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Positron-Emission Tomography (PET) -

“FDG”

Coincidence
Processing Unit

Sinogram/
Listmode Data

Isotope half-life

1C 20.3 min
150 2.03 min
Annihilation Image Reconstruction 18]:7 109.8 min
The concept of emission and transmission tomography was introduced 5B 98.0 min
by David E. Kuhl, Luke Chapman and Roy Edwards in the late 1950s.
3N ~10 min

A good PET description:
“* 6. Muehllehner, J.S. Karp, Phys. Med. Biol. 51 (2006) R117-R137
*  T.K Lewellen, Phys. Med. Biol. 53 (2008) R287-R317
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PET - physical limitations & problems -

Random coincidences Scattered photons Parallax error

Time resolution Energy resolution Spatial resolution

< B.J. Pichler, H.F. Wehrl, M.S. Judenhofer, J. Nucl. Med. 49/2 (2008) 5-23
<* N.E. Bolus et al., J. Nucl. Med. Technol. 37/2 (2009) 63-71
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RPC-PET -

__— detecting strips

i 7N / resistive plates

__——converter

~ photons / electron

“* P. Fonte, A. Smirnitski, M.C.S. Williams, NIM A 443, 201-204 (2000)

<« A. Blanco et al., Nucl. Instr. Meth. AB08, 88-93 (2003)
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Scintillator-based vs RPC-based PET e

s High price @ Much cheaper

s Higher sensitivity for scattered ~ ° Sensitivity decreases with E

photons @ Practically no parallax

“Energy measurement  Time resolution ~ 30 ps* , even 20 ps,

» Parallax error Williams et al. Nucl. Instr. Meth. A 594 (2008)
39-43

¢ Time resolution > 200 ps @ Spatial resolution ~ 300 pm

@ No need of PM
®Not affected by magnetic fields

# Spatial resolution ~ 2-3 mm
s PMT, APD, ...

s FOV 16-25 cm
@ Large area - large FOV ~ 1 m

@ Main problem: increase efficiency for 511
KeV photons

*The quoted resolution is for charged particles and is not so good for gammas:

“* C. Lippmann et al., Nucl.Instr. Meth. A 602 (2009) 735-739

“ L. Lopez et al., Nucl.Instr. Meth. A 573 (2007) 4-7. 6
“* A.Blanco et al., Nucl. Instr. Meth. A 508 (2003) 70-74.




Annihilation

RPC2012

PET ToF
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-

2 N
=)
mm

Without ToF:
AZ = LOR (~70 cm)

With ToF:
AZ=C (t,-t )/2

if At ~100 ps =>
ANZ ~2 cm
RPC



RPC PET R&D @ Sofia University

Two main goals:

To increase the efficiency for 511 keV photons
To suppress Compton scattered photons

*Photon spectrum simulation (done)

» GEANT simulation of different RPC designs (done)
» GEANT simulation of multigap RPC (done)
Prototype building and tests (in progress ...)

RPC2012 B. Pavlov



RPC-PET:design & optimization ‘

< The simulations are performed, using Geant 4 ( )

- Compton scattering, photo-effect
- multiple scattering, ionization, Bremsstrahlung
“* Detector ,basic unit":
two glass plates, 2 mm
gas gap 300 ym
 Gas composition (for material budget): 85% C,H,F, + 5% i-C,H,, + 107% SF,
“* Two designs are considered:
— Gas-Converter (6C)
— Gas-Converter-Insulator (6CI)
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Photon propagation in the human body -

The body model
» (homogeneous parallelepiped)
40 x 40 x 150 cm?
1.01 g/cm’
~ T
- | Contents:
38% are absorbed ot O 6147%
- Cc 229 7%
82% of the remaining are T ‘ H 100 %
with E < 511 KeV (or51% of | / The simulated spectrum N 26%
the innitial gammas) - ca 14 %
18% of the remaining (or P 11%
11% of the innitial gammas) | o7 = ez e £ 9%
‘tabl PET 2 %
are suitable for PE e 7
¢l 017%
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Electron yield in the gas .

Successful photons conversion : at least one interaction within the
converter has lead to the ejection of an electron into the gas gap:

*photon interaction in the converter

eelectron propagation to the gas

k  photon interaction coefficient

N , number of photons at x

s  electron interaction coefficient

N number of electrons, entering the gas
C photon attenuation coefficient

y

Thin converter; a is max e yield;
saturation ===> 957% yield thickness
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Gas - converter design -

Maximal electron yield (03+038) %
Signal strips

insulator

Gas gap { | ’ {[ \

gamma

Converter
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Gas - converter design -

IR AA :
Xl l*i?: r+*1*

e-Bi,m-Pb, A-Au, ¥Y-Pt, o-W

i ® - 511 KeV
0.2f ® - 409 KeV
& A - 307 KeV
- Y - 204 KeV
- -W 0.1 - 102 KeV
0.55 e T T RS T i A ol e T e e 1 N i R, Bl
i tar s i cor MR R onvertor widthtmmy YR TR T éongég;r;ﬁ;ﬂ?f";m]
e yield for b different e yield and ejected BUT higher sensitivity
converter materials electrons for b different  for scattered in the body
(% from the initial converter materials. photons !
photon number) (7% from the initial photon
number)
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Gas - insulator - converter design -

Maximal electron yield for 511 KeV photons (0.315 + 0.005) %
~ 0.17% lower than in 6C design
95% level (40.7 + 3.0) um

Signal strips

insulator

I

gamma
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Gas - insulator - converter design -

e yield / converter
width

- A I -
0.25F +'1g1+++_*
- ~&AAaTI1 o L 4
E ®-511 Kev * 40 /.IITI
A ® - 409 KeV
- A - 307 KeV
B-15 Y - 204 KeV
- 102 KeV

vy

0.05

i JI i i i : i i i ! L i i !_ L 1 1 ! i
0.02 0.04 0.086 0.08 0.1
Convertor width [mm]

e yield / photon energy / 40 um

fos 01 015 0.2 025 0.3 035 04 045 0.5
Photon energy [MeV]
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Gas - insulator - converter design

I ®-511 KeV
- s
‘-
0.36 :Hh':h ¥ - 204 KeV
3\ - + - 102 KeV
0.4
N R ¢
0.25— 4 +
0.2/— 4 Lx ¢
- " %
015 * '
o1 W >
0.05 \d + X WY
u-l-l I LB _ L |. 1 L1 i ! 4 |. Ll _l | 1 L 1 I. L L L I LA L I. ! i 1 J Ll L 1 I
0.02 0.04 006 008 01 012 0.14 0.16 0.18 0.2
Inselator width [mim]

e yield / insulator width
6 100 + 200 pm
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Gas -

Insolator 0.05 mm ]

0.4

0.35 + +
; y o

&05 0.1 015 02 025 03 035 04 045 05
Photon energy [MeV]

Insolator 0.15 mm |

0.4

0.35

; +

do5 0.1 D15 0.2 D25 0.3 035 0.4 D045 05
Photon energy [MeV]

insulator - converter design e

Insolator 0.1 mm |

0.4

P05 01015 0.2 025 0.3 035 04 045 0.5

Photon energy [MeV]

Insolator 0.2 mm |

0.4

d:_'OE 01 015 02 025 0.3 035 04 045 05
Photon energy [MeV]
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0.1 mm insulator:

511 KeV -26% reduction

307 KeV -687% reduction
yield ~ 3:1

0.2 mm insulator:

511 KeV -40% reduction

307 Kel/ -90% reduction
yield ~ 5:1

The reduction is in
Comparison to GC design.
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Multi-gap GIC design -

R - — - PCB
= strips
e my/a/‘
—————————— gas gap
-_— o 6,66 glass
- BI' or Pb oxide
— — —
- ® -511 KeV
- 102 KeV

W
o

n
en

max yield 511 Kel/ ~ 43%,
95% level - at 381 + 13 gaps

W
Q

-y
n

-k
Q

100 gaps provide sufficient

amplification . SIS S S ————
lower-energy photons suppression S T

5
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Multi-gap GIC design -

e X v Key Max yield for 511 Kel:

2 - (23.8 + 0.4)%

15} converter Bi, 50 ym

o glass 50 pm
Highest sensitivity for 511 Kel/
511/ 307 ~ 2:1

i i i L | i . i | i i i 1}
0.02 0.04 0.08 0.08 0.1
Converior width [mm]

RPC2012 B. Pavlov 19



ﬁ 3 Multi-gap GIC design I

10_— M
B:— :
T 25
a C
B 20—
2_* -
Go_ o1 oz 'o.lal — 'o.|4' — 'o.ls 15:_
Photon enerqgy [MeV] -
10
5
[.'l: P ot R T T N T TR T T [N TN T T T N T N N
0.1 0.2 0.3 0.4 0.5
Photon enerqgy [MeV]
86% from the registered photons
015 0.2 025 03 035 04 045 05 have enerles > 383 Kel/
Photon energy [Mel/]
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Conclusions ¢

Model investigations towards the design of an RPC-based PET detector;
The intuitive direct-contact GC design is not optimal;

For a sandwich-type GIC design the electron yield for 511 Kel/photons
decreases with 26%, but exceeds the one for 307 Kel/photons by a factor of 2;

In the multi-gap GIC design, the yield increases with the number of gaps,
optimum ~ 100 gaps;

Optimized in the context of PET purposes parameters:
100 gaps; 50 pym Bi converter between 50+-100 ym glass plates
the electron yield in the gas increases to 24%
sensitivity 511 Kel/ photons / 307 Kel/ photons ~ 2:1;

About 86% of the registered in the PET process photons are with energies
above 380 KeV.

This work is supported by Bulgarian National Science Fund
(contract DO 02-183/2008).
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Thank you !!!

B. Pavlov
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Strips layout
and
construction
of small
prototypes
(120x70 mm)
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3 modules in a stack

3
e, H




GUTEN

Elcctron Resislive
multiplication plates

HV Al fail

‘ <* R. Santonico and R. Cardarelli , Nucl. Instr. Meth. A187, 377-380 (1981) I
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Gas - insulator - converter design -

detecting strips

resistive plate (insolator) —,

gas —,
insolator —,

converter —*
insolator —

gamma

Maximal electron yield for 511 Kel/photons (0.315 + 0.005) %
~ 0.17% lower than in GC design
95% level (40.7 £ 3.0) um
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