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) Novel detector systems for the Positron Emission Tomography

aiming at the simultaneous, whole body imaging
http://koza.if.uj.edu.pl

General scheme of the currently MATRIX-PET STRIP-PET
used PET tomographs

PCT/PL2010/000061 PCT/PL2010/000062
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Image Display
Al = (

Utterly new paradigm — ? 4PM
Crystal = Polymer .
Energy = Timing Ax Al
Currently all PET are High granularity = Low granularity N = |
based on crystals High efficiency = Low efficiency I
PHILIPS = LYSO Photoeffect => Compton scattering
SIMENS = LSO Low acceptance —> High acceptance o o
GE Healthcare = BGO Analog electronics = digital sampling
triggering >  triggerless DAQ Ap o B 2:) O Ap— % .
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PODKRESLIC, ze nasze rozwiązanie może mieć korzyści w stosunku do obecnych jeśli chodzi o 
WHOLE BODY and  less expensive !!!


) Type: | LSO/LYSO/BGO/ponm.er scmtlllator
Pricepercm 86 / 86 [/ 35/ 1 |

Polymer scintillators can be easily produced in large sizes and various shapes
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. PHILIPS > LYSO |
| SIMENS > LSO |
- GE Healthcare - BGO
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. Why polymers were not considered
SO far as a materlal for PET detectors ?
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Price (important especially in not so reach countries … which means in most of the countries in the world..)
And shapes … just like PLEXI
SO WHY…  tu density,  a na nastepnej stronie  photeefect …

Może jakies zdjęcie kryształu  i polimeru …


Density is giving the probablitity for compton effect but (so 49 would be comparing comptons, but photoeffect is only a part of all effects so we obtain 
Factor 16 !!!!
OR we take 10 cm block and it would be the same …  !

 Lu- lutet
 Si- krzem
 O- tlen
NaI(Tl) jodek sodu aktywowany talem
(Bi4Ge3O12)
(Gd2SiO5) gadolin
(Lu2SiO5) lutet


 W zamieszczonej tabelce chciałam pokazać porównanie detektorów nieorganicznych z detektorami organicznymi.
 podstawą detektorów plastikowych (pokazać kolejny slajd!!!)
 stała czasowa jest lepsza w plastikach i ważna jest dla pomiaru czasu przelotu
 plastiki są mniej gęste a więc prawdopodobieństwo reakcji spada exp(-mix)
 plastiki mają mniejszą wydajność świetlną, ważne bo od tego zależy rozdzielczość energetyczna
 średnia droga swobodna wynika z gęstości i przekroju czynnego 
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for the 2.5 cm layer the efficiency for the registration of events selected
to reconstruct the image is for the plastic scintillator by

a factor of about 20 smaller in relation to the BGO crystals
and about 40 times less compared to the LSO crystals =558

o 3 AT
>PA%

L

N

density | decay time

[o/cm?] [ns] free path

[cm]

crystal 7.13 300
GSO crystal 6.71 50
LSO crystal 7.40 40

NE102A polymer  1.032 2.4

BC404 polymer
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… too low  density,  so one would have problems with the DOI (in the present solutions)
And perhaps even more important reason was  NO PHOTOEFFECT …

one have to use an energy threshold of about 200 keV. Taking into account this fact we reduce the efficiency for events accepted in image reconstruction by a factor of approximately 0.52 or approximately the same as in the case of gates used for the BGO crystals. Figure 6. Energy distribution of electrons scattered in the Compton effect by gamma quanta with an energy shown in the plot. The distributions were made without taking into accout the energy resolution, which for the strip detector readout on both sides is about 18% (compared to LSO blocks which energy resolution is about 12% [4]).
In the case of detectors with LSO crystals, this ratio amounts to 0.82. Finally, we obtain that for the 2.5 cm layer the efficiency for the registration of events selected to reconstruct the image is for the plastic scintillator by a factor of about 20 smaller in relation to the BGO crystals and about 40 times less compared to the LSO crystals. 
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low detection efficiency

and
no photelectric effect,
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Looks really not good  BUT:..
Lets see how good time resolution may help in tomography…
And in general in background rejection !!! For positronium…
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If you look closer to the designs that   0-60degree
And if you have NO photoelectric effect at all then one can use Comton spectrum for limiting of energy range


"LIGHT SIGNALS FROM POLYMERS ARE
MUCH FASTER” Il

AT LT

mean
free path
[cm]

density decay time
[g/cm3] [ns] MeV

sr( BGO  crystal  7.13 300 6000 104 2
?g GSO  crystal  6.71 50 10000 149 i
f‘% LSO  crystal  7.40 40 20000 115
%} NE102A polymer 1.032 2.4 10000 10.2

BC404 polymer 1.032 1.8 10000 10.2
# RP422 polymer 1.032 1.6 10000 10.2
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Porównać tutaj gestosc i czas 
Density lower,   but one may take  10cm  and that DOI  or one may also use TIMING ….  
Lets dream what could be available with the timing of 70ps …
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J-PET (Jagiellonian PET)

Al= (2 —t1) v /2

PM

Al

PM

Ax=(t1-tr)c/2

FWHM(AI) = FWHM(At) * c/4

FWHM(AX) = FWHM(At) * ¢ / 212

Thus for example:
FWHM(At) = 100ps = FWHM(AI) = 0.7cm - FWHM(AX) =1 cm

EEES Eake aavanfage O‘ ‘ ”U‘E

resolution not only for TOF
but also for the determination
of hit positions
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. .
= J-PET (Jagiellonian PET)
Al=(t2—-t1)v/2
PM PM
‘fx/. J ?al
AL - T
PM PM

Ax=(t1-tr)c/2

FWHM(AI) = FWHM(At) * c/4
FWHM(Ax) = FWHM(At) * ¢ / 22

Thus for example:
FWHM(At) = 100ps = FWHM(AI) = 0.7cm - FWHM(AX) =1 cm
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It is important to note that the cost of J-PET does not increase with the increas of the FOV

epsilon®*2 = 20 to 40 smaller efficiency

But
2D --> 3D - > factor of ~5
600ps --> 100ps — 200ps --> factor of 6 -- 3
1m instead of 20cm --------- > factor of 9

N layers in the strip-PET --> factor N?

For N=1 ----> total factor of ~ 200
Lower dose by factor of 7

Accidental coincidences less by factor of about 1000
(epsilon * 7)"2
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I dont want to claim that that one can really reduce the accidentals by factor of 1000 but just to indicate you
That it seems that strong reduction is possible keeping the same imaging suitebility
Number of accidental coincidences …. Tau * f^2   =  tau * epsilon^2 * Dose^2;    f=hits/second

It is imporatnt to note that the costs does not increase with the increas of the FOV
It is importnat to realize that in the case of the need of the whole bodey scan
the growth of the acceptance is in addition to the factor 10 due to the steps in  bed position.
And in addtition less artefacts….
Na przykład wezmy ustawienie pokazane na rysunku . Dla danego obszaru pacjenta przy duzym detektorze rejestrowane są kwanty gamma w wiekszym zakresie kątów. Stąd wzrost akceptowanych zdarzeń z tego obszaru. Ale równoczesnie mierzone jest 10 obszarów !!
In the case of 511 keV and only compton effect (means maximum 341 keV) to get 100 to 200ps  TOF is a challenge but as it will be shown later it is possible !!!!


J-PET: Nucl. Instr. & Meth. A764 (2014) 317
J-PET: Nucl. Instr. & Meth. A764 (2014) 186
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Tak wygląd a real  two-strip prototype…
Tu pokazac zdjecie i troche opowiedzec troche szczegółów z pomiarami oscyloskopem
Zwrócic uwage tez na zarys prototypu 24 modułowego…

A na póżniejszych pokazac jeszcze raz i zwrócic uwage na wiecej szczegółów  
z plytkami i oscyloskopem
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Tutaj skupić się na tym sygnale czerowonym i  na jego przykładzie wyjaśnić zmiane czase naratsanie   Disatvantage  -- > Advantage !!!


First challange is to develope FFE electronics
with sampling precision better than 50 ps

ANALOG DIGITAL




Time difference between two channels feeded by pulser

timeDiffCh1Th1Ch2Th1
- Entries 10000
- Mean 2937
- BMS 0.04025
1000— %2/ ndf 134 /39
~ Prob 2.394e-12
= Constant 1111138
- Mean 2.937 £ 0.000
8001 — Sigma 0.03527 = 0.00025
600—
400—
200—
I I P L
%.4 2.6 2.8 3 3.2 3.4 3.6

Si-Ge and As-Ge

KB7 + TRBvV3 together
sigmaf(t) = 25 ps
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Triggerless mode !
PCT/EP2014/068352

................

0000000

“""KB7 + TRBV3 with single threshold

FWHM(TOF) < 220 ps

Preliminary

Comapred to ~ 600 ps
of current TOF-PET
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Podkreslic ze w to 100 ps 


ANALOG DIGITAL

4-

precision of 21ps (sigma) for 10 Euro per sample



simultaneous PET-CT scan: PCT/EP2014/068363
and
simultaneous PET-MRI scan: ec1/EP2014/068373
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petct_animation41_loop.mp4 Z’ojenie_ PET_MRLavi
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