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A device and method for detecting gamma rays in a diagnostic imaging system preferably utilizing fast step index scintil-
lating fibers and photomultipliers is provided by the present invention. A plurality of scintillating fibers are formed into layers
comprising substantially parallel fibers positioned lengthwise each other in each layer. Each layer is positioned parallel each ad-
jacent layer with each layer having its respective fibers at an angle of substantially either 60 or 90° to each adjacent layer. Prefer-
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has at least one end coupled to a photomultiplier. Data output from each photomultiplier is collected and processed to determine
spatial coordinates of the origination position of a detected gamma ray. The present invention provides a high resolution gamma
ray detector having an improved signal-to-noise ratio. This improves significantly the diagnostic power of the presently used PET
and SPECT systems, and greatly extends the field of their application both in medical diagnosis and research. In addition, the
present invention enables use of longer-lived positron emitting radiactive isotopes than presently used in typical PET systems.




Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

applications under the PCT.

Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria
Benin

Brazil
Canada
Central African Republic
Congo
Switzerland
Cwe d’tvoire
Cameroon
Germany
Denmark
Spain

FOR THE PURPOSES OF INFORMATION ONLY

Finland

France

Gabon

United Kingdom
Guinea

Greece

Hungary

ltaly

Japan

Democratic People’s Republic
of Korea
Republic of Korca
Licchtensicin

Sri Lanka
Luxembourg
Monaco
Madagascar

Mali
Mongolia
Mauritania
Malawi
Netherlands
Norway
Poland
Romania
Sudan
Sweden
Sencgal
Sovict Union
Chad

Togo

United States of America




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

applications under the PCT.

AT Austria

AU Australia

BB Barbados

BE  Belgium

BF Burkina Faso
BG Bulgaria

BJ Benin

BR Brazil

CA Canada

CF Central African Republic
CG Congo

CH Switzerland
Ci Cbte d’lvoire
CcM Cameroon
DE Germany

DK Denmark

ES Spain

Finland

France

Gabon

United Kingdom
Guinea

Greece

Hungary

Italy

Japan

Democratic People’s Republic
of Korca
Republic of Korca
Licchtensicin

Sri Lanka
Luxembourg
Monaco
Madagascar

Mali

. Mongolia

Mauritania
Malawi
Netheriands
Norway
Poland
Romania
Sudan
Sweden
Senogal
Soviet Union
Chad

Togo

United States of America




WO 91/07673 PCT/US90/06571

e
HIGH RESOLUTION GAMMA RAY DETECTORS
10 FOR POSITRON EMISSION TOMOGRAPHY (PET) AND
SINGLE PHOTON EMISSION COMPUTED TOMOGRAPHY (SPECT)

15 This invention relates to a device and a method for
accurately locating the origination position of a gamma
ray in a diagnostic imaging environment.

Recent advances in diagnostic imaging, such as

20 magnetic resonance imaging (MRI), computerized tomography
(CT), single photon emission computerized tomography
(SPECT), and positron emission tomography (PET) have made
a significant impact in cardiology, neurology, oncology,
and radiology. Although these diagnostic methods employ

25 different techniques and yield different types of anatomic
and functional information, this information is often
complementary in the diagnostic process.

Generally speaking, PET involves the detection of
30 gamma rays in the form of annihilation photons from short-
lived positron emitting radiocactive isotopes including,
but not limited to ¥F with a half-life of approximately
110 minutes, ¢ with a half-life of approximately 20
minutes, N with a half-life of approximately 10 minutes
35 and 0 with a half-life of approximately 2 minutes, using
the coincidence method. These radiotracers or

radiopharmaceuticals typically are synthesized from
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labeled precursors and are inhaled or injected into the

patient.

Typical PET scanners or tomographs consist of banks

5 of large numbers of scintillation detectors surrounding
the patient and are coupled to complex computerized data
acquisition systems. The images of the temporal and
spatial distributions of the inhaled or injected radio-
pharmaceuticals are reconstructed by using mathematical

10 imagery construction techniques similar to those applied
in computerized tomography. PET provides unique func-
tional information on blood flow and metabolism not easily
obtainable by other technologies. Because of the short
half-lives of the isotopes used, they are typically

15 produced in an on-site cyclotron or other type of particle

accelerator.

SPECT, on the other hand, uses longer-lived isotopes
including but not limited to ®**Tc with a half life of
20 approximately 6 hours and *'T1 with a half life of
approximately 74 hours. However, the resolution in
present SPECT systems is even lower than that presently
available in PET systems.

25 Typical detectors in presently available PET and
SPECT systems comprise inorganic scintillators, such as
sodium iodine or bismuth germinate scintillators. These
scintillators typically offer a resolution of about 1
centimeter (cm) or slightly better. Further, inorganic

30 scintillators can produce pile-up problems, when multiple
events occur within a brief period of time within the
scintillator due to the slow time resolution of the
scintillator. An event comprises the interaction of a
particle, including but not limited to a gamma ray, with

35 the scintillator producing photons within the
scintillator. A fraction of the photons produced within a
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scintillator reach a photon detector coupled to the
scintillator where they are counted.

Present PET and SPECT systems, due to their limited
resolution, are unlikely to show the beginning of blockage
in an artery approximately one-half centimeter wide.
Similarly, where an isotope injected in a patient attaches
to a tumor, presently available systems are typically able
to locate the tumor only to an approximate degree of
accuracy of about 1 centimeter or slightly better. Par-
ticularly where such a tumor is positioned in a sensitive
area, such as a brain, a higher spatial resolution system
would be desirable to allow more precise location of the
tumor. Similarly, increased resolution in PET and SPECT
systems could allow for detection of early stages of
potential artery blockage along with other benefits
generally resulting from improved imaging.

Generally speaking, the present invention provides an
imaging system offering high spatial and time resolution.

A device of the present invention for detecting a
gamma ray in a diagnostic imaging system largely solves
the problems associated with known detection devices by
providing general improvements in spatial resolution, time
resolution and scanner sensitivity in PET and SPECT system
environments. Broadly speaking, the device of the present
invention comprises a plurality of scintillating fibers,
including but not limited to fast step index scintillating
fibers, positioned to receive gamma rays from a gamma ray
source, a plurality of photomultipliers coupled to these
scintillating fibers, and a system for collecting and
processing data from the photomultipliers to locate the
source of the detected gamma ray. The scintillating
fibers preferably comprise at least one scintillating

fiber stack. The stack comprises a plurality of layers of
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scintillating fibers and each layer comprises a plurality
of scintillating fibers positioned lengthwise,
substantially parallel and immediate each adjacent fiber
within the same layer. Each layer preferably being one

5 fiber diameter in depth and being positioned parallel each
adjacent layer. Further, fibers in each layer are
positioned at an angle to the fibers in each adjacent
layer. This angle is referred to as the interlayer fiber
angle.

10

In a preferred embodiment, a plurality of fiber

stacks are positioned about the gamma ray source. This
positioning enables detection of gamma rays emitted in
multiple directions from the gamma ray source.

15
In a preferred embodiment, the interlayer fiber angle

is 90°. In another preferred embodiment, the interlayer
fiber angle is 60° and the plurality of layers comprises
at least three layers.
20
Preferably, each fiber stack is positioned immediate
and between two layers of inorganic scintillator material.
The layers of scintillator material preferably being
substantially parallel to the fiber layers.
25
Each photomultiplier of the present invention is
coupled to at least one fiber and preferably, to a
plurality of fibers. Preferably, each fiber has at least
one end coupled to one of the photomultipliers. 1In a
30 preferred embodiment, the photomultipliers of the present
invention are position sensitive photomultipliers.

The collecting and processing system of the present
invention preferably comprises the outputs from each
35 photomultiplier connected to the inputs of fast analog-to-
digital converters, the outputs of the analog-to-digital
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converters connected to at least one processor, and the
processor enabling storage and display of a form of the
data. The form of the data stored or displayed may be
either processed or raw data. Further, the collecting and
5 processing system enables determination of the spatial
coordinates, i.e., the x-y-z coordinates, of the
origination position of the detected gamma ray.

The method of the present invention for detecting a

10 gamma ray in a diagnostic imaging system comprises the
steps of configuring a plurality of scintillating fibers
proximate a gamma ray source, coupling a plurality of
photomultipliers to the scintillating fibers, and
collecting and processing data output from the

15 photomultipliers to locate the gamma ray source. 1In a
preferred embodiment, the step of configuring the
scintillating fibers comprises arranging the fibers in a
plurality of layers, positioning a portion of the fibers
substantially parallel and lengthwise each other in each

20 layer, and further positioning each layer parallel each
adjacent layer in a stack, fibers in each layer being at
an angle, the interlayer fiber angle, with respect to the
fibers in each adjacent layer. In one preferred
embodiment, the interlayer fiber angle is 90¢. 1In another

25 preferred embodiment, the interlayer fiber angle is 60-
and the plurality of layers comprises at least three
layers.

In a preferred embodiment the step of configuring the
30 fibers further comprises positioning a plurality of fiber
stacks about the gamma ray source. This positioning
enables detection of gamma rays emitted in multiple
directions from the gamma ray source.

35 Preferably, the step of configuring the fibers
further comprises positioning each fiber stack immediate
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and between two layers of inorganic scintillator material.
The layers of scintillator material being substantially

parallel to the fiber layers.

In a preferred embodiment, each photomultiplier is
coupled to at least one fiber and preferably to a
plurality of fibers, and each fiber has at least one end
coupled to one of the photomultipliers.

The step of collecting and processing data preferably
comprises connecting an output from each photomultiplier
to an input of a fast analog-to-digital converter and
further connecting an output of each analog-to-digital
converter to at least one processor, the processor
enabling storage and display of a form of the data.

A further method of determining the spatial
coordinates of an origination position of a gamma ray
comprises configuring a plurality of scintillating fibers
in a plurality of layers, positioning a portion of the
fibers substantially parallel and lengthwise each other in
each layer, further positioning each layer parallel each
adjacent layer, each layer having its respective fibers at
an angle to each adjacent layer, coupling a plurality of
photomultipliers to the scintillating fibers, each
photomultiplier is coupled to at least one fiber and
preferably to a plurality of fibers, and each fiber has at
least one end coupled to one of the photomultipliers, and
collecting and processing data output from the
photomultipliers and determining the spatial coordinates
of an origination position of a detected gamma ray.

FIGURE 1(a) is a perspective drawing of a ring of
gamma ray detectors in accordance with the present inven-

tion in a PET configuration;
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FIGURE 1(b) illustrates a technique for locating an
origination position of a gamma ray pair in accordance
with the present invention in a PET detector;

5 FIGURE 1(c) illustrates another technique for
locating an origination position of a gamma ray pair in
accordance with the present invention in a PET detector;

FIGURE 2 illustrates a gamma ray passing through a
10 scintillating fiber of the present invention and producing
photons in the scintillating fiber;

FIGURE 3 is a perspective view of a stack of scintil-
lating fibers in accordance with a preferred embodiment of
15 the present invention;

FIGURE 4 is a top view of the stack of scintillating
fibers of FIGURE 3 coupled to photomultipliers in
accordance with the present invention;

20

FIGURE 5 is a partial, exploded view of a stack of
scintillating fibers in accordance with another preferred
embodiment of the present invention;

25 FIGURE 6 is a top, schematic view of the stack of
scintillating fibers of FIGURE 5 coupled to

photomultipliers in accordance with the present invention;
and

30 FIGURE 7 is a schematic diagram of a system for

collecting and processing data in accordance with the
present invention.
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1. General Principles

. In positron emission tomography (PET) systems
presently in use, radiotracers and radiopharmaceuticals
are synthesized from labeled precursors and are inhaled or
injected into a patient. Radioactive isotopes including
but not limited to ®r, !¢, N and 0, are typical of the
short-lived positron emitting radioactive isotopes used in
these radiotracers and radiopharmaceuticals. Because of
the short lives, present PET facilities typically have on-
site cyclotrons to produce the isotopes. The need for a
cyclotron dramatically increases the cost of utilizing a
PET system and limits the number of PET systems in place.

The present invention, through the use of
scintillating fibers, including but not limited to fast
step index scintillating fibers, provides time resolutions
which reduce pile-up problems associated with traditional
scintillator detectors. Relatively long-lived positron
emitting radioactive isotopes, such as Cu-64 and Mn-52
having approximately 12.8 hr. and 5.6 day half-lives
respectively, often produce pile-up problems in
traditional scintillator detectors. The use of
scintillating fibers in the present invention enables the
use of long-lived isotopes. The long-lived isotopes
generate, in addition to positrons, a significant
background of single gamma rays and could not be used
efficiently with previously developed detectors having
lower resolution mainly because of the poor signal-to-
noise (coincidence to background) ratio. Application of
these long-lived isotopes is enabled by the present
invention and can make PET imaging possible for medical
centers which have no cyclotron facilities and obtain
their radioactive isotopes from other, distant

institutions.
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PET scanners, typically consist of banks of large
numbers of detectors surrounding the patient coupled to
computerized data acquisition systems. Referring to
FIGURE 1(a), the patient having received gamma ray source

5 2 is positioned within support ring 4. 1In a preferred
embodiment of the present invention, scintillating fiber

stacks 6 are positioned about the patent on support
ring 4.

10 The radiotracer or radiopharmaceutical emits a
positron which, after travelling a short distance from the
nucleus, interacts with a negative electron. The
resulting annihilation, yields two approximately 0.51
million electron volt (MeV) photons which are oppositely

15 directed. 1In other words, the photons resulting from the
pair annihilation fly off at 180°c from one another.

FIGURE 1(b) illustrates the spatial origination
position of gamma ray 14, i.e., the position of the pair
20 annihilation. The gamma ray photons, referred to as
gammas, resulting from annihilation fly off at 180° from
each other. Gamma 15 strikes scintillating fiber stack 10
and gamma 16 strikes scintillating fiber stack 12. By
determining the two points where the gammas strike fiber
25 stacks 10 and 12, knowing the time of flight of a gamma,
and knowing the time difference between the striking of
the fiber stacks by gammas 15 and 16, the origination
position of the gammas can be calculated. In a preferred
embodiment, a photomultiplier enables, through a trigger
30 signal, the detection of a gamma.

Referring to FIGURE 1(c), in another preferred
embodiment, scintillating fiber stacks 10, 12, 17, 18 are
positioned about gamma ray source 2 on support 13 enabling

35 fiber stacks 10, 12, 17, 18 to receive gamma rays from
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gamma ray source 2 to determine the position of the

source.

Referring to FIGURE 2, a single scintillating fiber
20 is illustrated. As used throughout this application,
the terms fiber and scintillating fiber refer to a
scintillating fiber. Scintillating fibers are presently
available, by way of example, from Optectron of France and
Bicron Corporation of Newburgh Heights, Ohio.

An ionizing particle, including but not limited to a
secondary electron generated by gamma ray 22, enters and
may pass completely through scintillating fiber 20.
Photons 26 are produced within scintillating fiber 20 by
scintillation. 1In a preferred embodiment, scintillating
fiber 20 comprises polystyrene doped with butyl-PBD
(phenyl-biphenyl-oxadiazole) and POPOP (di-phenyloxazolyl-
benzene) and is preferably clad in PMMA
(polymethylmetacrylate), producing 420 nanometer
wavelength photons. The attenuation length of the photons
in the fibers is sufficient to allow photons to strike
photon detectors coupled to at least one end of the fiber.

2. Fiber Stack Having A 90 Interlayer Fiber Angle

Referring to FIGURE 3, a portion of fiber stack 30 is
illustrated. Fiber layer 32 comprises lengths of scintil-
lating fibers positioned lengthwise parallel additional
lengths of scintillating fibers and forming a layer of
scintillating fibers preferably having a depth of the
diameter of a single fiber. Fiber layers 32, 33, 34 and
35 are produced in this manner. In this preferred
embodiment, the fibers comprising layer 32 are positioned
at a 90° angle to the fibers comprising layer 33. Layers
32 and 33 are positioned parallel and immediate each
other. Similarly, fibers of layer 34 are positioned at a
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90° angle to the fibers of layer 33 and the fibers of
layer 35 are positioned at a 90° to the fibers of layer
34. Layers 32, 33, 34 and 35 are positioned parallel and
immediate each other. Additional layers are preferably
added to the stack as shown in FIGURE 3 wherein each layer
has its respective fibers positioned at a 90° angle to the
fibers of each adjacent layer.

By way of example, FIGURE 4 shows a top view of fiber
stack 30 with photon detectors positioned about and
coupled to fibers in fiber stack 30. In particular, each
fiber in fiber stack 30 is coupled to at least one photon
detector. 1In this preferred embodiment, the photon
detectors comprise position sensitive photomultiplier
tubes 40, 42, 44, 46. Position sensitive photomultipliers
are presently available, by way of example, from Hamamatsu
of Japan as part of Hamamatsu's R2486 series.

Preferably, at least one end of each fiber of fiber
stack 30 is coupled to a photon detector. As shown in
FIGURE 4, photomultiplier tubes 40 and 42 are coupled to
ends of fibers lengthwise positioned in the x direction.
Photomultiplier tubes 44 and 46 are coupled to ends of
lengthwise fibers positioned in the y direction. A single
position sensitive photomultiplier may be coupled to
multiple layers of fibers.

In another preferred embodiment of the present
invention, the fiber stack is sandwiched between two thin
layers of plastic inorganic scintillator material. The
inorganic scintillator material aids in rejecting cosmic
rays and other background tracks. Preferably, the
inorganic scintillator material is of a thickness
approximately in the range of 4 to 10 millimeters.

3
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3. Fiber Stacks Having A 60° Interlayer Fiber Angle

By way of further example, FIGURE 5 shows layers of

lengthwise parallel fibers 50, 52, 54, 56, 58, 60. Each

5 layer preferably comprises lengths of scintillating fiber
positioned lengthwise parallel each other. Each layer
preferably is one fiber diameter in thickness. Layer 52
is positioned parallel to layer 50. Layer 52 is
positioned having its lengthwise parallel fibers at an

10 angle of substantially 60¢ to the parallel fibers in
adjacent layer 50. Layer 54 is positioned parallel to
layer 52. Layer 54 has its lengthwise parallel fibers
positioned at substantially a 60° angle to the parallel
fibers of layer 52. The process is repeated in layers 56,

15 58 and 60 wherein each layer is positioned having its
parallel fibers at substantially a 60c angle to the fibers
in each adjacent layer. A plurality of these layers is
preferably formed into fiber stack 64 shown in FIGURE 6.
FIGURE 5 illustrates only a portion of fiber stack 64.

20 Fiber stack 64 comprises a plurality of layers and the six
layers shown in FIGURE 5 are merely illustrative of the
relative positioning of fiber layers in fiber stack 64.

By way of still further example, FIGURE 6 shows sets

25 of position sensitive photomultiplier tubes 66, 68, 70,
72, 74, 76 coupled to scintillating fibers in each layer
of fiber stack 64. At least one end of each scintillating
fiber is preferably coupled to a photomultiplier tube.
Photomultipliers 66 and 68 are coupled to one end of the

30 parallel fibers in a first fiber layer in fiber stack 64.
Photomultipliers 70 and 72 are coupled to parallel fibers
in a second layer in fiber stack 64. Photomultipliers 74
and 76 are coupled to parallel fibers in a third layer of
fiber stack 64. Additionally, each position sensitive

35 photomultiplier is preferably also coupled to one end of
fibers positioned in additional fiber layers where the
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additionally coupled fiber layers have their fibers

parallel to other layers to which the photomultiplier is
coupled.

In another preferred embodiment of the present
invention, the fiber stack is sandwiched between two thin
layers of plastic inorganic scintillator material. The
inorganic scintillator material aids in rejecting cosmic
rays and other background tracks. Preferably the
inorganic scintillator material is of a thickness
approximately in the range of 4 to 10 millimeters.

4. Data Acquisition System

Referring to FIGURE 7, a typical data acquisition
system connected to an output related to a position on the
face of a position sensitive photomultiplier tube is
shown. Position sensitive photomultiplier 82 is coupled
to a plurality of layers of fiber within fiber stack 80
wherein the fibers in each layer coupled to
photomultiplier 82 are substantially parallel. Amplifier
86 increases the signal output received directly from
photomultiplier 82. Trigger 84 from photomultiplier 82
indicates to fast analog-to-digital converter 88 that a
photon has been detected by photomultiplier 82. Analog-
to-digital converter 88 converts the analog output signal
from the photomultiplier corresponding to the photon
detected into a digital signal. Buffer 90 interconnects
analog-to-digital converter 88 with processor 92. Other
processors 94 from other output positions on photo-
multiplier 82 and other photomultipliers, as appropriate,
are input to image processor 96. Data related to the
photon detected is storable in data storage 98 or
displayable on data display 100 or both. 1In this
preferred embodiment, the form of data stored in data
storage 98 is preferably data already processed by image
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processor 96. However, raw data may be stored in an
alternate data storage systems where the alternate data
storage system is positioned prior to image processor 96

in the circuit shown.

In particular, the data acquisition system of the
present invention constructs an image from the data
collected by the scintillating fibers. Similar systems
are presently available from, by way of example, Positron

Company of Houston, Texas.

5. Operation

In operation, the gamma ray source in the patient
emits positrons which, through annihilation, produce gamma
ray pairs which fly off at 180° from one another.
Referring to FIGURE 1(b), fiber stacks 10 and 12 are
impacted by gammas 15 and 16 respectively. The gammas
striking the fiber generate photons within the
scintillation fiber as shown in FIGURE 2. A percentage of
these photons produced in the fiber are totally reflected
within the fiber. In a preferred embodiment, the fibers
are directly coupled to position sensitive photomultiplier
tubes, therefore, the photomultiplier detects the photons
generated in the fiber. The high resolution of the
position sensitive photomultipliers coupled to the closely
positioned small diameter fibers in the fiber stack enable
determination of the spatial position of each fiber

detecting a photon.

The position sensitive photomultipliers of the
preferred embodiments of this invention comprise a
plurality of x and y positioned anode wires to preserve
the position of the photoelectrons produced at the
photocathode in the photomultiplier. Resolution of the
present invention is, in part, a function of the size of
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each area corresponding to a position defined by the x-y
anode wires within the position sensitive photomultiplier
and is also a function of the diameter of the
scintillating fibers.

For example, in a present preferred embodiment, 0.5 x
0.5 square millimeter (mm?) cross-sectional area
scintillating fibers are utilized in the fiber stacks.
These fibers are coupled to position sensitive
photomultiplier tubes consisting of 16 x-positioned and 16
y-positioned anode wires corresponding to a sampling area
of 3 mm ¥ 3 mm on the face of the tube. Position
accuracies better than 0.5 mm are obtainable using this
position sensitive photomultiplier resulting in a
resolution better than 0.5 mm.

This example is not to be read as a limitation on the
present invention but merely as a preferred embodiment.
The use of higher resolution photon detection devices,
such as high resolution solid state photomultipliers or
higher resolution position sensitive photomultiplier
tubes, and the use of smaller diameter scintillating
fibers, will enable one skilled in the art, by benefit of
this disclosure, to practice the present invention and to

achieve improved resolution from that of the above
example.

In a preferred embodiment, a photon detected by the
position sensitive photomultiplier results in charge
appearing on the anode wires corresponding to the position
of the fiber or fibers detecting photons. The data
acquisition system performs a centroid reconstruction
haVing a spatial resolution better than the width of the
fibers utilizing techniques known in the art, see e.g.,

G. Hademenos, dissertation proposal, University of Texas
at Dallas, 1988, to reconstruct the origination position
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of the high energy photons that produced the detected
photon event.

The present invention enables the use of longer-lived
isotopes than used in traditional PET systems due to an
improved signal-to-noise ratio in the fibers. In
particular, isotopes including but not limited to Cu-64
and Mn-52 may be used.

Because the velocity of the gammas produced during
annihilation are known and because the gammas go off at a
180° angle from each other, when the points of impact of
the gammas are accurately determined in accordance with
the present invention, the spatial origination point of
the gammas, as shown in FIGURE 1(b), can be accurately

determined.
6. Thickness of the Fiber Stack

The probability of detecting an annihilation photon
is a function, in part, of the thickness of the fiber

stack.

By way of example, in a preferred embodiment of the
present invention a fiber stack utilizing fiber layers has
an interlayer fiber angle of 90° and dimensions of
substantially 10 cm x 10 cm x 10 cm. This stack results
in an approximately 30% probability of detecting gammas
used in PET and SPECT devices striking the stack.
Further, the gammas impacting the fiber stack preferably
result in triggering a photomultiplier coupled to an x
direction fiber and in triggering a photomultiplier
coupled to a y direction fiber where the triggered
photomultipliers are separated in the stack at a depth z
enabling accurate determination of %, y and z coordinates
of the detected gammas.
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Further, if photon detectors are positioned at both
ends of a fiber, additional noise reduction may be
achieved by requiring both detectors to detect an event
substantially within the time period necessary for a
photon to traverse the length of the fiber. If only one
photon detector detects an event, it may be interpreted as
noise, while when both detectors detect an event in a
fiber substantially within the time period necessary for a
photon to traverse the fiber, there is an increased
probability that this is a photon event resulting from a
high energy photon striking the fiber.

7. Use in SPECT Systems

The present invention is equally applicable in single
photon emission computed tomography (SPECT) applications
where the detection of photon trajectories is also re-~
quired. The present invention, in a SPECT environment,
enables the substitution of a traditional SPECT detector
system with the present invention.

In particular, the instrument resulting from this
technology will be capable of displaying high spatial
resolution, three-dimensional, time-resolved distributions
of radionucleid-tagged agents, and will allow acquisition
of images at ultra-high resolution.

8. Conclusion

The present invention enables increased resolution in
PET and SPECT systems. Further modifications and alterna-
tive embodiments of the apparatus and method of the
present invention will be apparent to those skilled in the
art in view of this description. Accordingly, this
description is to be construed as illustrative only and is
for the purpose of teaching those skilled in the art the
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manner of carrying out the invention. It is to be under-
stood that the forms of the invention herein shown and
described are to be taken as the presently preferred
embodiments. Various changes may be made in the shape,
size and arrangement of parts. For example, equivalent
elements or materials may be substituted for those illus-
trated and described herein, parts may be reversed, and
certain features of the invention may be utilized indepen-
dently of the use of other features, all as would be
apparent to one skilled in the art after having the

benefit of this description of the invention.
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CLAIMS:

1. A device for detecting and locating a gamma ray in a
diagnostic imaging system comprising:

a plurality of scintillating fibers positioned to
receive gamma rays from a gamma ray source;

a plurality of photomultipliers coupled to said
10 scintillating fibers; and

means for collecting and processing data from said
photomultipliers to locate said source of said
gamma ray.
15

2. The device of claim 1 wherein said plurality of
scintillating fibers comprises at least one scintillating
fiber stack, said stack comprising:
20
a plurality of layers of scintillating fibers, each
layer comprising a plurality of scintillating
fibers lengthwise positioned substantially
parallel and immediate each adjacent fiber
25 within the same layer, each said layer being one
fiber diameter in depth and being positioned
parallel each adjacent layer; and

fibers in each layer being at an angle to fibers in
30 each adjacent layer.

3. The device of claim 2 further comprising a plurality
of said fiber stacks positioned about said gamma ray
35 source.
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4. The device of claim 2 wherein the angle between

fibers in each adjacent layer is 90-°.

5 5. The device of claim 2 wherein the angle between
fibers in each adjacent layer is 60° and said plurality of
layers comprises at least three said layers.

10 6. The device of claim 2 further comprising a first and
a second layer of inorganic scintillator material, said
fiber stack being positioned immediate and between said
first and second layers of scintillator material.

15
7. The device of claim 2 wherein each said photo-
multiplier being coupled to at least one said fiber and
each said fiber having at least one end coupled to one of
said photomultipliers.

20

8. The device of claim 1 wherein each said photo-
multiplier being coupled to at least one said fiber and
each said fiber having at least one end coupled to one of

25 said photomultipliers.

9. The device of claim 1 wherein said collecting and
processing data means comprises an output from each said

30 photomultiplier connected to an input of a fast analog-to-
digital converter, an output of said analog-to-digital
converter being connected to at least one processor, said
processor enabling storage and display of a form of said
data.

35
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10. The device of claim 1 wherein said collecting and
processing data means enables determination of a spatial
coordinate of an origination position of the detected
gamma ray.

11. The device of claim 1 wherein said photomultipliers
are position sensitive photomultipliers.

12. A device for detecting a gamma ray in a diagnostic
imaging system comprising:

a plurality of scintillating fibers positioned to
receive gamma rays from a gamma ray source
comprising at least one scintillating fiber
stack,

said stack comprising a plurality of layers of
scintillating fibers, each layer comprising a
plurality of scintillating fibers lengthwise
positioned substantially parallel and immediate
each adjacent fiber within the same layer, each
said layer being one fiber diameter in depth and
being positioned parallel each adjacent layer,
and

fibers in each layer being at an angle to fibers
in each adjacent layer;

a plurality of photomultipliers coupled to said
scintillating fibers.

13. The device of claim 12 further comprising a plurality
of said fiber stacks positioned about said gamma ray
source.
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14. The device of claim 12 wherein each said photo-
multiplier being coupled to at least one said fiber and
each said fiber having at least one end coupled to one of

said photomultipliers.

15. A method for detecting a gamma ray in a diagnostic

imaging system comprising the steps of:

10 configuring a plurality of scintillating fibers
proximate a gamma ray source;

coupling a plurality of photomultipliers to said
scintillating fibers; and

15
collecting and processing data output from said

photomultipliers to locate said gamma ray

source.

20
16. The method of claim 15 wherein said configuring step

comprises:

arranging said fibers in a plurality of layers,

25
positioning a portion of said fibers substantially

parallel and lengthwise each other in each said

layer, and

30 further positioning each said layer parallel each
adjacent said layer in a fiber stack, fibers in

each said layer being at an angle with respect
to fibers in each adjacent layer.

35
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17. The method of claim 16 wherein said configuring step
further comprises positioning a plurality of said fiber
stacks about said gamma ray source.

18. The method of claim 16 wherein said configuring step
further comprises positioning each said layer having its
respective fibers at a 90° angle to each adjacent said
layer.

19. The method of claim 16 wherein said configuring step
further comprises positioning each said layer having its
respective fibers at a 60° angle to each adjacent said
layer and said plurality of layers comprises at least
three said layers.

20. The method of claim 16 wherein said configuring step
further comprises positioning said plurality of fiber
layers immediate, substantially parallel and between a
first and second layer of inorganic scintillator material.

21. The method of claim 15 wherein said coupling step
comprises coupling each said photomultiplier to at least
one said fiber and each said fiber having at least one end
coupled to one of said photomultipliers.

22. The method of claim 16 wherein said coupling step
comprises coupling each said photomultiplier to at least
one said fiber and each said fiber having at least one end
coupled to one of said photomultipliers.
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23. The method of claim 15 wherein said collecting and
processing step comprises connecting an output from said
photomultiplier to an input of a fast analog-to-digital
converter and connecting an output of said analog-to-

5 digital converter to at least one processor, said proces-
sor enabling storage and display of a form of said data.

24. A method of determining the spatial coordinates of an

10 origination position of a gamma ray comprising:

configuring a plurality of scintillating fibers in a
plurality of layers;

15 positioning a portion of said fibers substantially
parallel and lengthwise each other in each said

layer;

further positioning each said layer parallel each
20 adjacent said layer and each said layer having
its respective fibers at an angle to each

adjacent said layer;

coupling a plurality of photomultipliers to said
25 scintillating fibers, each said photomultiplier
being coupled to at least one said fiber and
each said fiber having at least one end coupled
to one of said photomultipliers; and

30 collecting and processing data output from said
photomultipliers and determining the spatial
coordinates of an origination position of a
detected gamma ray.

35
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