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- AtEAgvon cwpaTdiwv and tTnv DAN
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1. AAANAETTiIOPAON CWHATIOLWY HE TNV
OAN:
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DOPTLOUEVO CWHOTLOLO YAVEL EVEPYELA DLATIEPVWVTOC
TNV OAN: specific Energy Loss (1/p dE/dx)

= | 1w on Cu T
S 100 1 _ &k _
Mo va 2100 =P Bethe-Bloch Radiati ]
s - ethe-bloc adalative -
Unol)\oytoouys ™nv E "/ Anderson- :
ATIWAELQ eEVEPYELOC | = oSy, Ziegler .
oava povada EE s T
anéotaone (dE/dx, [F\wo REjE e g |
os MeV/cm) <\ £~ Radiative "~ Radiative -
’ wil c Minimum  effects ~ g losses ]
; Sl Fnue ionization reach 1% S = e
MPETEL VA " osses T T -
; Q. - losses N | 000 _lo-=-=== _. S |
MOAAQTIAQCLACOULE | | Without &
0 1/p dE/dx (o€ \'_'/ 1 | | A I
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MUKVOTNTA P TOL | | | | I | | | | |
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Muon momentum

Eva owpatidlo daoyllel €va VALKO PE TTILKVOTNTA P. AVAAOYQ E TNV OPMN
TOU, TO OCWHOTIOLO XAVEL EVEPYELO KOl LE BLOPOPETLKO punyaviouo. ..,
otnv nepoxn By=[0.1 - 1000] (meproxn Bethe-Bloch) €xyovue anwAelec ue
LOVLOUO TOU LALKOD. ATO eKel KoLl TIAVW, N ATWAELA EVEPYELOC Elval KLPIWC
AOYW eKMOUTING pwTOVIWY (ONnA., ue radiation = Bremsstahlung)
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ATIWAELO EVEPYELOC ME LOVIOUO Kol DLEYEPON TOL LALKOD
(Bethe-Bloch)

1 dE W ZP Z [ 2m.e?BE L 8(6Y)

= am?m AN S (I L g2
e ’i’l’Im(‘gQ A[n 7 &) 2}

Z.e = @opT{o MPOOMINMTOVTOG CWHaATIEl0L

B=n toaxbTNTA TOUL

0,Z,A = IUKVOTNTA KATI TOU QVLYXVELTN

Bethe Bloch Formula

[.X., POPTIOMEVA CWHOTIOL (aTtd KOOULKA AKTLVOPBOALQ)
SLamePvoLV LALKO TIuKVOTNTAC P.
— H anwA&gLla evEPYELAC TOL €lvat HEYaADTEPN, OGO
MEPLOCOTEPO PoPTiO £XEL TO OwHaT(Blo: dE/dX ~ Z
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ATIWAELO EVEPYELOC UE LOVIOUO Kol HLEYEPTN TOL LALKOD

(Bethe-Bloch)
lﬁ — —AmrZm. o Z_f qug [111 Q-rn.eczl,-'f‘?-ﬂj,.ﬁf e 5(}3?.)}
p dx T A I | 2 Bethe Bloch Formula
Z e = QpOPTLO TPOOCTILMTOVTOG 50.0 ey
owpaTL8{ov NN dE dx < 5 =% on Cu
B=n Tax0TNTA TOU o 00p Ny dBfde=pE e

0,Z,A = MLKVOTNTQ KATL. TOL AVLXVELTN Radiative effects

become important

Approx Tmay i‘

i
Ttsn
T 5ol
Energy Loss 1/p dE/dXx 2 20 i o OB ithout 3 i
. j shellw )\ oAb 5
first decreases as 1/p2 (—%\ g Loomect, | NN o e
* increases with Inyfor 3 =1 ~ .
. is ~independent of M (M>>m,) ||T|*°F =F?
. is proportional to Z,? of the Qs e
iIncoming particle. U By=p/Mc
* IS = independent of the material
(Z/A = const)

shows a plateau at large
By (>>100)
* dE/dx = 1-2 * p [g/cm3] MeV/cm
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.. Mévio dlamnepva oldepo
- anwAeLla evepyelac (Energy Loss)

Bethe Bloch Formula, a few Numbers: “a minimum ionizing particle (MIP)”

10 g
2NueEwoTE O6TLyia Z = 0.5 A: st
1/p dE/dX = 1.4 MeV cm?/g , P 3
otav By = 3 (Minimum ionizing) £ st
oo e
P
Napadelyua : S 3
2{6epo: mayxoc = 100 cm; .-
o =7.87 g/cm3 :
dE = 1.4 *100* 7.87 :
= 1102 MeV e’ I A A A
0.1 1.0 10 100 1000 10000
By =p/Mc
9 A 1l15 Gev Muon Can I III”(I)I!]_ I IIIIII]I_|_O I IIHH:I[_|0 | lllllil(|)0l IIII]I_I(I)|00
traverse 1m of Iron! | on momentum (GeVIe). |
Mo va umoAoy({oovpE TNV aMWAELX L pion momentum Gevie %0
EVEPYELOC ava povada andotaonc (dE/dXx, T T Y R R
oe MeV/ Cm)' o +0 Protonlgloment&glo(GeV/c}OOO H0000

MPETEL VO TIOAAaTAaoLdcovue to 1/p dE/dxX
(oe MeV cm?/g) PeE TNV MLUKVOTNTA P TOL
LALKOD.
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2WUATLIA oTouaToLY - andéotaon(range)

Particle of mass M and kinetic Energy E, enters matter and looses

enerqv until it comes to rest at dlstance Rood ;
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2WUATLIA oTouaToLY - andéotaon(range)

Particle of mass M and kinetic Energy E, enters matter and looses

eneray until it comes to rest at dlstance Rood; g).
0 w000 | g
R(Ey) = [Eg de 5000§
L. M1 5 o |
R(Bovo) = — —5 ci; o
S wl
P PR 1 A, SR
R(Gov0) = = — 3oy %0
A2 (Boo) 72 7 f(Bovo) =
Bragg Peak: i0-1 l HHHIIO - ll”lll()[O - I‘”1000
. 2 5 . B%{:p/]éc l. 2 5 ‘.
* For By>3 the energy loss is = b Brugg Peak
constant (Fermi Plateau) Energic \
verlust _
* As the energy of the particle falls,
below By=3, the energy loss rises )
as 1/p? N

- Towards the end of the track the !
energy loss is largest > Cancer Therapy R X
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XWPELKA KaTavoun evandébeonc ThC EVEPYELAC

Average Range:
Towards the end of the track the energy loss is largest
- Bragg Peak - (Cancer Therapy

Photons 25MeV Carbon lons 330MeV

EvandBeon tnNC evépyeLac tTnc
OKTLWORBOALOC/CWHATLOIWY
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2. AAANAETIIOPAON GWTOVIWY ME TNV

OAN
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dwToOVLA TIEPVWVTOC HEOA ATIO LALKO

TL urtopel va mdBovv:

-—.—h-

- Compton
Incident - PWTONAEKTPLKO
photons p p
, - Albuun yévveaon
- OMAQ TIEPVAV 1] KAVOLY
EAEOTLKN OKEDOON
S: Emedvela
dx: Mdyoc¢
dn area covered by cross-sections p: MukvoTNTQ )
— = — M : Mala aTOMWY LALKOD: ma
n total area a ] ) )
(p/my)S dx o, g, ' EVEPYOG dlaTopn aAANAENdpaang
—_ < — _(p/ma)gtut dx

n(x) = n(0)e ™™ EkBeTikA pnelwon Tov aplBpod PWTOVI{OLY TIOL MEPVODY
I = pOioi/M, TPAUULKOC OLVTEAEOTIHC eEaoBnonc (i anoppdoenonc)
ulp :Gtot/ma MallkOC ouvteAeOTNC €aoBnonc (N anoppdpnonc)
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dwToOVLA TIEPVWVTOC HEOA ATIO LALKO

10

ulp (em? g~')

0.1
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Napddelypa TNC dLELCOVTIKOTNTOC TWV PWTOVIWY

Table 14.1. Ionising path lengths for 1 MeV electrons and 1 MeV
a-particles, and 1 MeV photon attenuation lengths, in air and in soft

tissue

Air (cm) Soft tissue (cm)
Electron 380 0.43
Alpha particle 0.52 7x107*
Photon 1.1 x 10* 14

(Data from American Institute of Physics Handbook, 3rd ed. 1972, New Y ork:

McGraw-Hill.)
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3. EvepyoTNTO KOl HOVADEC
padLevépyseLac

NapaptTtnua E

(Bq, Gr, Sv = Gr*RBE, KAM)
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MovadbecC
« [boec dlaomndoelc ava povada xpdvou:
- 1 Bq = 1 duaontaon / sec (Becquerel)
- 1Ci= 3.7 *10' Bqg (Curie)

o Agv dlvouv Suwc OAec tnv (Bla evepyeLa. OmndTe, moOoN eveEpyeLa divouv
ava povada OyKouv Kat ava povada mbkvoéTnTOaC;

- 1 Gy = 1 ) anoppopnbeioa evépyela ava kg vAtkoO (Gray)
- 1lrad = 0.01 Gy

« Eniong, dev €xeL To KGOE Joule evépyeLlac To (6Lo BLOAOYLKO
ATMOTEAEOUO. AvAAoya UE TO MOLOC €lval 0 TOTOC TNC aKTLWOoROoAlaC, Kat
LE TIOCN EVEPYELD TTIEPTEL MAVW MOC EXOLHE KL AAAOVY “MapdyovTa
BloAoyiknic 6paonc” (BRE factors):

' BRE factors Yyl veTpoOvLA: |
- 1Sv=1Gy*BRE 5 for <10 keV,
' BRE factors: 10 for 10-100 keV,
1 for X-rays, y-rays, B-particles and muons, 20 for 100 keV to 2 MeV,
5 for protons >2 MeV, 10 for 2-20 MeV,
20 for a-particles. 5 for >20 MeV.
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AOCELC: aTIO TO PUOLKO TEPLBAAAOV KoL
aTIO AVOPWTILVEC BPAOTNPLOTNTEC

Kade ypovo: , Where Your Dose Comes From
Anto akTIVOoAia vtoffaBpouv:

e Kooulky akTtvoBoAla: 4% 3% 1%Contribulors foDose g ragen, 5%
- 0.25mSv (empdvela BAAQOCCAG) 1% w e
- 2mSv (o€ Oyoc 4km) ‘ btemal, 11%

« YK 010 oWpa poc: 0.17 mSv WD aMdicateays, 11%
(**K = 0.2% Tou Bdpoug pag!) " S T

« Padlevepyd otolyela edagouc: 7 soREN
0.2-0.4 mSv . l e

* Padlevepyd aéplo padovio o s O74
(**Rn kat *°Rn): ~1 mSv Contribution of various sources to the total

2YNOAO @uolkNG akTlvoBoAlac: ~ 2 rHSvaverage effective dose equivalent -
ATtO aVOPWTIOYEVEIC TAPAYOVTEG:

e ALOYVWOTLKEC €EETAOELC, Epyaoiao o€ MEPLBAAAOY HE PABLEVEPYELA KATT.
2YNOAO armd TETOLEC YEVIKEC dpaoTNPLOTNTEC, EKTOC epyaoiac, slval
OPKETA MLKPOTEPO ATO TN CLVELCPOPA TOL PLOLKOD TEPLRBAAOVTOC

- €LOLKA OpLa YL TNV avwTATN enMoyYEAUATIKA 66on (my., <50 mSv)

* H BAGBN otov 0pyavioud pag eEaptdTal and moAAoOC ntapayovteg. OxL
anAd avdAoyn tTnc ddonc (mowd dpyavo; dldpkela akTvoBOANCNG; , KAT)
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