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1963 - Allan Cormack mentic
Phys. 34, 2722-2727)

1968 - First proton radio 1y e
Cormack, Lyman, GOiteigaP

1979 - Cormack shares CT
1979-1981 - First pCT experi
1990s - Talks on pCT at PTCC

1994 - Proton radiography at PS
1999-2000 - pCT with mod-wheel/C

2003 - Formation of t _T collabor:
LLUMC)

2004 - MLP concept |
Implementation phas 3

o 2008-2010- NIU
tracker and Csl calc
=] 2010- - UITCI -'_

(Done)

( preproduction R&D)
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Multy-crystal proton
calortmeter

We anticipate that approximately one billion protons must be recorded and distributed through all
gantry angles and in a time less than 10 minutes when the detector is fully developed. Since we wish
to determine proton range to within +/- 1 mm for head, neck and brain tumors, the voxel size for
spatial resolution should be of order 1 mm for the image reconstruction, similar to X-ray CT images.
We estimate that a proton beam of 200 MeV entering the patient will be adequate for complete

penetration for a human head.
.
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4 XY planes

of Si
tracker \ 18 Csl crystals

2mm Pb , l
beam
Beam scatterer

TTre-... | protons

125 cm

e

PCT includes : Si tracker, Calorimeter, DAQ



PFGA, XLINX onsla
= Translator

Board

LOW, HIGH
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ADC Board 12
Bit X18 CH

Si Tracker,
4 XY planes,,
Digital Output

Csl
calorimeter,
18 crystals,
preamplifier-

shaper output
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HPK S5364
Silicone
Interface

Csl wrapped
in VM 2000

Silicone Optical Interface

HPK S3584 Photodiode
VM2000

Matrix of 18
Csl crystals
in Al frame

Energy resolution (%)

Amplitude (ADC channel)
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WEPRISGalibration and cut
CONECTIONIOrL overlapping of
SITaCKer,
Correctionimatrix-with
Calorimeterresponse
Angular,and 'spatial binning
Eiltered'Back Projection and
lterative Algebraic
reconstruction

MIEEP formalism for final
reconstruction

True RSP Reconstructed from
measurements RSP
Polystyrene 1.037

_
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Why ?
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108 protons / head volume (360°)

2 min

Amplifier output waveforms of Csl{Tl) signals at different shaping times of 0.5, 1.0 and 2.0 ps.

(2 sec duty cycle)

Comparative detector cost $

250000 To use fine segmentation Csl
200000 H Cs| (expensive)
@ LSO
150000 O Sc. Stack
100000 LSO crystal gives 50 nS decay
50000 iT— time (expensive)
0F : . :
One Cost
unit(*5) total
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36 cm?,
ed, -, total number of
channels : Tracker ~ 4512,

Calorimeter =72

Fiber tracker + Range
detector

FPGA based DAQ, 20 MHz
acquisition rate, 100 MHz
clock

SiPM for both subsystem,
100 ns pulse separation (10
MHz seems possible),
impressive vendor list

Area 18 X 36 cm?, ,
total number of channels:

Tracker ~ 2160, Range
Detector ~ 100

Si =800 ym, SFT =3.2 mm
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SFT TRACKER + SC
RANGE DETECTOR

100 plates, 3 mm,
Polystyrene Sc. ~ 1%
resolution
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Baseline

Preferred

Comments

18 x 36 cm 17 x 36 cm Assume Scan beam
18 x 36 cm 23 x 32cm geometry and +/- 2.5 cm
8 x 36 cm 27 x 36 cm flashover
Continuous One continuous gantry
speed from 0° to 360°
5.7 Minutes Calculated from no. of protons
required, resolving time, and
assumed pile-up percentage.
100 100 No. of voxels approx. = 8.3
1.25 mm 1.0 mm X 10E6 (preferred)
4.15 x 10ES8 8.3 x 10ES8 For 1% electron density
resolution
25% 25%
rotons lost to car 25% 25%
tons lost from Pile- 25% 25% Pre-selected for rate calc.
protons recorded 1 x 10E9 2 x 10E9
DAQ rate 10 MHz 20 MHz
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Scintillating Plate

Energylostin 1 mm of Scintiillator
(1 plate = 3mm)

21 plates

83 plates

Energy Resolution [PMMA Plates]

100

—=— 1 mm
p —— 2

—— 3 mm
—&— 5 mim
10 mmn

u A

Energy Resolution [%)]

Energy [MeWV]

+30MaV
W36.25MeV
1927 MeV

two trigger plates




Histogram, Chan. 1
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ADC Amplitude

SF, Green, Polystyrene, KURARAY, 0.75 - BhGAF 36 Ci[T‘bSC'”t-

1 mm, 2 clad., 3HF, Al spattering . Iber , trigger nber
covers 5cm from the
far end.
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Wrapped with One Layer of Shinny Material

EEEEEEE

I ~=15 0 non IIIII IQII'I'III AV,
_

Total number of channels ~ 120

One plate dimensions

18 X 36 X 0.3 cm3

Digital or analog readout ?

SiIPM readout through 1.2 mm WLS fiber
SiIPMis of 1.3 mm diam.
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Constant  37.47 = 0.85
968 = 5.0
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ADC Amplitude
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10 MHz DAQ

DAQ sketch

AMP/DISC
&4ch

Bias
(temperature)

Tracker
Module

A few gigabit
ethernet links

High speed serial links

N

SiPFM
x32

AMP/ADC

1ob-12b
5|:|--EI-|:|| M5F5

Bias
(temperature)

Massive
amounts
of RAM
(FLASH?)
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pCT preoduction

Results
evaluation

We are
June 10,

R&D with | SF , SP,

Results
evaluation

GEANT 4
simulations

PCT integration, mech. assembly,
testing,
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pC "r' 3r':-' ner composed of Si strip detectors and Csl
_________ nd running

ISlow: Data Acquisition Rate (100 KHz) !

R&D on v.generation of pCT scanner is on its way

! Sig DNE
electrorn
lost, 5 v

L (

I More results to come

NhERaUthorsswishito thanksthe US Dep. Of Defense (DOD), US Army Medical Research
Activitiessand FAcquisitions; kt; Detrick, MD, for sponsoring projects through NIU and
LEUMESIhe supporisof, Dr. James M. Slater ( LLUMC), Dr. John Lewis (NIU), and Ms.
Kathy Buetiners(‘|NIU)*has made this project possible through their encouragement and
communication with'Pl'and DOD funding agency

26



