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PHYSICS
f jonization of N\

atoms;

possible direct
breakage of one
or both DNA

CHEMISTRY

BIOLOGY

creation of free
radicals and
other chemical
changes

strands

generation of heat
(about 96% of dose)

damage to DNA
and other intra-
cellular and,
possibly, extra-
cellular targets

I

cell death
(microscopic)
S

I

N
tumor control and

organ damage
(macroscopic)




CHROMATIN FIBER
{~ 25 nm diameter)

LET (kewum)

1 MeV protons ....3'-"!_..5__,_,_“_*_ s i

1 MeV/u g-particles ;'WJ'E"“A W |

1 MeV/u G ions




photons

biol. eff. dose: Carbon ions
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IMPORTANT: a 10% increase of the dose typically
produces an increase of the tumour control rate from 50% to 60%
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D=10 eVinm

IZCarbon Tons
EP==391 MeV/u

Rp =260mm

B ___D>10 eVinm




D(z)MeVg-len2 Light Ion Molecular Bragg Peak Therapy

cellular stress cellular stress
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Michael Goitein

BIOLOGICAL AND MEDICAL PHYSICS, BIOMEDICAL ENGINEERING

Radiation Oncology:

A Physicist’s-Eye View

@ Springer

' CHARGED PARTICLE

RADIOTHERAPY
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The accelerators used today. in hadrontherapy are

Teletherapy with protons (200-250 MeV)
CYCLOTRONS (*) (Normal or SC) SYNCHROTRONS

o ———

I i ==b_tat

—

b 4-5 metres g

(*) also synchrocyclotrons

Teletherapy with carbon ions (4800 MeV = 400 MeV/u)

SYNCHROTRONS

7

18-25 metres
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BEAM ON
1-4 s
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The pulsed beam of fixed energy A cycling beam of variable energy
is always present has 1 second gaps

(*) A synchrocyclotrons cycles at hundreds Hertz
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Septum Magnet

Electrostatic
Defelctor

Sextupole

- J; Beam Injection
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First hospital-based
proton-therapy centre

2005:160
sessions/day
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patients treated
with carbon ions
J. Debus (Heidelberg Univ.)
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Bending limit
Feocusing limit
Pole radius
Yoke outer radius
Yoke full height
Total waight
Min-Maox field
Main coil At
Sectors

Min. hill gap
Max valley gap
Trim coils

Dees

RF range

Oper. Harmonics

Peak dee voltage

K=800
Kfoc=200
20 em
190.3 cm
286 cm
176 tons
2.2-4.8 Tesla
6.5 10°

3

8.6 cm
91.6cm
20

3

15-48 MHz
1.23.4
100 KV







CERN-TERA-MedAustron Cullahuratmn fur nptlmized medlcal synchrutrnn

Project leader: P. Bryant

limacs for

carbon ions
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16 Bending Magnets

3 extraction systems:
betatron core
1/3 resonance
RF knock-out
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CNAO Foundation created by the ltalian Government in 2001:
4 Hospitals in Milan, 1 Hospital in Pavia and TERA

Since 2004 INFN is Institutional Participant with construction
responsabilities

In October 2003 TERA passed to CNAO
the design of CNAO (3000 pages) and 25 people

PIMMS/TERA

/ PIMMS/TERA
One linac a la GSl inside the ring
- Multiturn injection

~ Short beams
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