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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to a hybrid TOF-
PET/MRItomograph, comprising a TOF-PET tomograph
and an MRI tomograph.

BACKGROUND

[0002] Images of the interiors of bodies may be ac-
quired using various types of tomographic techniques,
which involve recording and measuring radiation from
tissues and processing acquired data into images.
[0003] One of these tomographic techniques is posi-
tron emission tomography (PET), which involves deter-
mining spatial distribution of a selected substance
throughout the body and facilitates detection of changes
in the concentration of that substance over time, thus
allowing to determine the metabolic rates in tissue cells.
[0004] The selected substance is a radiopharmaceu-
tical administered to the examined object (e.g. a patient)
before the PET scan. The radiopharmaceutical, also re-
ferred to as an isotopic tracer, is a chemical substance
having at least one atom replaced by a radioactive iso-
tope, e.g. 11C, 150, 13N, 18F, selected so thatitundergoes
radioactive decay including the emission of a positron
(antielectron). The positron is emitted from the atom nu-
cleus and penetrates into the object’s tissue, where it is
annihilated in reaction with an electron present within the
object’s body.

[0005] The phenomenon of positron and electron an-
nihilation, constituting the principle of PET imaging, con-
sists in converting the masses of both particles into en-
ergy emitted as annihilation photons, each having the
energy of 511 keV. A single annihilation event usually
leads to formation of two photons that diverge in opposite
directions at the angle of 180° in accordance with the law
of conservation of the momentum within the electron-
positron pair’s rest frame, with the straight line of photon
emission being referred to as the line of response (LOR).
The stream of photons generated in the above process
is referred to as gamma radiation and each photon is
referred to as gamma quantum to highlight the nuclear
origin of this radiation. The gamma quanta are capable
of penetrating matter, including tissues of living organ-
isms, facilitating their detection at certain distance from
object’'s body. The process of annihilation of the positron-
electron pair usually occurs at a distance of several mil-
limetres from the place of the radioactive decay of the
isotopic tracer. This distance constitutes a natural limita-
tion of the spatial resolution of PET images to a few mil-
limetres.

[0006] A PET scanner comprises detection devices
used to detect gamma radiation as well as electronic
hardware and software allowing to determine the position
of the positron-electron pair annihilation on the basis of
the position and time of detection of a particular pair of
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the gamma quanta. The radiation detectors are usually
arranged in layers forming a ring around object’s body
and are mainly made of an inorganic scintillation material.
A gamma quantum enters the scintillator, which absorbs
its energy to re-emit it in the form of light (a stream of
photons). The mechanism of gamma quantum energy
absorption within the scintillator may be of dual nature,
occurring either by means of the Compton’s effect or by
means of the photoelectric phenomenon, with only the
photoelectric phenomenon being taken into account in
calculations carried out by current PET scanners. Thus,
it is assumed that the number of photons generated in
the scintillator material is proportional to the energy of
gamma quanta deposited within the scintillator.

[0007] When two annihilation gamma quanta are de-
tected by a pair of detectors at a time interval not larger
than several nanoseconds, i.e. in coincidence, the posi-
tion of annihilation position along the line of response
may be determined, i.e. along the line connecting the
detector centres or the positions within the scintillator
strips where the energy of the gamma quanta was de-
posited. The coordinates of annihilation place are ob-
tained from the difference intimes of arrival of twogamma
quanta to the detectors located at both ends of the LOR.
In the prior art literature, this technique is referred to as
the time of flight (TOF) technique, and the PET scanners
utilizing time measurements are referred to as TOF-PET
scanners. This technique requires that the scintillator has
time resolution of a few hundred picoseconds.

[0008] Another method of imaging is MRI (Magnetic
Resonance Imaging), which uses the magnetic proper-
ties of atomic nuclei, in particular, nuclei of hydrogen at-
oms, that is protons widely occurring in matter, including
tissues of living organisms. The MRI technique allows
obtaining images of the density distribution of hydrogen
atoms giving the morphological image of tissues.
[0009] Superimposing of a functional image (PET)
over a morphological image (MRI) considerably increas-
es the capabilities of imaging techniques: a PET image
enables precise positioning of metabolic changes in in-
dividual organs and the determination of the degree of
these changes, whereas the obtainment ofan MRl image
at the same time allows a precise allocation of these
changes to respective organs. Obtained hybrid PET/MRI
images may be useful in scientific research on physio-
logical processes, where it is especially important to pre-
cisely assign to respective tissues metabolic changes of
tested radiopharmaceuticals, during imaging.

[0010] Today, in many laboratories in the world, tech-
nology that would allow for simultaneous PET and MRI
imaging is intensively developed. Known PET / MRI hy-
brid tomographs are devices in which the PET tomograph
and the MRI tomograph are spatially separated. The
main difficulty in combining the two imaging techniques
is due to mutual interruption of signals between PET and
MRI detection systems. Strong magnetic fields used in
MRl interfere with operation of converters of light impuls-
es into electrical impulses as well as they disturb trans-
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mission and processing of the signals in PET detectors.
Such design of a device causes that PET and MRI im-
aging is, in fact, carried out in different places of object’s
body and at different time - the object is moved incre-
mentally between successive imaging, thus it is required
to move the object and to stop him between successive
imaging. This procedure involves a threat that image dis-
tortions, so-called artefacts, may occur, especially in ab-
dominal cavity organs, which may move between indi-
vidual scanning events due to accelerations to which the
object is subjected during shifting. Moreover, the super-
imposing of MRI and PET images, taken at different
times, over each other, requires that additional correc-
tions should be introduced due to the weakening activity
of the radiopharmaceutical and metabolic processes;
what also needs to be remembered is that each of these
corrections is additionally exposed to systemic errors that
occur when the images are superimposed. In turn, in-
serting a PET tomograph between coils of MRI tomo-
graph and the object distorts the magnetic fields and
reading of electromagnetic signals of the MRI tomograph
duetoeddy currents and electromagnetic waves induced
in the electronics components used for reading and trans-
mission of electrical signals of PET tomograph.

[0011] The state ofthe arttechnology tried to overcome
the above mentioned problems and it describes equip-
ment enabling simultaneous PET and MRI diagnostics.
[0012] A US patent US8013607 discloses a solution
wherein PET and MRI tomographs are spatially separat-
ed and aligned in close proximity to each other. The de-
vice allows sequential PET and MRI scans and the object,
during the examination, is placed on the platform and
moved between the tomographs. A similar solution was
also described in the article "Design and performance
evaluation of a whole-body Ingenuity TF PET / MRI sys-
tem" (Z. Zaidi et al. Phys Med. Biol. 56 (2011),
pp-3091-3106). The disclosed technique avoids the tech-
nical difficulties related to the negative impact of PET
detectors on magnetic fields and MRI electromagnetic
signals through the physical separation of the two detec-
tors. However, moving the object between individual im-
aging can lead to distortion in superimposed PET and
MRI images (so-called artefacts), especially in the case
of abdominal organs, which can move between the indi-
vidual scanning activities as a result of acceleration ex-
perienced by the object when moving.

[0013] The article "Simultaneous PET and NMR" (PK
Marsden et al. Brit J Radiology 75 (2002) pp. 53-59),
describes a hybrid tomograph with non-standard readout
by carrying signals over long optical fibres, which are
inserted inside the MRI scanner. However, the use of this
solution reduces the imaging field of view and PET im-
aging quality deteriorates due to the need for signals to
be transmitted in several-metre thin optical fibres.
[0014] The article "Whole-Body MR/PET Hybrid Imag-
ing: Technical Considerations, Clinical Workflow, and In-
itial Results" (Quick H. etal., MAGNETOM Flash 1/2011
pp. 88-100) presents the possibility of using silicon pho-

10

15

20

25

30

35

40

45

50

55

tomultipliers or avalanche diodes instead of the standard
photomultiplier tubes, and enclosing them along with
electronics in an electromagnetic housing made, for ex-
ample, of copper and inserting them between the gradi-
ent coil and the signal-readout coil of MRI tomograph. A
similar solution consisting in using silicon photomultipli-
ers is also disclosed in the US patent US7218112. The
described method allows simultaneous imaging in a rel-
atively large transverse field of view. This solutionis sche-
matically illustrated in Figure 1, in which the PET 20 de-
tectors are located between the receiving-transmitting
coils 31 surrounding the object 5 and the gradient coils
32. PET detectors are made of LSO crystals 21 with an
avalanche photodiode matrix 22 integrated with a cooling
system 23 and analogue readout electronics 24. Detec-
tion modules have shields made of copper. Such a layout
of PET and MRI tomograph elements can, however, lead
to distortions of magnetic fields and electromagnetic sig-
nals used in MRI and distortions of signals in PET tom-
ograph. The main factors causing the disorders de-
scribed above are: (i) converters, electronics and cooling
systems, which are, as per the solution, between the re-
ceiving-transmitting coils and gradient coils, (ii) transmis-
sion of electrical signals from PET detectors between the
receiving-transmitting coils and gradient coils, (iii) scat-
tering of annihilation quanta in the receiving-transmitting
MRI coils located between the object and the layer of
PET detectors. Furthermore, the presented solution is
expensive, and the cost of the detector and electronics
increases approximately linearly with the length of the
longitudinal field of view, which is a significant limitation
preventing large-scale production of hybrid PET/MRI to-
mographs with a large longitudinal field of view.

[0015] US patent application US20120112079 de-
scribes a strip device and the method used in the deter-
mination of position and time of gamma quanta reaction,
and the application of this device in PET. The TOF-PET
tomograph, described in the application, allows simulta-
neous imaging of the whole object’s body, while the ma-
terial used to register gamma quanta is polymers doped
with elements of high atomic numbers. The device de-
scribed in this application reduces the cost of PET tom-
ography. US20120112079 does not present, however, a
method for simultaneous PET and MRI imaging using
polymer scintillator strips.

[0016] PCT application WO2006119085 discloses an
integrated PET-MRI scanner. This integrated scannerin-
cludes a main magnet that generates a magnetic field,
wherein images of the subject is generated in a central
region of the magnetic field. It also includes a PET scan-
ner which is enclosed by the main magnet. The PET
scanner further comprises: at least one ring of scintilla-
tors, which s situated in the central region of the magnetic
field and, one or more photodetectors, which are coupled
to the ring of scintillators, so that the one or more photo-
detectors are outside the central region of the magnetic
field. The integrated scanner also includes radio frequen-
cy (RF) coils which are enclosed by the PET scanner.
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By keeping the photodetectors and associated circuitry
outside the central region of the magnetic field, the inte-
grated scannerreduces the electromagnetic interference
(EMI) between the PET scanner and the MRI scanner.
The gamma scintillators are positioned only in the central
region of the magnetic field and the photoelectric con-
verters are positioned in the working area of the MRI
scanner. The scintillators are made from crystals: LSO,
BGO.

[0017] An article "Strip-PET: a novel detector concept
for the TOF-PET scanner" (P. Moskal et al, Nuclear Med-
icine Review, vol. 15 suppl. C, 2012, pages C68-C69)
presents a design of a PET scanner based on strips of
polymer scintillators arranged in a barrel constituting a
large acceptance detector.

[0018] US patentapplication US2008284428 presents
a PET/MR scanner with a main magnet and magnetic
field gradient coils housed in or on a scanner housing
that acquires spatially encoded magnetic resonances in
an imaging region.

[0019] A publication "Simultaneous PET and MR im-
aging" (Shao Y et al., Physics in Medicine and Biology,
Institute of Physics Publishing, Bristol GB, vol. 42 no. 10)
presents a PET detector which is compatible with a clin-
ical MRI system to provide simultaneous PET and MR
imaging.

[0020] A publication "The state of Instrumentation ofr
Combined Positron Emission Tomography and Magnetic
Resonance Imaging" (Payl Vaska et al, Seminars in Nu-
clear Medicine, vol. 43 no. 1, pages 11-18) presents elec-
tromagnetic interference and shielding and the ability to
measure time of flight and depth of interaction.

[0021] It would be desirable to provide an imaging de-
vice utilizing polymer scintillators, which would enable
simultaneous registration of gamma radiation and exe-
cution of nuclear magnetic resonance with a large field
of view, enabling the elimination of any artefacts that
could distort the image due to the movement of the object,
and systematic errors formed during superimposure of
images made at various positions and times. This will
allow effective, simultaneous functional and morpholog-
ical imaging.

SUMMARY

[0022] There is presented a hybrid TOF-PET/MRI to-
mograph according to the appended claims.

BRIEF DESCRIPTION OF FIGURES

[0023] Example embodiments are presented on a
drawing wherein:

Fig. 1 shows a prior art PET / MRI hybrid tomograph;
Fig. 2 illustrates schematically a new TOF-PET/MRI
hybrid tomograph;

Fig. 3 illustrates schematically a new TOF-PET/MRI
hybrid tomograph in a plane comprising the longitu-
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dinal axis of the tomograph.
DETAILED DESCRIPTION

[0024] The numeralsinthe figures are usedtoindicate:
101 - TOF-PET/MRI hybrid tomograph; 120 - TOF-PET
tomograph; 121 - polymer scintillation strips; 122 - pho-
toelectric converter; 123 - photoelectric converters mag-
netic shields; 130 - MRI tomograph; 131 - layer of receiv-
ing-transmitting coils; 132 - magnets that produce a static
magnetic field B, coil magnets producing gradient field,
cooling system; 104 - chamber of the hybrid TOF-
PET/MRI tomograph to examine the object; 105 - object;
106 - platform for placing the object into the chamber of
the hybrid TOF-PET/MRI tomograph; 107 - longitudinal
axis of the hybrid tomograph; 108 - magnetic field lines.
[0025] Fig. 2 illustrates schematically a hybrid tomo-
graph 101 which has achamber 104, into which the object
105 is introduced after administration of the radiophar-
maceutical. In order to perform the examination, the ob-
jectis placed on the platform 106, wherein after reaching
apredetermined positionin the chamber 104, the position
of the platform 106 remains constant until the end of the
examination.

[0026] Tomograph 101 includes two different types of
tomographs: TOF-PET tomograph 120 and MRI tomo-
graph 130. TOF-PET tomograph 120 constitutes the in-
ner layer of hybrid tomograph 101 and registers gamma
radiation during operation of the tomograph 101

[0027] Theinnerlayer of the TOF-PET tomograph 120
is filled with nonmagnetic polymer scintillation strips 121,
which, in the preferred embodiment, are admixed with
atoms having an atomic number of at least fifty; the strips
have low density and a thickness of, e.g. 2 cm, and they
do not interfere with magnetic fields and electromagnetic
waves used in MRI tomography. According to the inven-
tion, strips 121 are placed circumferentially, spaced apart
at predetermined distance or they may adjoin each other
along their longest edges to form an elongated, cylindri-
cal ring (or another shape) coaxial with the longitudinal
axis 107 of the hybrid tomograph 101. The gamma quan-
ta resulting from the decay of the radioisotope, when
reaching the strips 121 are converted into light impulses
by scintillator material 121 and then they are transported
to the photoelectric converters 122. The strip design of
the tomograph PET 120 allows not only the use of poly-
mer scintillators as the detection layer, but also as a sys-
tem of light guides used for transporting light pulses out-
side the magnet 132 of the MRI tomograph 130.

[0028] The MRI tomograph 130 constitutes the outer
layer of hybrid tomograph 101 and registers electromag-
netic waves during operation of the tomograph. The MRI
tomograph 130 may be a conventional MRI tomograph,
whose construction and operation are known in the state
of the art. For example, the MRI tomograph 130 may
comprise a layer of receiving-transmitting coils 131 im-
mediately surrounding the layer of detector PET 120 and
magnets generating a static magnetic field B, coil mag-
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nets producing gradient field, cooling system and hous-
ing, jointly referred to as 132 in Figure 2, in order to
achieve greater clarity.

[0029] Fig. 3 is a sectional view of a hybrid tomograph
101 in a plane comprising the longitudinal axis 107 of the
tomograph. Each scintillation strip 121 of the TOF-PET
120 detector is optically connected with at least two pho-
toelectric converters 122. Converters 122 are provided
outside the working area of the receiving-transmitting coil
131 of MRI tomograph 130. Converters can be placed in
magnetic shields 123, for example of "mu-metal”, and
the photoelectric converters can be any known convert-
ers, for example: avalanche diodes, silicon photomulti-
pliers, and even ordinary photomultiplier tubes, depend-
ing on the expected time resolution, wherein using a pho-
tomultiplier tube provides the best TOF resolution, not
available in current TOF-PET/MRI tomographs.

[0030] Functional imaging using PET and MRI detec-
tors by means of TOF-PET/MRI tomograph can be per-
formed simultaneously or sequentially, wherein the se-
quential imaging can be made according to the desired
sequence or, depending on the needs of imaging, it can
also be performed only with PET detectors or using only
MRI detectors.

[0031] Data collected during imaging using both tom-
ographs can be recorded along with a time stamp syn-
chronised with a common clock, which enables superim-
position of PET and MRI images performed at the same
intervals. Data acquisition and subsequent PET and MRI
images reconstruction procedures can be based on so-
lutions known in the state of the art.

[0032] With a properly designed configuration of gam-
ma radiation detectors, in which the photoelectric con-
verters 122 are provided outside a magnet of MRI tom-
ograph, the hybrid tomograph presented herein enables
simultaneous operation of PET and MRI tomographs
without causing distortion of the magnetic field and elec-
tromagnetic waves of MRI tomograph.

[0033] Development of a hybrid tomograph with the
possibility of conducting simultaneous registration of
gamma radiation and MRI imaging was possible thanks
to the use of light-guiding properties of non-magnetic pol-
ymer scintillator strips and the use of the strips for trans-
mission of photons outside the magnetic field.

[0034] Moreover, such a solution made it possible to
provide a hybrid tomograph, wherein in the imaging area
there are only non-magnetic materials of TOF-PET de-
tector, allowing for placing - with respect to conventional
hybrid PET / MRI tomographs - of receiving-transmitting
coils of MRI tomograph outside gamma radiation detec-
tors, thanks to which annihilation radiation emitted by the
object in the hybrid tomograph presented herein is not
attenuated by transmitting-receiving coils of MRI tomo-
graph and other elements of this system, and may reach
directly the gamma radiation detector. The non-magnetic
detection layer of TOF-PET is thus, at the same time,
material for registering annihilation quanta and to trans-
mit signals outside magnets of MRI tomograph, where
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they are processed by electronic converters and elec-
tronics shielded against residual fringe field.

[0035] Itshould be emphasized that the use of polymer
strip gamma radiation detectors further allowed increas-
ing the longitudinal field of view of the TOF-PET/MRI to-
mograph relative to other known devices of this type.
Detection strips of the PET tomograph can be placed
along the entire length of the MRI tomograph - in the inner
layer, making it possible to carry out imaging of the entire
object at the same time without having to move the object
or detectors; thus, any artefacts and systematic errors
can be eliminated.

[0036] In addition, the described design of the tomo-
graph allows the use of any of the known photoelectric
converters, allowing selection of photoelectric converters
of high resolution for the tomograph presented herein in
order to obtain precise hybrid PET / MRI images.
[0037] While the technical solutions presented herein
have been depicted, described, and defined with refer-
ence to particular preferred embodiment(s), such refer-
ences and examples of implementation in the foregoing
specification do not imply any limitation on the invention.
Various modifications and changes may be made thereto
without departing from the scope of the technical solu-
tions presented. The presented embodiments are given
as example only, and are not exhaustive of the scope of
the technical solutions presented herein. Accordingly,
the scope of the invention is not limited to the preferred
embodiments described in the specification, but is only
limited by the claims that follow.

Claims

1. A hybrid TOF-PET/MRI tomograph (101) having a
chamber (104) for introduction of an object (105) and
a longitudinal axis (107), the hybrid tomograph com-
prising a TOF-PET tomograph (120) and an MRI to-
mograph (130), wherein the TOF-PET tomograph
constitutes an inner layer of the hybrid tomograph
and includes polymer scintillation strips (121) and
photoelectric converters (122) configured for con-
verting light signals from the scintillation strips (121)
to electrical signals, wherein the MRI tomograph
constitutes an outer layer of the hybrid tomograph
and includes a magnet (132) and a receiving-trans-
mitting coil (131), wherein the polymer scintillation
strips (121) are configured to act as a system of light
guides for transporting light pulses outside the mag-
net (132) ofthe MRItomograph (130) and as material
for registering annihilation quanta, wherein:

o the polymer scintillation strips (121) are ar-
ranged circumferentially, as a layer surrounding
the chamber (104) of the hybrid TOF-PET/MRI
tomograph, inside the magnet (132) of the MRI
tomograph (130);

o each of the scintillation strips (121) extends
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along the longitudinal axis (107) of the hybrid
TOF-PET/MRItomograph and through the mag-
net of the MRI tomograph (130), wherein each
of the scintillation strips (121) has a length being
greater than the length of the MRI tomograph
(130) along the longitudinal axis (107);

o each of the scintillation strips (121) is arranged
such that its longitudinal ends are positioned at
opposite ends and outside ofthe MRItomograph
(130); and

- wherein:

o the photoelectric converters (122) are ar-
ranged outside the magnet (132) of the MRI
tomograph (130);

oto each end of each scintillation strip (121)
at least one of the photoelectric converters
(122) is connected;

- wherein the receiving-transmitting coil (131) is
arranged between the magnet (132) of the MRI
tomograph (130) and the polymer scintillation
strips (121).

The hybrid tomograph according to claim 1, wherein
the receiving-transmitting coil (131) of the MRI tom-
ograph (130) is positioned directly at the outside of
the circumference of the polymer scintillation strips
(121).

The hybrid tomograph according to claim 1, wherein
the polymer scintillation strips (121) are arranged cir-
cumferentially, forming a ring.

The hybrid tomograph according to claim 3, wherein
the polymer scintillation strips (121) are adjacent to
each other along their longest edges.

The hybrid tomograph according to claim 3, wherein
the polymer scintillation strips (121) are spaced apart
with respect to their longest edges.

The hybrid tomograph according to claim 1, wherein
each polymer scintillation strip (121) is connected to
two photoelectric converters (122).

The hybrid tomograph according to claim 1, wherein
the photoelectric converters (122) are photomultipli-
er tubes.

The hybrid tomograph according to claim 1, wherein
the photoelectric converters (122) are avalanche di-
odes.

The hybrid tomograph according to claim 1, wherein
the photoelectric converters (122) are silicon photo-
multipliers.
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10. The hybrid tomograph according to claim 1, wherein

the TOF-PET tomograph (120) and the MRI tomo-
graph (130) are connected to a common clock.

Patentanspriiche

1.

TOF-PET/MRI-Hybridtomograph (101), der eine
Kammer (104) zur Einfihrung eines Objekts (105)
und eine Langsachse (107) aufweist, wobei der Hy-
bridtomograph einen TOF-PET-Tomographen (120)
und einen MRI-Tomographen (130) umfasst, wobei
der TOF-PET-Tomograph eine innere Schicht des
Hybridtomographen darstellt und Polymerszintillati-
onsstreifen (121) und photoelektrische Wandler
(122) beinhaltet, die konfiguriert sind, um Lichtsig-
nale von den Szintillationsstreifen (121) in elektri-
sche Signale umzuwandeln, wobei der MRI-Tomo-
graph eine duflere Schicht des Hybridtomographen
darstellt und einen Magneten (132) und eine Emp-
fangs-Ubertragungs-Spule (131) beinhaltet, wobei
die Polymerszintillationsstreifen (121) konfiguriert
sind, um als ein System von Lichtleitern zum Trans-
portieren von Lichtimpulsen auRerhalb des Magne-
ten (132) des MRI-Tomographen (130) und als Ma-
terial zum Registrieren von Vernichtungsquanten zu
wirken, wobei:

o die Polymerszintillationsstreifen (121) umlau-
fend angeordnet sind, als eine Schicht, welche
die Kammer (104) des TOF-PET/MRI-Hybridto-
mographen umgibt, innerhalb des Magneten
(132) des MRI-Tomographen (130);

o sich jeder der Szintillationsstreifen (121) ent-
lang der Langsachse (107) des TOF-PET/MRI-
Hybridtomographen und durch den Magneten
des MRI-Tomographen (130) erstreckt, wobei
jeder der Szintillationsstreifen (121) eine Lange,
die gréRer als die Lange des MRI-Tomographen
(130) ist, entlang der Langsachse (107) auf-
weist;

o jeder der Szintillationsstreifen (121) angeord-
net ist, sodass seine Langsenden an gegeni-
berliegenden Enden und auferhalb des MRI-
Tomographen (130) positioniert sind; und

- wobei:

o die photoelektrischen Wandler (122) au-
Rerhalb des Magneten (132) des MRI-To-
mographen (130) angeordnet sind;

o mit jedem Ende jedes Szintillationsstrei-
fens (121) zumindest einer der photoelekt-
rischen Wandler (122) verbunden ist;

- wobei die Empfangs-Ubertragungs-Spule
(131) zwischen dem Magneten (132) des MRI-
Tomographen (130) und den Polymerszintillati-
onsstreifen (121) angeordnet ist.
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Hybridtomograph nach Anspruch 1, wobei die Emp-
fangs-Ubertragungs-Spule (131) des MRI-Tomo-
graphen (130) direkt an der AuRenseite des Um-
fangs der Polymerszintillationsstreifen (121) positi-
oniert ist.

Hybridtomograph nach Anspruch 1, wobei die Poly-
merszintillationsstreifen (121) umlaufend angeord-
net sind und einen Ring bilden.

Hybridtomograph nach Anspruch 3, wobei die Poly-
merszintillationsstreifen (121) entlang ihrer Iangsten
Kanten benachbart zueinander sind.

Hybridtomograph nach Anspruch 3, wobei die Poly-
merszintillationsstreifen (121) in Bezug auf ihre
langsten Kanten beabstandet sind.

Hybridtomograph nach Anspruch 1, wobei jeder Po-
lymerszintillationsstreifen (121) mit zwei photoelek-
trischen Wandlern (122) verbunden ist.

Hybridtomograph nach Anspruch 1, wobei die pho-
toelektrischen Wandler (122) Photovervielfacher-
réhren sind.

Hybridtomograph nach Anspruch 1, wobei die pho-
toelektrischen Wandler (122) Avalanche-Dioden
sind.

Hybridtomograph nach Anspruch 1, wobei die pho-
toelektrischen Wandler (122) Silizium-Photoverviel-
facher sind.

Hybridtomograph nach Anspruch 1, wobei der TOF-
PET-Tomograph (120) und der MRI-Tomograph
(130) mit einem gemeinsamen Takt verbunden sind.

Revendications

Tomographe TOF-TEP/IRM hybride (101) compor-
tant une chambre (104) permettant I'introduction
d’un objet (105) et un axe longitudinal (107), le to-
mographe hybride comprenantuntomographe TOF-
TEP (120) et un tomographe IRM (130), ledit tomo-
graphe TOF-TEP constituant une couche interne du
tomographe hybride et comprenant des bandes de
scintillation de polymeére (121) et des convertisseurs
photoélectriques (122) congus pour convertir les si-
gnaux lumineux provenant des bandes de scintilla-
tion (121) en signaux électriques, ledit tomographe
IRM constituant une couche externe du tomographe
hybride et comprenantun aimant (132) etune bobine
de réception-émission (131), lesdites bandes de
scintillation de polymeére (121) étant congues pour
agir comme un systeme de guides de lumiére pour
transporter des impulsions lumineuses a I'extérieur
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de I'aimant (132) du tomographe IRM (130) et com-
me matériau pour enregistrer les quanta
d’annihilation :

o lesdites bandes de scintillation de polymere
(121) étant disposées de maniere circonféren-
tielle, sous la forme d’une couche entourant la
chambre (104) du tomographe TOF-TEP/IRM
hybride, a l'intérieur de I'aimant (132) du tomo-
graphe IRM (130) ;

o chacune des bandes de scintillation (121)
s’étendant le long de I'axe longitudinal (107) du
tomographe TOF-TEP/IRM hybride et a travers
I'aimantdu tomographe IRM (130), chacune des
bandes de scintillation (121) présentant une lon-
gueur supérieure a la longueur du tomographe
IRM (130) le long de I'axe longitudinal (107) ;

o chacune des bandes de scintillation (121) étant
disposée de sorte que ses extrémités longitudi-
nales soient positionnées au niveau des extré-
mités opposées et a I'extérieur du tomographe
IRM (130) ; et :

- dans lequel :

o les convertisseurs photoélectriques (122)
étant disposés a l'extérieur de I'aimant
(132) du tomographe IRM (130) ;

o au niveau de chaque extrémité de chaque
bande de scintillation (121), au moins l'un
des convertisseurs photoélectriques (122)
étant raccordé ;

- dans lequel la bobine de réception-émission
(131) estdisposée entre I'aimant (132) du tomo-
graphe IRM (130) et les bandes de scintillation
de polymére (121).

Tomographe hybride selon la revendication 1, ladite
bobine de réception-émission (131) du tomographe
IRM (130) étant positionnée directement a I'extérieur
de la circonférence des bandes de scintillation de
polymere (121).

Tomographe hybride selon la revendication 1, les-
dites bandes de scintillation de polymeére (121) étant
disposées de maniere circonférentielle, formant un
anneau.

Tomographe hybride selon la revendication 3, les-
dites bandes de scintillation de polymére (121) étant
adjacenteslesunesaux autres le long de leurs bords
les plus longs.

Tomographe hybride selon la revendication 3, les-
dites bandes de scintillation de polymeére (121) étant

espaceées par rapport a leurs bords les plus longs.

Tomographe hybride selon la revendication 1, cha-
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que bande de scintillation de polymere (121) étant
raccordée a deux convertisseurs photoélectriques
(122).

Tomographe hybride selon la revendication 1, les-
dits convertisseurs photoélectriques (122) étant des
tubes photomultiplicateurs.

Tomographe hybride selon la revendication 1, les-
dits convertisseurs photoélectriques (122) étant des
diodes a avalanche.

Tomographe hybride selon la revendication 1, les-
dits convertisseurs photoélectriques (122) étant des
photomultiplicateurs au silicium.

Tomographe hybride selon la revendication 1, ledit
tomographe TOF-TEP (120) et ledit tomographe
IRM (130) étant raccordés a une horloge commune.
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