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PET: status of the art

¢ PET generates images depicting the
distributions of positron-emitting
Auclides in patients

¢ T'his technigue isi usedi to measure “in
Vive" biochemical and physiological
PROCESSES! i any: OFgan

o PEIF provides 2Dranadl Sbimages) of
the living tnder study,

oIm?rovements HaVe Seen a rapid and
stiliFongeineg development



The method

Method of administration:

Injection (@ppropriate; ior the; orgamn UneaeEr
stuEy)

How to determine distribution

Bloee oltiria/flow/arefzinl tigis)<s

Winait type oi radionuclides?
gositror ernllttars

Prigtor) clatactior)




A PET event
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Tomography

Fluorine - 18 Mucleus

¢ Positron emitters
are used for
radioactive; labeling

¢ Positrons; annihilate . F_S
with e- in tissue =25\ | Garmma Ray
and twe Sl kKe\ v F"""f""ﬁif—:‘ = ksl
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te-back J
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Photon detection

¢ In the typical scanner,
several rings of
detectors surround the
patient

¢ PET scanners use
annihilation
colncidence detection
(ACD) te obtain
PrOjECLIONS Of the
aCEIVItYA diStRBUEIORNN
the subject




Detectors in PET temographs

¢ Scintillation detectors are being used in PET
tomographs

¢ i the past: Nal(nl) crystals
— Light output: 100
— [Decay time (ns): 230
— Density (g/cm?): 3.7
Hygrescopic: YES
o N OWWaeeN/SEBEORErYStal
= gt outpuit: 1S
Decay time; (ns): 300
Density: (g/ecme): 7.1
Hy/groscopic: NO

o New trepes £SO erysizls
BigntreutpuUE7S
DECay timer (Rs): 40
Density (g/ecme): 7.4
H/grescopic: NO




Current PET Iimitations

TThe image guality: off the currenit PET IS poor
Pecalse ol

*

A short Field Of View (FOV)

Detector boundary: limitations te 2x2 PMT blocks

No fulll energy reconstruction
Dead time and saturation of the electronic
| OW! dEetector counting rate; capanility,
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RPCs in PET

Key: features off RPCS:

1.
2.

Small reading pads

Smalll time jitter
(down to 50 ps)

Thin converter
plate (tiny.
paraliax)

Low! cost (@bout
100/ - 2001 $/m=)

Wiy shoeuld we use
RPCs?

¢ Good spatial
resolution (1 + 3)

¢ lLong FOV, high
geometrlcal
effiiciency, high
statistic, nigh
S|gnal/n0|se (5
-4

9 Good time
resolution), polnts

ike data, H0i5E
redUGton 2

s Affordable price (4)



RPC gamma efficiency.

Gamma efficiency of
a double gap bakelite
RPC in case of
Isotropic emission

=(y) =200 eV

e (@ap )= 3.5 10
eN@aprin=24-10"
e(IDGEH =59 10




Processes Iinvolving gamma

E(5)) = 5001 kel

Photoelectric effect
m 1.510° > 2Z°

Compton effect
m 4.0103 > Z




How to Increase RPC
gamma efficiency.

¢ Study of suitable material fior the; target
PIENES

o Viany fieatlires) O RPESs @6 NoL depenar o




Pb

Tl

Bi

Ce

Ba
PbO
BaO
Bi203
CeO2
Pb304
TI20
TI1203
Bachelite
Vetro

Vetro Pb
AN

Coating materials

d
(g/cm3)

11,3
11,9
9,7
6,8
3,5
9
5,72
8,55
7,13
9,1
9,52
9,8
1,25
2,4

6,22
—Z A0~

Electrons
0,5 MeV

R (g/cm2)

0,336
0,335
0,334
0,304
0,305
0,3268
0,2952
0,3192
0,2834
0,3223
0,333
0,319
1,85E-01
2,14E-01

2,97E-01
2 0O0OF_N1

R (mm)

0,297
0,282
0,344
0,447
0,871
0,363
0,516
0,373
0,397
0,354
0,350
0,326
1,480
0,893

0,477
0 ANA

Gamma
0,5 MeV

tot att
(cm2/9)

1,61E-01
1,58E-01
1,66E-01
1,04E-01
9,92E-02
1,56E-01
9,80E-02
1,58E-01
1,01E-01
1,54E-01
1,55E-01
1,51E-01
9,21E-02
8,71E-02
1,43E-01

1 10O0E_ND1

u
(1/mm)

0,182
0,188
0,161
0,071
0,035
0,140
0,056
0,135
0,072
0,140
0,148
0,148
0,012
0,021

0,089
N Na 1



Coating features

¢ Ihe coating has to be as smooth as
possible

¢ The coating thickness has to be < e range
In that material .

¢ [he proper coating) technigue SEems
L De serigraphy, sinee! it aliows te
HaVve NomeEgENELUS anal SImMonitn
IBVENS! Bif dEPOSited miIXtUrE R

Chickness) greater thanrhlnakeds of
MICKENS



Coating materials under
study

¢ The most promising mixtures seem

to be PbO, Bi,O5 and Tl,0. We plan to use Oxide-
based mixtures for the resistive properties of the
electrodes

¢ First datal firom the simulation; considered lead
glass as target materiallin a single gap: RPC

¢ INext results showed the lmpoertance off employing
a Nighr Z material, e.d. al seridraphable paster
made; o PHO

o Werare synthesizing a compound, S0 mol SiOs —
50% mol PDO: the HVE electirodes are geing te be
Mader by thieser monoliths (Fsing questiens: the
SUraCE reUEgNNESS)



Materials simulation

Probability of Interaction Vs Thickness
{0,511 MeV gammas)

+Lead Glass
m Bakelite
& Plate Glags
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Efficiency simulation

Efficiency Vs Thickness
{0.511 MeV gammas)
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To Increase efficiency

We can employ more than just one target
layer === glass multigap RPC

Mitltig2apr I Seit: Up
— 5 gas gaps; the spacing is kept by 0.3 mm
diameter nylon fishing line

— Electrodes made of thin glasses (1 mm for the
outer electrodes, 0.15 mm for the inner ones)

— The detector is enclosed in a metallic gas-tight
box, filled with the gas mixture:

C2H2F4 92.50/0, SF6 2.50/0, |C4H10 50/0



Muiltigap gamma efficiency
(simulation)

Efficiency for multiple layers Vs Thickness
{0 Layers. 0.511 MeV gammas)

# Lead Glags
m Bakedita
i Plals Glass

Efficiancy

1aau 1200 141
Thickness {micromn




Viultigap prototype I




The box with the multigap

TThe metallic gas
tight box withr H.\/.
and signal_ cables;

e Dicked U
PV a liat capie




Multigap prototype ||

+ Multigap Il set up:

— 5 gas gaps; the spacm? is kept by 0.3 mm
dlan)1eter nylon fishing line (like the first
one

— Electrodes made of thin glasses (1 mm for
the o)uter electrodes, 0.4 mm for the inner
ones

— With thicker glasses we expect a greater
counting rate

—The detector is enclosed in a metallic gas-
tight box, filled with the gas mixture:
C,H,F, 92. 5%, SF, 2.5%, iC,H,, 5%



Multigap prototype Il

hm I‘ Signaill Is picked up on
- the upper pad




Simulation data

¢ Geometry, materials, gas, gamma and
electron generation and transport using
Geant4-based firame work

» Minimum detector physics simulation
> 4= saturation

¢ Preliminary: ME data for multigap: 1
¢ Optimization et M€ simulation

¢ Simulgtion off SIO-PBO meneliths as
multigapr electrodes



Muiltigap simulation

Multigap

gamima source
(661 keV)

e

Aluminum
case

(111 = FH5H
11 1 = = PR



Examples of Geant4 outpuit

Energy spectrum of gamma-electrons in the gas gaps

With secondary Compton Without secondary Compton
| wnargy dpacirum of gaimma-genanied slscirons in B Oaps (no daubla] I

Enfries T400
Mean  0.2356
0.1574

Secondary Compton electrons only at low energies



Electrons in the gaps

Multigap I simulation

e- number detected vs gap number (single gamma interaction) e~ niumber vs gap ND
Entries 5383

Mean 2.883
RMS 1.426

Decreased geometrical acceptance



Multigap |

Counting rate at different thresholds: 2.5 mV, 3.5 mV and 4.5 mV
Counting with a Yy source, 137Cs, whose activity is 5 pCi

MM 2 B m\/

AN D naANl

@ 4.5 mV

Noise subtracted



Muiltigap Il

icker glasses = greater counting rate

counting rate and noise @ 2.5 mV

source @ 2.5 mV

*

12,5 135 145 155 165 17,5 185 19,5
HV (kV)




Simulation vs. experimental
data

¢ Primary and secondary Compton are
Sseen as one by the electronics

¢ Limits oni cluster simulation with
Geant4

% 4650) i ElECtrONS) CLOSS) tWOr adjaCent
gaps! (- MGL)



Outlook

¢ A multigap prototype made of proper
materials ready within a couple of
moenths

¢ Increasing efficiency, using a stack ofi
mUltigaps) and new: materials

¢ Study ot Iimagde; reconstruction
technigues
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