05/07/2024, 15:11 (79) Time-of-Flight Positron Emission Tomography with Resistive Plate Chamber Detectors: An Unlikely but Promising Appr...

UPLOAD YOUR PAPERS NOW »

A as~| O » th o~ H a ian

HOME MENTIONS ANALYTICS UPLOAD TOOLS

Time-of-Flight Positron Emission Tomography with Resistive Plate Chamber
Detectors: An Unlikely but Promising Approach

Miguel Couceiro

Acta Physica Polonica Series a

@ 5Views B9Pages 1File v

¥ Physics, Mathematical Sciences, Physical sciences, ACTA PHYSICA POLONICA A
Show more

0 Download Full PDF Package o Translate PDF
Original PDF o Summary Related
Vol 127 [2015) ACHA PHYSIOAL POLONICA A No.a

https://www.academia.edu/70159317/Time_of_Flight_Positron_Emission_Tomography_with_Resistive_Plate_Chamber_Detectors_An_Unlikely_... 1/10


https://www.academia.edu/upload/document
https://ipc.academia.edu/MiguelCouceiro?swp=tc-au-70159317
https://www.academia.edu/Documents/in/Physics?swp=tc-ri-70159317
https://www.academia.edu/Documents/in/Mathematical_Sciences?swp=tc-ri-70159317
https://www.academia.edu/Documents/in/Physical_sciences?swp=tc-ri-70159317
https://www.academia.edu/Documents/in/ACTA_PHYSICA_POLONICA_A?swp=tc-ri-70159317
https://www.academia.edu/
https://www.academia.edu/?from_navbar=true&trigger=nav
https://www.academia.edu/upgrade?feature=searchm&from_navbar=true&trigger=nav
https://independent.academia.edu/iancrotty/Analytics?from_navbar=true&trigger=nav
https://www.academia.edu/upload?from_navbar=true&trigger=nav
https://www.academia.edu/checkout?feature=default&trigger=nav-btn-trial&from_navbar=true

05/07/2024, 15:11

Froceedings of the |1 Symposinm on Pasitron Emission ‘Tomography, Krakow, September 21-24, 2014

Time-of-Flight Positron Emission Tomography
with Resistive Plate Chamber Detectors:
An Unlikely but Promising Approach

AL Covceirod, P, CrESTO®C, A, Brancoe, N.(!. FERREIRA%e, L. MENDEs%,
R. FERREIRA MARQUES®® AKD P. FONTE®?
aboraldio de Instrumentacio e Fisica Fxperimental de Particulag, Deparlamento de Fisica.
Universidade de Coimbra, Rua Larga, 3004-516 Coimbra, Portugal
Ynstitnato Politéenice de Coimbra, ISEC, Bua Pedro Nunes, Quinca da Nora, 2030-199 Coimbra, Pormugal
Departamento de Fisiea, Paculdade de Citnelas © Teenolopia, Tniversidade de Coimbra,
Rua Lorgs, 3004-516 Coimbya, Portugal

Unstitnte Wiemedico de Tnvestigacio da Luz e Imagem, Faculdade de Medicina, Universidade de Caimbra,

Azinhaga Sanca Comba, Celas, 3004-516 Coimbra, oroagal
“Tnstituto de Citnelas Nuceleares Aplicadas 8 Sadde, Paculdade de Medieina, Tniversidade de Coimbra,

Azinliaga Sonta Comba, Colas, 3004-316 Coimbra, Portugal

The cost-elloctiveness of resislive plate chambser deteciors and theic very soud liming characieristics, open he
possibility to bnild sffordable time-of-Hight pestron emission sownography svatems with o larpe sxial field-of-view.
Simnlations smapest that, uncder roasonable assmptions, the ahsolute 313 tre sensitiviry, spacial resolutiem, and
noise cguivalont count rae of such systems far human whole-Tiody screening, may cxcecd that of prosent crysial-
based PET techoology, However, due Lo Lhe lack of energy resolulion, although haviey energy sensitivily, Lhe
scatter fraction 14 expected tu be considevably higher than that presented by crystal-based PLLU scauners, L the
prosent paper, the simnlacion work done so far o access the expocted  porformance of a resistive plate chamber
rime-of-Aighc-PET system with 2400 mm length axial ficld-of-view, a time resolnrinm of 300 ps foll wideh st halt
maximumm lor pholons pairs, and deplh-al-interaction inlormacion, will be roviscd,

DT 10126037 AThysTal A.127.1453
PACS: 8757k, 20.40.C%, 8T.57.of. 87.5T.cm

1. Introduoction

The resistive plate  choamber (BPC) time-of-Hight
i("TOI posivron emission Tomography (P coneept. [1)
is based on the converter plate prineiple [2], depicted
in g 1.

Sunple and ceonomic constructiown, oven for large arca
eovering, gond 1iming reaclution of 300 ps full widih al
badf moximum (FWHM) for 511 kel photon pairs [1],
excellent podivion aceuracy of 38 pm 3], and the capa-
bility to resulve the depth-of-interaction (DO [1], wake
RI'C delectors an allernative Tor developing PET scan-
ners with a luge axial ficld-ofvies (AFOV) alinost froe
ol parallax sevors ancd with TOWF capabiliny. Az Lhe major
disadvantage when compared to inorganic ervstal seiutil-
lation deteciors, one can poinl oul vhe lack of energy
resolution. Howeser, for the detection of photons, RPCs
presenl an energy sensilivity |3, 6|, which, for PET appli-
cations, is cquivalent to an enerpgy discriminacion thresh-
old of 300 ke¥ in Lerms of rejection of ecoincidences in-
volving seattored photons [1].
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Fig. 1. Scheme of & single gap timing BPO detector
with posicion readont, depicting the comverter plare
principle.

In ihe present paper, the simulalion work done so far
to access the cxpected performance of a full-body length
RIPCHTOP- T seannes, will be brielly vevized. Full de-
serption of (and details on) the stmulation work done so
[ar can be Tound in el |6-11).

2, Sinmlation sctup and procedures

To aceess the expected perdorusnce of o larpe AFOV
RPC TOF-1PE L scanner, in whal coneerna the sensiliv-
ity, spatial resolution [SE), seattor fraction (8F), count

rabes (O], and nolge equivaleny count rate (NECR),

(1153)
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ay wcesared by the National Electrical Manufacturors
Aszociation (NEMA) NU2 srandares |12, 13| simula-
tlows woere performed with programs developoed with the
CGranTd toolkit |14, 13 Lor the sensitiviry test, che
1994 and the 2000 wersioms of the NERMA NU2 stoan-
dards |12, 13| were used, while for the S8R, 81 and NECIL
tests, omly the NEMA XUZ-2001 standards [13] were
employecd.

In what follows, the peneral setup coployed for ol
sinmilations coneerning each of the aforementioned per-
formamnee parsncters will be given shortly.

2.1, Sensitivity

Few the gensilivity teal Tollowing the NTGM A N1U2-1594
stamdards [12], the scanner wos modelled as o right ciren-
lar anuulus with 827 mm inner diameler and an A0V
ramging from 150 mun to 2400 mw [6, 7] The test phan-
Lenn congisted ina 1730 mm axiallv extended version |, 7|
of the phantom defined in the NEAMA KTI2-1991 sron-
dards [12]: a 3 £ 1 mm thick right cireylar cylindrical
polviethyl methacrelate (PMMAY shell, with an oater

digmeler af 203 £ 3 mm and an inner axial lengih of

190 + 1 mmn, with the core filled with a piven activity li-
luted in waler. The physics lisl ernploved was encively
bascd on the standard electromagnetic physics {SEP)
models of the GRaNTd Loollil, |'|4, 15|, andd Lhe souree
was cefined as positrons at rost, nniformly distribuned in
Lhe eone of The test phantom |6, T

For the sensitiviey tost following the NEMA NTT2-2001
slandards [13]. the scanner was delined g approxilar
way, but with n diamerer of 920 mm and a fixed APOV
ol 2400 mm 9], and Lhe tesl phanlom congizted in Lhat
defined in the NEMA NUZ-2000 standards [15): o line
source with an axial lenglh of 700 mm, which is sor
ronnded by a variable thickness of aluminium by means
al live concenlric 2.5 mm thick ovlindrical sleeves that
are added in turn arcuned the ine souree. An axially ox-
Letded version of the phantorn, with a lenglh ol 2400 o,
was also simulaved 9. The physics list cmploved was
baged on Lhe low energy eleclramagnelic package (T.IP)
of the Grantd toolkit |14, 15], and the source consisred
in bacl Lo back photans anilfcrmly distribuled in the core
of the line source: 9.

Tn bolh caaes, che phantoms wore conlred in the scan
ner field-of-view (FOV), photons were fully tracled in che
phantaorm, and Cthe poingg were Lhe phodons imnpinged vhe
inner surface of the detection annnlns were taken as che
deteclion points |6, 7. 9]

A Scatter fraction, count rates and noise eguivalont
vorpnd rle

For the 8F, CR, and NECR tests, the scanner was de-
lined as depicted in g, 2: a hollow parallelepiped with
four derections heads, caclt contaiuing a stack of swonty
donhle-module molti~gap RIPCla, each module having gix
200 pu thick glass plates separated by five 350 on thick
amplilication gaps, each module having its own axial
readout clectrode, the transacdal clectrode being shared
by both modules [10, 11].

Time-of-Flight Positrom Emission Tomography with Besistive Mate Chamber Detectors. |
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Tig. 2. Skewch of vhe RTC TOF-TPET svelew [10, 11]:
(] scanner, consisting of 1detectivn walls; (b] deleciion
wall contadning a stack of 20 donble module mwulti gap
RPC doetecrars; (e] RPC detector with oo deteetion
modules, cach containing O glass plales with vhicknoeses
al 200 pmn, sepavated by 5 amplificacion saps will indi-
vithial thicknesses of 330 prn, with a comnmon transasial
arted two independent axiul readomt eleenrodes.

The esl phantom, which was centred in The FOY,
consisted in charn defined in the NEMA NTT2-2001 stan-
dards 13- a right civealar exlinder o polvethylens
with specific eravity of 0.96 + 0.01, an axial Iemath of
700 £ 5 i, and a digmelor aof 203 £3 min, inowhich g
hole with 6.4 + 0.2 mumn diameter is drilled parallel to che
conbral axis ol the phanuern Dl displaced 451 mm Trom
it, which seyves to accommaorate a line source consisting
in a right circular evlindrical annulus (aleo ol polveuy-
lene) with inside and outside dismeters of, respectively,
3.2 £ 0.2 i and 4.8 + 0.2 i, the core being Tilled
with a given activiey diluiced in warer. An axially ex-
Leneles] wergion of the phantom, with an axial lenglh of
LBO0 mmm, was also simulared |10, 11]. For both phan-
Lams, the source consiged n ST nueled umilormly dis-
tribmred in the core of the line souree |10, L1).

The phyaica lial emplened was bazed an 1he SEIY mod-
cls of the Grantd teolkit [L1, 15], eaeept for [10, L1
(11 the Rayleigh inleraction, lor which the LI pro-
vided Ly the Graxtl toolkit [14, 13] was used, and
(21 the positron annihilation physics. (o which 1he rou-
tine provided by GATE [16], accounting for the pho-
Lan acollinearity [16], wag implemented in Lhe phyaics
lise. of the programs developed with the GLayed
taalkit |14, 13]. Photons were [ully Lracked in the phan-
tom and in the scanuer, and clectrons were fully traclaed
il generaled inside o glass plale, Lhe wack being killed il
thew reached an amplification gap [L0, 11].

2.3 Spadial vesolulinn

For the 5B test, the scauner was defined as moentioned
in Heri. 2.2, excepd for Lhe deteciors, which were 28l 1o
A0 single-nodule wulti-gap RPC detectors, approslar to
those presented in Uig. 2. each having ita own lransaxial
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and axial rewdont electrodes [8 11], The phantown con-
sigred in a spherical point-like sarer core with 1 pm diam-
cter tnclosed oo 2 mun outer diameter shell of PRIMA,
placeed in the scanner center and in the central transax-
ial plane but displaced 100 mm in both the scanner X
and ¥ directions |8, 11]. The physics list employed in
the SI test, was approxdlar to that cuploved in the SF,
CIand NECUL tests, and rhe pavticle tracking was per-
formed in the same way [8, 11]). The source cousisted of
pogitrons at rest uniformly distributed in rhe phantom
core [4, 11].

3. Simulation data processing

I'he processing of simulation produced dara was per-
formed in cascade stages by proprams developed ox-
ternally to the programs developed wich the GranTd
toollds [14, 15]. In what follows, those stagres will be
adelreased.

q.1. Deenyr times

For all tests, doecoy times randomly dreawn from an ox-
pomeantial disiribulion with a given activity and 1he 1817
decay constant [and AT branching ratio, if the source
eansigled in posilrons al real o in hack-locback phouonal,
woere assigned to the photon flight times of single hics,
which were then allecied by a 80 pso Ganasian Lime jier
o aceount for the 300 ps FWHM TOT resolution [6-11].

The aclivity considered Tor the zensilivity ledis (Tolh
with the 1991 ancd che 2000 versions of NEAA NTU2 stau-
12, 13|), was sel Lo a value low encough ao that,
losses due to detector dead time aned randoan codncidenees
were negligible |6, ¥, 9. 11]. For the 1% {ea, an aclivily
of 370 kBq (10 pCi) was used [8, 11]. The activity con-
giddevenl Tor Lthe 8F tegl was of 37 kg (1 pCi), and lor
the CR oand NECR tests, activities ranging from 37 kBg
(1 0 Lo 370 MBg (10 mCh) were used |10, 1]

2.8 Delection elficiency

dards

For the sensitivity test, the derection efficlency was
rodelled according we Che carves prosented in Fig. 3 ob-
tadned by simulating (wirh the Graxrd roollic |11, 15])
the exbraclion efficicncios of stacks of 61 and 127 glags
plares with individnal thicknesses of (.1 mim, separared
by, respectively, 60 and 120 amplification gaps with indi-
vidnal thicknesses of 850 pm |6, 9, L1].

For the SR, SF, CTL and NTXCR tests, photons worn
fully cracked in rhe scanner, rhe derection efficiency being
thew secounted for in the siiulation.

.3 Deleclor readowl

o the sensivivity tests, rthe deleciion points were
hinned according to the segmentation of the General
Elecrrie {(IF] Advance scanner, and the deweclor read-
out. wag not accounted for [6, 7.9, 11].

For the 51, 517, CR. and NECR leas, Lhe detecuion
points of single events were considered o be those on che
appasite side o the amplilication gap relative to the ax-
traction point, compuated along the clectron momentam
dirertion |8, 10, 11]. The resulling detection poinls were

20
g el 61 gless plartes (simulation) A
i sl © 121 glass plates (simulation) }3/ ]
&,15 61 glass plates (&) ,
-4 — 121 glass plates (fit) ,Q‘/ ]
H 10 e el
o i L
g -y g
EJ st e 1 4 T ]
B -t
|7 — et
e SR
o c".'-‘g_ Fenkriis PSP - M i P A o A e i
0 100 200 300 400 L

Incident photon energy ke

Fig. 3. Derection officicney of  sracks of 81 and
121 glass plates with individual thicknesscs of 400 pm
(delining, respectively, B0 aud 120 amplilicavion gaps
with individinal thickuesses of 330 pm), as o function of
the incident photon enersy, for photons impinging the
tirar alass perpendicularly to its surface |6, 0, 11].

then processed to acconnt for Lhe segmentation of the de-
tector as described in Refs, [8, 10, 11], the final deteetion
paint. heing then binned 10 2 mm along the axial and
trangaxial directions (corresponding to the current piteh
of Lhe pickup siripal, and Lo vhe middle of Lhe deteciion
wodule, in bdns of 3,41 o (che thickness of cach dotec-
tion module), leading 1o a maximom DOD errar (along
the radial direetion) of 172 mm (half the module thick-
neaa) |&, 10, 11]. Tior the S 1esd. Bins of 1 mime along the
transaxial and axial dircetions, and consimoas deteerion
along all divectionz {Lransaxial, axial, and radial], were
also considered [8, 11].

4. Coincidence processing

Single events resnlting froan the processing stage to
arcount for che detector readour, were then fed to o co-
invidence sorter. For the sensitivity test, a 12.5 ng single
time windew (STW) coincidence sorter (for which, at a
given cime, only one eoincidence time window, opened
by the trigeoving event, is active), was used, and nalei-
ple voincidences were discarded |6, T, 9, 11]. For the 51
test, o STW colncidenee sorter was also used, but with
a 4 ns time window, and mulriple colncidences were also
discarded [8; 11].

Far the S, CTUand NEOTU tesus, 5 03 8TW and mulli
ple time window (MTW) coinvidence sorters (for which,
carch evenl apeng ilg own coincidenoe L window | wer
considered, and all possible coincldence pairs (including
all Lhose Lhal can be formed Trome (he madlple coine
denees) wore then procossed to aceount for the perfor-
mance Lest 10, 11, {For o complele discuggion con
corning the nse of all possible coincidence padrs. refer to
Relz |10, 1]

3.6, Genmelric acceplonee of lines af response

For the seusitiviey vest, all colucidences defining lines of
responze [1LONRa) Lhau traversed the scanner bare, were
retained [8, 7, 9, 11], while for the SE rest, only those
LONa thal traveraed the scanner bore with a polar ac-
coptance angle less than or equal to 9° were consid-
ered |8, 11].
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