Introduction: a historical overview
Modern medical diagnostics
Particle accelerators for medicine
Conventional radiation therapy
Basic principles of hadrontherpy
Present and future of hadrontherapy

A tour in a hadrontherapy centre
o The Loma Linda University Medical Centre (LLUMC)

8. Specific topics in hadrontherapy
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 Founded in 1905 as the Loma Linda Sanitarium
* Now: 6000 employees, 550 physicians, 24000 inpatients/year, 650000 outpatients/year

» 1993: Children’s hospital (900 beds), world’s leader for infant heart transplantation
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e Built in 1993 in the
basement of the Children’s
Hospital

* About 80 M$, mostly from
the US government

* 150 employees, 130/180
patients/day, 160 average
patients/day

* 89% prostate cancer
treatments

» Optivus: 60 employees,
provides field service,
maintenance and
upgrading




 Two floors, one for visits and one for
treatments

' prOTON TREATMENT CENTER

* TWo nice receptions, with games,
internet, coffee, etc.

* Along corridor with patient
preparation rooms on the right and
four treatment rooms on the left
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what 2 pRySEETC

Gantries
Stationary Beam

f
Synchrotron Accelerator
Beam Transport System

HBL — Eye treatment + horizontal beam Experimental room — 3 horizontal beams
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* Proton synchrotron
(design Fermilab upgraded
by Optivus)

8 * 304 MeV maximum
§ energy

«260 MeV maximum
extracted energy

* Cycle 2.2 sec

» Spill duration 0.2-0.5 sec
e Quter diameter 6.71 m

* Maximum proton flux
3.4x10%0 p/spill (2.5 nA
average current)
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Hydrogen bottle + spare !!!
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The RFQ — 425 MHz, 2 MeV output energy
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The debuncher + focussing quadrupoles

180° bending magnet
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e 0.947 —9.713 MHz

Rome - 15-18.03.10 - SB - 7/8 (K




Extraction efficiency 90%
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To the treatment rooms
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17x17 -
ionization Quadrant

chamber ionization
chamber
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One for
each field

Rome - 15-18.03.10 - SB - 7/8 21




One for
each field
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* Performed overnight
for each field by a
physicist

* Only one pointis
tested (chosen by a
medical physicist)

* All the components
are bar-coded

e Precision within 2%
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The beam time schedule

Schedule

6 am — 10 pm Treatments

10 pm — 2 am Calibration and maintenance

2am —-6am Upgrading and research

Week-end : Maintenance, upgrading and
research
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e Pixel ionization chamber

e On-line monitoring during hadron-therapy treatments

!

2D information:

Dose

Beam position

e Collaboration TERA — University and INFN Torino
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Fiberglass frames

5 mm thickness
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Anode: 1024 pixels

Sensitive area: 21 x 21 cm?

Pixel dimension: 6.5 x 6.5 mm?
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: 50 pm

Kapton

17 um

Copper
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Aluminized mylar
! Applied voltage: - 400 V

Fiberglass frame
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Chip TERA 06
Recycling integrator
2 X 64 channels

1024 pixels : 8 boards, 16 chips
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The lower the charge
quantum

. 3

The better
the measurement

The charge quantum

Charge quantum: 100 — 800 fC can be_adjusted
according to the
Q=1001C q lnax= 0.9 pA beam current:
Q=8001C |HB| 1= 4.0 1A
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A nice effect...
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Measurements in Gantry 2

Vertical beam for measuring the
Bragg peak

Epear = 149 MeV

Alignment with laser beams
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