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Range Modulator Scanning Magnets (Yokes and Coil)

lon Chamber 1 First Scatterer Second Scatterer lon Chamber 2,3 Aperture

General purpose packages

IBA Proteus235 System
Treatment Modes : :
Physics List
BeamTransportSystem | | 'II;rBe_?tRment Room 1. Passive y I/O
1. Energy distribution 2: GTR2 2. Unifo_rm Scanning (QS) LHEP PRECO_HP root User Applications
2. Spot size 3 GTR2 3. Pencil Beam Scanning Low EM (ICRU49p) gMocren
3. Momentum direction ' (PBS)
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IEAUNIVERSATINOZZ eSS YOVERVIEW.

BeamTransportSystem (BTS)
~ PrimaryGeneratorAction

BeamTransportSystem
1. Energy distribution

2. Spot size

3. Momentum direction

Treatment Modes
1. Passive
{ 2. Uniform Scanning (US)
3. Pencil Beam Scanning
(PBS)

Treatment Modes ~ G4RunManager

G4VPhysicalVolume* UserDetectorConstruction::Construct(){

| Treatment Room
1. FBTR
2. GTR2

"

_WorldVolume.geo
_WorldVolume. log
_WorldVolume.phy

IBAUniversalNozzle->GetWor1dLogica1Volume();
IBAUniversalNozzle->GetWorldPhysicalVolume();

//User detector (Water phantom, ..., DICOM
/...

//Sensitive Detector

TreatmentRoom + User App /...

~ G4VDetectorConstruction return _WorldVolume.phy ;

\ — | } - | o
ex) $ ./proteusMC --tr={FBTR |GTR2 | GTR3} --mode={passive| us | pbs} --io={*.root | *.gdd} *.mac
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.wy??wwiw EOEAMMIENERGY P Y=60) =N 3 4 A <IN WSOBPRESULAS
Clinical parameters (input) - Inputs : /BTS/beam/particle proton
Range in patient: Rp (Range in Patient), SOBP L g/cmz
Range Modulation: 3 g/cm /BTS/beam/energy L cm 20.08
Field Radius: 11.0 cm
Dose: 100 MU R M C E . . d'
e — > Gy/min ange to M. nergy conversion requirea.
ExpectedirradTime (*): 300 sec 1 |e) E = R2Energy(2008)
Range compensator length: 10.0 cm py ’
. \BTS ~“Beam Transport System
RUN "N

CONVALGO (Conversion Algorithm)

uipmer : #the set-up to be set bef initializati
s | ovided by Manufacturer e set-up to be set before initialization
a) Cyclo: _ pmmm o= m o= = /GTR2/SNT/type 250
Soam urrent. @ cyclo xit | Tor Al ! /GTR2/SNT/aperture/rectangle open
b) ESS: /GTR2/SNT/aperture/rectangle Lx Ly Ox Oy
el o mm ‘ #Geant4 kernel initialize
output o /run/initialize
c) Nozzle: e ———— ==

nozzle

Option #:

FS thickness:

FS thickness:

FS setting:

RM #:

RM track:

Stop position:
BCM filename:

SS #:

SS position:

VC x:

VCy:
presetCountIC2:
presetCountIC3:
Snout axial position:
Phantom position:

/GTR2/FS/lollipops 2 5
/GTR2/5S/select 2
/GTR2/RM/track 5
/GTR2/VC/setVxVy cm 15.6 15.7

&
) == = = = = o=
y

for case, --tr=FBTR,“/GTR2 -> /FBTR/”

/TCS/passive/bcm TR2_B4_1 141 1000
/TCS/StartIrradiation

TCS ~ “Treatment Control System”
TR2_B4 | ~ Beam current pattern
|41 ~ Stop digit

| 000 ~ baseline of incident particle
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! l SSERTAPPINCATIONS

40

20

+ Manufacturer’s data

O Monte Carlo data

§20-08 em

Mean energy

& E(r) = exp(a+b*log(r)+c*pow(log(r),2)

1

L L L L L L 1 L
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L
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35

Effective Range (cm)

300

Energy ( MeV)

& ISOMMARY,

Exp and M.C simulation were performed in same condition which
every scatter element were opened.

1, All first scatterers were positioned out of beam path

2. Beam passes through a hole of range modulator

3. Beam passes through a hole of second scatter

Depth (mm)

12 T [ T [ [ g

1af-  Sigma  sigma(R) =a - b*R -
f——————

oo 3

0.8f /BTS/beam/particle proton

07E- /BTS/beam/energy L cm 20.08

0.6

055 So, 20.08 ¢m will be converted to

0'4; 20.08 cm 181.02, +-~1.014 MeV in M.C

03590929776 T8 20 22 24 26 28

Norminal Range (cm)
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& MODECING

HMNPUJISPARAMEN &
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o

a0 { Mean .

C .| _RMS

= _beam current

: 1 l 1 'l 1 1 [ 1 1 1 1 I L 1 L | 1 1 L 1 1

0 50 100 150 200 250
Wheel thickness

equivalent

/TCS/passive/bcm TR2_B4_1
/TCS/StartIrradiation

1000

TR2_B4_1 : one of beam current modulation
prepared by manufacturer

141: stop digit, determines the width of SOBP

1000: base number of particles

UUJJBMAQEQ @ WSERFAPPINCATIONS 8 ISUMMARY;
') BB EAMIENERGY, .‘jg.ll!ar rTlM i!l!\.' SOBPARESULTS

- W -

Beam Current Modulation

Beam Current [nA]
o
(&=}

40 o o
Stop diqgit
. op dig
0
0 10 20 30 40 50 60 70 80 90 100

Time [ms]
,/

[ 1/

-
1T
S

o2
N
5

Range modulator rotates and produce Bragg Peaks ..

- #start simulation

/GTR2/RM/angle deg 30.0
/run/beamOn 960

/GTR2/RM/angle deg 30.5
/run/beamOn 950

/GTR2/RM/angle deg 31.0

/run/beamOn 930

/GTR2/RM/angle deg 31.5

/run/beamOn 935

.. ( more than 100 lines up to stop-digit)
_ # end of simulation
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SANPUIT PARAMEITERS BEAMENERGY bdﬂgyél.lﬁ‘h\_l. -;!Hlj“/:j); SOBPIARESULTS

% The sequence number (seqNo) : a moment on time-sequence <=> the copy number of G4PVParameterisation . an identifier as a part of
geometrical structure.

OOOQOCOOO®  wmve
20 D 50 60 70 80 \ |

seqNo  g*ig 90

‘ Target
’ ‘ Primary
. Collimat
m Window
ng Filter ==

ComputeBeam(30)
§ ComputeNozzle(30)
{ ComputePhantom(30)

\

The VSeqgential RunParameterisation class was devised to

- generate a look-up table having dynamical information of constituent as function of time-sequence
- provide the Geant4 kernel with interfaces to change the conditions by referring the look-up table

The pure virtual methods of VSequential RunParameterisation

GenerateLUT() generates Look-Up table

GetLUTSize() returns the size of Look-Up table
GetNumberOfParticles(G4int seqNo) returns number of particles per individual simulation
ComputeNozzle(G4int seqNo) changes nozzle set-up

ComputeBeam(G4int seqNo) changes beam condition

ComputePhantom(G4int seqNo) change target phantom set-up
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YNPUTPARAMETERS SBEAMENERGY USEQUENTIAL'RUN (273) 1 35SOBPRESU LTS

G4RunManager

VSeqeutialRunParameterisation
+ComputeNozzle(seqNo : G4int)
SegeutialRunManager +ComputeBeam(seqNo : G4int)

- _LUT : VSeqeuntialRunParameterisation +ComputePhantom(segNo : G4int)
- _UlMessenger: G4UIMessenger 3 +ComputeSnapshot(seqNo : G4int)
+StartSequentialRun() o +GetNumbertOfParticles(seqNo : G4int) : G4int
+SetLUT(lut :VSequentialRunParameterisation * +GetLUTSize() : G4int

+GenerateLUT

The StartSequentialRun() method was added to G4RunManager to automatically

1. invoke ComputeXXX methods defined in user class of VSequentialRunParameterisation
2. perform individual simulations by referring number of participant particles

until Look-up table being empty

| G4int start lut=0;

§ G4int stop_lut =_LUT->GetLUTSize();

{ for(G4int i=start_lut; i <stop_lut ; ++i){
t _LUT->ComputeNozzle(i);

{ LUT->ComputeBeam(i);

i LUT->ComputePhantom(i);

i ;‘iz.is->B eamOn(_LUT->GetNumberOfParticles(i)), '
Because SequentialRunManager is independent (no needs of re-writing) of user application,
Internally generating look-up table for specific application 1s our key approach.
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8 HIODEMNG gUJEJQMASﬁ:D @ WUSERPAPEINCATIONS Sl 8 ISUMMARY,
MNPV IsPARAMEIERYS S EAMIENERGY. .wwmwu (‘_j/‘j) WSODPARESULIS
look-up table for passive scattering

(number of particles per each
individual run)

#s’rar’rsmula’rlon T

/GTR2/RM/angle deg 30.0 | /TCS/passive/BCM TR2_B6_1 144 1000
/run/beamOn 960 |

/GTR2/RM/anale deq 30.5 ; /TCS/StartIrradiation seqNo  # particles
angle deg 30. u‘

/run/beamOn 950 | replaced by 0 960
1 950

/GTR2/RM/angle deg 31.0 TR2_B6_1 : one of beam current modulation

/run/beamOn 930 2 930

prepared by manufacturer
/GTR2/RM/angle deg 31.5 e o o o N p— 3 935
/run/beamOn 935 M : stop digit. it presents wi o)
i ! 1000: base number of particles
.. ( more than 100 lines) | P aen ase

. #endof simulation

void Pa551veRunParameterlsatlon ComputeNozzle(Gdint seqNo) {
static G4String RMstring("!

IMessenger: SequentialRunManager: PassiveRunParameterisation: Nozzle: RM: N . : .
LUIMessenger' G4RunManager VSequentialRunParameterisation IBAUniversalNozzle | RangeModulator | static N?3 ;P)\bj;zgq\; ;Firtlgbtkl);zi:é;;ggiem;;‘dstrlnq) )

G4double ZeroAngle = pRM->GetZeroAngle();

B - GenerateLUT() : : pRM->SetAngle( seqNo*( THDIGIT ) + ZeroAngle );
> C_CQD_U eNozzle(seaNo) ™ £ih4NozzleComponent("RM”) : }
StartSequentialRun() —
SetAngle(deg)
.-

A
__-_-_-___________D

BeamOn (NbParticles)

R

w
(]
P
Z
[ -
3
(o3
o

\ -

: @]
p— e
-
W
-
2)
(]
w
»
(]
0
Z
(o]

i |[G4int PassiveRunParameterisation: :GetNumberOfParticles(G4int seqNo){
f return LookUpTable[seqNo]; :
'} ! :

Because the initial beam information does not change during passive scattering simulation,
so only nozzle set-up was changed as function of sequence number.
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VODEBNG USERIMACRO ERFAPPINCATIONS UMMARY,

WANPUTSPARAMETLER SBEAMENERGY SEQUENTIAL*RUN SOBPRESULTS
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ISCINTICPATORYIZA)JIINTRODUGIION SEINDINGINEUTRONRN

The accurate simulation study can help to design and construct a dosimetry device utilizing the BC408
scintillator.

we have simulated ...
- optical photon emission spectrum

- total light output vs proton energy
- quenching effect

= Mirror
—
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ISCINTILLPATORY274)SMATERIALSEROPERTIES B SEINDINGINEUT RON

G4double OptEnergyBC463 [numentries] {

) . . 3.4445%%eY, 3.40654%eV, 3
BC408 input parameters for G4Scintillation process 3.26310%eY, 3.22911%eY, 3
3.09995%eY, 3 : 3 2
Chemical name Polyvinyl Toluene & Organic Flours 33 2 ;-_4 44 #eu 2
Basic infomation Chemical formula C1oH11 or H:C atoms =1.104 2 1 fkely, 2 ;.:1}?%*@ g
. : =1. 2.857 e < Z ..ol <
G4Material o 2.74332%eV, 2 2 2
Density 1.032 g/cm? S _21454183, 2.62 2 2
2.56194%ey, Z2.54094%ey, 2.5 Z 4
R Index 1.58 2.46825%eV, 2.440%90%eY, 2 2 2
236637k, 2.34545%eV, 2
Light Yield Factor 500.0/MeV / Gé4double OptScintOutputBC488 [numentries] =
Additional Properties , o~ @ , B.611, 0.826, A.839, 0.854, 0.068, 0.682, .1 , 6.126, B.159,
H H a.z a.27 a.35 A.48 a.67 a.587 .96 A.982, 8.993, 1
G4MaterialPropertiesTable Photon Energy < ‘_y A.995, B.99 , B.98 , 0.966, 0.955, B.925, 0.895, B.355, 0.75 . 0.66 |
- . n.5s , #.52 , @.47 , 8.43 , 9.39 , ©.366, 0.3¢4 , A.27 , B.215, A.175,
Spectrum(E) A.142, 8.112, 9.892, 8.7 , B.655, B.84 , B.032, 0.625, 0.617, 0.6812,
I [1,[1[17’ A ,[1[14 A.884
b

..5 lo\ I I I I I I I I I I I I I I I I I I I I I I I I I

a2 | BC 408 Emlsswn spectrum L .

5 1 + 100 (—|BC408 Response to Proton v —
= +

@) o - y .

et wd

5 > T ,, ]

3 0.8 9 B Premium Plastic Scintillators * 7

Y = 80— Response to Atomic Particles ] ]

= o)) = # i

g = % i

)

c 0.6 e r . 4
= 60— * Prob 0.6526 |~
nﬂ:’ B po 0.447 = 0.001453 | _|

0.4 " _
40— —

0.2 n 1
L . . : S 201~ ]

= . . . L <<“ - B B

0 ' " _

2.4 2.6 2.8 3 3.2 3.4 Total Ilght output VS proton energy

Photon Energy (eV) 0 _| [ 1 L1 1 L1 i
Optical photon spectrum 0 50" 00" 50" 200" 250

Energy (MeV)
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8 MODERNG @ QUSER

VE AT

ISCINTILPATORY374)IQUENCHINGIEEEECH,

54(/

= ) :9!’“;“

Quenching effect has not been implemented and then we added quenching formula G4Scintillation.hh/cc.

.dL=dE

- original Geant4 Scintillation

dN = \

dL

quenching

-~ dN :# of generated optical photons per a step
e : Conversion efficiency.
G4MaterialProperties Table::GetConstProperty(“SCINTILATIONYIELD”)
dL : Transfered energy to be converted into optical photon.
< ‘ aStep.GetTotalEnergyDeposit()
kB: Quenching factor.

p: Material density . G4Material::GetDensity()
dE/dX : stopping power, G4EnergylLossTable::GetDEDX()

G4MaterialProperties Table::GetConstProperty(“QUENCHINGFACTOR”)

Optical Photon Distribution

40

20

g‘l 00 B ! ! ! | ! ! ! | ! ! ! | ! ! ! | ! ! ! ! ! | ! I_

§_ | | Comparison PDD and Light output I i

g 80 __ By applying Quen_c_f ing effect
o - _

2 n

% B Percent Depth Dose

o 60— —

The input parameters for BC408 and G4Scintillation process

Additional Properties

G4MaterialPropertiesTable

Quenching Factor

0.00708 g/cm2MeV

] 100F 1 |

- — Scint Light Output
—Corrected Eclipse Profile
—Eclipse Profile

— 80r

|
Relative Light Output

Proton Beam Bragg Peak
Scint. Thickness = 0.1 cm
L, Range =10.32 cm

— 20r

120 A I——
Depth (mm) 0 2 4

Depth (cm)
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ISCINTILUPATORY374)"RDIDOSEIDIS TRIBU TLION 38 SEi ~ ROI
% i ‘Nolrmi‘nal"17i‘!28‘Me‘V I\‘IIC"172‘28‘12‘Me‘V ‘I‘ B o | B l l I l l l I l l l I l l l I l l l I ]
§100:_ —_— _: 100 [— | BC408 Dose distribution ( Eclipse calculation) I —
L - . ﬁ -
60— ] — —
. ] 50 —
- - I i
i ] E | |
20— | o E i
: | | : <>'é 0— ]
0\\\\\\\\\\\\\\\\\\\\\\‘ q‘.: 1= —
0 20 40 60 80 10?)epth (‘lnﬁom) 3] 0 ]
> = ]
50— _|
=100 = 3 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 11—
~—~ -60 -40 -20 0 20
X off-axis (mm)
[ I T T T L L L 1 1 1 1 1 1 1 1 1 I 1 1 1
100 |—|BC408 Dose distributionl line: Eclipse calculation _
u surface: Monte Carlo _
— —_—
i | -
__ 50— ? —
€ | Nl B |
E [ > i
2 L |
I 0f— nA ]
5 | 1 | .
> [ ‘ ‘ 7]
50— ‘ _|
——— “,J i
- - . - - -100 C 1 l 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 l 1 L
scoring grid : 2mm in X,Y and 1mm thickness 60 40 20 0 20
X Off-Axis (mm)
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D VIODERING D SSEFRIMACRO g!)gjgjg APPLICATIONS D SUMMARY,

g NI ' JFEINDINGINEUTRONX174)3NTRODUGLION

Secondary neutrons are produced during proton treatment by nuclear interaction with the materials on the beam path, including

the patient’s body.

We simulated to investigate
- where did neutron come from ?

- how we can reduce the neutron ?
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_ NTICPATOR "WFINDINGINEUTRON274):INEUTRON IGENERATION
TUUV

#of generated neutron at a component / # of total neutron
B Water phantom (26.7%)—>

~ A ~ from Brass (copper alloy)

800/ Range Modulator (21.7%) Eye Snout (41 .6%)8/\

- from Lead(Pb) part of R.M

o

o

o
|

0%

# Of Neutron Vertex

400

-

o
w
[

Jﬁuijhﬂl

g
L,

‘ 1 1 | ‘
20 40 100 120

-
o

200/

—

|
Number of neutrons (Log)
2,
O{H‘ T \HHW T h,:}_l_,

Second scatter (1.3%)
Collimator (4.6%)

Magnet (2.7%)

 —

—

protons .OJ_I~_I+| | In 1l | | | m H | JIJII | | | ‘ oS

0 20 40 6 Part ID Of Nozzle Elements
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8 SVODELINGEE & QUSERIVACROSE . (USERVAEEIICATIONS Sl 8 ISUMMARY,

USCINTINATOR JFINDINGINEUTRONN27)3HITIDISTRIBUTION.
~ hits in water phantom due to generated neutrof,,
& (hlts by secondary particles of generated neutron
E : - : - Tem Tm -‘_r-- -
E i - o .-!m
- P o Tl n e *—1_'—'
hits in water phantom vs part ID & depth S e ) TR Ry s o -7 L
: = S L P RN e
_Water phantoen (27%) 2 w» @ —— — - ‘._-x.. i " ']V
{ - - - - C O J -_— - - 40
— Eye snout (47%) -~ 3= l'.' - - - -
g » 50 .% ) _» .l = L -
A I s o E R
F o8 e i, oo il
~ - N 'B &S 100 ' B i 8} -l _-- l 20
-— ks % = - = =
§Egd 5 e S BT Sl N
LS s ”
FaF oo 80 - 460 -140 -120 -100 -80 60 40 20 0 °
a Depth (z) in water phantom (mm)
" v ..r,.'
- Iy 0
i — s
c ) -20 s?
5 &
z L
- o
= g
o Q
L
£
-
prd
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b NTICPATOR "SFINDINGINEUTRONK474):RTOIREDUCEINEUTRONHITS

I

-

b

% SWX207HDS5: high hydrogen-boron contaminated material

neutron from sub part Single Brass block Brass + SWX
Front of the Snout 0.13% 0.12%
5 snout . 0.38‘ét _
ﬂ Brass Block 0.93%
- Phantom i N 0.31%

#of neutron / # of total primary hits water phantom
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14TH GEANT4 COLLABORATION WORKSHOP AT INFN
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Our challenge is to repeat our simulations with Geant4.9.x (currently, we are using 8.2.p02)
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Algorithm Monte Carlo . 'The real

we can imagine ... we can try ... Eventually, we honor the masterpiece

we have been enjoying our trial with Geant4...
from modeling our system to user application.

Thank you for your attention!
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