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PARTICLE THERATYY

The dose delivered bv hadrons itn wmaterials fallows the
Bragg Peak distribution =» PT is particularly suitable for
deep and localized tumors.
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PARTICLE THERATYY

Several pencil beams can be combined in order
to “shape” the maximum dose release region.
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PARTICLE THERATYY
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PARTICLE THERAYY

The combination of mahy radiation fields allows improving the
performances for Lloco-regional tumors. The combination of few
proton beams is extremely powerfui. in preserving the healthy tissues.

Photon 7 radigeion fields Photon 5 fields Prokon 3 fields

Universitatsklinik fiir Strahlentherapie und Strahlenbiologie, AKH, Wien

This dose distribution allows ko irradiake bhe cancer

reducing the damages for the surrounding volumes
&



PARTICLE THERKAYY
TREATMENT UNCERTAINTIES IN ION BEAM THERAPY

o TPS dose calculation errors
- Inhomogeneities, metallic metan&s

- Cohversion HU ton range
- CT artifacts

o Difference T?/ cleti;verv

= ’Daitv se&u,[o variation
- Internal organ motion
- Ama&»miaat/ykvswtogwat changes
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o Daily practice of compromising
dose ﬁamformf,&v for safe
| : Penetration depth in water / cm
d@.t Lvery v After Enghardt 2005

7 Courtesy of K.Parodi



Particle Th@.ra[zaj i EUROTYE
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PARTICLE THERAYY

In conventional RT (il.e. with pho&ov\s), the beam crosses the
patient body and can be used for monitoring. In PT the beam
is absorbed inside the patient.

A ideal PT monitor device should:

- Checle shape. ({:ampulsarj)

and absolute value 7511 kev
(desirable); chdrqed
- Exploit as signal the _ / A parices

seaomdarv particles,
generated by the beam,
coming out from the
patient, dealing with the
backqround of the other
secondaries;




PARTICLE THERATYY

In conventional RT (ie. with th&ons), the beam crosses the
patient body and can be used for monitoring. In PT the beam
is absorbed inside the patient.

A ideal PT wonitor device should:

- Measurements and feed-back should be provided during
the Ereatment . Best, in active system, if the
monitor can follow “on Line" the irradiation scan ()

- Must be integrated in the Ereatment environment and
work-flow: nozzle, couch, posi&iomiv\g svs&em,
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£ xpta Lking ' | bE and
charge d sex

parh& les emitled
during the treatments
we wak to wmonitor

ONLINE:
- khe dose released on

the F@&%iev\% .
- the beam positioning;
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o The beka+ activity emission shape is correlabed wilkh

the Bragqg Peak position for hadron beams;
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s) with respect to conventional PET (hours)
0| - Low activity asks for quite a long acquisition time (some |
minutes ab minimun) with difficult in-beam feedback |
- Metabolic wash-out —> the B emitters are blurred by the
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o The bebta+ activity emission shape is correlabed wilkh
the Bragqg Peak position for hadron beams;
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wsa PROFILE

Trained Geant4 MC E. Testa et al Phys. Med. Biol. 57 4655
1.0
2000 T i 25 mm
' | o The charged
se&umdarj
par&i&t&s

emission skap@.
is correlated

with the Bragg
Peale Pasi&iam;
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m DOSE YROFILE

ant4kMC ; E Testa et al Phys. Med. Biol.
N S AR

2000{ G

|- Th@: detection &:%{L{,L@:M{Jj is very high
15{‘1 - Con be e:z&::t,i.lj baclke-traciked to the emission F(}LM& => the

J|

r’ distribution of the emission pc:«;m&s can be correlated to
! the beam prwfd@,
| = They are not so many
|- Energy threshold to escape ~ §0-100 MeV
- They suffer multiple scattering inside the patient —» worsen |
, &he baakmpow\hv\g resatu&mm
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For the CNAQ
measurements we
design a cart in
order ko hold up

the detectors

reducing any
possible interference
with the &kerapj
. Pprocedures

Profiler

PET HEADS




PET HEADS

o Full in-beam PET system able to
sustain annihilation, erc)mp& pha&mn
and neutron rates during the beam
irradiation (in-beam and inter-spill);

A.‘..:'.l‘ v

o Two Ftav\ocr pame&sz 10 e X 20 ©m
wide => 2 x 4 detection modules;




PET HEADS

3 Two Fwtanar pametsz 10 e X 20 €
wide => 2 x 4 detection modules;

o Each module is composed of a
Pixei.a&e.d LYSO wakbrix 16 x 16
F.'E,xei.s, 3 vmm X 3 vam trjs&a&s
(pitch 3.1mm).

o Total sensitive area of a module:
5 cm X & e,

LYSO matrix readout: array of SiPM
(16x16 pixels) coupled one-to-one.

1%



PET HEADS BACKGROUND

DOPET: an in-beam PET momnitor for kadrom%kérapj

2

o Two PET heads, each made of
2x2 squared position-sensitive
photomultipliers (Hamamaksu
H¥s00) coupled to LYS0:Ce
scintillating crystal arrays

& /’ (RX@X1% mm3 pixel size).
y ’
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| CNAO: 95 MeV proton
beam o PMMA in- |
beam and off-beam |

l acquisiktion |
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PET HEADS BACKGROUND iy ~

l
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The annithilation map is reconstructed with Moaximum Likelihood
Estimation Maximization (MLEM) Iterative algorithm

Time vs Annihilations

— Data

Monte Carlo

Data can be divide in:

Nr annihilations

_ein spill
_ einter spill

ebeam off (BOFF)

Inter SFLLL |  "
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Time [s]
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z-profile 154746 in-spill z-profile 154746 inter-spill

= Data In-spill — Data Inter-spill
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= MC In-spill — MC Inter-spill
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DOSE PROFILEKR

s Dekection of photon dnd charged particles:
= >reconskruckion krack ang inl;erqctin_cj point

a bBdck krdck khe chqrged_
Seconddry Pdreicles

s Detection of ¢ prompt
Photon vig Compeon
P effect and reconskruck
kS emission point
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DOSE PROFILER BACKGKOUND

e eenonprone CO@RMEN BP correlgeion wikh emission prome
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DOSE PROFILER BACKGKOUND

Measured fluxes

Measured emission profile (>*C @PMMA) ~ 103 sr'! @ 80MeV /u 12C beam, 90°
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DOSE PROFILER BACKGKOUND

Measured fluxes

Measured emission profile (C @PMMA) ~ 103 sr'! @ 80MeV /u 12C beam, 90°
~ 102 sr'! @ 220 MeV /u 12C beam, 90° and 60°
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DOSE PROFILEKR

Tracker Dekector Absorber
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SCHEMATIC SIDE VIEW OF THE DOSE PROFILER

electronics

mechanics

PMTs

FLQSE&C

scintillator =» to
avoid eleckrown
bacle scattering
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DOSE PROFILER
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DOSE PROFILER
o FLUKA simulgkion

Energy released in fibers vs energy in the plastic scintillator
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DOSE YROFILEK

P H..UKA Simulc

We expect
~ 1000 protons/
2 Gy 12Cion
treatment
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10 cm 20cm

DOSE PROFILER P

ICRU brain

s Reconstruckion software e
and FLUKA simulgeion

ICRU cortical bone

Legend
= protoni 30 cm

= protoni 25 cm
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Emission point reconstruction efficiency 8mm at 125 MeV
(improving of a factor proportional to '\/Np =>n~2mm)
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Energy (MeV)
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TimeTable 2015/2016&
PET HEADS DOSE PROFILER

1. Electrownics, mechanics, 1. DP assembly (Electronics,
DAQ finalization mechanics, DAQ)

2. PH(1) PH(2) assembly 2. Software reconstruction

3. Software recownsbruction finalization
implementation 3. Integration HW and SW

4. Calibration tests \//\ 4, Calibratiown tests

z“ N ﬂ £ "‘-}I

WORK ~OR PATIENT
TREATMENTS TEST '

/End 2016 tesb
N Fhan&c

=
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10 cm 20cm

DOSE PROFILER P

ICRU brain

———

a Detector resolykion

ICRU cortical bone

Legend

Efficiency

= protoni 30 cm

= protoni 25 cm

60 80 100 120 140 160 180 200 220 240 260
Energy (MeV)
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Protons

Protons

Deutons

Tritons

Electrons

v

14

Time of Flight (ns)

Time of Flight (ns)

37



\Profons\

The p, d and t measured fluzes for the 60° and 90° experimental configurations are:

]\c[l]\;?z (0 =60°) = (8.78 £ 0.075¢ar £ 0.64,y5) X 1072 st
C
15]\;‘;2 (6 =60°) = (3.71 £ 0.044,; £0.37) x 1072 sr7!

C

dN, i o
Ned? (6 = 60°) = (0.91 + 0.014 £ 0.215) x 1072 57
dN, ) o
gy (@ = 90°) = (1.83 & 0.02ua0 £ 0.14,50) X 1072 7

C

dNy ) o
Ne~dS) (9 =90 ) = (078 - 0'Olstat + Oogsys) x 10 ST

C

= == . . stat . < X =3 op—

A‘fj\;"ﬂo 90°) = (0.128 % 0.005,, & 0.028,,) x 1073 sr!

C

The measurements are systematically dominated, where the leading contributions
to the uncertainties are coming from the PID (see section 3.2 for details) and DAQ
dead time evaluations.



Protons
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TRACKER: planes’ readout

1x1 mm

—

flbres read out

Bl el

INSIDE - TORINO 15.9.2014

1

192 mm

e new MPPC (SiPM) => higher efficiency (35%)/noise ratio

(two Immx1mm pieces now at Milan)

e 20x20 pixel (50umx50um) => for one fiber 10x10 pixel

For a m.i.p.: 2MeV/cm = 20000 ph/cm = 1000 ph/fiber
=> 1000 x 4% x 35% ~ 17 p.e./fiber/m.i.p.

Adalberto e
Mi213124444442134512341234523142132312 40
223123chela - ROMA



LYSO matrices from ?7?:

e Hilger "oldPISA"
e Epic "Cina"
e Hamamatsu "PET"

16 MAPMT H8500:
e already purchased
e partially tested

E‘%H&ﬂiﬂiﬁ L ll R

""""""" I|zat|on

e 8 x 8 pixels PMT
e 23 x 23 pixels crystals

——— [EsiEiEne .




PP: STRUTTURA MECCANICA del TRACKER

We start working on the mechanical structure of the

DP; in particular we elaborate the integration of the

plane tracker with the electronic boards (SiPM _ fiber
readout).

INSIDE - TORINO 15.9.2014



STRUTTURA
MECCANICA

FENEEEEEEEEEEEEEEEEEEEEEEEEEEEEE "
.

i Dressing of

the fibers

Separation
in 4 frame

eh
¥

INSIDE - TORINO 15.9.2014



PP: STRUTTUR A MECCANICA del TRACKER

i Afirst layer of
. fibers is ready!

INSIDE - TORINO 15.9.2014 Adalberto e Michela - ROMA




PP: STRUTTURA MECCANICA del TRACKER

The scintillator layer are read out with the same
SiPM electronics of the tracker layers.

INSIDE - TORINO 15.9.2014



PP: STRUTTUR A MECCANICA del TRACKER
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PP: STRUTTURA MECCANICA del TRACKER
: g : g : v : g
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-
PR

2013
« profiler layout optimization with MC
e reconstruction algorithm development

2014 .........................................................................................................................................................................................................
» fibers test - Milanis working to the test board

: : LNF start working effectively from June!
* electronics and DAQ design

* one plane module assembly => M.Magi

------------------------------------------------------------------------------------------------

* electronics production

_ * calorimeter realization

S profiler assembly (mechanics, electronics, DAQ &TRG)
* integration HW & SW

* global device test & characterization

INSIDE - TORINO 15.9.2014 Adalberto e Michela - ROMA
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