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A positron camera was designed to meet the needs for a high sensitivity, 
high resolution, dynamic imaging at high count rate, multislice system, 
for quantitative measurements. 
Actually, the goals of present positron camera design are clearly 
to provide accurate quantitative images of physiological or biochemical 
parameters vith dramatically improved spatial, temporal and contrast 
resolutions. The use of the time-of-flight (TOF) information, which 
produces more accurate images with fewer detected events, provides 
an approach to such identified needs (1, 2, 3). 
Let us recall, in effect, that the basic principle of using the TOF 
information to Positron Emission Tomography (PET) is to measure the 
difference in the arrival times on coincident detectors for two annihi
lation photons (figure 1). This permits to localize spatially the 
emission point source within the uncertainty of the time difference 
measurement, instead of spreading it over the coincidence line between 
the detectors (4, 5). The method supposes that very fast time-coincidence 
technique is used, the choice of the crystal detector and associated 
electronic circuit used is, therefore, crucial (6, 7, 8). The rediscovery 
by the LET1 Croup in Grenoble, France (6) of Cesium Fluoride (CsF) 
and, more recently (8) of a fast component scintillation of Baryum 
Fluoride (BaF2), yielded an answer to this problem for the use of 
TOF in the PET field. A first generation PET camera, initially designed 
to make use of CsF and BaF2 crystals, was built by the LET1 Group 
of the French Atomic Energy Commission at Grenoble and installed at 
the SHFJ (Orsay) Group in June 1983. It is currently under physical 
and clinical evaluation. 
This paper first presents the physical characterization of this system, 
so-called TTV01, which confirms the TOF system capabilities and main 
advantages on the system without use of TOF, namely : 
- the improvement of the signal-to-noise ratio due to the better, 
however approximate, localization of the source position, providing 
an equivalent gain in sensitivity ; 
- the good elimination of accidental -or random- coincidences due 
to the short time-window (3 nsec for a whole body inner ring) ; 
- the ability to handle very high count rates without pile up of the 
detectors or electronic, due to the short scintillation decay time 
in fast crystals such as CsF or BaF2 (Baryum fluoride). 

These advantages will be discussed later and the trends in new technolo
gical developments along the lines of both detection efficiency and 
spatial resolution improvement will be briefly presented. 

System description - Mechanical design 

The system comprises three rings of 96 CsF probes and a fourth ring 
of 96 BaF2 probes. The ring diameter is 96 cm and the inner field 
of view of 46 cm. 
The dimensions of the CsF crystals are 24 mm in diameter and 45 mm 
in length ; those of the BaF2 crystals are 24 x 24 x 45 mm. The center 
to center distance between two adjacent rings is 31 mm. Each ring 
is arranged into groups of 8 detectors ; crystals are separated by 
lead wedges. An 8 mm thick lead septa collimator, along 20 cm from 
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the crystals front to the center reduces considerably the rate of 
events due to random and scatter contribution. 
The ensemble of rings are able to rotate (3.75° step) and wobble (one 
revolution per sec maximum speed). 
The bed is computer controlled to support and position the patient. 
Each detector is in time coincidence with 8 opposing detectors in 
the same ring and the 8 opposing detectors in the adjacent ring. 

Performance of the Time-of-flight PET system TTV01 

The physical characterization of TTV01 was performed as it would be 
for a non-TOF-PET system in terms of spatial resolution (transverse 
and longitudinal), sensitivity, time resolution, random-contribution, 
linearity at high count rates and homogeneity. 

Spatial transverse resolution 

Table 1 shows the uniformity of the response of the system throughout 
the field of view, in term of the FWHM of the 6 8Ga profile through 
a tomographic image of a line source ( E m a x "1.9 MeV). The filter 
used was a Banning filter with a cut-off frequency of 0.083 cm"*. 
In the medium resolution mode (crystals without additional collimator) 
the FWHM was measured at 12 mm at the center to 15.3 mm at 18 cm toward 
the edge of the field, for both direct and cross slices. Using additional 
shielding, the high resolution mode corresponds to a spatial resolution 
of 8 mm - 10.5 mm. 

SPATIAL TRANSVERSE RESOLUTION 
(measured with finite line source of 6&6a) 

Medium resolution node 
01 stance fro» ring center (cm) 
Direct slice plane SR (••) 

0 
12 

5 
13 

10 
14.5 

18 
15.3 

High resolution node 
Direct slice plane SR ( m ) 8 8.5 9.5 10.5 

Table 1 

Slice thickness 

Table 2 gives the estimated physical slice thickness, as the FWHM 
of the axial response measured using a line source perpendicularly 
to the axis. This indicates that the direct slices have a very uniform 
response in shape and magnitude ; for the cross slices, the system 
response is only uniform in the central part of the image plane, and 
although the integrated sensitivity is still very uniform within the 
field of view, the solid angle variation will eventually cause important 
partial volume effect on the edge of the field. 
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An alternative way to avoid such effects could be the use of a Z 
wobble motion. 

SLICE THICKNESS 

DISTANCE FROM RING CENTER {cm) 0 5 10 18 

DIRECT SLICE THICKNESS ( m ) 12 12 13 13.5 

CROSS SLICE THICKNESS (•*) 8.0 9 10 double 
peak 

Table 2 

Temporal resolution 

The average time window as measured for the 96 x 3 CsF probes is 480 
psec t 28 psec, and 380 psec "1 28 psec for the 96 BaF£ probes. 

Count rate capabilities 

Count rates up' to one million counts per sec for each detector are, 
in principle, feasible, without loss due to pile up. 
Actually, maximum acquisition count rate was on the order of 450 000 
counts per sec, the limit being due to the transfert time to magnetic 
disk in list mode. The linearity of the system was therefore measured, 
as shown on figure 2. Such count rates corresponds to a uniformly 
1 1 C filled cylinder (20 cm in diameter, 15 cm long) with a radioactive 
concentration of about 6 uCi/cc, but it could be obtained as much 
with a single ring collecting a distribution of 30uCi/cc. 
This is an interesting feature of the system : the fraction of random 
events is relatively low for such count rates, 105/3.5 10 s in terms 
of random/true events per sec. It is important to notice that for 
the 1 uCi/cc activity concentration, corresponding to most of the 
realistic in vivo studies, the random fraction is almost negligible. 
Thus, the image contrast will be improved as compared to that obtained 
with a non-TOF system. Another interesting feature is the possibility 
to sélecte a posteriori any time interval for the reconstructed images 
(1-10 sec, for example, are feasible). 

Moreover, the rejection of random coincidences allows the use of very 
active transmission sources, which reduces the time necessary for 
accurate attenuation correction. 

Sensitivity 

TOF substantially improve the signal-to-noise ratio of the tomographic 
data obtained, because this can be translated by a substantial decrease 
in the number of pixels concerned in the reconstruction procedure (9). 



This can also be expressed in terms of an effective sensitivity advantage 
as a function of the distribution activity geometry and the actual 
tine resolution (6, 10). As seen on figure 3, the sensitivity gain 
for a 450 psec time resolution ranges from 2 to 4 and from 3 to 10 
for a 300 psec time resolution, following the object size. 
The actual sensitivity of the overall system (4 rings) was measured 
using a uniform phantom 20 cm in diameter, in the medium and high 
resolution mode. The values are given in table 3, together with the 
corresponding effective sensitivity due to the use of time-of-flight. 

SENSITIVITY 

(uniform phanton 20 cm diameter) 
For 7 slices in events/s/uCi/ml 

CsF BaF2 
SENSITIVITY 100 000 
(without TOF) ^ ^ 

170 000 MR 
36 000 HR 

EFFECTIVE 200 000 
SENSITIVITY 
(with TOF) 60 000 

425 000 MR 

90 000 HR 

table 3 

This gain in sensitivity, or alternatively the ratio of the (S/N) J Q F 

to the (S/N) PET (image of a 0 20 cm uniform cylinder reconstructed 
with and without TOF) was indeed experimentally verified, for concentrâtic 
activities ranging from O.luCi/cc to 6uCi/cc. These results correspond 
to a mean resolving time of 480 psec (CsF crystals), and demonstrate, 
at the same time, the low fraction of randoms events even at high 
count rates and the accuracy of their evaluation and subsequent subtrac
tion. Thus, this definition of the sensitivity gain quantifies the 
images quality improvement due to the use of TOF information. This 
is illustrated on figures 4 and 5, where images of a cold spot phantom 
and of a brain study are displayed with total numbers of events two 
fold less than those "conventionnally" used for equivalent contrast 
quality. 
However, a fair comparison between the image quality obtained when 
using TOF or non-TOF systems should require, in particular, the detection 
efficiency comparison of the actual PET system considered. 
Recently calculated values (8) for comparative sensitivity figures 
for a BaF2 (or a CsF) crystal 45 mm deep with a BGO crystal (30 mm 
deep) were, respectively of 0.74 and 0.62. With the same scintillator 
size, a BGO crystal would give 20 7. more detection efficiency. BaF2 
could be the answer to most of the shortcomings generally admitted 
for CsF. Still less efficient than BCO crystal. BaF 2 is about 1.3 
times faster than CsF. Thus, if the most important parameters could 
be combined into a factor of merit, the corresponding factor of a 
BaF. scintillator 45 mo long and 25 mm in diameter is 2 fold that of 
CsF, taking into account the higher packing fraction. 



Conclusion 

A first prototype of TOF system installed in a clinical environment 
has been characterized, with special attention directed to the parameters 
demonstrating the advantages of TOF : effective sensitivity gain, 
linearity at high count rates and random fraction elimination. All 
three of those (plus the cubic volume element used) are directed towards 
accurate quantitative studies. The evaluation is continued, essentially 
with very fast dynamic studies of the brain, and of the heart gated 
with the ECG acquisition. For future generation of TOF system, the 
use of small crystals (11 mm x 25 mm) of BaF2 is recommanded, giving 
better packing fraction and therefore higher sensitivity, better tomogra
phic resolution and timing resolution together with a lower price. 
Crystal identification could made by use of sense-wire techniques. 
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Figure 1 - Schematic of annihilation photons detection using time of 
flight measurement. 

UNEABITT Of THE TTVOl SYSTEM 

COUNT HATE FOR ONE PLANE 
<*Ps> EwwU cod»d MTOf 

10' 

10* 

10» 

EfflPil«*5f*l«d.to» random 

1 10 100 
ACTIVITY CONCENTRATIONifiO/ml) 

Figure 2 - Linearity of the TTVOl time-of-flight system, plotting the 
total count rates as a function of activity concentration 
in a 20 cm in diameter uniformly filled cylinder. 
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Figure 3 - Effective sensitivity gain as a function of resolving 
time and size of the distribution object, as 
experimentally \erified with the TTVOI system. 
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Figure A - Tomographic images of a cold spot phantom (outside diameter 
20 cm, inner spots diameters respectively 3, 2.5, 2.0., 1.5, 1.0, 0,75, 
0.5 cm) filled with 6 8Ga. 
(eight) Medium resolution mode (FWHM 12 mm) 

Harming filter, cut off frequency - 0.083 cm "' 
Total events in image : 10 7 

(left) High resolution mode (FWHM 8mm) 
Harming filter, cut off frequency * 0.100 cm "' 
Total events in image : S.106 

Figure 5 - Four tomographic brain images obtained in a normal subject, 
using the medium resolution mode, 10 min. after administration of a 
benzodiazepine ligand labelled with ''c. (average number of total 
events : 5.10$). 



PHYSICAL CHARACTERIZATION AMD PRELIMINARY RESULTS OF A PET SYSTEM USING 
TIME-OF-FLIGHT FOR QUANTITATIVE STUDIES. 

F. Soussaline, B. Verrey, D. Comar, R. Campagnolo, A. Bouvier & J.L. Lecomte. 

Summarv 
-* 

A positron camera was designed to meet the needs for a high sensitivity, high 
resolution, dynamic imaging at high count rate, multislice system., for 
quantitative measurements. 

Actually, the goals of present positron camera design are clearly to provide 
accurate quantitative images of physiological or biochemical parameters with 
dramatically improved spatial, temporal and contrast resolutions. The use 
of the time-of-flight (TOF) information which produces more accurate images 
with fewer detected events, provides an approach to such identified needs 
(1,2,3). 

This paper first presents the physical characterization of this system, so-
called TTV01, which confirms the TOF system capabilities and main advantages 
on the system without use of TOF, namely: 

- The improvement of the signal-to-noise ratio due to the better, however 
approximate, localization of the source position, providing an equivalent 
gain in sensitivity, 

- The good elimination of accidental -or random- coincidences due to the short-
time-window (3 nsec for a whole body inner ring), 

- The ability to handle very high eount rates without pile up of the detectors 
or electronic, due to the short scintillation decay time in fast crystals 
such as CsF or BaFa (Baryum fluoride). 

To be published in: Proceedings of the International Symposium on Radioactiv 
Isotooes in Clinic and Research, BAD-GASTEIN, AUSTRIA - 8/12.01.84 
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Caractéristiques physiques et résultats préliminaires d'un 
système de tomographic à émission de positons avec temps 
de vol pour études quantitatives. 

F. SOUSSALINE, B. VERREY, D. COMAR S.H.F.J. / ORSAY 
D.B. 

R. CAMPAGNOLO, A. BOUVIER, J.L. LECOMTE, MCTE LETI/ GRENOBLE 

Une caméra à positons a été conçue et réalisée pour permettre 
des études quantitatives dans un ensemble de plusieurs coupes 
tomographiques simultanément, avec des résolutions spatiales 
temporelles et en contraste sensiblement améliorées, compara
tivement aux précédentes générations. L'utilisation du temps 
de vol (TDV) en tomographic est une approche possible pour 
atteindre de tels buts. 

Une première génération de caméra positons à temps de vol 
(TTV01) a été réalisée par le LETI (CEA) à Grenoble et ins
tallée au SHFJ à ORSAY depuis juillet 1983. 

Les principales caractéristiques mesurées sur ce système sont 
présentées. Elles confirment les potentialités d'un système 
TDV et ses principales avantages sur les systèmes convention
nels, â savoir : 

- amélioration du rapport S/B se traduisent par un 
gain en sensibilité effectué, 

- élimination des événements en coincidences fortuites, 

- possibilité de très hauts taux de comptage sans 
empilement dans les cristaux (CsF ou BaF2) ou l'élec
tronique. 

A paraître dans : C.R. Symposium International sur les Isotopes Radioactifs 
•en clinique et recherche, BAD-GASTEIN, AUTRICHE, 8/12.01.84. 


