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Abstract

This work aims to investigate the interaction of charged particles (Alpha and Proton) with
polystyrene plastic scintillators by Monte Carlo simulation. The mass stopping power, projected range, and
the ion distributions in the polystyrene plastic scintillator at an energy range of 0.01 MeV - 10,000 MeV,
were computed by SRIM and FLUKA programs. The simulation results show that the mass stopping power
of polystyrene plastic scintillators obtained by both programs are in good agreement. The projected range
of alpha and protons particles penetrating in polystyrene increases with increasing energy. Finally, the 2D

visualization of ion distributions and ion ranges for alpha and proton particles were reported.

Keywords: Polystyrene plastic scintillator, Monte Carlo simulation, lonizing radiation
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anduiialadu (Scintillation materials) Ao Yanfiansnsaaadugumusaiiuldislofindunsizortu
$4d (ruiinmosliii) ﬁaﬁui’aq%uﬁaLasﬁu%ngﬂﬁﬂﬂ%’a&mLLWi"mmsJei’m%’UﬂwﬁmJ%mm%’aﬁ GRGERTIET,
wo$ (Plastic scintillators) Wunildlugunsalin3sduuuidwasiindun3s (Organic scintillation detectors) Fsgn
fimnTusauddud a.a 1950 (1] Tratunanainduiiaamosgnldauegunsvarsludu Handwdsnugs (high-

[

energy physics) #dndaunia (particles physics) N15818 MA83799U (Muon tomography) [2] §9d 5091
(hadron therapy) T3184n1505193UTeddmiuARNITOIUARE B1UNIVIUY Audviosunvdue Wensiadunis
dnasurudiianiandsauaransiuiiunnmiadfiinnguane MiFenin “anuinsiaaeunesiaied” (Radiation
Portal Monitors) [3] nanafnduiiaianesuszneusediunanvesluanaiiasvey (© wazlalasiau (H) 1y
duusgnaunan

wanaRnFuiiaiamesaiuisagnlddmiunisinaiueunia [4] Fuiiaaimesaainaiiauisadifisniny

avldenldemNanlanluseau 100 pm [5] wazdufiatainesninanidednunsainuaassiunsn (calorimetric
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measurements) ldegnausiugdndemngniaduiuiaiwesvesTaniiviinndn iy mdnuIenzia 6] Belunindu
nstleguesiiadeaiithinasznondivesmaiafnduiialawmosiludnvaziamefivinlvidussavsammsnsiadu
Tmseudiganin damseuiih (Fast neutrons) Aifindanunislusraungdidnnseuladaiunsadiomndsle
Aoutnannileruiuiuedaifmaerneudivemaiainduiiaiamesdsiuialndifsmiavesimsou snnluni
5‘146?114%@Lma%ﬁﬁaﬁmmmmsﬂumsmdmaqLﬁagﬂaumﬂﬁﬁﬂizq (eynauoav wi wazlusnou 1udu)
\ndouiiuvinliianumnzaiegadadmunisseyviiaveseynia (Particle identification) uaztglitannsain

1IA1TUATATEIVBIBUNIAGILAIILILET

' o
a £ & 1 a LY

ANz IEATINaaindufiatamesesurgliteiuddiudAyidusg198s datdy nseenuuy
WalwazAnwdunsiseIssnienatainduiiatawestaz Sedlovsludnounazuanuldnuaisdadinnudidsy Tu
nuilidngussasdiiofinwdunsisesenitanaradinduiiaiamasivayniniiivseq 1w weav (3He) uas

TUsmau (JH) 1Judu aaelusunsy SRIM uag FLUKA

2 g
2.1 dunsisenveseunaniuseyivaans
aunafiivszy z W M wazlimnud V wedsuiilugansinaisiifiavesnoy Z uasdnnnumuiuiy

p fhaggnaeuseumednsnavesauulnigasuy (Coulomb electric field) vilvigaydendsnuiounaoniial

Y U

wazdeauuluanfcmmasusuantios nansenuisassiidunauainnsvuansUsenm:

v oa a

1. nsvusuubiBanguivdidnaseuazneuvasiinais lnsanizegwdsiudidnaseuisuen n1svu

fumandviliiiAnnisuandaidulessu (onization) n3en13n32fu (Excitation) oz nouvD

g

fnane mMsvuvailuaivganveanisaaidendanuveseynaniusey
2. msvusvvdandguiviaeiea nsvumnailifintulivesin lunafifmndulinelmianis

gopdendanu usdisadunisivdsuwladlufienisweseyniafinnnsznu

msvuiuisdosuuinanudutveynalididusewuiulaenss weawsdunswuiuwuuliduda

P

Wan1sruiumewsInaeuUwitiu [7] auaudfvesaasimnansiiilieunianiuseafinnisgadendsnusening

q U

Anseaumntkiy gnisendt “Mamendia” (Mass stopping power) Atasutesisaunishuguiiluves Bethe-

Bloch [8]
1 dE Z 7? 2m. 7AW C
—_— = 27[NAmel‘ezc2 —— In M —2,32 -0—-2—

Y2, dx Ap | Z

0

& 1 dE o W & al = a o

LD ——d— =M mqmmma LAIDNINUNY AU LLﬂﬂﬂﬂﬂﬂWﬁ%iyJLﬁﬂwaﬂdﬂu%aﬂayﬂﬂﬂluﬁﬂ’]i
p dx

r,=e°/m, c’ =2.818-10" cm#fe ailvesdidansou

272N, mr’c* =0.1535MeV g™ cm’
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m, =0.55110 MeV/c* =9.110-10*'kg fie wnavesdidansoy

N, =6.022-10% mol™#e avalanilas

o

I Ao dneamlunisusndululessuvestandmune

Z fe Usvu0seunanannseny

B=vic, y=1/1- B

& fi@ density effect correction (d1Agiladadlindsaugs)

o A

C #a shell correction (@nAauiipfodlgnasanumn)

7

Winax = 2meC? (877, for M » me fio wisnuaadgegaiidnalifiudidanseulunisvunils

2.2 M3dnavweuinsla

nsdaesuuuNouiasla (Monte Carlo simulation) Wunildlunszurumsmaadaiiiiunuagldiueeng
univias BnmsuvuseufeSlaedensaiisiiartuuduiontTymidudeusensssnasuuussden
Fewandaiaay (Numerical method) Bsluniiduisnisuuuneuiimsladegnldfuogaunsnanslunissiaes
szuuve AAnd 1efl wagdrnm samfemneiAmnssunsfuioduiinsussidussfumnuidsag msviune
s1mvesmatatiu s Bn1suuuueufinisla (Monte Carlo method) Herfufintuluaoaenanuea (Los Alamos)
¥ a.a. 1940 [9] Wethfidndivinnuidesnuidndoynandanugsliihinmsuuuseudanslaiteuiaunisns
udsayMA (Transport equation) lutlagiiu TWsunsufifseguuiiugruresiifinagrldosnaunsvansiesiang
MIVUAILALOUATNIL1VBIBUNIAAUHEANT LW GEANT4 [10], FLUKA [11], [12] MCNPX [13] PHITS [14] Wag SRIM
1157 iudu eenslsfinuiBnisuuuueufienslasududeddninensroufiunesumaa ennisirosdusay
wansaiidululdvesdunsisoeseynafuaansifielsidianuiianaianieadd (Statistical erron) fletforas

WHLANETUNEdaNDITNNUTINYRINITIRRINaURASlagNLanININT 1
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Basic Monte Carlo simulation algorithm /&
Loop over n, primary events: /

T

Vo

Initialize source particle position and momentum. fo M
2. If particle is in vacuum, advance it to next material boundary. {7 '
3. Determine total interaction cross section at present energy and material: o
4. Evaluate the mean free path to the next interaction: A =1/(Na)
5. Sample step length to next interaction from p(s) = (1/A) e
6. Decide nature of interaction: P,=0, /0, i=1,2,....n
7. Sample energy loss (and/or change of direction) from differential cross section for the
selected interaction mechanism i. Update energy and direction of motion.
8. Add generated secondary particles to the stack if any.
9. Score contribution of the track/event to the desired physical observables.

10. Go to 2 unless:
- Particle energy drops below user preset threshold
- Particle exits the geometry

‘FLUKA Introduction to Monte Carlo

A9 1 danesiuiiugIuveInIsINasLouinisla

TumAdeidlddnudunsisersewing narainduiiaianoinedalniu (Polystyrene plastic scintillator)
fueynafiiusey weavh uas TUsmeu ssduszneumaeiivesnanainduiiatanaswedalniufe CoH, uazinany
ML 1.06 ¢/cm’ Bsluntiu eddmeadanavemanainduinawmesneddlaiuuazeszoyanudniaieves
ounA (Projected range) A12awdaa1u 0.01 MeV - 10,000 MeV gnéruulaglusunss SRIM uag FLUKA unld
nirdunianszatslosou (on distribution) vesoyniaueanikazlUsnouAiingse1u 0.01 MeV uaz 0.05 Mev

auaiu gndtaedlagusuiniila SRIM tnefmuadnuiueunalunsgumnnises 10,000 leosu

3 WANTSNARBILANITBAUTIENA
TuanAdeil Mdmendana mszezanudnede waeninszaelessuraseunia wean uaz Wuineu Tu
waranfduiiaiaimesnedalaiu gnAiulaglusunsy SRIM wag FLUKA Afindamgndaiavesmataindudiaia

woinedalasuiiimdsiu 0.01 MeV - 10,000 MeV dwiuaunia a) wean uag b) lWsneu gnuandlunini 2

NANTSINABINUINANSINYATILAYLIAVDINDAA AT UNAIUIUMIETUTHATY SRIM way FLUKA Tinadannananiy

]

a o w

Jueded mdwmgadanadmsuoyniauearififuingauszuin 2,372 MeV cm?/g iIndau 0.55 MeV uag
dmiveynalusaouidaruiniigauszana 950.2 MeV cm?/g indanu 0.07 MeV Bslundrdumdmeadana
o & X

dmsusunanearhid1uinniteunialusnaulliowSouig uNNa WYY KaMARTUILN T eI TNL]

nea9 (Penetration power) veseunAkeariidtesnitlusneu
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1000
100

100

Mass stopping power (MeV cmzlg)

T T T T T T 1 T T T T T T
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Alpha energy (MeV) Proton energy (MeV)

A 2 Mdwmgagaunavesmedalasudmiveunia a) weav wag b) lUsRau YRNAWURIE 0.01 MeV -

10,000 MeV figneuulnelusiunsa SRIM (ufiv) uay FLUKA (Wduuse)

'
o o

MawmgngnavIveniispuauisavestyianivinlieun AL Annsaydendanuaaiogng

q q

=

sardosnnmaiililinanavestanuanduiulossurueymatunenisszeeniduditan feszezdigond asvey
AuAnaaY (Projected range)
AsveranudniadsveseynausaninazlusneufiannsaznzgnzaailulunedalnFuiduilaidy
vomdsnuatgnuanslunmd 3 nadwsuanddiiuiissezanuanadovesoymausariuazlusneuiianznzg
nzanadlulunedaladuianiududendsnuiuiy Ssluninfudszezanudniadovesoynialusnouilan
wnneymakeariilelIeuifisuiindsnuiity Wesneynalusaeuidiunanismzanzarminniteynin

waann

5000
| [—=— Alpha °
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_ [ ]
3 .
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c [ ]
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D
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AW 3 ArszegaudnedveteunaLeanuaslusneulunedalnsuitiandsu 0.01 MeV - 10,000 MeV
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A9 4 MITaeuNIal 2 TAkuUITNMIneuaisla Weeynawoanindunsisenfunatafindudiae

wasnodalnSunndaanu a) 0.01 MeV b) 0.05 MeV ¢) N1IWaNKAIAUUIL T UVDIAITEEAIMUANLRALVD

auNAKEANITINAIY 0.01 MeV uaz d) N1suantasanuanduresnszezanudniadeveseyniaueanii

NEU 0.05 MeV
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amnsdraeavanisal 2 fRvesnisuanddulessuremanainduiiaawmesneddlaiuleoyniauean

o

Niindsnuwiiu 0.01 MeV uag 0.05 MeV tadauiiiuiiuiu 10,000 leaou gnuandluning da uag b aua1au
sumakearhargaydendsnuainnisiemlaudsuuazndsulldmedalauauunndidulesou H way C 39

lopouwmaiuazinfounaunitasvyalunedalaiu duddusessesiduniinisindoudives H loseurunegniiynd

' v
= o

Wed wazdudnnsessesidunianisiadauiives C lesouaungayndundu idudaifAsidunianisindouiives

q

sunawaavhauveaislunedalaiu nan1sdassmuinlunisqudseuniauean 10,000 63 Inglu 10,000 we

1

NSuNARTUNLNUNAMTUBLAALEANINGSY 0.01 MeV A15r8ANaNTasaunIALeanINaINT0Ienea
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lulasiuns auf 0.80 llasiums TonanuhasnduiinsifeduldinngafesseraudnUssanu 5666 Swamsoy
v3o 5.666 lalasiung fegnuandlunini ad
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MUEIFU wan1ssianudn dmfueynialusnoundsau 0.01 MeV ArszazanudnueteynalUsneuiamnsn
wenzqunlulunedaladurioungaisegsraring 0 Ssamsen aufls 035 lulaswns Toniamuanduiiasiaty
Ifnnanfoszozaudnyszana 2077 Siansen wie 2.077 lalasiums dsgnuanslunimil 5c uazdmiveyaia
TUsmoundsanu 0.05 MeV Aszozanuanvoseynaneariiamisaiaznzquinldlunedalauneuveniiog
seaine 032 lailasiums 2ufls 0.83 lalasiuns Tenmanniasduiesiniuldingafesssvaufnuszun

6553 Saamson vi3e 6.553 lalasiuns fsgnuandlunini 5d

4 d@3unan1Inaaey
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woavh uaz lWsneuw lunanainguiialawmeswedalniu (CHy) gnAmiulaslusunsy SRIM way FLUKA i
NAU 0.01 MeV §9 10,000 MeV wamiaﬁ’waaﬂwuiﬂﬁwé’wqm&maﬂuaqwaé‘alm%'uﬁﬁwmuﬁaEJIUiLm:u SRIM way
FLUKA Winaaenadasiuiliuetned ddmeadunadmiveynaueanisunnnitoymalusmoudenssudioud
WAIIUNAY ﬂ'ﬁsasmmﬁﬂLa?{aﬂuaqaumﬂLLaaV\hLtaziﬂﬁmauﬁLawzwzqwsaamﬁwlﬂ’tuwmaaﬂ%uﬁaLama%wa
dalaudanfuduidondinufiuiu aszeranuineisveseynialusaeuiiduinnitoyniaueaniile
Wasuisuiingnuyihiuy uenaniinissiassweuiinidlaanunsassunenisnssanesveslossy 2 ffvenisiin

dunsfsenfunedalesudmsveynateanwazlusnaulsagnataiau
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