IaTtpikn Puoikn

E.K.IMT.A. 2021-2022
E. ZTuhiapnc — . Manayiavvng



AKTIVONPOOTAaoia:

- BioAoyikeg enidpaceic 10vTI(oucwV
akTIvOBoAIWV

- AleBvec oUOTNUA AKTIVONPOOTACIAC
AoolyeTpia:

- E€wTepikn (UnoAoyIOTIKN, NEIPANATIKN)
- EowTepikn |

. I flanaviavie ¢ 210 7462442
Av. Ka8. @ Pppapagi@med.uoa.gr

EpyaoTtrpio IaTpikng PUOIKNG

IaTpIKA XA ABNVOV M http://mpl.med.uoa.gr/

http://www.rdl.gr/



"‘Eppeoca 1ovriouoa akTivoBoAia:
ZNHEIOKO-1I00TPOMIKO HOVTEAO ...

MnopoUPE va unoAoyiooupe To pubuo dOoNC O anooTacn X ano CNUEIAkn nnyn
YVWOTNC EVEPYOTNTAC, EVTOC OUOIYEVOUC ECOU ancipwv O1a0TACEWY, OEOOUEVWV

TWV OuvTeAEOTWV aMnAenidpaong ... ;



"‘Eppeca 1ovriCouoa akTivoBoAia:

ZNHEIOKO-ICOTPOMNIKO HOVTEAO ...

NMote 100UTal To collisional KEPMA pe tn Aoon...;



"‘Eppeoa 1ovti(ouoa akTivoBoAia:
Note 1couTal TO collisional KEPMA pe Tn Aoon...;

Yno ouvOnkeg nAekTpoviakng icopponiag (CPE)

ZUVONKEG NAEKTPOVIAKNG 100pPONIAG UPIOTAVTAI OE
OYKO V £V KAOE POPTIOHEVO CWHATIOI0 dEdOHEVOU
£i00UC KAl EVEPYEIAG NMOU EYKATAAEINEI TOV V,
avanAnpwverai
ano €va NavopolioTuno cwpaTidio He Tnv idia

EVEPYEIA NMOU EICEPXETCI OTOV V.



ZuvOnkec nAekTpoviakng icopponiag (CPE)

Bremsstrahlung

Scattered photon




MoTe upioTavral CUVONKEG NAEKTPOVIAKNG I00ppOoNiagG...;

'OTav OYKOG V NEPIEXETAI OE OYKO V £TCI WOTE N AnNooTach
HETAEU TWV 0PIV TOUG €ival HEYAAUTEPN ANO TNV HEYIOTN
EHUBEAEIO TWV OEUTEPOYEVMV (POPTICHEVWV COHATISIOV,
OUVONKEG NAEKTPOVIAKNG IcOppOoNiac upioTavral oTov Vv oTav
via Tov V 1o)UEl:

1. OMOIOYEVEIO ATOMIKNG CUCTAOCNG
2. OMOIOYEVEIA NUKVOTNTAG
3. Opoiopop®pn akTivooAnon (opoIOHOPPO Nedio EPHECA

1ovtidouoac akTivoBoAiac kal apeAnTea eEacOevnon)

4. Anoucia avoHoloyEVOUG NAEKTPIKOU 1 HayvnTikoU nediou



NoTe uPpioTavral cuvOnKeC NAEKTPOVIAKNG I00ppPONIaG...;

Nepioxn enav&nonc Tng doonc (build up)
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NoTe uPpioTavral cuvOnKeC NAEKTPOVIAKNG I00ppPONIaG...;

To anoTEAeopua TNG ££€a00£vNONC TWV (PWTOVIWV

Approximate Thickness of Water Required to Establish Transient Charged Particle Equi-
librium.

Maximum Energy of Approximate Thickness of Water for Approximate Photon
Photons (MeV) Equilibrium (mm) Attenuation (%)

0.3 0.1 0.03
0.6 0.4 0.1
0.8 0.3
2.5 0.8
8 2
15 4
25 6
30 7
50 9
60 11
80 13




NoTe uPpioTavral cuvONKEeC NAEKTPOVIAKNG I00ppPONidac...;

To anoTéAeopa TG EEa0OEVNONC TWV (POTOVIWV
napodikn (transient) CPE

AVAVAVAVAVAVAD

Indirectly
QVAVAVAVAVAVAU

lonising

AVaVaVAVAVAVA

Radiation

AVaAVaVAVAVAVA

Energy / mass

Depth in medium




ZUVONKEG NAEKTPOVIAKNG I00pponiac Sev ugpioTavrai:

Ze BaBoc UAIKOU MIKPOTEPOU ano0 TNV E€HPBEAsEIa TWV
EVEPYNTIKOTEPWV OEUTEPOYEVMV (POPTICHEVWV
owHaTIdimv nou napayovral ano TIC AAANAEMOPACEIC HE
Tn OEoun

Z€ ONMEIa KOVTA OTA OpPIa TOU UAIKOU n Tou nediou, av
auTo Eivadl NENEPUACHEVMV OIOOTACEWV OE OXEON HE TO
GKTIVOBOAOUMEVO OWHA, N Ot OI-ENIPAVEIEG HETAEU
O1a(POPETIK@WV UAIK®DV

Otav n €€aoBeEvion TNGC NPWTOYEVOUC OEOHNC
akTivoBoAiac karta Tn 61adoon TnG ot €va UAIKO Eivail
ONHAVTIKN YIO AanOOTACEIC I0EC HE TNV EHBEAEI TWV
(POPTICHEVOV OWHATIOiV nou napayovrali ano TIG
aAANAenIdpAcEIC HE auTn



Miow oTO ANAO CNUEIAKO-1C0TPOMNIKO HOVTEAO ...

MnopoulE va unoAoyiooulE TO pubuo d0oNG o€
anooTacn r ano CNUEIAKN Nnyn YVWOTHG
EVEPYOTNTAC, OEOOHEVMV TWV OUVTEAECTWV

aAAnAenidpaong;

Yno ouvOnkKeG NAEKTPOVIAKNC Icopponiacg

Kal HOVO YIa TNV NPWTOYEVH AKTIVOBOAia



H ocuvdpopun TnC okedaong ...

125] point photon source
15 primary photons

=

=
N

<
L]

-

b
D
(]




H ocuvdpopun TnC okedaong ...

192|r point photon source
15 primary photons
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Ynapxel e§iocwon nou va nepiAapBavel kal Tn okedalopevn;

H BaOuida o€ eva otoryeio tov
@AKoV Ywpov Oa toovtar:

+ (@. IOV EKTEPITOVTAL AITTO
JNYT] O€ AVTO




Mnopei va eniAuBEi;

o0
Osc(r, E,Q) = | Jog(r,E'—> E,Q-Q)Oq g(r, E,Q")dQ dE'
04rx

EvaAlakTikec:
Hpn-gumerpikeg ne@odol & oroyactikol (Monte Carlo) 1)
VIETEPUIVIOTIKOT AAYyOplOpuon
( L.B.T.E. equation solvers, ue0odor vrep0Oeong, ...)



H apxn Tn¢g doocipeTpiac pe npooopoimon Monte Carlo

AnAoi avaAuTikoi aAyopiBuol dev pnopouv va AdBouv unoyn Tn
okedalOpevn

> E@ooov yvwpiloupe Tn ®uoikn TnG d1adoong IOVT. aKT. TNV
UAN (kaTavopéc mBavoTnTac aAAnAenidpaonc wg npogc: Bean,
€i00C, KaTavoun evepyelac — kaTeuBuvaonc), HNOPOULE va
XPNOILOMOINOOUKE TIC AVAUEVOUEVEC TIMEC;

>  XpelalopaoTe pia pEBodo Npooopoiwong TNG PUOIKNG
diadikaaoiac nou va AapBavel unoyn cUVOAIKA TIC KATAVOMEG
moavoTnTac yia kabe paivopevo aAnAenidpaong



H apxn Tn¢g doocipeTpiac pe npooopoimon Monte Carlo

>UNPWVA JE TO Bewpnua KEVTPIKNC TIMNG, TO aBpoiopa evoc peyalou apibpou
OMOIWV, aveEapTNTWV TUXAiwV HETABANTWYV aKOAOUOEI kavovikr KaTavoun.

'ETO1, av BEAw va unoAoyiow Wia ayvwoTtn noooTnTd, m,
ue k pia Tuyaia petaBAnTn e avapevopevn TN E(k)=m kar diakupaveon Var(k)=b?2
eav ky, Ky, ...,-ky €ivar N TYXAIA enIAeyHEVEG TIMEG TOU K,

)=Nm kai

akoAouBei kavovikr) katavopr pe E(JYs
i :. )= Nb2 _

— M
-
AV
4 -

P(Nm—3byN < Tk, <Nm+3bN) = 0997

'ETO1 av BEAW va unoAoyiow TNV EVEPYEIAKN PO GE ONUEIO I, UNOPW VA UMOAOYIOW
TN PEON TIUN TNG OUVEIOPOPAC ano TNV «Tpoxia» N gwToviwv nou Ba emAsEw
TUYdia ano Tnv katavoun meavoTnTac nou divel OAEC TIC MIBAVEC TPOXIEC



H apxn Tn¢g doocipeTpiac pe npooopoimon Monte Carlo

M'vwpilw TNV Katavoun nibavoTnTac OAwv TwV NiBavwv TPoXIwV TwV
PWTOVIWV;

Kabe Tpox|c1 anoTeAeital ano d1adoxIkeG kataoTacelg Sy(ry, Q;, E))
npiv ano kabe aAAnAenidpaon j.

H mBavoTnTa epgavionc kabe kataoraonc j e€aptartal Hovo ano Tnv
meavoTnTa gUPavionc TnG nponyoupevnc kataoctaonc j-1.

Me aAAa Aoyia : Tnv mavoTnTa pwToVvIOo va aAANAENIdpACEl OTO i1
TNV I'IIGCIVOTr]TCI dedopevou  €idoug a)\)\n)\snlépacnq Kar Tnv

meavomm KaTta Tnv a)\)\r])\enlépaon auTn TO PWTOVIO Va oKeDAOTEI
o€ KaTeubuvon Q) ue evépyela E; dedopévwy Twv Q4 kai E ;.

AUTEC Ol KaTavopég meavc’)Tr]Tag gival yvwoTeEg!

‘ETOI aszl Yo axw uia pEBodo TYXAIAZ derypatoAnwiag atmo TIg
YVWOTEG KATAVOMNEG TTIBavOTNTAG



Nw¢ eNIAEy® TUXAIa ano yVwoTh Karavoun moavornTag;

Ynapyouv noAAeC paBnuaTikec pebodol. M.x.:
Oewpnua avrioTPoPpNnc

'EOTw X ouvexnc Tuxaia petraBAntn orto [a, b] pe nukvoTnTa
mBavotnTac f(x) kalr ouvaptnon kartavounc meavornrac F(x).
Aedopevou TUXaiou, r, oTto [0, 1], i@ TR X* TOU X WMOPEI va
enIAeyeil Tuxaia wg:

r=ll )= j J(x)dx

Av X IaKpITR Tuxaia PeTaBANTA YE TIMEC, X; mBavoTnTac, P, woTe:

WA

AedopEvou Tuxaiou, r, oto diaoTtnua [0, 1], yia TIun X* Tou X PNOopEi va
eNIAEYEl TUXAIa WC;

Xi= Xj ornou j= min{j: < > P



AnAa napadsiypyara yia onHeEiakn nnyn

= EniAoyn kaTeuBuvong EKNEPNOPEVOU PWTOVIOU

H eknopnn €ival 1I00Tponn Kal cUPpWva YE TNV MbavoTnTa EKNOUNNG o€
OTOIXEIO OTEPEAC Ywviac dSQ :
\0.6)d0d = dQ _ s Bd6d ¢
- 4z 4z

- * E
—co =1-2r

L AddE 1—cosd
A8)dB = s p—_ U

*

and 1 =P )= -

(1-cosB) /2
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AnAa napadsiypyara yia onHeEiakn nnyn

= Enihoyn onueiou aAAnAenidpaonc

H miBavoTtnTa aAnAenidpacng o€ dx peta ano diEAEUon anooTacnc X ival
pexp(-ux) onoTe:

r=Px)= j;z exp(—ux)dy = r=—exp(—ux )+l=>x =——In(l-r)=——In(r)
: Jz 7

x (mfp’s for y = 1 used in this graph)



AnAa napadsiypyara yia onHeEiakn nnyn

= Enihoyn €idouc aAnAenidopaong

To €idoc a)\)\n)\enlépacnq EIVCII d1aKpITr HMETABANTN KE i TINEG WOTE Pi=Hi/ Mot
Kal EMNIAEYETAl TO €i00C j WOTE: :

j= min{ j:




H apxn Tn¢g doocipeTpiac pe npooopoimon Monte Carlo

Agdopéva E1GPomNG

Tevwitpla (paouo, KOToVOES
ToyaioV mBavoTnroc,

yEOUETPLO, VAIKA)

Monte Carlo
KOOTKOLG

A
A

v
AmoteAéopata!




H apxn Tn¢g doocipeTpiac pe npooopoimon Monte Carlo

>TaATIOTIKN Kal akpiBeia

kal 6a npenel va €ival 000 To duvaTov PIKPOTEPN.



Popular, nonproprietary codes,
benchmarked for brachytherapy dosimetry’

EGSnrc All major Through NRC EGSnrc is a set of * Accurate condensed history
modern web (GitHub) / functions and technique implementation for
operating General subroutines for charged particle transport.
systems Public License coupled ph/el * More accurate Physics (rel. to its
(portions for research & transport mainly in predecessor).
available for education, Medical Physics. » Choice of cross sections
a limited set) separate NRC For an application, a  tabulation/data.

license for user code is required e« Faster than other codes for
commercial (in Mortran, Fortran, charged particle transport.
use C, C++). » General purpose geometry

Major applications are package + utility classes.
available, including
brachytherapy.

*According to material from Appendix D in: W.L. Dunn. J. K. Shultis (Eds),
Exploring Monte Carlo Methods. CRC Press, Elsevier B.V. © 2012



GEANT4

Popular, nonproprietary codes,
benchmarked for brachytherapy dosimetry’

Linux
variants,
Windows
and Mac
OS X
(verified
and
supported
on
specific
configurati
ons)

Through
CERN web
subject to the
open-source
conditions of
the Geant4
license
(cannot be
included in
whole orin
part in
patented
applications)

General purpose
simulation of particle
transport primarily for
high-energy and
medical physics
Comprehensive
geometry and physics
modeling capabilities
are embedded

in a flexible structure
base using object-
oriented technology and
C++

A large number of
specialized applications
based on GEANT4 are

available including one for
brachytherapy.

- Users can choose existing
components, tailor and adapt
them, or create their own.

* A choice of physics models is
offered for many physics
processes with different trade-offs
between accuracy and CPU cost.
* Tools for optimization of
configurations of geometry and
physics are also provided.

« Combinations of Physical
processes for typical applications
are recommended in Physics lists.
» Powerful geometry module.

» Range of visualization options.

*According to material from Appendix D in: W.L. Dunn. J. K. Shultis (Eds),
Exploring Monte Carlo Methods. CRC Press, Elsevier B.V. © 2012



MCNPG6

Popular, nonproprietary codes,
benchmarked for brachytherapy dosimetry’

Supported
on most
operating
systems
(32/64-bit)
including
Windows,
Mac OS X,
Linux, and
UNIX-like.

US: through the Radiation
Safety Information
Computational Center
(RSICC)

Europe: to members of the
Nuclear Energy Agency
(NEA) Data Bank

Japan: through the
Research Organization for
Information

Science and Technology
(RIST).

Limited license and export
control regulations restrict the

distribution of Fortran source
code.

General
purpose
simulation of
particle
transport
primarily for
nuclear
applications
and medical
physics.

- Extensive geometry,
source definition, and
tallying capabilities.

* Built in variance
reduction techniques.

« Straightforward
generation of structured
input files for specific
applications.

*According to material from Appendix D in: W.L. Dunn. J. K. Shultis (Eds),
Exploring Monte Carlo Methods. CRC Press, Elsevier B.V. © 2012



Popular, nonproprietary codes,
benchmarked for brachytherapy dosimetry’

Penelope Written in Through the Nuclear Simulation of - Particularly well adapted
FORTRAN Energy Agency coupled electron- to simulations of electron
and can be (NEA) Data Bank photon transport transport at low and
runon any and the Radiation in material intermediate energies
computer Safety Information structures
with Computational consisting of
FORTRAN Center (RSICC) homogeneous
77 (or as open software. bodies limited by
higher) quadratic surfaces.
compiler. Structured as a set
Geometry of subroutine
viewers run packages.
under User should write a
Windows. steering main

program or build
upon the generic
one provided.

*According to material from Appendix D in: W.L. Dunn. J. K. Shultis (Eds),
Exploring Monte Carlo Methods. CRC Press, Elsevier B.V. © 2012



KaunuAegcg doonc — Badoucg (PDD)

- HVL 3 mm Cu

- HVL 8 mm Al

- HVL 4 mm Al

= HVL 2 mm Al
—+HVL 1 mm Al

-=- 5 MeV electrons
—+ 10 MeV electrons

Percentage depth dose

4 5 6
Depth in tissue (cm)

Change in percentage depth dose with field size

SSD =100 cm
10 x 10 cm?

4x4

— == 10x10
— 40x40

40x40

““*:1_:--.

4x4

Percentage of maximum dose

10
Depth in water (cm)

60Co:
Zax= OmMm

MV dEopec:
Znax [€cm] = Epo [MeV] / 4




AnwAEIa EVEPYEIAC KATA TRV d1ad5pOoHN POPTICHEVHOV
ocwpaTidinv oTnv UAN

a. Electron recoiling from
collision with beam (K°)

b. Electron recoiling from
collision with photon

g. Interaction of a neutral

particle (neutron) with

a proton. The recoiling

proton leaves the dark
track

http://epweb2.ph.bham.ac.uk/user/watkins/seeweb
/Bubble.htm




AnwAEIa EVEPYEIAC KATA TRV d1ad5pOoHN POPTICHEVHOV
owpHaTIdiwv oTnVv UAN

b>>a: soft collisions
AIEYEPOEIC, 10VIOUOI

b~a: hard collisions

negatively charged A|Eyép0'£|q, IOVIO'IJOi ME

shells, with bound electrons:

moavn Jeyain
ueTagopa E

b~Rnuc: elastic collisions +
bremsstrahlung

Eknopnn H/M akTivoBoAiag

b<Rnuc: nuclear reactions



AnwAEIa EVEPYEIAC KATA TNV O1a3pOHN (POPTICHEVWV
owHaTIdiwv oTnVv UAN

AnwAeia  evepyeiag Aoyw AnwAela evepyeiac AOyw
OlEYEPOEWV & I10VIOHWVY eknopnng H/M akTivoBoAiag

Meyalog apiBpog al/oewv
LE TNV KCITC]VO|J[] e Tou
UAIKOU, MIKPNG KOTA HECO
Opo anw)\alaq EVEPYEIAC

MIKpOC apiBPOC aAN/CewV PE
TOUC MUPNVEC TOU UAIKOU
ONMAvTIKNG anwAeiac
EVEPVYEIAC



MoooTikonoinon TNG ANWAEIAG EVEPYEIAG

Madik] avaoXeTIKR 10XUG UAIKOU
4.4 Mass Stopping Power

The mass stopping power, S/p, of a material, for
charged particles of a given type and energy, is
the quotient of dE by pdl, where dE is the mean
energy lost by the charged particles in traversing
a distance d/ in the material of density p, thus

S 1dE
p pdl’

Unit: J m? kg 1




AnwAegia evEPYEIAC BAPEWV (POPTICHEV@WV COHATIOIWV AOY®
Oleyeposwv & 10VICH®V

2 ZNA 22me? 2m02ﬁ2

C.
= 4w p = {[in( N-p% -2

AnwAgla EVEPYEIAC e-
AOY® OIEYEPOEWV & IOVIOH®V

]nTz(T+2m02)

2y _
) + F(T/mc”)—0]

2mcT1

AnoO NoIoUC NaPAYOVTEC EEapTATAl N ANWAEIA EVEPYEIAC avd
povada 31adpopnC N AvAaoXETIKR 10XUC EVOG UAIKOU ?2??



1/B2kan T

Relativistic rise

10 100 1000 10000
E/mc2




MukvoTnTa, <Z/A> kai peEon evepyeia dieyepong I

Mean Excitation Energies, I, and Other Quantities Relevant to the Evaluation of the Collision Stopping
Power of Selected Human Tissues and Other Materials of Dosimetric

Material

Adipose tissue (ICRP)
Air (dry)

Bone, compact (ICRU)
Bone, cortical (ICRP)

Ferrous-sulphate dosimeter solution
Lithium fluoride

Muscle, skeletal (ICRP)
Muscle, striated (ICRU)
Photographic emulsion
PMMA (lucite, perspex)
Polystyrene

Water (liquid)

I (eV)

63.2
85.7
91.9
106.4
76.3
94.0
75.3
74.7

331.0

74.0
68.7
75.0

(ZA)

0.558468
0.499190
0.530103
0.521299
0.553282
0.462617
0.549378
0.550051
0.454532
0.539369
0.537680
0.555087

' Interest

Density (g cm

0.920

]
1
]
1
2
1
]
3
]
]
]

1.205%10°
1.850
1.850
1.024
2.635
.040
1.040
3.815
1.190
1.060
1.000

— 3
)




A10pOwon NuUKvoTNTAG | NOA®WoNG, o
VIa OXETIKIOTIKEC TAXUTNTEC

20 30 40

Electron kinetic energy (MeV)



ZUVOAIKQ:
AnwAg1a eVEPYEIAC e AOYW OIEYEPOCEWV & IOVICH®V
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Kai yia BioAoyika uAika:
AnwAg1a eVEPYEIAC e AOYW OIEYEPOCEWV & IOVICH®V
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AnwAegIa eVEPYEIAC POPTIOCHEVOV COHATIOIWV
AOY® EKNOMMNNC akTIVOBOAiag
Ano nNolouG NapPAayovTeC eEapTarTal N AnWAEIa EVEPYEIAC avd
povada S1adpoHNnNG N AVvAOXETIKN 10XUG EVOG UAIKOU ?2?7?

(keV/cm)

Stopping power

- —--Iov.lcpég. E
= ——AxTivoPohia ;|
——Zwvohikd |

Kiv. Evépyeig, Te(keV)



KAaopa aktivoBoAiag (radiation Yield), Y(E,)

To Noo00TO TNG APXIKNG KIVATIKNG EVEPYEIAC TWV (POPTIOHEVWYV
owuamdiwv, E,, nou Ba pyeratpanei o€ akTivoBoAia nednong:

1 B 8.(E)
E 0 Jo "S{L'{'Jl {E ) +38 rad{:E )

AL~

Bone
(compact)

~ H,0/Muscle

o ’_,__,-f-""_idipﬂse
o ' tissue

30 40
Electron kinetic energy (MeV)




Continuous Slowing Down Approximation (CSDA)
ka1 epBEAeIa

JA\Y, unoesooups OTI OAa Ta POPTIOHEVA G(D|JCITI5ICI MIaG Gacpr]q Oa
Xavouv ava |.|ovc16c1 d1adpopnc 1o id10 Noco svepvalaq, {00 pe TNV
avaoXeTIKN 10XU.Tou UAIKOU YIa TNV EKACTOTE EVEPYEIA TOUC, N
eUBeAeIa Toug, 1y, Ba diveTal wG:

MpakTIKa N EYPEAEIA TWV POPTICUEVWV CWUATIOIWV UNOPEi va
dlapoponoleital Aoyw dlacnopdc oTnv anwAela evepyeiac (energy
straggling) kal TNG OXETIKNG oNUaciac Twv EAACTIKWV OKEDATEWV



EpBeAsIa nAekTpoviwv o€ diagpopa UAIKA

1 03

Krv. Evéipysia, TE(_keV)




Energy straggling ...

To €UpOC TNG KATAVONNC ANWAEIAC EVEPYEIAC TWV CWHATIOIWV
ennpeadeTal ano TIG, MIKPNG MBavoTnTac, aAANAENIdOPACEIC e
LEYaAn anwAeia evepyelac (nednon, 10VIOUOI e YEYAAN METAPOPA
EVEPYEIAC)

g
£
@
-—
£
=
(=}
£
@
c
@
=
c
=2
%]
c
[s]
g
@
b
(=]
(o}
=

‘?‘Etot
P

Mean energy loss




AOGCIHETPIA POPTICHEVWV CWHATIOIWV




EAGOTIKEC OKEDAOEIG

. 2NUAVTIKEC YIa EAAPPA PpopTiouEva cwpaTiola (e)

- H peon ywvia okedaong au&éavel pYe To Z KAl Tn MEIWOn TNE
EVEPYEIQC.

e 9.3 MeV og og Baiapo
puoaAidwv nponaviou



H onpacia Twv eEAacTIKOV OKESACEWV

OlapEPOUV ...

Baboc dieicduonc kal n egBeAeia (CSDA range)
LMopei va

NKOC TPOXIAC, TO

To

k-]

@

2o

£9

bl

W.a
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Light charged
particle
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