm o Shsorber hlani
m J38 mm um  BLZ6 MeY V.71 MeW  T.68 mm om bhsorber hloni
i L3y mm i 0 ey L6 Mel L o fhsorber hloni
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¥ G4Track Information: Particle = e-,  Track ID = 2, Parent ID =1
B o o e e o o A o o e o o A

Stepd b g i KireE dEStep  Steplenz  Trakleng Yo lume Process
0 -9.28cmn -1.66 um  5.32 um 387 kel 0 ey 0 fm 0 fm bhsorber init3tep
1 -9.74 om 298 um o 41T um B3LE ke 303 kel 1.09 mm 1.09 mm fhsorber elon|
2 -9.74 cm 280 um 400 um 0ey H3Z ke 423 um  1.13 mm bhsorber eloni
GdYisMarager: Using G4TrajectorvlrawByCharze as default trajiectory model.
See commands in Avisdmodel ing/trajectoriess for other options.
Trajectory drawing confizuration will be based on imode walue of 1000
Fun terminated.
Fun Summary
Mumber of events processed : 1
User=0s Real=0s Sws=0s
Output saved in DepthEnergyl.csy’
1 event has been kept for refreshing and/or reviewing.
Idle> o




[vis/open OGLIWin32

*gvis.mac — Microgoft Visual Studio {Administrator)
File Edit iew Debug Tools Test iiindow  Help

A - M- B R -]l || g write_JPEG file - B
vismac| - x
| # Bets some default verhose -

#t and initializes the graphic.

Jcontrol Averbose 2
Jrunfverbose 2
Aracking/verboze 1

Jrunfinitialize

B Create empty scene (Mworld™ is default)
fvisfsceneforeate

#

#f Create a scene handler for a specific graphics syeten
#t Edit the next line(s) to choose another graphic svstem

#
Bivissopen OGLIX
ﬁvlsfupan OGLIWin32

Eﬁ-‘ is/open DAWNFILE

#t Draw scene

AeisSviewerfzoom 1.4

Hivis/viewer/set /viewpoint ThetaPhi 40 45 deg
Hovisfviewer/set foroject ion perspect jve
Hvisfviewer /F lush

# for drawing the tracks

# if too many tracks cause core dump =¥ storeTrajectary 0
fracking/storeTrajectary 1

fvisfecenefendOfEventiict ion accunulate

Jtestemf/event /drawTracks all

B/testen/stephax 1 mm
A estenohys fsetCuts 1 nm

ArunheanOn 1

1] |

Ttem(s) Saved Ln 1 ol 2 Cha
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[testem/stepMax 1 mm

g vis.mac — Microsoft Visual Studio {Administrator)
File Edit iew Debug Toole Test 'Window Help

ﬁ = | ¥ 33 Lﬁ| C, I, " || T” v“ [# write JPEG file > & ﬁ

~wis.mac | - x
B
B Sets some default verbose
E and initializes the zraphic.
foontrol fverbose 2
frunfverbose 2
fracking/verbose 1

Arundinitialize

#t Create empty scene ("world™ is default)
Mvisdfsceneforeate

B Create a scene handler for a specific graphics svstem
# Edit the next lineis) to choose ancther graphic swstem

#/vigsopen OGLIXE

ﬁ'-.-’ isfopen OGLIWIin3Z

Efvisfnpen DaWNFILE

#t Draw scene

Mvisdviewer/zoom 1.4
HAvis/viewer fset /viewpaint ThetaPhi 40 45 deg
HAvis/viewerfset forojection perspect ive
Misfviewer/f lush

#t for drawing the tracks

#t if too many tracks cause core dump =» storeTrajectory O
HtrackingdstareTrajectory 1

Mvisdscene/end0fEvent fict ion accunulate

Aestenfevent fdrawTracks all

ftestem/stepMax 1 mm
#/testen/ohys/setCuts o1 mm

Jrunfheanln |

| A ol

Ttem(s) Saved Ln 36 Col 2 Ch2 INS i




[N viewer—0 (OpenGLImmediateWin32) (FE&k&L)




v EWE: O¥,F 707F - Belease¥TestEm7? exe vis.mac
Start Bun processing.

A A A A R AR R

* G4Track Information: Particle = proton, Track 10 =1, Parent IB =0
ok
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[testem/phys/setCuts .1 mm

*gvis.mac — Microsoft Visual Studio {Administrator)

File Edit Wiew Debug Tools Test ‘indow  Help
BHa XEE 9~ -] | (# write_JPEG file

wis.mac

B

#t Sets some default wverbose

E and initializes the graphic.
Jeontrol fverbosa 2
Jrunfverbose 2
Aracking/verbose 1

Jrunfinitialize

# Create empty scene ("warld™ is default)
ﬁvisfscenefcreate

#f Create a scene handler far a specific graphics svstem
#t Edit the next line(s) to choose another graphic svsten

B/vis/open OGLIX
ﬁvisfupen DELIWIRS2

Efvisfupen DAWNFILE

B Draw scene

Avis/viewer/zoom 1.4

Hivisfviewer/set Sviewpoint ThetaPhi 40 45 deg
BivisSviewer/set fprojection perspect ive

ﬁuisfviewerfflush

B for drawing the tracks

# if too many tracks cause core dump = storeTrajectory 0
fracking/storeTrajectary 1

JvisfecaneSend0f Eventiict ion accunulate

Atestemfevent AdrawTracks all

ft/testen/steplax 1 mm
/testem/phys/setCuts .1 mm

Jrun/beanOn 1

FReady L 1 Caol 1
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G BEWE: OvF 207F - Release¥TestEm7 exe vismac

FESEESELELELEEEELELEELELESESLELELLEELELELEEEELELEEESLELESLEIELESLELELEELELELEEEELELEELELELESLESELEELE S0 S &

* dTrack Information: FParticle = e-, Track [0 = 44, Parent [0 = 1
B e e e

i P Kirek dEStep Steplens  Trakleng Yo lume Process
dmm 125 mm 88,1 keV 0 eV 0 fm 0 fm Ahsorber initStep
2mm 1,28 mm 0e¥ B88.1 ke¥ 116 um 116 um Absorber eloni

i
0
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* G4Track Information: Particle = e-, Track ID = 43, Parent [D =1
R R R o o o o o o o o o A A A A A A

Stept b4 i i K inek dEstep  Stepleng  Trakleng Yol ume Frocess
0 hodom  1.97 mm -1.23 mm 89,1 key 0 el 0 fm 0 fm Shsorber initstep
] B4 cm 2mm 122 mm 0e¥ 89,1 ke¥ 118 um 118 um Ahsorber eloni

e S A RO O O

¥ G4Track Information: Particle = e-, Track ID = 42, Parent [D =1
ok

i P K irek dEStep  Steplens Trakleng Yo | ume Process
1.96 mm -1.22 mm 85.2 keV =Y 0 fm 0 fm Shsorber initStep
T.97 mm 1.2 mm 0e¥ B85.7 kel 109 um 109 um Absorber eloni
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* dTrack Information: Particle = e-, Track [0 = 41, Parent [0 =1
B e o

Stept hS b P Kinek dEStep Steplens  Trakleng Yo | ume Process
0 h08cm 1.85 mm -1.16 mm 103 ley 0 eV 0 frm 0 fm Ahsorber initStep
1 Bl em 1.86 mm -1.19 mm 0 eV 103 kel 157 um 151 um Absorber eloni

PEEE S S S G EESEESGE IS ST S EE TG ET ST ST TGS S SIS LS LTI EE TG EL G SIS TGS ESE NS ST EEE IS E TSI E TS G TS ST S E LT E TG ST o




Main Program

g TestEm? — Microsoft Vizual Studio (Administrator)
File Edit Wiew Project  Build  Debug  Tools  Test  Mindow

ﬁgﬂ|¥ iﬁaﬂ.|qvﬁvlﬂﬁlease ~ Win3?2

Solutions Exploret’ — Solution TestEm T {1 praject)

2|2 Ea

"o Solution "TestEm? (1 project)
= 54 TestEm7

- [ Header Files

- [ Reszource Files

- ¥ Source Files
----- l'-;*_] DetectorConstructionce
----- 'l'-':_] DetectorMezzenger oo
----- L:*_] Eventfctionco
----- E"_] EventfctionMeszenger oo
..... ¢4 GéLindhardPartition oo
----- E_j_*] GdScreenedMuclear Recail oo
----- t::] Higtoce
----- l'-‘_jj HiztoMeszenger oo
----- l'-‘:_] Phyziceliztioc
----- L:*_] PhyziceliztMeszeneer oo
----- L:*_] PhyzlistEm&tandard oo
----- ﬂ_*_] PhyzlistEmStandard MR oo
----- ﬂ_j_*] PhyzlistEm3Standardss co
----- E_j_*] PrimaryGenerator ction oo
----- E_j_*] PrimaryGenerator Meszenger oo
----- l'-‘:_] Funfction oo
----- 'l'-':_] StepMaxco
----- L:*_] StepMaxMezzenger oo
..... ¢+ Stepping Action oo
..... t::_] Steppineerboze oo
----- E_j_*] Tracking &ction oo
----- ':Cﬂ WindowCapture cc




Main Program

TestEm7.cc — Microsoft Visual Studio (Administrator)

File Edit iew Debug Tools Test Window Help
A" B AR -G R R -l < [# write_JPEG file g
recitnicc) =

=int mainfint argc,charss argy)

/¢ Choose the Random enzine and set the seed.

CLHEP: :HepRandon: :set TheEngine (new CLHEP::RanecuEngine);
Gdlong seed = (Gdlongdtime (NULL);

%f farzc »= 3)

g nProclun = atoi(arge[2]);
seed += z_nProchum;

CLHEP : :HepRandomn: :set TheSeed (sead) ;

Sy Yerbose outpul class
Gd¥Steppingierhose::5et Instance(new SteppinzVerhosel;

AfGonstruct the default run manager
GdRunManager % runManazer = new G4RunManazer;

Sfzet mandatory initialization classes

DetectorConst ruct ionx det ;

PhysicsList® phys;

PrimaryGeneratordct ion® kin:

runianager->GetlserInitialization({det = new DetectorConstruction);
runManagzer->8etlUserInitial ization(phys = new PhysicsList);
runManager->8etlUserdction(kin = new PrimarvGeneratordction(det));

JSfzet user action classes
Rundction® run;

runManager->8etlserdct ion{run = new Rundction(det,phys.kinl);
runianager->8etlUserdct iontnew Eventiction);
runManagzer->SetUserdct ion(new Trackingbction(run));
runManager->8etlUserdct ion{new Steppingiction(det ,run));

/lzet the pointer to the User Interface manager
GdlImanazers Ul = Gdllmanager::GetUlpointer();

offifdef GAYIS USE
JInitialize visualization.
GaYisManazers visManager = new GdVisExecutive;
- visManager->Initialize();
fendif

if (argc!=1)  // batch made
£/ Execute the macro file.
GAString command = "Joontrol fexecute
GAString fileName = argv[1];
UT->4ppl¥Command (command+f i |eNane) ;

|se

s T e

Ready ln 1 Gl | Chi




Action Classes i

 RunAction
— BeginOfRunAction
— EndOfRunAction

* EventAction

— BeginOfEventAction
« SteppingAction

— UserSteppingAction



Event Action

g TestEm? — Microsoft Vizual Studio (Administrator)
File Edit Wiew Project  Build  Debug  Tools  Test  Mindow

ﬁgﬂ|¥ iﬁaﬂ.|qvﬁvlﬂﬁlease ~ Win3?2

Solutions Exploret’ — Solution TestEm T {1 praject)

2|2 Ea

"o Solution "TestEm? (1 project)
= h@ TestEm?
[ Header Files
- [ Reszource Files
- ¥ Source Files
----- f-;*_] DetectorConstructionco
----- 'l'-':_] DetectorMezzenger oo
€+ EventActionce
..... rf':]
..... ¢4 GéLindhardPartition oo
----- E_j_*] GdacreenedMuclzar Recoil oo
----- E_j_*] Higtoce
----- l'-‘_jj HiztoMeszenger oo
----- l'-‘:_] Phyziceliztioc
----- L:*_] PhyziceliztMeszeneer oo
----- L:*_] PhyzlistEm&tandard oo
----- ﬂ_*_] PhyzlistEmStandard MR oo
----- ﬂ_j_*] PhyzlistEm3Standardss co
----- E_j_*] PrimaryGenerator ction oo
----- E_j_*] PrimaryGenerator Messenger oo
----- l'-‘:_] Funfction oo
----- 'l'-':_] StepMaxcc
----- L:*_] StepMaxMezzenger oo
..... ¢+ Stepping Action oo
..... t::_] Steppineerboze oo
----- E_j_*] TestEm? oo
----- E_j_*] Track ing &ction oo
----- ¢+ WindowGapture oo




EventAction

crosoft Visual Studio {Administrator)

File Edit View Dehug Tools Test illindow  Help

BEHo %RE -~ - -|| [# Atestem/stephax - g b ouom B o= 5= E
/"Ev:entﬂct_i_n_n.cc - X
E%Did Ewenthct ion::BeginOfEventdct ion{const GdEwent# pEwvent] =

Gdint nEventID = pEwent-»GetEwentID();

=) fénrinting survey
AAF (ewtNb¥printModulo == 0
- /f Gdcout << "¥n---3 Begin of Event: ™ << evtlb << Gdendl;

static int nTimeStart = 0;
static int nTimePrey = 0;

static int nEventCount = 0;
static int nTimelpdate = 10; Jflpdate every 10 seconds

if (nEventID == 0}

{
nTimedtart = (int)time(NULLD;
nTimePrey = nTimeStart;
; nEventCount = 1;
else
nEvent Count++;
int nTineCurrent = (int)tine(NULL);
int nTimeSpan = nTimeCurrent - nTimePrey;
/7 Update avery 10 seconds
%f inTinedpan »>= nTinelpdate)
GARunManagers pRunManager = GdRunManager::GetRunManager();
const GdRunt pRun = pRunManager->GetCurrentRun();
Gdint nNumberOfEvent ToBeProcessed = pRun->GetNunberOf Event ToBeProcessed();
int nPerc = int{(nEwentID / (f loat InNumberOfEvent ToBeProcessed) = 1007
float fElapse = (float){nTineCurrent - nTimeStart);
float fpeed = 0.0;
if (nTimeSpan > 0.0}
fopeed = nEveniCount / (f loat InTineSpan; /4 events per sec
float fRemain = (nNumbarOfEwent ToBeProcessed - nEventID) / fSpeed;
//int nPercent = (100 * nEwentID) / WhofEvents;
char szElapse[16]; i
char szRemain[18];
FormatTime (fElapse, szElapsa);:
FornatTime (fRenain, szRemain);
char sz[128];
sprintfisz, "Event: %¥d (%d¥%) Elapse: ¥s Speed: ¥0.1f Remain: %7,
nEventID, nPerc, szElapse, fSpeed, szRemain);
Gdcout << sz << Gdendl;
nTinePrev = nTimeCurrent;
nEventCount = 0;
5} A (dRemain > BO.x3)

F A4 dwTimelpdate = BO + 1000;

if [::GethsynckeyState (WK_ESCAPE) != 0)
printf ("thort run? [v/n] 7);
char ¢ = getchar(};
=0

pRunManager->ibartRun();

Ready Ln 1 Col 1 Ch 1 NS




B chVWork Presentationsh Summer Institute 20200 Geantd TestEm 7 Release), TestEm 7. exe

Total CPU time elapsed for geometry

#H## Run B start.

Ranecu 0
Initial seed (index)
Current couple of seeds

aﬂt Run proce
fisManager: U
commands in

rajectory drawing

lJAE”_th. uﬂvjujidﬂagEf
has been instaﬂtiated. Use
Alternatively, to avoid thi'
manager (G4VisExecutive),
drawing code is executed
is non-zero

Event: 2086297 (20%)

Event: 428246

Event: 639122

Event: o7 2i

Run tEleﬂHtEd

Run Summary
Number of events proc
User=46.283s Real=0s

Output saved in ‘DepthEn

Idle>

(o TR I Ty R Iy |

optimisation: @ seconds

6634527

a3e~turyﬂﬂduEthdﬂﬁe as default trajectory model.

+DP uthEP upf1unr.
of 1668
graphics system
‘sceneHandler/create”
instantiation of vis
setting G4VIS_ NOME,

S| and ensure
HdﬂagEF:'hEtEIHLﬂELEEHSEEHEE{}

SuUppress

Remain: 5
Remain: 27.1
7.6 Remain: 16.5
22060.6 Remain: 6.4

28629 .8

AW LA




Stepping Action

g TestEm? — Microsoft Vizual Studio (Administrator)
File Edit Wiew Project  Build  Debug  Tools  Test  Mindow

ﬁgﬂ|¥ iﬁaﬂ.|qvﬁvlﬂﬁlease ~ Win3?2

Solutions Exploret’ — Solution TestEm T {1 praject)

2|2 Ea

"o Solution "TestEm? (1 project)
= h@ TestEm?

[ Header Files

- [ Reszource Files

- ¥ Source Files
----- f-;*_] DetectorConstructionco
----- 'l'-':_] DetectorMezzenger oo
----- L:*_] Eventfctionco
----- E"_] EventfctionMeszenger oo
..... ¢4 GéLindhardPartition oo
----- E_j_*] GdacreenedMuclzar Recoil oo
----- E_j_*] Higtoce
----- l'-‘_jj HiztoMeszenger oo
----- l'-‘:_] Phyziceliztioc
----- L:*_] PhyziceliztMeszeneer oo
----- L:*_] PhyzlistEm&tandard oo
----- ﬂ_*_] PhyzlistEmStandard MR oo
----- ﬂ_j_*] PhyzlistEm3Standardss co
----- E_j_*] PrimaryGenerator ction oo
----- E_j_*] PrimaryGenerator Messenger oo
----- l'-‘:_] Funfction oo
----- 'l'-':_] StepMaxcc
----- L:*_] StepMaxMezzenger oo

..... t::_] Steppineerboze oo
----- E_j_*] TestEm? oo

----- E_j_*] Tracking &ction oo
----- ':Cﬂ WindowCapture cc




Stepping Action

h'g Steppinefctionce — Microsoft Visual Studio (Administrator)

File Edit Miew Debug Toolz Test Window Help
= - A i e | - < 3 write_JPEG file 2T
/{"'Steppingﬂt:_tiun.cc] - X
L e
syvoid Steppinghction::UserSteppinghct ion(const GdSteps abtep) i
Gddouble edep = aStep->GetTotalEnergvDeposit ();
if (edep <= 0.) return:
a A Gdcout << Tedep= 7 << edep << "NIEL= 7 << aStep-3GetNonlonizingEnergyleposit ()<<Gdend| ;
- Afrundict lon->Fi | |Edepledep,aStep-sGetNonlonlzingEnergyDeposit () ;
if fabtep->GetTrack ()->Get TrackIDC) == 1) runtction->AddPrimaryStepi);
B S/Bragg curve
GdEtepPoint® prePoint = aStep->GetPreStepPainti);
GdEtepPoint* postPoint = aStep->GetPostStepPoint ();
Gddouhle %1 = prePoint=>GetPosition().x(), %% = postPoint->GetPosition(l.x();
Gddouble % = runtction->GetOffsetX() + x1 + GdlniformRand ()& (x2-%1);
o/
runtct lon=->Fil IHistol0, x/mn , edep);
rundct ion->FillHisto(l, /mm , edep);
ST tallies
7
GATouchahleHandle touchahle = prePoint->Get Touchab|eHandlel); e
GdlogicalVolume* |Yolume = touchable->GetVolume()->Getlogicalv¥oluma();
iF CIYolume == detector-»GetlogicalTallvi))
g runfict lan=>Fil1Tal |vEdep (touchah|e-3Get CapyNumber (), edep);
-
runfict ion->5aveEnergvbeposit (x, edepl;
!
g/l 00000000008 . ... .. oo d0000000 . ... oeo0000000 . . e e .. oao0000000 . ...
=
S .
Ready tn 1 Gol 1 oh 1 ws




Run Action

g TestEm? — Microsoft Vizual Studio (Administrator)
File Edit Wiew Project  Build  Debug  Tools  Test  Mindow

ﬁgﬂ|¥ iﬁaﬂ.|qvﬁvlﬂﬁlease ~ Win3?2

Solution Explorer - Solution TestEmT' {1 praject)

"o Solution "TestEm? (1 project)
= h@ TestEm?

[ Header Files

- [ Reszource Files

- ¥ Source Files
----- f-;*_] DetectorConstructionco
----- 'l'-':_] DetectorMezzenger oo
----- L:*_] Eventfctionco
----- E"_] EventfctionMeszenger oo
..... ¢4 GéLindhardPartition oo
----- E_j_*] GdacreenedMuclzar Recoil oo
----- E_j_*] Higtoce
----- l'-‘_jj HiztoMeszenger oo
----- l'-‘:_] Phyziceliztioc
----- t+ PhyziczliztMeszeneer oo
----- L:*_] PhyzlistEm&tandard oo
----- ﬂ_*_] PhyzlistEmStandard MR oo
----- ﬂ_j_*] PhyzlistEm3Standardss co
----- E_j_*] PrimaryGenerator ction oo
] rimaryGenerator Messenger oo
----- 'l'-':_] StepMaxcc
----- L:*_] StepMaxMezzenger oo
..... ¢+ Stepping Action oo
..... t::_] Steppineerboze oo
----- E_j_*] TestEm? oo
----- E_j_*] Track ing &ction oo
----- ¢+ WindowGapture oo




RunAction.hh

*& Runfiction hh — Microsoft Visual Studio {Administrator)

File Edit View Debug Tools Test Window Help
T ITEY =l || # write_JPEG file | P
I}Tﬂ]?ﬁEﬁEﬁ]ﬁﬂ - X
A oooa00000008 . ..o a 0oa00000000 . . ... ooad00000a0 . . o, oao00000a0 . - .. .. A

Hclass Rundction @ opublic GdlserBunfct ion
public:
Runict ion(DetectorConstruct ion%, Phvsicslist#,
PrimarvGeneratorfct ion);
virtual “Rundction();

void BeginOfRuntction(const GARunx);
void  EndOfRuntction(const GARunx);

B Afvoid FillTal lvEdep(Gdint n. Gddouble e)  {tallvEdepln] += eil;
L Afvaid Fil lEdep(Gadouble des Gddouble eni) {edeptot += de; eniel += eniil:

Gddouhle GetBinLength() {return binLength;};

Gddouble Getlengthi() freturn length;};

Gddouble GetOffset®()  {return offsetd;}

Jdvoid FilIHisto(Gdint 1d, Gddouble ¥, Gddouble welght = 1.00;

{proiRange += x5 projRanze? += xxx; nRanget+:};
void AddPrimaryStep() {nPrimaryStepst+;l;

I void AddProjRange (Gddouble x)
void SaveEnergyDeposit (Gddouble dDepth,Gddouble dEnergvDep);
private:

DetectorConstructions  detector;

PhysicsList= physics;
PrimarvGeneratorfct iont kinematic;
JiGddaub | ex tal IvEdep:
Gddoub|le hinLength;
Gddouh e of fset¥;

Gddouh e length;

Gddoub e projHRange, projRanged;
Gddouble edeptat , eniel;
Gdint nPrimaryitens;
Gdint nRange;
FiHistox histo;

doubilex n_pDepthDeposit :

Eﬁac{&' Ln 1 Col 1 Ch1 IHS ’ﬁ




RunAction.cc — Constructor and Destructor

¥4 Runfction.cc — Microsoft Visual Studio (Administrator)

File Edit Wiew Debug Tools Test Window Help

B | ¥ G LE| I || ...|| -r|| 8 write_JPEG file - Eﬁl b ﬁ,
f: @nﬁ_ﬁ:tiun.{:c - X
S S o 1811806 o o] s S ooD0000000 . - e en ooo00000000 . e v e, oooD0000000 . @ v . ]

Runfction: :Runtct ion(DetectorConstruct ion® det, PhvsicsListx phvs,
=) PrimarvGeneratorict ion¥ kin)
tdetectar(det), phvsicsiphvs), kinematic(kin)

o/ %

tal lvEdep = new Gddouble[MaxTally];

binLength = offset® = 0.;

histo = new Hista();

higto->setFileName{™testen?™);

histo=>addlD(™17,"Edep (Me¥W/mm) along absarber (mm)™, 100, 0, 100);
histo->add1D(72","Edep (Me¥/mn) along absorber zoomed (mm)™, 100, 0O, 100);
fhiStD—>add1D(HSN,HPFDJECti|E ranga tmm)”, 100, 0, 1007);

L

m_pDepthDeposit = WULL:

?ff....nnnDDDDDnnn ........ 00000000000 .« v ... ooa00000000 . e e .. poo00000000 . ... ..
Eﬁunﬂctinn::”ﬁunﬂctiuniﬁ
J—u“x
delete [] tallvEdep;
delete histo;
Lk
if (m_pDepthDeposit != WULL)
! delete [] m_pDepthDeposit;
4] |

Ready i Gl ohl




RunAction.cc — BeginOfRunAction

*§ Runfction cc — Microsoft Visual Studio (Administrator)

File Edit View E&J:rug Tools  Test Window Help

Eﬂﬂ|*g—h@|ﬂvtﬂr| v” v|||3.write_._lF'EG_file 'Elﬁﬂb E,
~Runéction cc - X

L
svoid Runbction::BeginOfRunfct ion{const G4Run* aRun)

Gdcout << THEE Run 7 << aRun-»GetRunlD() << 7 start.” << Gdendl;

B Af save Rndm status
- JAGARUnManager : (Get RunManager ()->EetRandomNunberStore (truel;
CLHEP: :HepRandom: :showEngineStatusi);

B déinitialize projected range, tallies, Ebeam, and book histogzrams

nPrimarySteps = 03

nRange = 0;

projRange = projiRange? = 0.;

edeptot = eniel = 0.;

Aifor (Gdint 1=0; J<MaxTally; i++) tallvEdepli] = 0.;
kinemat ic-»Reset EbeamCunul () ;

Afodefine "17 histogram hinning
length = detector->GetihsorSizeXi); G
Gddouble stepMax = phvsics->GetStepMaxProcess()->GetMaxStep ();
const Gdint nbmin = 100;
Gdint nhBins = (G4int) (0.5 + length/stepMax);
if (nhBins < nhmin)
nbBins = nbhmin;
binLength = length/nhBins;
offset® = 0.5%|ength;
B A histogram 717 is defined by the length of the target
A7 zoomed histozrams are defined by UI command
Fihisto->getHistolDi0, nbBins, 0, length, mm);

- diisto-rbhook();

if (m_pDepthDeposit != NOLL)
delete [1 n_plepthDeposit;

m_pDepthDeposit = new double [hinLengthl;

for (int i = 05 i < hinLength; i++)
m_pDepthDeposit [i] = 0.0;

Ready FT Col 1 Ch 1 ms g




RunAction.cc — SaveEnergyDeposit

¥4 Runfction.cc — Microsoft Visual Studio (Administrator)

File Edit Wiew Debug Tools Test Window Help

BHE| % BRI -] —|||:§.write_JF‘EG_file - g | b ﬁ
~Runfction cc ¥ iR
L Tt
avaid Rundct ion::SaveEnergvDeposit (Gddouble dDhepth,Gddouble dEnergvDep) 2
{
int i = int{dDepth/mm);
if (i < 0)
return;
if (i »>= hinLength) ;
return; J
m_phepthbDeposit [i] += dEnergyDep;
!
?f,f. v e 00000000000 ¢ @ v e oo 0000000 . ... ooa0000a00 . . e oooD0000300 .« v .. &
4 _"*I_Al
Feady i~ Oell ont w_




RunAction.cc - EndOfRunAction

*§ RunAction.cc* — Microsoft Visual Studio (Administrator)
File Edit Wiew Debug Tools Test ‘Window  Help

Eﬁ = g | & 53 ﬁgl| ) - . || -” v|| [# write_JPEG file v ok | b é
f'-ﬁ_nﬂ_t:tiun.t_:c* - x
L re=r

avoid Rundction: :EndOfRunidct ion{const G4Run% aRun)

Gdint NbofEwents = aRun->GetNumberOfEwent ()
if (NbofEvents == 0) return;

/¢ Bave the dose depth.

FILE® fp;

char szFileName[1024];

extern int g_nProcNum;

sprintf (szFileName, “DepthEnergy¥d.csv™, g_nProchum);
tatry:

fp = fopeniszFileName, “wt™);

Ef {(fp == NULL)

printf ("Failed to open "%=’¥n™, szFileName);
printf CRatre® fvdn] S
char c = getchar();
B olese=h® [esss
Feturn;
goto retry;

fprintf (fp, “Depth [mm], Energy [MeW1¥n™);:
Enr {int i = 0; 1 < hinLength; i++)

A¢ Normalize to MeY per incedent particle (event).
dauble dbeposit = m_pDepthDepasit [i];
dbeposit /= NhofEvents;

} fprintfifp, "%d,%¥n", i, dDeposit);

foloselfpl;
printf ("Output saved in "%s'¥n™, szFileName);

i 5
4 -
Ready Ln 177 Cal 1 Ch 1 L




Output .csv file

DepthDeposit_Proton_ 150MeV.csv - Microsoft Excel = = ER
R LATIR ﬁ F=5 5@ =& =
p M AL =
e e i g
=== , @:r INELTERSE - EIR -
SO ma e W BOoRs- giEs - 62 %tﬁf'i‘: R
JAvE N EE 5 BE 5| 51 ‘ | == ;
- (= E|o v
A | B | ¢ D E F & | # || w || 4 g | R
1 Depth [mm] Energy Deposit [MeV]
F 0! 55370 E
: ; 2:2; Energy Deposit [MeV]
= 3 57454.9 350000
Ea a 57994.1
7 5 57858.2 ikas
3 6 57975 250000 :
9 7 £8790.8 s Energy Deposit [MeV]
10 8 58281.5
11 9 58214.2 150000 /
e 10 28870 100000
13 11 59726.8 —
14 12 60732.2 R
15 13 59383.9 0 : : 1 : i
i 14 59437.6 0 50 100 150 200 250
17 15 59922.7
18 16 60768.5
19 17 60146.6
20 18 60833
21 19 60652.2
22 20 62039.1 -
4 4 » M| DepthDeposit Proton 150MeY - ¥J 4] il | 30
3¥7F | Serolilock B3 | |EDE 100% -0 OIS
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Dose Depth Curves

Dose Depth Curves
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G B H: O¥F 7027 F - Release¥TestEm7 exe vis.mac

Idle>

Idle> help

Command directory path @ /

Sub-directories

1) fecontrol/ Ul control commands.

?) Junitsd bvailable units.

3) Jeeometry/ Geometry control commands.

4) Ftracking’  TrackineMarazer and SteppineMarasger control commands.
Bl Jevent/  EventManaszer control commands.

B) Joutsd Commands for GdWlUserPhwsicsList.

) /run/ RBun control commands.

8) /random/  Random number status control commands.
9) /particle’  Particle control commands.

10) /process/  Frocess Table control commands.

11) /material/  Commands for materials

12) Ftestem/ detector control.

13) Zgun/ Particle Gun control commands.

141 Avisd Visualization commands.

Commands

Type the rumber { O:end, -nin level back ) :




Messenger Classes

g TestEm7 — Microsoft Vizual Studio (Administrator)
Elle Ed|t iew Eﬂién:‘t' Build  Debug  Toolz  Test Wfiden
‘B e | % 2@ - ™ - | Pelease - Wind2

Solution Explorer — Balution TestEm T {1 praject)

BlaBa

ﬁ Solution TestEmT (1 project)
= 54 TestEm7
- [ Header Files
- [ Resource Files
F- [ Source Files
- €] DetectorConstruction co

EﬁGlLlndhardPartltlnnEc |
Eﬂ GdscreenedMuclzar Recoilce
----- ¢+ Histore

FhysliztEmStandardMRce
Eﬂ PhyzlistEm3Standardss co
Eﬁ FrimarvGenerator Action oo

i '_: Runfction oo
----- StepMaxco

----- +| Stepping fction oo
Eﬂ Steppingerboze oo
¢+ TestEm7 oo
----- ¢+ Tracking Action oo
----- C,_’ﬂ WindowCapture co




StepMaxMessenger

g StepMaxMessenger cc — Microsoft Visual Studio {Administrator)

File Edit Wiew Debug Tools Test Window  Help

= | ﬁl & 53 La| Ty J o B || 'v|| v|| [# write_JPEG file
/_’Stephl_axl_llessenger_cc]

finclude "StepMaxMessenzer.hh™

Hinclude "StepMax.hh™
Binclude "GdUlcmdWithaboubletndlnit .hh™

A ce00000000000 .« aw e ooo00a0000 .. ... e oooE0000000 . . ve e ono0000000. ...
o StepMaxMessenzer:StepMaxMessenzer (Steplaxs stepl)
tstepMax(steph)

StepMaxCmd = new GAUlcmdWithaDoub|edndUnit (" testen/stepMax™, this);
StepMaxCmd->5et Guidance ("Set max allowed step length™);
StepMaxCmd->SetParameterfame ("mxStep™,falsel;
StepMaxCmd->8etRange ("mxStep>0.7);

} StepMaxCnd->SetUnitCategory ("Lenzgth™);

?ff....DDDDUDDDDDD ........ ooo00A0000 .. ... e oooP0000000 . . ve e oooD0000000 . @ ee v
o oteplaxMessenger i stepMaxMessenger ()
{

, delete StepMaxCnd;

?ff----DDDGUDDDDDD ........ ooo00000000. . ... ooo00000000 . ... . ooo00000000 . au ..
EEDid StepMaxMessenger::BetNewValue (GAUIcommand® command, G48tring newYalue)
if (command == StepMaxCmd)
} I stepMax->SetMaxStep(5tepMaxCnd->GetNewDoubleYalue (newYaluel )l
?ff....nnnDDDDDnnn ........ ooo00000000. . ... ooo00000800 . e ... ooo00000000 .« an ..

4

Rescly n | ol 1 Ch |




3D Water Phantom

F JwaterPhantom prj — DICOM-RT

File ‘Wiew Mode Tool Help

S ”a Mmoo~ 0 4 | il

[ wiankEGeant s Z0| ES 20T Ken2swaterPhantamehate rkhantamdl.dem

S sirall

Mouse={444, 3 Image=(317, 2 40) Warld=(597, -248.1, ~78.8) Io=(507

34/50




CT Density Table

CT scanner table

Material

Air

Lung 300
Lung 450
Adipose
Breast
Solid Water
Water
Brain

Liver

Inner Bone
B-200

CB2 30%
CB2 50%
Cortical Bone

i Data | Mazz Density

0.000
0.290
0.450
0.943
0.985
1.016
1.000
1.052
1.089
1.145
1.159
1.335
1.560
1.823

Relative Electron Density

0.000
0.275
0.443
0.926
0.362
0.987
1.000
1.045
1.058
1.098
1111
1.280
1.470
1.695

991.5
-7129.2
-541.8
-92.8
-33.0
37
-2.9
287
64.9
2127
2274
4420
7912
11913

-969.8
-112.9
-536.5
956
456
-1.9
56
257
656
2075
22007
4299
5.3
1737

Mass Density Rel. Electron Density GE LightSpeed Siemens Toshiba

-970.3
-7120.8
-543.3
-67.2
-36.4
55
-5.1
16.8
65.8
211.0
2296
464 4
831.1
1256.2




Correlation between CT numbers and tissue parameters 36/50

w; (pp)
H H C N 0 Na Mg P S el . G Ca
—1000——950 1555 232 1.3
—950—120 103 105 3.1 749 02 02 03 03 0.2
—120——83 11.6  68.1 02 198 0.1 0.1 0.1
~8D 53 113  56.7 09 308 0.1 0.1 0.1
59 =93 11.0 458 1.5 L1 01 01 02 02
~2 g 108 356 22 509 01 02 02
8—18 10.6 284 26 578 01 02 02 0.1
19-80 103 134 3B 723 02 02 02 02 0.2
80120 94  20.7 62 622 0.6 06 03
120-200 95 455 25 #5501 21. 01 04 0.1 4.5
200-300 g9 423 29 363 01 30: 01 g 0.1 6.4
300400 g2 391 29 372 091 39 01 0.1 0.1 8.3
400-500 76  36.1 30 380 01 01 ET @2 0 10.1
500—600 7.1 335 32 387 01 01 54 02 117
600—700 6.6 310 33 394 01 0.1 6.1 02 132
700-800 61 287 35 400 01 0.1 67 02 14.6
800-900 56 265 36 405 01 02 73 443 15.9
900—1000 52 246 37 ALl Wk 02 78 03 17.0
1000-1100 49 227 38 4l 01 A2 BES 3 181
1100-1200 45 21.0 39 A28 01 02 g8 03 19.2
1200-1300 42 194 40 425 01 ©2 92 03 20.1
1300-1400 39 179 41 429 01 02 96 03 214
14001500 36 165 12 J432 Al 02 100 0.3 21.9
1500-1600 Fel= 155 42 <35 01 /2 103 0.3 235

W. Schneider, T. Bortfeld and W. Schlegel, Phys. Med. Biol. 45, 459 (2000).



TRABECULAR BONE
200mgl/cc HA
p=1,159

BREAST (50/50) Bt BREAST (50/50)
p=0.99 O p=0.99
Mool o 1 o e o e - o Prwast 12080
A L  ADIPOSE N B

p=0:967

|
.

LUNG (EXHALE), Km‘ L _ | LUNG (EXHALE)
=0.508 | i | =
R Y P_HAl‘iny LUNG (NHALE) | [, 27007

L p=0.21; L p=0.217 ) |

ot

p:
p=0.967/ , i
- DENSE BONE
L7 = 300mgloe HA.
TRABECULAR BONE R
- 200mgicc HA ST

p=1.159/

« Use a “Nested Parameterization” to store CT
voxels.

* Voxels can be accessed via a “copy number”.



Nested Parameterization

* The voxels are regularly placed and only differ in
material.

* |t requires much less memory for geometry
optimization and gives much faster navigation for ultra-
large number of voxels.

« Atypical CT scan requires 512 x 512 x 100 = over 25
million voxels



DCMTK 30150

« DCMTK — DICOM Toolkit ch!u!!lns
* http://dicom.offis.de/dcmtk.php.en

# CTrtp99.1.101347694.5071210.T.1 CT dem — LoadAndShows 8 |=] b3
| File Edit View Help |
]L]ﬁ&” Jl|@@,

39 Ready [cae num |




DICOM Dump

!]dcmdump.lxl — AT = Ol x|

Ir{ME RREE FRO ®TW AATH)

|
# Dicom-File-Format

# Dicom-Meta-Informat ion-Header
# Used Transferdyntax: Little Endian Explicit
(0002,00007 UL 198 # 4, 1 MetaElementGrourlensth

(0002,0001, OB 00¥01 # 2, 1 FileMetalnformat ionVersion

(0002,0002) Ul =RTDoseStorage # 30, 1 MediaStoraze30FClassUID

(0002.0003) UI [1.2.276.0.7230010.3.1.4.2110934930,7728.1383032589. 11 # 52, 1 MediaStorazeSOPInstancellD
{0002,0010) UI =Litt eErdianlmpl icit # 18, 1 TransferSyntaxUID

(0002,0012) UI [1.2.276.0.7230010.3.0.3.5.4] # 28, 1 Imelementat ionClassUID

(0002,0013) SH [UFFIS DCMTK_3541] # 18, 1 Implementat ionVersionMame

%t Dicom-Data-Set
# Used Transferdvntax: Little Endian Implicit

(0008,0005) €5 [IS0_IR 100] # 10, 1 SpecificCharacterSet
(0008,0016) Ul =RTDoseStorage # 30, 1 SOPCIassUID
(0008.0018) UI [1.2.276.0.7230010.3.1.4.2110234930,7728.1393032589 . 11 # 52, 1 SOPInstancelID
(0008,0020) DA (ro value available) ¢ 0, 0 StudvDate
(0008,0030) ™M (ro value available) # U, 0 StudvTime
£0008,0050, SH (no value available) 0, 0 AccessiorNumber
(0008,0060, C3 [RTDOSE] B, 1 Modality
(0008,0070, LO [Hokudail 3, 1 Manufacturer
(0008,0090) PN (ro value available) 0, 0 ReferringPhysiciansMame
(0008,1090,) LO (ro value available) 0. 0 MarufacturersMode [Name
(0010,00103 PN [PHANTOM] 8, 1 Patientshame
(0010,0020) LO [123456789] 10, 1 PatientID
(0010,0020) DA (ro value available) 0. 0 PatientsBirthDate
(0010,0040) Cs [F] 2, 1 PatientsSex
(0018,0050) D5 (no value available) 0, 0 5liceThickness
(0018,1020; LO [1.0 4, 1 SoftwareVersions
(0020.000d) UI [1.2.276.0.7230010.3.1.4.2110234930.7725.1383032589 2] # 57, 1 StudyInstancelID
(0020,000e) UI [1.2.276.0.7230010.3.1.4.2110234930,7728.1383032589.3] ¢ 52, 1 SerieslnstancellD
(0020,0010) SH [S0000001] % 8, 1 StudvID
(0020,0011) 15 (ro value available) # 0, 0 Serieshlumber
(0020,0013; 15 [1] 2. 1 Instancebumber
(0020,0032, D5 [-250. UUUUUU¥ 250.000000%-122 5000001 36, 3 ImagePositionPatient
(0020,0037) DS [1¥0¥0¥0¥1¥0] 12, B ImageOrientatiorPat ient
(0020.0052) UL [1.2.276.0.7230010.3.1.4.2110234930.7728.1383032589. 4] # 52, 1 FrameOfReferencellID
(0020,1040) L0 (no value available) # 0, D PositionReferencelndicator
(0028,0002) US 1 2, 1 SamplesPerPixel
(0025,0004,; CS [MONOCHROMEZ] 12, 1 Protometriclntereretat ion
(0028,0008; 15 [30] 2, 1 NumberOfFrames
(0028,0010, US 512 2, 1 Rows
(0028,0011) US b1z 2, 1 Columns
(0028,0030, DS [0.976062%¥0.976562] 18, 2 PixelSpacing
(0025,0100; US 16 2, 1 Bitsh!llocated
(0025,0101, US 16 2, 1 BitsStored
(0028,0102, US 15 2, 1 HighBit
(0028,0103,; US 0 2. 1 PixelRepresentat ion
(0028,0106,) US 0 2. 1 Smal lest ImageP ixelValue
(0028,0107, US 85535 2, 1 Largest ImagePixelValue
(3004,0002; C5 [GY] 2, 1 Doselnits
(3004,0004, CS [PHYS CAL] 3, 1 Doselvpe
(3004,000a; C5 [PLAN] 4, 1 DoseSummat ionTve e
(3004,000c, DS [0.00%1.25Y¥2 50¥3.70%5. 006 . 25%7 . 00¥8. 75410, 00¥11. 25¥12.50¥13.75¥15. .. # 472,80 GridFrame0ffsetVector
(3004.000e) DS [1.281758-003] # 14, 1 DoselGridScal ing
(300c,0002) S0 (Sequence with undef ined length #21) # u'l, 1 ReferencediTPlarSeauence
(fffe,e000) ra (Item with undefined length #=2) #u’l, 1 Item
(0008,1150) UL =RTPlanStorage # 30, 1 Referenced30FClassUID
(0008,1155) UL (no value available) #t 0, 0 ReferencedS0PInstancelID
(fffe,e00d) na (I temDellmltatlonItem) t U U ItemDellmltatlonItem
(fffe, eUdd) na [ 3equencelelimitat ion] 0, 0 Sequencelelimitationlt

em) #
(7fe0,0010) OW 0000¥UUUO¥0000¥0000¥UU00¥0000¥0000¥0000¥0000¥0000¥0000¥0000¥0000 4 943040 1 PixelData




DICOM-RT Dose File

*§ NzRunAction cc* — Microsoft Visual Studio {(Administrator)

File Edit View Debug Tools Test Window Help
i - S =T W B R || v” v|| [# AtestemstepMax - i@ B = 5= 2 %
_/ﬁzRunActinn_cc* - X
FS

£ Create the DICOM-RT Dose object.
DemFileFormat dewFileFormat ;
DemDataset® pDomDataset = demfileFormat .zetDataset ();

phcmDat aset-»puténdInsertString(DCM_SpecificCharacterSet, "IB0_IR 100775

plcmbataset ->putdndInsertString (DM _SOPClassUID, UID RTDoseStorage);

phcnbataset->put AndInsertString (DCM_S0P InstancellD, domGenerateUnigueldent ifier(sz, SITE_INSTANCE _UID_ROOT));
plcmDataset->puténdInsertString(DCM_StudyDate, 77);

phcmDataset -rputdndInsertString (DCM_StudyTime, 77);

plcmDataset ->puténdInsertString(DCM _AccessionNumber, ™7);

phcnbataset-rputdndInsertString (DCM_Modal ity, “RTDOSE™);

phcmbat aset->putdndInsertString (DM _Manufacturer, “Hokudai™);

plemDat aset ->putdndInsertString (DCM_ReferringPhysiciansNane,
phecmbat aset ->putdndInsert St ring (DCM_ManufacturersModelName,

e
]

””) 5
]

phcmDat aset-rputéndinsertString(DCM_PatientID, T1234567887);

]

phcmDat aset ->putdndInsertString (DCH _PatientsSex, “F7);
pDcmDat aset ->putdndInsertString(DCM_S1iceThickness,

phcnlataset->putdndInsertString(DCM_Pat ientsBirthDate, ™7

13

uu) .
»

phcnbataset->putdndinsertStrinz(DCM_SoftwareVersions, “1.07);

plcmbataset->puténdInsertString(DCM StudvInstancellID, demGeneratelniqueldentifier(sz, SITE INSTANCE UID ROOT));
phcmDat aset-»puténdInsertString(DCM_SeriesInstancellD, demGeneratelniaueldentifier{sz, SITE_INSTANCE_UID_ROOTIY;
plcmbataset ->putdndInsertString (DCM _StudyID, 5000000177 ;

pDemDataset->putdndInsertString (DOM_SeriesNumber, ™7J;

i
!
[
[
[
!
[
[
E
pDcmDataset—)putﬂndlnsertstringEDCH_PatientsName, PHANTOM™
[
i
[
i
[
i
[
[
( I

phcmbat aset ->putdndInsert St ring (DCM_InstanceNumber,
| double dPositionX = m_dImagePositionX;
double dPositiony = m_dImagePositiony;
double dPositionZ = m_dImagePositiond;
sprintfisz, “HF¥YSF¥¥%F™, dPositiond, dPositionY, dPositionZ);:
phcmDataset->putdndInsertString(DCH _ImagePositionPatient, sz2);

phcmDataset-yputdndInsertString(DCH _ImageOrientat ionPatient, "1¥u0¥¥0¥E08Y 18807 ;
phcnlataset ->putdndInsertString (DCM_FrameOfReferencelID, donGeneratelnioueldentifierisz, SITE_TMATANCE_UID_ROOTI);
plcnDataset->putdndInsertString(DCM_PositionReferencelndicator, ™7);
plcmbataset->puténdInsertUint 18(DCH_SamplesPerPixel, 17;
pDcmDataset-»putdndInsertString(DCH_PhotometricInterpretation, “MONOCHROMEZ™);
A itoaln_nBuffizeZ, sz, 10}
sprintfisz, “%d”, m_nBufSizeZ);
plcmbat aset->puténdInsertString (DCM_NumberOfFrames, sz);
phcnbataset->putdndInsertUint 32 (DCM_FramelncrementPointer, 0x3004000c); A/ TODO: Fix this!
plcmDataset->puténdInsertUint 1B(DCH Columns, m_nBufSizeX); // Vidth ¥
pDcmbataset->put dndInsertUint 16 (DCH_Rows, n_nBufSizeY); £ Height ¥
sprintfisz, "EF¥Y%FY, n_dVoxelSizeX, m_dYoxelSizeY);
pOcmbataset-rputéndInsertString(DCM_PixelSpacing, sz);
phcmbat aset->putdndInsertUint 16(DCH Bitsh| located, 16);
pDcmbataset->puténdInsertUint 1B(DCH_BitsStored, 16);
phcmDat aset-rputéndInsertUint 16(DCH _HighBit, 15);
plcnbataset->putdndInsertUint 1B (DCH_PixelRepresentat ion, 0);
phemDat aset ->putdndInsertdint? EDCH_BmaIIestlmagePierUaIue, 0l;

i

[

i

[nplny nui ]

plcnlataset ->putdndInsertUint 1B (DCH_Larzest InazePixelWalue, (unsigned shortdMaxData);
pDcnDataset->putiéndlnserttring(DCH_Doselnits, "GY™);

plcmbataset->putdndInsertString (DCH DoseTwpe, "PHYSICHL™);
plcnDataset->puténdinsertString(DCH_DoseSunmat ionTvpe, “PLANTY;
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Hitachi Spot Scanning Nozzle (Blender)
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Batch (shell script)

"4 Parallel bat - Microsoft Visual Studio (Administrator) ...Ig LJE[
File Edit Wiew Debug Tools Test indow  Help
A=A - N e S T R -l <|| (@ write JPEG file - s bW jﬁ

A ﬁa_rall_elhat | -

START “Trial Release¥GoldReader .exe init_vis.mac
START “Trial Release¥GoldReader.exe init vis.mac
START “Trial Release¥GoldReader.exe init_vis.mac
ETART “Trial Release¥GoldReader.exe init_vis.mac
BTART "Trial Release¥GoldReader.exe init_vis.mac
START “Trial Releaze¥GoldReader.exe init _viz.mac
START “Trial Release¥GoldReader.exe init_vis.mac
ETART “Trial Release¥GoldReader.exe init_vis.mac
BTART "Trial Release¥GoldReader.exe init_vis.mac
SBTART “Trial 107 Release¥GoldReader.exe init_vis.mac 10
START “Trial 117 Release¥GoldReader.exe init_vis.mac 11
START “Trial 127 Release¥GoldReader.exe init_vis.mac 12

3
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Main Program

TestEm7.cc — Microsoft Visual Studio (Administrator)

File Edit iew Debug Tools Test Window Help
A" B AR -G R R -l < [# write_JPEG file g
recitnicc) =

=int mainfint argc,charss argy)

/¢ Choose the Random enzine and set the seed.

CLHEP: :HepRandon: :set TheEngine (new CLHEP::RanecuEngine);
Gdlong seed = (Gdlongdtime (NULL);

%f farzc »= 3)

g nProclun = atoi(arge[2]);
seed += z_nProchum;

CLHEP : :HepRandomn: :set TheSeed (sead) ;

Sy Yerbose outpul class
Gd¥Steppingierhose::5et Instance(new SteppinzVerhosel;

AfGonstruct the default run manager
GdRunManager % runManazer = new G4RunManazer;

Sfzet mandatory initialization classes

DetectorConst ruct ionx det ;

PhysicsList® phys;

PrimaryGeneratordct ion® kin:

runianager->GetlserInitialization({det = new DetectorConstruction);
runManagzer->8etlUserInitial ization(phys = new PhysicsList);
runManager->8etlUserdction(kin = new PrimarvGeneratordction(det));

JSfzet user action classes
Rundction® run;

runManager->8etlserdct ion{run = new Rundction(det,phys.kinl);
runianager->8etlUserdct iontnew Eventiction);
runManagzer->SetUserdct ion(new Trackingbction(run));
runManager->8etlUserdct ion{new Steppingiction(det ,run));

/lzet the pointer to the User Interface manager
GdlImanazers Ul = Gdllmanager::GetUlpointer();

offifdef GAYIS USE
JInitialize visualization.
GaYisManazers visManager = new GdVisExecutive;
- visManager->Initialize();
fendif

if (argc!=1)  // batch made
£/ Execute the macro file.
GAString command = "Joontrol fexecute
GAString fileName = argv[1];
UT->4ppl¥Command (command+f i |eNane) ;

|se

s T e
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RunAction.cc - EndOfRunAction

*§ RunAction.cc* — Microsoft Visual Studio (Administrator)
File Edit Wiew Debug Tools Test ‘Window  Help

Eﬁ = g | & 53 ﬁgl| ) - . || -” v|| [# write_JPEG file v ok | b é
f'-ﬁ_nﬂ_t:tiun.t_:c* - x
L re=r

avoid Rundction: :EndOfRunidct ion{const G4Run% aRun)

Gdint NbofEwents = aRun->GetNumberOfEwent ()
if (NbofEvents == 0) return;

/¢ Bave the dose depth.

FILE® fp;

char szFileName[1024];

extern int g_nProcNum;

sprintf (szFileName, “DepthEnergy¥d.csv™, g_nProchum);
tatry:

fp = fopeniszFileName, “wt™);

Ef {(fp == NULL)

printf ("Failed to open "%=’¥n™, szFileName);
printf CRatre® fvdn] S
char c = getchar();
B olese=h® [esss
Feturn;
goto retry;

fprintf (fp, “Depth [mm], Energy [MeW1¥n™);:
Enr {int i = 0; 1 < hinLength; i++)

A¢ Normalize to MeY per incedent particle (event).
dauble dbeposit = m_pDepthDepasit [i];
dbeposit /= NhofEvents;

} fprintfifp, "%d,%¥n", i, dDeposit);

foloselfpl;
printf ("Output saved in "%s'¥n™, szFileName);

i 5
4 -
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Debugging a Geant4 program in VC

» Select “Release” build
* In project property pages
— C++/General/Debug Information
Format/Program Database (/Zi)
— C++/Optimization/Optimization/Disabled (/Od)

— Linker/Debugging/Generate Debug Info/Yes
(/DEBUG)

 You should now be able to set a break
point and step through your program
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Use “/vis/open OGLIWIn32" to check your
geometry

Use “/tracking/verbose 17 to make sure the
particle is behaving correctly

Estimate total execution time In
G4UserEventAction::BeginOfEventAction

Set the random seed with the current time

When running in parallel, make sure random
seeds are unique

Make sure it works with one process before
running in parallel



