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Esquema basico do acelerador de particulas

Aceleracao «

Extraggo -
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Fontes de Particulas

Canhéao de eletres do cinescopio de um televisor (antigo!)
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Como acelerar as particulas?
Forca de Lorentz
F=gE+VXB

E(t) -

E(t) aumenta a energia B(t) modifica a trajetoria
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O ciclotrao

0,y

http://www.rad-
planning.com/newsletter/2012/2012_images
/cyclotron_diagram_400px.gif
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O ciclotrao

f: qB frequéncia do
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O ciclotrao do ICNAS (Coimbra)

Dedicado principalmente a producao de radioisotopos
(protdes, E=18 MeV)

Escola de Professores no CERN em Lingua Portuguesa 2016



C | sisncic- St '
Ulisboa  ES==l Aceleradores para a Saude
—

O SI ncrOtréO Cavidade de aceleracio
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sender -

Injecao do feixe
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https://prezi.com/lgz8qvbqryaz/das-zyklotron/
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ULisboa - Aceleradores para a Saude

R

LEIR / CERN

Foto CERN
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Principais tarefas dos aceleradores na saude

Parkinson

Pre

http://www.hablandodeciencia.com/articulos/2013/03/18/la-antimateria-del-pet/ http://www.bancodasaude.com
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PET scan : Positron Emission Tomography

Coincidence
Processing Unit

Sinogram/
Listmode Data

- |

<l OSun )=>

Annihilation Image Reconstruction

http://jens-maus.de/ftp/langner_mscthesis.pdf
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Scan PET/CT
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https://en.wikipedia.org/wiki/Positron_emission_tomography
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== Aceleradores para a Saude

Producao de fluor-18 para diagnostico PET

p +%0 > ®F 5 BF + n

Abundancia ¥0 ~ 0,2%

E Electromagnet

Proton

) > o+ 180 ———— 1EF - @ === 1BF
[~ - Neutron
[________D—sha ped hollow metal plates
High
frequency
oscillator Electromagnet
ciclotrao
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PET mamografia
(desenvolvido em Portugal com coordenagao do LIP)

ICNAS - Coimbra
Hopital Nord, Marselha

ClearPEM scanner in operation
at Hospital San Gerardo,
Monza
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Acelerador Linear eletroes (clinico)

Bending magnet
Accelerator structure
4—"‘/

Primary collimator

Flattening Filte

/ \I\Dﬂizatic-n chambers
Mirror
Inner and /

Outer jaws -

/_

. Photon beam

Reticle
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Risco desenvolver cancro .
Risco morrer cancro

. .
44% todos tipos 23% todos tipos

O R, N W b 01 O N

Figado Boca Rim Melanoma pele Colon Préstata

" . ) . ~ Bexi L mia Pancr lon Pré Pulmé
Estbmago Pancreas Leucemia LinfomaNH Bexiga Pulméo exiga  Leucemia Pancreas  Colo ostata uimao

Risco desenvolver cancro _
Risco morrer cancro

38% todos tipos
19% todos tipos
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Efeito direto da radiacao

Radiacao pouco ionizante Radiacao altamente ionizante

Alvo preferencial:
DNA da célula

Lesbes isoladas: reparacao facil Lesdes agrupadas: reparacao dificil
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Eficacia bioldgica relativa - RBE
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Tratamento com um feixe de fotoes
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Dose varia com a profundidade
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== Aceleradores para a Saude

Conformacao do feixe de fotoes

Varias incidéncias feixe de fotoes IMRT (RadioTerapia de

Intensidade Modulada)

vy

Target

H ~_ Target Volume

OAR

Orgao em risco

Collimator
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Controlo da dose ao paciente

Hospital de Santa Maria, Lisboa
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Sobrevivéncia de células tumorais / normais

1 -
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Escola de Professores no CERN em Lingua Portuguesa 2016 23



== Aceleradores para a Saude

Hipofracionamento

50 Gy -> 25 sessdes (padrao)
12 sessbes (hipo)

Escola de Professores no CERN em Lingua Portuguesa 2016
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Principio fisico da terapia com protdes / ides

5 |
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120

100

Relative Dose [%)]
(=] (2]
[=] o

§-N
o

N
o

Eficacia biologica relativa

Doser,

RBE =
Dose.,,

- Physical dose
- = RBE
- Biological dose

Depth [cm]

w
v
Q
c
Q
2
2
................................................. 3'5I..I.I
.................................... -43 E
................................ 2.55,
o
................................... 2 E
------ g 41582
____________________________________________________________________________________________________________ ©
| ' ' s
feixe 12C 290 MeV / nucledo
i i i 0
0 5 10 15 20

Escola de Professores no CERN em Lingua Portuguesa 2016

26



il
ULisboa =l Aceleradores para a Saude

F em o a =!
Ciéncias wmf
C —=
L
—

Sistemas passivos de formatacao do feixe de protoes

Range Collimator Compensator
modulator bolus
wheel

Body

Scattering

system |

Lateral beam profile: I

VAN

Longitudinal beam profile:

N
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Modulacao do alcance do feixe

Dose /%
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== Aceleradores para a Saude

Colimador em bronze

Compensador alcance
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Sistemas ativos de formatacao do feixe

x deflection y deflection
|
- RA\\&
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Centros tratamento com feixes protdes

39 centros de terapia com protdes/ides em operacao no mundo
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Centers in Operation
® Protons

@ Light lons

X  Marburg / Kiel
(stopped)

Under construction

Under discussion
.!)
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Como funciona a terapia com protdes?
(filme)
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== Aceleradores para a Saude

Diferencas particulas / fotoes

Carbono: 2 campos opostos Fotbes IMRT: 9 campos

U. Amaldi & G. Kraft, Rep. Prog. Phys. 68 (2005) 1861-1882

A terapia com feixes de carbono permite poupar os tecidos normais
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Melhor controlo local do tumor

Chordoma and Chondrosarcoma

H_+“_+1 bt ——
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Time after RT [months]
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Raios-X m  Protoes

s D [t e s e Lo~
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Melhor determinacao do pico de Bragg

100
F 5 em tempo real
TE = Reacobes nucleares induzidas no alvo produzem fotdes
Z 40 = ue permitem a sua localizagao
I — que p ¢
0

0 20 40 60 80 100
Depth in water [mm]

120 140

— W~ - Inés Castelhano, tese mestrado,
=—N Univ. Lisboa / Univ Munique, 2014
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Movimentos de 6rgaos: desvio do tumor
(respiracao)

T

Engelsman and Bert 2011
L"uchtenborg PhD 2012

Escola de Professores no CERN em Lingua Portuguesa 2016

38



== Aceleradores para a Saude

Movimentos do alvo: deformacao do paciente
(mau posicionamento)

Engelsman and Bert 2011
L"uchtenborg PhD 2012
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== Aceleradores para a Saude

Modificacao de 6rgaos: preenchimento de cavidades
(variacao da densidade)

Escola de Professores no CERN em Lingua Portuguesa 2016
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< 7. Heidelberg lon Beam Therapy Centre (HIT)
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Th. Haberer, Heidelberg lon Therapy Center

high energy
beam transport
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Scanning lon Gantry

» optimum dose
application

« world-wide first
jon gantry

 world-wide first
integration
of beam scanning

* 13m diameter
25m length B~
©600to overall weight ¥ »
0,5mm max. -
deformation

L

- prototype segment —=- A
tested at GSI

-

Th. Haberer, Heidelberg lon Therapy Center
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Mesa de tratamento
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Sala de tratamento
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