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ABSTRACT 

A new tomograph for positron imaging using the time of flight measurement is discri-
bed. Fast CsF crystals are used in this first prototype. Compared to the classical 
reconstruction method, the results of adding this information is a substantial in
crease of sensitivity, a reduced random coïncidence count rate, and slight decrease 
of a scatter contribution in the images. Further improvements in the T.O.F. accuracy 
can be expected in using faster crystals. 

INTRODUCTION 

He designed and built a new positron computed tomograph (P.C.T.) using in addition 
of the conventional method, the time of flight information (T.O.F.). This data is 
obtained by the measurement of the difference of the time detection At from the two 
nihilation y rays of the positron. The positron location is then given by : 

At c being the light velocity and 
"2C x the distance to the centre of the machine. 

This additional information provides a quite significant improvement of the image 
quality. That approach is developed in another papers[l-*6]. It shows that the com
parison between the conventional method and the T.O.F. technique may be expressed 
by a sensitivity gain defined as the ratio of the number of counts needed to obtain 
the same signal to noise ratio with the two methods. A sensitivity gain of three 
to four has been obtained for large diameter objects with a 500 psec resolving time. 

DESIGN OF THE T.O.F. POSITRON EMISSION TOMOGRAPH 

The Table 1 gives the main characteristics and performances of this first TOF-PET. 
It has been designed to be used in a clinical environment by a research group con
cerned by the future of their instrument. The chokes we made were then directed by 
these three criteria : useness flexibility, versatility of data processing, and 
large potentiality. 



a - Utilization in clinical way -

After a short, conversational, description of the main acquisition parameters, 
most of the operations that have to be done during an acquisition have been self-
acted : patient introduction in the patient-port, successive acquisitions, posi-
tionning of the external source for auto-attenuation measurements and timing cali
bration. 

A previous rectilinear scanning can be performed in order to investigate the dif
ferent regions of interest, the transverse analysis can be then made automatically 
after the determination of the region of interest. 

b - Reconstruction versatility -

The list mode data acquisition has been chosen. All the data being available : 
events location, detectors pokitionning, time recording, any kind of calculation 
can be made : dynamic curves on regions of interest, image reconstructions with 
any duration longer than 2 seconis or gated images on a physiological signal. 
Then each new examination can be analysed by the best optimalized procedure. 

c - Futur improvements -

A 40 mm long and 23 mm in diameter scintillator coupled to a PM R 1398" has been 
chosen from our PCI design, and a resolving time better than 500 psec (FWHM) is 
expected for the operational prototype. A sentivitity gain of 4 has been theoreti
cally estimated with such a resolving tine and with large objects. This evaluation 
is in a good agreement with the first experimental results. 

It has to be noticed that the T.O.F. method advantage is closely linked to the 
object diameter. In the present state-of-the-art of detector timing, it is clear 
that the choice of the T.O.F. method is better for a whole-body PCI than for a 
brain one, but further significant improvements in timing accuracy are expected, 
giving then a wider field of applications. It hal to be added that a faster mate
rial than CsF seems to be very promising. A 300 psec (FWHM) has been obtained with 
a 4 cm long crystal. Its linear attenuation coefficient at 511 keV is slightly 
better than those of CsF and it is not hygroscopic. These results look so attrac
tive that we plan to use it on a ring prototype. 

Some of the advantages of the time of flight are already known such as : 

- the random coïncidences are reduced at the lowest possible level since they are 
only governed by the size of the object 

- ability to show rough longitudinal tomographic images, which will be better and 
better with the TOF improvement. 

But some investigations have still to be done, for example, it is sure that the 
TOF reduces the scattered coïncidences but the effective reduction has not been 
yet quantified ; some experimental measurements and theoretical evaluations have 
to be done. It is an evidence that all the possibilities of the TOF technique 
have not yet been investigated. 

TAB. 1 

1 - Detection -

- 4 rings of 96 probes each, on a diameter of 92 cm, inside ring distance : 
31 on 
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- Probes composed of CsF" scintillators 24 tea in diameter, 40 mm long and fast 
1"V. M T R 1398— 

2 - Sampling -
- Linear : fine linear sampling given by a circular translation called "Wobbling" 

(radius • 14 mm) 
- angular : fine angular sampling made by an alternative rotation of the rings ; 

amplitude : k x 3,75* with k - 1,2,3 ...10 k > 1 gives a measure's redun
dance to minimize eventual detection defects. Rotating speed : 1,875*/s 

These two movements are simultaneous in order to reduce the shortest acquisition 
time. 
3 - Patient port -
Overall diameter 48 cm, useful : 46 cm (inside diameter of the transmission 

source). Useful length : 116 mm, total length : 350 mm 
4 - Sections characteristics -
- 7 slices : 4 straight sections, 3 crossed sections. 
- Resolution : - "normal" obtained with the full detector aperture 

- "high" with a limited aperture of 11 mm by 96 lead collimators, 
5 - The detectors' calibration and the self attenuation measurements in the 
patient are obtained from a cylindrical source (external / internal diameter 
48/46 cm). Its displacement is operated by remote control from the operator's 
desk or from the acquisition program. After use, the source is set back in a lead 
tank placed at the bottom of the patient's bed. [ 

- rough sensitivity on a 200 mm in diameter plantom 
. in noxmal mode 120.000 c/s/uCi/ml for the-7 slices 
. in high resolution 35.000 c/s/yCiml for the 7 slices 

- equivalent sensitivity compared to a classical tomograph : respectively 
500.000 and 140.000 c/s/uCi/ml. 
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