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In-vivo range verification
Safety margins could potentially be 
reduced with routine in vivo range
monitoring. One takes advantage from 
the nuclear interactions of the beam in 
the body.
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In-beam PET

10 x 25 x 2 cm3

2560 acq chns/head
Distance from the
isocenter=30 cm

256 LFS pixel crystals 
(3x3x20mm3) coupled one 
to one to MPPCs 
(Hamamatsu Multi Pixel 
Photon Counters, SiPMs).

First clinical test 
patient suffering of a 
carcinoma of the lacrimal 
gland.
Treated with 3.7 *1010 protons
[66.3, 144.4] MeV/u
(28-29)/30 fractions, 2.2 GyE
Monitored for two consecutive 
days (1 and 2 /12/2016)
Compared with FLUKA 
simulations

Dose Profiler

CLINICAL TEST

Coincidence 
event rate in-beam 
compared with FLUKA 
simulation

PET DETECTOR

EVENT RATE

Measurement day 1

Measurement day 2

Simulation day 1

J Pawelke et al., Proceedings IBIBA 2007, Heidelberg

Single 12C pencil beam (PB) shot 
inside rando phantom (centre) at 
different ranges (energies). 

Resolution: measured using 
a small (4mm diam.) plastic 
sphere with incoming 12C 
ion beams.

~ 7.5mm per track 
resolution measured @54 
cm (operational distance 
from isocentre in INSIDE) 30 40 50 60 70 80
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Antje-Christin Knopf and Antony Lomax,
“In-vivo proton range verification: a review” Phys. Med. Biol. 58 (2013) R131–R160
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Particle therapy is highly
sensitive to range
uncertainties. 
Particle range (PR) in patients
needs to be predicted as
accurately as possible in the 
treatment planning and delivery 
process. 

Fibers Saint Gobain BCF-12
Double cladding layer (4%)
Trapping efficiency 7.2%
2 plastic scintillator layers for 
energy measurement

FIBER TRACKER

SPACE RESOLUTION

Matter effect studies 
performed against full FLUKA 
simulation of 300 MeV 12C 
ions

Reconstructed 
spectrum only: 
no matter effect 
accounted for

After 120 s average activity contour distance < 1 mm
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Statistics: 106 ions ~ 1cm2 

area.  10-20 PB summed up

CNAO TEST BEAM

Detect the signals exiting from the patient and correlate them with the PR

Motivation
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6 planes, each one composed of 
2 orthogonally oriented
scintillating fibres layers

See also poster prsented by E. Gioscio


