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PET scintillators

Photon detection *» Photo-detectors are usually coupled to scintillators:
n ,F,‘,‘,g;};,‘;"a' the most often used was BGO (Bismuth germanate, Bi,Ge;0,,) and

more recently is LSO (Lutetium Oxi-orto Silicate).
Small Animal
Imaging:PET&CT

Material | Density | Atomic | Lightyield Decay Peak Time Index of Comments
Breast cancer [g/cm®] | numbers | [%Nal(Tl)] time wavelength | resolution | refraction
Imaging [ns] [nm] [ns]
PET&SPECT Nal(TI) 3.76 11,53 100 230 410 15 1.85 Hygroscopic
Low density
“In vivo” PET BGO 7.13 83,32,8 15 300 480 7 2.15 Low light
dosimetry for yield
hadron therapy Slow
LSO 7.4 71,32,8 75 40 480 14 1.82 Intr.
background
New 400 cps/cm?®
photodetectors: .
SiPM GSO 6.71 64,32,8 26 600 430 - 1.85 Low light
yield
. Slow
Conclusions CsI(TI) | 451 55,53 45 1000 565 - 1.80 Slow
Ack led t .
cknowleagments —yap.ce | 537 | 39,138 55 27 370 11 1.95 Medium Z
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PSPMT choice
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Photonis

LYSO (1.7 mm pitch)
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Project idea (PEM_PISA)

Photondetection o Each head is made up with 4 LYSO matrices + 4 H8500

Imaging e coincidence scheme (1vs. 4) x4 98 mm

Small Animal
Imaging:PET&CT

Breast cancer
Imaging
PET&SPECT

“In vivo” PET
dosimetry for
hadron therapy

New
photodetectors:
SiPM

Conclusions

Acknowledgments
e Matrix size : 23 x 23 cristals
e 1.9 mm side 2.0 mm pitch, 16 mm thick.
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Readout architecture
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Ex& anode signals +
Last dynode signal

EX+8Y signals
+ timing

2X+2Y signals
+ timing

Res.
SCD chain+
- PSP

Two steps resistive divider

Res. P

SCD chain+ » 4
- PSP BN,

Twe steps resistive divider

Twa steps resistive divider

1 x H8500: resistive chain (4 outputs)
@ scD (symmetric charge division)

(& + 2D chain + pre-amp (PSP)

A single H8500 module assembly
with SCD + PSP

» Each det. head

1x 3 H8500: 2 parallel DAQ boards

» PC connect.: 2 x USB 2.0 5
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The DOPET project

(Dosimetry with Positron Emission Tomo

Photon detection

in f;gcg‘ona' The project, supported by INFN and MIUR (2006), aims to
" investigate the feasibility of off-line PET for milimeter range
small Animal  monitoring in proton-therapy.

Imaging:PET&CT
THE PET PROTOTYPE

Breast cancer
Imaginq
PET&SPE

“In vivo” |
dosimetry
hadron the

New
photodetec
SiPM

Conclusi

Acknowledgments  Sdbmo platianddadbolondBtiplns  Mudiptesed. kit sPeatmfics: 64 in/4 out.
Hpmagog st 48091 x21 pixels; Cristal thickness: 18 mm.
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Phantom lrradiation & Imaging

Photon detection « Homogeneous cylindrical and eye
I ::r:gg:“;"a' phantoms of PMMA were irradiate
with monoenergetic and SOBPs;

Small Animal e Distance between heads: 14 cm;
Imaging:PET&CT

Breast cancer
Imaging . .
PETRSPECT = Dose delivered: 15-30 Gy
within 60—240 s;
“In vivo” PET

dosimetry for

ree = Proton beam intensity:

~ 108 s71;

m Final collimator: 25 mm O;

New
photodetectors:
SiPM

Conclusions = PET acquisition time:
10-30 min;

= ML-EM for imaging in 3D.
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The Feasiblility of PET for Range Monitoring

Photon detection
inFunctional o |0 the ideal case of homogeneous targets we can resolve fairly

Imaging ]
well range differences of less than 2 mm.

Small Animal
Imaging:PET&CT

A0 ——
1 A2 —
Breast cancer "
Imaging os | 6
PET&SPECT " '
S 06 |
“In vivo” PET g
dosimetry for 04
hadron therapy
02 +
New
photodetectors: 0 . 1 e 20 . 30
SiPM X [
Conensions Longitudinal dose profiles from Longitudinal profiles of the measured
A irradiation using different range shifters activity integrated over the central slice
cknowledgments ]
and 12 mm modulator. of the PET reconstructed image.
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Testing the eoretical filters on
e

Y 4

Photon detection
in Functional
Imagin
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Small Animal ~ © g{ ffH AGHALY . . .
|
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Imaging
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dosimetry for

hadron therapy 'tbﬂt@g@aﬁbn: 1519
MM B;

=
fas

=
fay!
T

Arhitrary units

=
=
T

—+ —[osze
New 02r_ 4= - Measured Activity
photodetectors: Filtered dose
SiPM e
|:| | 1 1 o c
5 10 15 20 25 30
Conclusions

Depth {rmm)

Acknowledgments
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Silicon PhotoM

It|p||er = SIPM

Tallal

Photon detection SOLID STATE PHOTODETECTOR= SiPM: Multicell Avalanche Photodiode
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p high-electric field T e-

S
3
< multiplication region

v | T epilayer

Ry 2 y working in limited Geiger mode
n* cathade GM T hil xide
A Od\,; - 2D array of microcells: structures in a

common bulk.

- Vbias > Vbreakdown: high field in
mult. region

- Microcells work in Geiger mode: the
signal is independent of the particle

|% p* substrate

—_energy

| - The SiPM output is the sum of the

L

-1 PHUWJLT 1O dboUIlvTU dliu ol IUIGLUD all
electron/hole pair

-The electron/hole diffuses or drifts to the high-
electric field multiplication region

-The drifted charge undergoes impact ionization
and causes an avalanche breakdown.

-Resistor in series to quench the avalanche
(limited Geiger mode).

signals produced in all microcells fired.

BI

T3 Ul no
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Results: energy resolution (AE/E)

Photon detection e Setup:

in Functional
Imaging — 2 LSO [1mm x 1Tmm x 10mm] crystals coupled to 2 SiPMs
Small Animal — Home made amplifier board.
Imaging:PET&CT . . .
— Time coincidence of signals.
Breast cancer - VME QDC for DAQ [ Na-22 energy spectrum (coincidence) |
Imaging — 2°Na source. 200
PET&SPECT - x2 I ndf =24.38/33
600 :_ Constant 664 + 7.0
“In vivo” PET ] ] - Mean  1.248e-08 = 1.136e-11
dosimetry for d Energy resolution in 500;— Sigma  1.067e-09 = 1.203e-11
hadron therapy . . =
coincidence: 20% FWHM. 40
New -
photodetectors: (beSt result: 17.5 %) 300;
SiPM 2000
Conclusions 1003—
0; ol L e (X107
Acknowledgments 0o 2 4 6 8 10 12 14 16 18

Signal area (a.u.)

[G.Llosa et al, Conference Records IEEE NSS-MIC 2006, M06-88]
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Results: coincidence timing (TOF)

Photon detection * Coincidence measurement with -
inF ti | Constant 174417
" \maging. two LSO crystals (1x1x10 mm3)  ,.c

Coupled to tWO SiPMS 120;_ igma 6.056e-10 + 7.290e-12

Small Animal

Imaging:PET&CT « Theory: Post and Schiff. Phys. Rev.
80 (19501113. _
60—

Breast cancer B
Imaging 4 /Q T pry
~J -

PET&SPECT ag
< N > u: WATEPENIT, N b adtbra bl s B o |10

“In vivo” PET Wh ere: o6 Time difference (s)
dosimetry for

hadron therapy  <N> = gverage number of photons: ~ 100 photons at the photopeak

100—

80—

New Q = Trigger level: ~1 photoelectron.
photogerectors: 1 = Decay time of the scintillator

For two scintillators in coincidence expected : => V20~ 630 ps .
Measured => ~ 600 ps sigma.

Conclusions

Acknowledgments

Measurements in agreement with what we expect!!

[G.Llosa,et al. to be presented at IEEE, NSS-MIC 2007, Honolulu,USA] 12
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Results: New detectors (May 2007)

50x50

Photon detection Different geometry,size,microcell size and GF.

in Func?ional 40x40um2 => GF 44% 5050un Bamm i

maging  5ovs0um2  => GF 50% i
Small Animal  100x100um? => GF 76%

Imaging:PET&CT o

Breast cancer
Imaging
PET&SPECT

- S IRST

circular 1x1mm?  2x2mm? 3x3mm? (3600 cells) 4x4mm? (6400 cells)

“In vivo” PET (1mm diam)
dosimetry for

had th . SiPM4 - W1 Matrix 4x4 10-18
adrontherapy  Matrices 16 elements (4x4) 1E0s 5
New ‘ 1.E-06
photodgtectors: \V CURVES OF 9 :
e MATRICES. 1EOT
EE %LEM %

Conclusions =

VERY UNIFORM 1.6-09

Acknowledgments BREAKDOWN i
POINT 1E10
TEA A
0 5 10 15 20 25 30 35
[C.Piemonte et al, Nuovo Cimento C, 2007 to be published] Vrev [V]
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The ultimate dream for small

Desian#3: Multi-annul

Gl Al 1A

3I 11 ]

Photon detection  * Two coaxial continuous cylinders of LSO, each 5mm thickness and 7cm length

in fu"CFiO"a' + 1 cm thickness for SiPM and FE readout electronics
Ml * Inner ring inner diameter 12.5 cm; outer ring outer diameter 14.5 cm
Small Animal * Number of Photodetectors ~ 60k SiPM channels total (1mm?)

Imaging:PET&CT

Sp Res~0.75mm (FWHM) over FOV
Eff ~16% at the center of the FOV
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16

“In vivo” PET
dosimetry for
hadron therapy
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New
photodetectors:
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Efficiency (%)
*

Conclusions

Acknowledgments

1 1 1 1 1 1 1
0.5 1] n.a 1 15 2 25 3 3
Axial shift of the source (cm)
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