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AnwAEglIa eVEPYEIAC KATA TNV J1adpopnN POPTICHEVWV
owHaTIdiwv oTnNV 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




AnwAEglIa eVEPYEIAC KATA TNV J1adpopnN POPTICHEVWV
owHaTIdiwv oTnNV UAN

b>>a: soft collisions
AIEYEPTEIC, IOVIGHOI

b~a: hard collisions

negatively charged AIEYE'ij'EIC;, |OV|O'|JOi ME

shells, with bound electrons:

mbavn Jeyain
ueTapopa E

b~Rnuc: elastic collisions +
bremsstrahlung

Ekmopnn H/M akTivoPoAiag

b<Rnuc: nuclear reactions



AnwAElIa eVEPYEIAC KATA TNV O1a0pOopN POPTICHEVWV
owpaTidinv oTnv UAN

ANWAEIa EVEPYEIAG AOYw AnwAEIa eVEPYEIAC AOYW
OlEYEPOEWV & IOVIOHWV exnopnnc H/M akTivoBoAiac

MeyaAoc¢ apiBuoc aAA/cewy
UE TNV KATAVOWUI € Tou
UAIKOU, MIKPNC KATA UECO
OPO ArNWAEIAC EVEPYEIAC

MIKPOC apIBPOC aAN/CEwV. PE
TOUC MUPNVEC TOU UAIKOU
ONUAVTIKNG anwAeIac
EVEPYEIAC



MoooTikonoinon TNG ANWAEIAC EVEPYEIAG

Madikn avaoxeTikn 1I0XUG 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™




AnwAgla eVEPYEIAC BAPEWV (POPTICHEVOV COHATISINV AOY®
OIEYEPOEWV & 10VIOH®V
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AnwAgla evEPYEIAC e-
AOyw OleyEPOEWV & 10VIOHWV
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Ano NoIouG NapAayovTeG eEapTaral N anwAsia evepyelag avda
Hovada S51adpopNG N AVAOCXETIKI 1I0XUG EVOC UAIKOU ??2?



1/B2kan T

Relativistic rise
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E/mc2




MukvoTnTa, <Z/A> kai pEon evepyela dieyepong I

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

Material I (eV) (Z/A) Density (g cm™7)

Adipose tissue (ICRP) 63.2 0.558468 0.920
Air (dry) 85.7 0.499190 2051077
Bone, compact (ICRU) 91.9 0.530103 .850
Bone, cortical (ICRP) 106.4 0.521299 .850
Ferrous-sulphate dosimeter solution 76.3 0.553282 .024
Lithium fluoride 94.0 0.462617 .635

Muscle, striated (ICRU) 74.7 0.550051
Photographic emulsion 331.0 0.454532
PMMA (lucite, perspex) 74.0 0.539369
Polystyrene 68.7 0.537680
Water (liquid) 75.0 0.555087

.040
815
.190
.060
.000

1
1
1
1
2
Muscle, skeletal (ICRP) 75.3 0.549378 1.040
1
3
1
1
1




A10pOwon NUKvVOTNTAC | NOAWONC, O
YIa OXETIKIOTIKEC TAXUTNTEC

20 30 40

Electron kinetic energy (MeV)



ZUVOAIKQ:
AnwAegla eVEPYEIAC e Aoy JIEYEPOEWV & IOVIOCH®OV
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Kai yia BioAoyika UAIKa:
AnwAegla eVEPYEIAC e Aoy JIEYEPOEWV & IOVIOCH®OV

1.05

(ZIA)med

(ZIA )water

—Adpose |« Adipose
Water 1.00
__———Muscle =— Muscle

PS .
— L PS/PMMA

Bone
0.95

j -
8
=
o
=
=
o
@D
=
[=}
—
©
j -
@D
=
o
o
on
£
[
[
o
e
w
)
)
=

10 20
Electron kinetic energy (MeV)




ANWAEIa EVEPYEIAC POPTIOHEVOV COHATIOIWV
AOY® €KNOUNNG akTivoBoAiag
Ano NolouG NaPAayovTEeG EEapTaTal N anwAEIa EVEPYEIAC avda
Hovada J1adpopnG N AVACXETIKN 1I0XUG EVOC UAIKOU ?2?27?

(keVicm)

Stopping power

. —— AkTivoBohia _
——Zuvohkd |

K. Evépyeia, Te(keV)



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

To MOCOOTO TNG APXIKNG KIVATIKNG EVEPYEIAC TWV. POPTICHEVV.
owpaTidiwv, E,, nou Ba perarpansl o akTIivoBoAia MEONGNG:

o 1 [Fo Srad(E)
T(Ey) == [ +'~
E 0 Jo "SC{'JI ':E ) +3§ rad{:E )

AL

Bone
{E::)mpacl]
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Continuous Slowing Down Approximation (CSDA)
Ka1 epBEAeIa

Av unoesoouus OTl OAa Ta (POpTIO|J€VCI oo)paﬂéla HIaG ésopnq Ba
Xavouv avda uovaéa 6|C|6popr]q TO 010 I'IOO'O svspyslaq, |cro HE TAV
AVAoXETIKN I0XU.TOU UAIKOU YIa ThnV. EKAOTOTE EVEPYEIA TOUC, N
guBeAeIa Toug, ry, Ba divETal WG:

Ey 1 i
P = .
! J 0 St{;nt ':.E ) )

MpakTika n ePPEAEId TWV POPTICUEVWV. CWUATIOIWY. UFNOPEI Va
dlapoporoIeiTal AOyw OlacnopAc GTNV anwAEIa evepyelac (energy.
straggling) kai TNC OXETIKNG ONMACIAC TWV. EAACTIKWY. OKEOATEWV



EpBEAEIa nAekTpOVIWV OE d1aPpopa UAIKA

10’

K. Evépyeia, TE(_keV)




Energy straggling ...

To eUPOC TNG KATAVOMNG ANWAEIAC EVEPYEIAC TWV. CWUATIOIWY.
ennpealeTal ano TIG PIKPNG MBavoTnTac aAANAENIOPAGEIC UE
LEYAAN anwAela evepyeiac (MedNON, IOVIGUOI UE EYAAn METAPOPA
EVEPYEIAC)
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Most probable loss
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EAQOTIKEG OKEDAOEIG

. 2NMAVTIKEG YIa EAAPPa PopTIoPEVA GWUATIOa (€)

- H peon ywvia okedaonc au&avel e To Z Kal Th JEIWoN TNG
EVEPYEIAC.

e 9.3 MeV oe o€ BaAkapo
(pUOAaAIdWV nNpomaviou



H onpacia Twv eEAACTIKOV OKESACEWV

To pnkoc Tpoxidc, To Baboc dleicduonc kal N epPeAreia (CSDA range)
LMOPEI Va OIapEPOUV ...

Heavy charged
particle

Light charged

particle

e 9.3 MeV os o€ Baikapo
(pUOAAIdWV Npomnaviou



H onpacia Twv eEAACTIKOV OKESACEWV
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e 9.3 MeV os o€ Baikapo
(pUOAAIdWV Npomnaviou

[la EUPEIEG OECHEG N KAUMUAN

Boonq-Baeouq auE,avsl psxpl N

LEI®ON TNG por]q va 00NYNOEl
oTn payoaia PEiwon ThG:

N 000N oTn GToIXEIWON pala
METAEU X ka1 x+dx Ba eival
LIKpOTEPN O€ Baboc x1 ano OTi
o€ X2 yIa x1<x2<0,7 TnG
eUBeAEIOC



AOCIUETPIA POPTICHEVWV COHATIOIWV




KapnuAn doonc-Babouc popTICHEVV
CWHATIOIWV

CSDA muliiple scattering

CSDA
straight ahead

No knock-on transport

Water
T, =30 MeV

r,=13.1 cm
Straggling

Bremsstrahlung contribution
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KapmuAn Bragg
[lapatnpeital Jovo
yia Bapea
(POPTICUEVA
owuaTiola




Percent dose

(@)

KaunuAeg doonc-padouc e
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Depth in water (cm)
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22 20 MeV

(b) Depth in water (cm)
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