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Description
TECHNICAL FIELD

[0001] The present invention relates generally to par-
ticle beam targets utilized for producing radionuclides.
More particularly, the present invention relates to the
cooling of targets during irradiation by a particle beam.

BACKGROUND

[0002] Radionuclides may be produced by bombard-
ing a target with an accelerated particle beam as may be
generated by a cyclotron, linear accelerator, or the like.
The target contains a small amount of target material that
is typically provided in the liquid phase but could also be
a solid or gas. The target material includes a precursor
component that is synthesized to the desired radionu-
clide in reaction to irradiation by the particle beam. As
but one example, F-18 ions may be produced by bom-
barding a target containing water enriched with the 0-18
isotope with a proton beam. After bombardment, the as-
synthesized F-18 ions may be recovered from the water
after removing the water from the target. The production
of F-18 ions in particular has important radiopharmaceu-
tical applications. For instance, the as-produced F-18
ions may be utilized to produce the radioactive sugar
fluorodeoxyglucose (2-fluoro-2-deoxy-D-glucose, or
FDG), which is utilized in positron emission tomography
(PET) scanning. PET is utilized in nuclear medicine as a
metabolic imaging modality in the diagnosis of cancer.
[0003] The production of radionuclides such as F-18
ions is an expensive process, and thus any improvement
to the production efficiency and yield would be desirable.
Unfortunately, the application of the particle beam initi-
ates the desired nuclear reaction in only a very small
fraction of the radionuclide precursors in the target. The
particle beam deposits a significant amount of heat into
the target material residing in the target during bombard-
ment. For instance, in the conventional production of F-
18 ions, it has been found that only about one of every
2,000 protons stopping in the target water actually pro-
duces the desired nuclear reaction, with the rest of the
proton beam merely depositing heat. Yet the amount of
radioactive product that can be produced in a radionu-
clide target is proportional to the amount of heat that can
be removed during bombardment of the target material
of choice. Moreover, the rapidly increasing vapor pres-
sure developed in the target chamber containing the tar-
get material as a result of the heat deposition may cause
the target to structurally fail if the heat deposition is not
adequately removed.

[0004] Radionuclide production yield could be in-
creased by increasing the beam energy inputted to the
target, but due to the foregoing problems the beam en-
ergy has been intentionally limited in conventional sys-
tems. Conventional radionuclide production systems
may provide a means for cooling the beam targets gen-
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erally by routing a heat transfer medium such as water
to the target to carry heat away therefrom during bom-
bardment. Conventional target designs, however, do not
have sufficient capacity for heat removal, and as a result
the radionuclide production yield and efficiency has been
less than desirable in conventional targets.

[0005] In view of the foregoing, there is an ongoing
need for beam targets utilized for radionuclide production
that enable increased capacity and efficiency for remov-
ing heat and thus improved radionuclide production yield
and efficiency. The heat energy deposited in the target
material may cause boiling and generate bubbles or
voids in the volume of target material. Bubbles or voids
do notyield radionuclides; the particle beam simply pass-
es through the bubbles or voids to the back of the target
structure.

[0006] WO 2008/073468 A1 relates to a system and
method provided for reclaiming an enriched radioisotope
starting material from a target body. A chemical protec-
tive layer is disposed between a radioisotope starting ma-
terial and a base material of the target body. After the
target body is irradiated, the irradiated radioisotope start-
ing material can be removed without removing the base
material due to the protection provided by the chemical
protective layer. The target body has the protective layers
and has at its backside a hollow chamber being a coolant
passage which in turn has tubular openings to the back-
side thereof. The tubular openings extend at the backside
from the target body through the hollow chamber. The
tubular openings may be connected internally within the
base layer such that a channel is formed between the
two tubular openings. Using external tubes coupled to
the openings, coolant may enter through opening into
the coolant passage disposed therebetween and exit the
hollow chamber via opening back to the coolant source.
Grooves disposed on the backside of the target body are
configuredtoincrease the surface area of the targetbody,
thereby improving heat transfer from the target to the
coolant.

SUMMARY

[0007] The present invention defines a particle beam
targetaccording to claim 1 as well as a method for cooling
a particle beam target according to claim 13. Particular
embodiments of the present invention are defined in the
dependent claims.

[0008] Other devices, apparatus, systems, methods,
features and advantages of the disclosure will be or will
become apparent to one with skill in the art upon exam-
ination of the following figures and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention can be better understood by re-
ferring to the following figures. The components in the
figures are not necessarily to scale, emphasis instead
being placed upon illustrating the principles of the inven-
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tion. In the figures, like reference numerals designate
corresponding parts throughout the different views.

Figure 1 is a simplified schematic view of an example
of a radionuclide production apparatus or system as
an example of an operating environment in which a
target according to the present teachings may be
implemented.

Figure 2 is a side, partially cut-away view of an ex-
ample of a target according to the present teachings.
Figure 3 is a perspective view of the back side of the
target illustrated in Figure 2.

Figure 3A is an elevation view of an entrance slot in
front of the back side of the target.

Figure 4 is a perspective view of the front side of the
target.

Figure 5 is another perspective view of the back side
of the target.

Figure 6 is an elevation view of the front side of the
target.

Figure 7 is a perspective, cross-sectional view of the
target that has been cut-away at a plane that reveals
peripheral bores fluidly interconnecting respective
grooves and radial outflow bores.

Figure 8 is a cross-sectional elevation view of the
target that has been cut-away at a plane that reveals
the radial outflow bores.

Figure 9 is a cross-sectional elevation view of the
target that has been cut-away at a plane that reveals
one of the grooves in fluid communication with a cor-
responding pair of peripheral bores and radial out-
flow bores.

Figure 10 is a cross-sectional elevation view of the
target that has been cut-away at a plane that reveals
a target material inlet bore and outlet bore.

Figure 11 is a perspective view of an example of a
target assembly in which the target may be included.
Figure 12 is a cross-sectional view of the target as-
sembly illustrated in Figure 11.

Figure 13 is an exploded perspective view of the tar-
get and an associated sealing element and target
window.

Figure 14 is an exploded perspective view of a con-
ventional design of a target and associated sealing
element and target window.

DETAILED DESCRIPTION

[0010] By way of example, Figures 1-13 illustrate var-
ious implementations of a target and associated radio-
nuclide production apparatus or system. The various im-
plementations provide a highly efficient solution for cool-
ing a target cavity containing target material bombarded
by particles (e.g., protons) for the purpose of obtaining a
maximum amount of heat removal from the target mate-
rial and thereby maximizing the amount of radioactive
product that can be produced from that target material.
As noted above, the amount of radioactive product that
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can be produced in a radionuclide target is proportional
to the amount of heat that can be removed during bom-
bardment of the target material of choice. In various im-
plementations, a high rate of heat removal is accom-
plished at least in part by providing numerous individual,
high-velocity, multi-stage coolant flow paths arranged in
parallel and closely spaced to each otherad in close prox-
imity to the target cavity containing the target material to
be cooled. This configuration maximizes the heat flow
from the target medium to the coolant by minimizing the
heat conduction distance (i.e., the thickness of the target
structure across which the heat must be transferred). The
target may be implemented in connection with any type
of liquid coolant and any type of radionuclide synthesis
process. A target consistent with the present teaching
has experimentally demonstrated superior performance
in transferring heat away from target material, as com-
pared to conventional targets.

[0011] Figure 1 is a simplified schematic view of an
example of a radionuclide production apparatus or sys-
tem 100 as an example of an operating environment in
which a target 102 according to the present teachings
may be implemented. The target 102 generally includes
a front side (beam input side) 112 at which a particle
beam 114 is directed and a back side (coolantinput side)
116 which, in the presently described implementation,
receives an input of any suitable liquid coolant (e.g., wa-
ter). The target 102 also generally includes a target body
that may include one or more parts assembled together.
Insofar as the target 102 may include assembled com-
ponents, the target 102 may also be referred to herein
as a target assembly. The target 102 is typically con-
structed from a suitable metal or metal alloy, a few ex-
amples being silver, aluminum, gold, nickel, titanium,
copper, platinum, tantalum, niobium, and stainless steel.
At the front side 112, the target 102 includes a target
window 118 of any material suitable for transmitting the
particle beam 114 therethrough while minimizing loss of
beam energy. Typically, the target window 118 is con-
structed from a metal or metal alloy, a few examples be-
ing the commercially available HAVAR® alloy, titanium,
tantalum, tungsten, and gold. The thickness of the target
window 118 may range, for example, from 0.3 to 30 pm.
A target chamber or cavity 120 is formed within the target
body and defines an interior of the target body into which
the particle beam 114 is directed via the target window
118. In practice, the target cavity 120 contains a flowable
target material thatincludes a radionuclide precursor, the
composition of which will depend on the type of radionu-
clide being synthesized. As a non-limiting example, the
internal volume (or size) of the target cavity 120 may
range from 1.0 to 10 cm3. A coolant inlet 122 and a cool-
ant outlet 124 are also formed in the target body. The
coolantinlet 122 and the coolant outlet 124 communicate
with each other via a coolant flow system internal to the
target body, as described in more detail below.

[0012] In some non-limiting examples, particularly
where the target material is a liquid, the volume of the
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target cavity 120 after assembly of the target window 118
thereto ranges from 0.5 cc (or ml) to 20 cc. In other non-
limiting examples, particularly where the target material
is a solid, the volume of the target cavity 120 after as-
sembly of the target window 118 thereto ranges from 0.1
cc to 20 cc. In other non-limiting examples, particularly
where the target material is a gas, the volume of the target
cavity 120 after assembly of the target window 118 there-
to ranges from 100 cc to 10,000 cc (10 L).

[0013] One or more target material transfer bores may
be formed in the target 102 for inputting target material
into and/or outputting target material from the target cav-
ity 120. In the present example, a target material inlet
bore 132 and a separate target material outlet bore 134
are formed in the target body and fluidly communicate
with the target cavity 120. The locations of the inlet bore
132 and the outlet bore 134 are arbitrary in the schematic
view of the Figure 1, and may depend on whether it is
desired to load the target 102 with target material from
the top or the bottom. For example, the inlet bore 132
may alternatively be located at the top of the target cavity
120 and the outlet bore 134 may be located at the bottom
of the target cavity 120. As a further alternative, the target
102 may include a single bore 132 or 134 utilized for both
introducing target material (including precursors) to the
target cavity 120 and removing target material (including
radionuclides) from the target cavity 120.

[0014] The illustrated example, in which a single fluid
transfer bore 132 or 134 or both an inlet bore 132 and
an outlet bore 134 are utilized, is directed primarily to the
use of a liquid target material. It will be appreciated by
persons skilled in the art that in other cases, such as
where the target material is a solid or a gas, the inlet bore
132 and/or outlet bore 134 may be modified as necessary
or not utilized at all. As one example of the use of a solid
target material, molten target material could first be load-
ed into the target cavity 120 and allowed to solidify, and
the target material is maintained in the solid phase during
application of the particle beam due to the cooling pro-
vided by the present teachings.

[0015] The radionuclide production apparatus 100 in-
cludes a particle beam source 140 such as, for example,
a cyclotron, alinear accelerator, or the like. The structure
and operation of the particle beam source 140 may de-
pend on the type of particle beam 114 utilized. As an
example, the particle beam 114 may be a proton beam.
The proton beam is typically applied at a beam power of
about 0.5 kW or greater, up to a practical limit that avoids
structural failure of the target 102 and impairment of the
desired nuclear reaction. In conventional targets, the
beam power typically does not exceed about 2 kW. In at
least some implementations of the target 102 taught
herein, it is expected that the beam power may be in-
creased to about 10 kW or greater.

[0016] Theradionuclide productionapparatus 100 also
includes a target material transport circuit or system 150.
The target material transport system 150 may include
any suitable target material source (supply, reservoir,
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etc.) 152, a device for moving the target material such
as, for example, a pump 154, and a target material input
line 156 for conducting the target material from the target
material source 152 to the inlet bore 132 and thus the
target cavity 120. The target material transport system
150 may be implemented as a loop, in which case the
above-noted outlet bore 134 is included as well as a tar-
get material output line 158 that leads back to the target
material source 152 or at least back to the pump 154. By
utilizing the loop configuration, the target material may
be flowed through the inlet bore 132, filling the target
cavity 120, and through the outlet bore 134 prior to acti-
vation of the particle beam 114. In this manner, the target
material transport system 150 may be utilized to purge
the target cavity 120 of bubbles, gases, contaminants,
or any other undesired components prior to application
of the particle beam 114 and ensuing synthesis. In prac-
tice, the target cavity 120 may be filled from the top (in
which case the inlet bore 132 may be located at the top,
as in the illustrated example) or from the bottom (in which
case the inlet bore 132 may be located at the bottom).
The schematically illustrated positions of the target ma-
terial source 152 and the pump 154 may be switched as
needed for top-filling or bottom-filling.

[0017] In the present example, the target material
transport system 150 may also be utilized to route as-
produced radionuclides to a desired radionuclide desti-
nation 162 for further processing, such as a hot lab. For
this purpose, a radionuclide output line 164 is schemat-
ically shown as fluidly communicating with the target ma-
terial outlet line 158 (or, alternatively, with the target ma-
terial inlet line 156). A valve or other controllable flow-
diverting means (not shown) may serve as an interface
between the target material transport system 150 and
the radionuclide output line 164 for this purpose.

[0018] Theradionuclide production apparatus 100also
includes a coolant circulation circuit or system 170. The
coolant circulation system 170 may include any suitable
coolant conditioning apparatus (heat exchanger, con-
denser, evaporator, and the like) 172 for providing cool-
ant to the target 102, receiving heated coolant from the
target 102, removing heat from the heated coolant, and
repeating the cycle as needed during synthesis. The
coolant circulation system 170 may also include a device
for moving the coolant to and from the target 102 such
as, for example, a pump 174, a coolant input line 176 for
conducting the coolant from the coolant conditioning ap-
paratus 172 to the coolant inlet 122 of the target 102, and
a coolant output line 178 for conducting the heated cool-
ant from the coolant outlet 124 of target 102 back to the
coolant conditioning apparatus 172.

[0019] Inpractice, the target material source 152 is pro-
vided with a suitable supply of target material, and the
target cavity 120 is loaded with a suitable amount of target
material by flowing the target material from the target
material source 152 into the target cavity 120. Once the
target cavity 120 is filled (partially or entirely, depending
on design) with a desired amount of target material, the
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particle beam source 140 is operated to generate a par-
ticle beam 114, which is directed into the target cavity
120 via the target window 118 for interaction with the
target material. Application of the particle beam 114 re-
sults in synthesis of radionuclides from the target material
in the target cavity 120. After a sufficient amount of time
during the "beam-on" stage has elapsed, the particle
beam 114 is switched off and the as-produced radionu-
clides are transported to the hot lab or other destination
162 for further processing.

[0020] As noted above, during application of the parti-
cle beam 114, a large amount of energy is deposited as
heat in the target material residing in the target cavity
120. This heat generates a large amount of vapor within
the target cavity 120 resulting in voids or bubbles within
the target material. The voids or bubbles interfere with
the particle beam’s ability to cause the nuclear reaction
needed for radionuclide synthesis, and the vapor pres-
sure may quickly cause the target 102 to fail structurally.
Hence, the heat must be rapidly removed from the target
102 and from the target material residing in the target
102. This is accomplished through the operation of the
coolant circulation system 170 during application of the
particle beam 114 in conjunction with a coolant circulation
system incorporated into the target 102, as described by
way of examples below.

[0021] A non-limiting example of radionuclide synthe-
sis is the production of the F-18 (18F-) ion (fluorine-18)
from the 0-18 (oxygen-18) precursor. In this case, the
target material may be provided as 0-18 enriched water,
i.e., water in which a desired fraction has the composition
H,180, and the particle beam is a proton beam. The nu-
clear reaction is specified as 180(p,n)18F. Other exam-
ples of radionuclides that may be produced include, but
are notlimited to, N-13, 0-15,and C-11. N-13is produced
from natural water as the target material utilizing alpha-
particles according to the nuclear reaction 10(p,a)13N.
[0022] The target 102 disclosed herein is particularly
suited for use as a "batch" or "static" target. In a batch
or static target, the target material is loaded in the target
cavity 120, the same amount of target material remains
in the target cavity 120 during synthesis, and the target
material (now including radionuclides) is thereafter re-
moved from the target 102. An alternative type of target
is a recirculating target, in which the target material is
circulated through the target cavity 120 during application
of the particle beam. In a recirculating target, the target
material itself may be utilized as a heat transfer medium
to some degree because the target material carries heat
away from the target and, prior to being recirculated back
to the target, may be cooled by a heat exchange system
located remotely from and external to the target body.
The present teachings, however, encompass the use of
the target 102 disclosed herein as a recirculating target
as an option for increasing the heat-removal capacity of
the recirculating target.

[0023] Figure 2 is a side, partially cut-away view of an
example of a target 200 according to the present teach-
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ings, and Figure 3 is a perspective view from the back
side. The target 200 may be utilized in a radionuclide
production system such as illustrated by example in Fig-
ure 1, or in other, differently configured radionuclide pro-
duction systems. The target 200 includes a target body
202 that may be mounted in a recess of a front target
section 204. A target cavity and various coolant passages
defining a plurality of coolant paths (not shown) are
formed in the target body 202 as described below. The
front target section 204 closes off the front side of the
target cavity, and includes a target window 218 for re-
ceiving a particle beam 114 as described above. The
front target section 204 abuts a medial target section 206
that surround the target body 202. The back side of the
target 200 receives an input flow of coolant from a coolant
input line 276 in a manner described below. In some im-
plementations, an input plenum (or manifold, chamber,
conduit, etc.) 208 of any suitable design is interposed
between the coolant input line 276 and the back side of
the target body 202 for receiving the input coolant. The
input plenum 208 may be formed by a coolant inlet body
or region of the medial target section 206 for distributing
coolantto the back side of the target body 202 in a manner
described below. In this example, a plurality of parallel
grooves 344 (Figure 3) is formed in the back side of the
target body 202. The input plenum 208 may taper in the
direction of the back side to direct the input coolant flow
to the grooves 344. In the present example, the coolant
outletis implemented as a plurality of radial outflow bores
224 circumferentially distributed about the target body
202. The radial outflow bores 224 may terminate at a
lateral outer wall 210 of the target body 202. The radial
outflow bores 224 may fluidly communicate with one or
more coolant output lines 178 (Figure 1) to enable re-
moval of heat from the target 200 and the target material
residing in the target 200, as noted above. To facilitate
routing the coolant from the radial outflow bores 224 to
the coolant output line(s) 178, an output plenum of any
suitable design may be provided. For this purpose, in the
illustrated example the output plenum includes one or
more chambers 211 and radially distributed axial bores
213 formed in the medial target section 206.

[0024] Referringto Figure 3, the input plenum 208 has
an entrance 341 that may have any suitable shape and
size. In this example, the input plenum 208 is shaped so
as to transition to an elongated slot or slit 342 that serves
as the entrance to the grooves 344 formed in the back
side of the target body 202. Figure 3A illustrates the elon-
gated slot 342 in front of the grooves 344. A portion of
these grooves 344 are visible through the elongated slot
342. The elongated slot 342 is oriented along a vertical
direction in Figure 3A. It will be understood, however,
that the term "vertical" is relative to the perspective of
Figure 3A and that in practice no limitations are placed
on the orientation of the target 200 or any of its compo-
nents relative to any particular frame of reference. In the
present example, the grooves 344 are oriented trans-
versely relative to the elongated slot 342. Thus, in the
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example specifically illustrated in Figure 3A, the grooves
344 may be characterized as being horizontal although
again it will be understood that the term "horizontal" is
utilized in a relative sense without any limitation being
placed on a particular orientation for the grooves 344.
The elongated slot 342 is dimensioned such that coolant
flowing through the elongated slot 342 will be divided into
each of the grooves 344. That is, all grooves 344 are
exposed through the elongated slot 342 as shown in Fig-
ures 3 and 3A. Thus, for example, if fourteen grooves
344 are provided, the input flow of coolant passing
through the elongated slot 342 will be divided into four-
teen separate, individual input flow paths, with each input
flow path being associated with a respective groove 344.
[0025] Figure 4 is a perspective view of the front side
of the target 200 (or at least the main target section 202)
according to the presently described example. For refer-
ence purposes, Figure 4 provides three mutually orthog-
onal axes that intersect at a point within the target 200
such as in a target cavity 420 thereof: a lateral axis A
passing through the target cavity 420 from the front side
to the back side, a longitudinal axis B passing through
the target cavity 420 from the bottom to the top (from the
perspective of Figure 4), and a transverse axis C also
passing through the target cavity 420. Also for reference
purposes, the lateral axis A may be associated with a
depth of the target 200, the longitudinal axis B may be
associated with a length or height of the target 200, and
the transverse axis C may be associated with a width of
the target 200. This system of three reference axes A, B
and C will be utilized in conjunction with Figures 5-10 as
well.

[0026] As illustrated in Figure 4, the target cavity 420
includes a lateral inner wall 422 that defines the cross-
section of the target cavity 420 in the plane of the longi-
tudinal axis B and the transverse axis C. The cross-sec-
tion of the target cavity 420 may include an oblong section
that adjoins a rounded top end and a rounded bottom
end. That is, the target cavity 420 is elongated in the
longitudinal direction. In the present example, the target
cavity 420 may open at the front face of the target 200
and may be bounded by the front target section 204 (Fig-
ure 2) after assembly. A channel 424 surrounding the
target cavity may be formed in the front face for receiving
a suitable gasket or other sealing component (not
shown), thereby forming a fluid seal at the interface be-
tween the main target section 202 and the front target
section 204. Figure 4 also shows the circumferential se-
ries of radial outflow bores 224 that open at the outer
surface of the main target section 202. In the present
context, term "radial" is relative to the intersection point
ofthethreereference axes A, B and C and is notintended
to limit the target 200 as having a circular shape or any
other particular shape. Figure 4 also shows a target inlet
(or outlet) bore 432. The target inlet bore 432 may open
at a flat section to facilitate fluid connection with a fitting
or other component.

[0027] Figure 5 is a perspective view of the back side
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of the target 200 (or at least the main target section 202)
according to the present example. The plurality of trans-
versely oriented grooves 344 is formed in the back face.
The grooves 344 are adjacent to the target cavity 420
(Figure 4). The respective widths of the grooves 344 are
sized so as to be somewhat greater than the width of the
cross-section of the target cavity 420 at all elevations of
the target cavity 420. Accordingly, the grooves 344 may
collectively exhibit the rounded and oblong shape of the
target cavity 420 that characterizes the present example.
As described in more detail below, the widths of the
grooves 344 enable coolant to be routed in close prox-
imity with the target cavity 420 in the lateral direction to
maximize heat transfer from the target cavity 420.
[0028] Figure 6 is an elevation view of the back side
of the target 200. Each groove 344 is separated from an
adjacent groove 344 by a thin, transverse groove wall
646. Each groove 344 runs in the transverse direction
between a first groove end 652 and an opposing second
groove end 654. Each groove end 652 and 654 fluidly
communicates with at least one peripheral bore 656 and
658. Some of the grooves 344 may communicate with
more than one peripheral bore 656 and 658. Thus, the
number of grooves 344 may be equal to half the number
of peripheral bores 656 and 658, or less than half the
number of peripheral bores 656 and 658. In the illustrated
example, the upper two grooves 344 and the bottom two
grooves 344 each communicate with two peripheral
bores 656 and 658 at their respective ends 652 and 654
for ease of fabrication and to facilitate the close spacing
between adjacent peripheral bores 656 or 658. As de-
scribed in more detail below, the peripheral bores 656
and 658 circumscribe the cross-section of the target cav-
ity 420 (Figure 4) in close proximity therewith and run in
the lateral direction toward the front side of the target
200. From Figures 3 and 6, it can be seen that each
individual groove 344 splits the coolant input flow from
the elongated slot 342 (Figure 3) into two flows that run
in opposite transverse directions to respective peripheral
bores 656 and 658 located at the first groove end 652
and second groove end 654. Assuming the width of the
elongated slot 342 is uniform as illustrated in Figure 3
and the elongated slot 342 is positioned centrally be-
tween the first groove ends 652 and the second groove
ends 654, each groove 344 may split the coolant input
flow generally evenly into the two transverse directions.
In alternative implementations, the width and/or the po-
sition of the elongated slot 342 may vary along the lon-
gitudinal axis B to consequently vary the flow of coolant
into various grooves 344 and corresponding peripheral
bores 656 and 658.

[0029] In the illustrated example in which fourteen
grooves 344 are provided, the fourteen coolant flow paths
entering the grooves 344 are thus divided into twenty-
eight transverse coolant flow paths. In the illustrated ex-
ample in which some of the groove ends 652 and 654
include more than one peripheral bore 656 or 658, addi-
tional flow splitting occurs. Specifically, the present ex-
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ample includes twenty-eight groove ends 652 and 654
but thirty-six peripheral bores 656 and 658. Thus, some
of the twenty-eight flow paths running transversely to the
twenty-eight groove ends 652 and 654 are further divid-
ed. As a result, a total of thirty-six coolant flow paths are
provided in the corresponding peripheral bores 656 and
658 in the present example. The thirty-six coolant flow
paths run through the peripheral bores 656 and 658 in
the lateral direction in close proximity to each other and
to the target cavity 420, thereby enabling a highly efficient
means for removing heat from the target material in the
target cavity 420. In other implementations, the number
of coolant flow paths running in the various directions
described herein may be different, the presently illustrat-
ed implementation being but one example.

[0030] Insomeexamples,the thickness ofeachgroove
wall 646 (in the longitudinal direction) ranges from 0.002
t0 0.125inch (0.00508 to 0.3175 cm). The cross-section-
al area of each groove 344 may be defined by the width
of the groove 344 in the transverse direction and the
height of the groove 344 in the longitudinal direction (be-
tween adjacent groove walls 646). In some examples,
the height of each groove 344 ranges from 0.01 to 0.125
inch (0.0254 to 0.3175 cm). In some examples, the di-
ameter of each peripheral bore 656 and 658 ranges from
0.01 to 0.25 inch (0.0254 to 0.635 cm).

[0031] In the example illustrated in the Figure 6, the
peripheral bores 656 and 658 may generally be divided
into a first set associated with the first groove ends 652
and a second set associated with the second groove ends
654. In each first or second set, the peripheral bores 656
and 658 are closely spaced with each other to maximize
the amount of "coverage" of the target cavity 420 and
thus the amount of surface area of the peripheral bores
656 and 658 available for transferring heat from the target
cavity 420. In some examples, the gap or spacing 648
between any pair of adjacent peripheral bores 656 or 658
of the first or second set ranges from 0.002 to 0.125
(0.00508 to 0.3175 cm). The minimal amount of target
structure between adjacent peripheral bores 656 or 658
result in the dense coverage of the target cavity dis-
cussed above.

[0032] It will be noted that in Figure 6 the uppermost
peripheral bore 656 of the first set is spaced at a greater
distance from the uppermost peripheral bore 658 of the
second set (across the longitudinal axis B) in comparison
to the spacing 648 between adjacent peripheral bores
656 or 658 of the first or second set. The same may be
said for the respective lowermost peripheral bores 656
or 658 of the firstand second sets. This additional spacing
is done in the present implementation merely to accom-
modate the location of the target material inlet bore and
outletbore, which by example are respectively positioned
at the top and bottom of the target cavity 420 as shown
in Figures 3-5 and 10. It will be understood, however,
that in other implementations the target material inlet
bore and outlet bore may be located in other positions
whereby additional spacing between any two adjacent
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peripheral bores 656 or 658 occurs at a different location
or not at all. Apart from the foregoing, the division of the
peripheral bores 656 and 658 into first and second sets
is conceptual and done for illustrative purposes.

[0033] Figure 7 is a perspective, cross-sectional view
of the target that has been cut-away at a plane of the
lateral axis A and longitudinal axis B that reveals two of
the peripheral bores 656 fluidly interconnecting respec-
tive grooves 344 and radial outflow bores 224. The target
cavity 420 is bounded by the lateral inner wall 422 and
an adjoining back inner wall 726. The lateral inner wall
422 is adjacent to the circumferentially surrounding pe-
ripheral bores 656 and separated from the peripheral
bores 656 by a relatively small distance through an an-
nular portion 728 of the target structure. In some exam-
ples, the annular portion 728 has a thickness (in any ra-
dial direction relative to the lateral axis A) ranging from
0.002 to 0.5 inch (0.00508 to 1.27 cm). In other non-
limiting examples, the thickness of the annular portion
728 ranges from 0.005 to 0.15 inch (0.0127 t0 0.381 cm).
In the illustrated example, the peripheral bores 656 run
parallel to the lateral inner wall 422 such that the thick-
ness of the annular portion 728 is uniform along the lateral
direction. In alternative implementations, however, the
peripheral bores 656 and/or the lateral inner wall 422
may be oriented such that this parallelism is not main-
tained. In the illustrated example, the series of peripheral
bores 656 largely spans the entire extent of the area of
the lateral inner wall 422 coaxially about the lateral axis
A (see alsoFigure 6). Consequently, the peripheral bores
656 collectively provide a large surface area for transfer-
ring heat from the lateral inner surface 422, through the
annular portion 728, and to the coolant flowing through
the peripheral bores 656. Each peripheral bore 656 is
bounded by an inner peripheral bore wall 758 that ex-
tends from the corresponding groove 344 to the corre-
sponding radial outflow bore 224. Each inner peripheral
bore wall 758 has a surface area, and the total surface
area of the plurality of peripheral bores 656 may be de-
fined as the summation of the surface areas of the indi-
vidual inner peripheral bore walls 758.

[0034] As also shown in Figure 7, the back inner wall
726 of the target cavity 420 is adjacent to the grooves
344 and separated from the grooves 344 by a relatively
small distance through a back (or longitudinal) portion
730 of the target structure. In some examples, the back
portion 730 has a thickness (in the lateral direction, over
at least a majority of the grooves 344) ranging from 0.002
to 0.5 (0.00508 to 1.27 cm). In the illustrated example,
the series of parallel grooves 344 spans beyond the ex-
tent of the area of the back inner wall 726 to facilitate
maximizing coverage of the target cavity 420 by the pe-
ripheral bores 656, although in other examples may span
at least a majority of the area of the back inner wall 726.
Moreover, the transverse groove walls or septa 646 (Fig-
ure 6) are thin. Consequently, the grooves 344 collec-
tively provide a large surface area for transferring heat
from the back inner wall 726, through the back portion
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730, and to the coolant flowing through the grooves 344.
The total cross-sectional area of the plurality of grooves
344 may be defined as the summation of the cross-sec-
tional areas of the individual grooves 344.

[0035] As noted above, each groove 344 generally de-
fines two coolant flow paths running along the transverse
direction, with one coolant flow path running to the pe-
ripheral bore(s) 656 located at one groove end 652 (Fig-
ure 6) and the other coolant flow path running the oppos-
ing peripheral bore(s) 658 located at the other groove
end 654 of the same groove 344. Each coolant flow path
then takes an orthogonal turn into a corresponding pe-
ripheral bore 656 or 658 and runs in the lateral direction,
again in close proximity to the target cavity 420. Thus,
the coolant continues to remove heat from the target cav-
ity 420 as it flows toward the front side of the target 200
along the lateral flow paths. To maximize heat removal,
the peripheral bores 656 and 658 may extend over a
large majority of the depth of the target cavity 420. Each
peripheral bore 656 and 658 runs to at least one radial
outflow bore 224. The radial outflow bores 224 may be
sized (e.g., cross-sectional flow area) larger than the pe-
ripheralbores 656 and 658 and positioned such that more
than one peripheral bore 656 and 658 terminates at the
same radial outflow bore 224. Thus, the number of radial
outflow bores 224 may be equal to or less than the
number of peripheral bores 656 and 658. This configu-
ration also minimizes the pressure drop in the radial out-
flow bores 224. The cross-sectional flow area of each
radial outflow bore 224 may progressively increase along
the radial direction from the end of the peripheral bore
656 or 658 to the outer lateral wall 210 of the target struc-
ture, as illustrated in Figure 7.

[0036] Once the coolant reaches a radial outflow bore
224, the coolant then takes an orthogonal turn into the
radial outflow bore 224. The coolant then runs in a radial
outward direction to the end of the radial outflow bore
244 at the lateral outer surface 210 of the target 200.
While flowing in the radial outflow bore 244, the coolant
continues to pick up heat energy. In the illustrated exam-
ple, theradial outflow bores 244 are located in close prox-
imity to the front side of the target 200 that receives the
particle beam 214. In some non-limiting examples, the
radial outflow bores 244 are located at a distance from
the front side along the lateral axis A ranging from 0.01
to 0.5 inch (0.0254 to 1.27 cm). Moreover, the radial out-
flow bores 244 are dimensioned so as to provide a large
surface area available for heat transfer from the structural
(solid) body constituting the target 200. By this configu-
ration, the coolant flowing through the radial outflow
bores 244 is able toremove heat fromthe structural target
body as well as from the target material being irradiated
in the target cavity 420. Upon reaching the lateral outer
surface of the target 200, the coolant may then be flowed
away from the target 200 and recirculated back to the
grooves 344 in the manner described above.

[0037] It thus can be seen that both the grooves 344
on the back side of the target 200 and the peripheral
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bores 656 and 658 running through the depth of the target
200 cover the inside surfaces of the target cavity 420
very densely and with a minimum of wall thickness be-
tween the coolant and the target cavity 420. The radial
outflow bores 224 provide additional heat-removing ca-
pacity in the manner described above. Moreover, the
transverse grooves 344, peripheral bores 656 and 658
and radial outflow bores 224 are dimensioned and posi-
tioned in a configuration that maintains a high-velocity
coolant flow through the target 200 from input to output,
thereby enabling the coolant to rapidly carry away the
heat being deposited by the particle beam 214. This fore-
going configuration therefore maximizes heat removal
from the target cavity 420.

[0038] Figure 8 is a cross-sectional elevation view of
the target 200 that has been cut-away at a plane of the
longitudinal axis B and transverse axis C that reveals the
radial outflow bores 224. For reference purposes, the
center of the target 200 is taken to be the geometrical
center of the target cavity 420, and the origin of the in-
tersecting lateral axis A, longitudinal axis B and trans-
verse axis C has been located at this center. Utilizing this
frame of reference, each radial outflow bore 224 is locat-
ed along a radius projected from the center. As noted
above, one or more of the radial outflow bores 224 may
fluidly communicate with more than one peripheral bore
656 or 648 (Figure 7). In the illustrated example, each
radial outflow bore 224 communicates with two periph-
eral bores 656 or 658. Thus, the thirty-six lateral coolant
flow paths running through the respective peripheral
bores 656 and 658 are reduced to eighteen radial coolant
flow paths in the eighteen radial outflow bores 224 illus-
trated in Figure 8.

[0039] Figure 9 is a cross-sectional elevation view of
the target 200 that has been cut-away at a plane of the
lateral axis A and transverse axis C that reveals one of
the grooves 344 in fluid communication with a corre-
sponding pair of peripheral bores 656 and 658 and radial
outflow bores 224. Once an input flow of coolant to the
back side of the target 200 is established, the resulting
coolant flow paths may be summarized as follows. Ini-
tially, the coolant is flowed to the grooves 344 generally
along the lateral direction, as indicated by an arrow 902.
The coolant input flow 902 encounters the grooves 344
in close proximity with back inner wall 726 of the target
cavity 420, and thus the coolant is able to immediately
begin removing heat from the target cavity 420. When
the input flow 902 encounters the grooves 344, the input
flow 902 is initially divided along the longitudinal direction
into each groove 344. Thus, each groove 344 is associ-
ated with a coolant input flow path 902 separate from the
other grooves 344. The grooves 344 are orthogonal to
the initial input flow 902. Thus, in each groove 344 the
input flow 902 is further divided such that one part of the
input flow 902 is diverted to one groove end 652 while
the other part of the input flow 902 is diverted to the op-
posing groove end 654 of the same groove 344. The
resulting two transverse coolant flow paths in the groove
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344 are indicated by arrows 904 and 906. When each
transverse coolant flow 904 and 906 reaches a groove
end 652 or 654, that transverse coolant flow 904 and 906
is then diverted orthogonally into the peripheral bore 656
or 658 located at that groove end 652 or 654 (or one of
the peripheral bores 656 or 658 in the case where more
than one peripheral bore 656 or 658 is formed at a single
groove end 652 or 654). The resulting lateral coolant flow
paths are indicated by arrows 912 and 914. The lateral
coolant flows 912 and 914 then run through the respec-
tive peripheral bores 656 and 658 to the corresponding
radial outflow bores 224. As coolant is fed into the radial
outflow bores 224, it is diverted into corresponding radial
coolant outflow paths as indicated by arrows 916. The
coolant in each radial outflow bore 224 reaches the outer
lateral wall 210 of the target 200 and is conducted away
to an external heat exchanging device as described pre-
viously in this disclosure.

[0040] Figure 9 may be considered as showing the top
end of the target cavity 420 at which the target material
inlet bore 432 is located by example (or where the outlet
bore may be located in another example). Alternatively,
Figure 9 may be considered as showing the bottom end
of the target cavity 420 at which the target material outlet
bore (or inlet bore 432) is located. The following descrip-
tion will refer to the target material inlet bore 432, as lo-
cated at the top end in the present example, with the
understanding that the discussion may also apply to the
target material outlet bore and/or to the bottom end of
the target cavity 420. In the illustrated implementation,
the inlet bore 432 is surrounded by an inlet pocket or
depression 982 formed in the lateral inner wall 422 of the
target cavity 420. The inlet pocket 982 may have any size
and shape suitable for complete filling of the target cavity
420. The length of the inlet pocket 982 in the lateral di-
rection may be elongated relative to the width of the inlet
pocket 982 in the transverse direction. In the present ex-
ample, the inlet pocket 982 is elongated in the lateral
direction and the width of the inlet pocket 982 in the trans-
verse direction gradually tapers down (decreases) in the
lateral direction toward the front side of the target 200.
The target material inlet bore 432 is located in the region
of the inlet pocket 982 having the maximum width. The
resulting "teardrop" shape of the inlet pocket 982, with
the target material inlet bore 432 located in the bulk of
the teardrop, has been found to be effective for complete
filling of the target cavity 420. Likewise, an outlet pocket
(not shown) may surround the outlet bore, and may have
any size and shape suitable for complete recovery of
target material. In the present example, the outlet pocket
may be sized and shaped similarly to the illustrated inlet
pocket 982.

[0041] Figure 10 is a cross-sectional elevation view of
the target 200 that has been cut-away at a plane of the
lateral axis A and longitudinal axis B that reveals the
target material inlet bore 432 and an outlet bore 1034. In
this example, the inlet bore 432 fluidly communicates with
an inlet pocket 982 as described above, and the outlet
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bore 1034 fluidly communicates with an outlet pocket
1084. As noted above, the respective sizes and shapes
of the inlet pocket 982 and the outlet pocket 1084 may
be the same or different. In the illustrated example, the
above-noted tapering of each pocket 982 and 1084 also
occurs along the longitudinal axis A, with each pocket
982 and 1084 being deepest in the vicinity of the inlet
bore 432 or outlet bore 1034.

[0042] Figure 11 is a perspective view of an example
of a target assembly 1100 in which the target 200 may
be included, and Figure 12 is a cross-sectional view of
the target assembly 110. The target assembly 1100 may
be utilized in a radionuclide production system such as
illustrated by example in Figure 1, or in other, differently
configured radionuclide production systems. The target
assembly 1100 generally includes the front target section
204 and the medial target section 206 as described
above. In addition, the target assembly 1100 in this ex-
ample includes a back target section 1121. The back
target section 1121 may include a chamber 1223 (Figure
12) that serves as part of the output plenum for carrying
away heated output coolant from the target body 202.
The back target section 1121 may also include bores
communicating with respective coolantinputfittings 1125
and coolant output fittings 1127. In the present example,
the coolantinputfittings 1125 communicate with the input
plenum 208 and the coolant output fittings 1127 commu-
nicate with the chamber 1223 of the output plenum. The
target assembly 1100 may also include a beam guide
1130 for directing a particle beam from a particle beam
source (e.g., the particle beam source 140 shown in Fig-
ure 1) to the target window 218 (Figure 12).

[0043] As also shown in Figure 12, various adjacent
components of the target assembly 1100 may be fluidly
sealed by sealing elements (e.g., o-rings, gaskets, etc.)
seated in grooves or channels formed in or on such com-
ponents. In particular, the arrangement of the target win-
dow 218 interposed between the target body 202 and
the front target section 204 may be fluidly sealed by a
sealing element seated in a channel 1241 formed in the
front side of the target body 202, and/or by a sealing
element seated in a channel 1243 formed in the front
target section 204. Generally, the target window 218 may
have any shape and planar size, so long as the outer
diameter (or other relevant dimension, more generally
perimeter) of the target window 218 is large enough that
the target window 218 covers the opening of the target
cavity 420. In practice, the outer perimeter of the target
window 218 is large enough to accommodate the use of
fluid sealing means such as the illustrated sealing ele-
ment/channel 1241 and/or 1243. Figure 12 illustrates one
non-limiting example in which the area of the target win-
dow 218 is coextensive with that of the front side of the
target body 202.

[0044] Continuing with Figure 11, the location of the
peripheral bores 656 in relation to the target cavity 420,
as well as to other components of the target 200 and
associated target assembly 1100, optimizes the ability
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ofthe coolantcirculating through the target 200 to remove
heat from the target 200. The peripheral bores 656 close-
ly surround the target cavity 420 and span most of the
axial depth of the target cavity 420 to maximize the
amount of heat transfer therefrom. Relative to the lateral
axis running through the target cavity 420, the peripheral
bores 656 are arranged about a perimeter at a radial
distance not much greater than the radial extent of the
target cavity 420. This arrangement of the peripheral
bores 656 may be characterized in relation to the target
window 218 and the associated sealing element/channel
1241 and/or 1243. It can be seen that the perimeter of
the peripheral bores 656 is less that the outer perimeter
of the target window 218. Stated in another way, the area
taken up by the arrangement of peripheral bores 656 is
within the area of the target window 218. Additionally or
alternatively, the perimeter of the peripheral bores 656
is less that the perimeter of the sealing element/channels
1241 and 1243. This arrangement of the peripheral bores
656 is facilitated by the provision of the radial outflow
bores 244, which allow the peripheral bores 656 to run
close to the target cavity 420 and close up to the target
window 218. Additionally, the radial outflow bores 244
maximize heat removal from the target window 218 and
the region of the target body 202 proximal to the target
window 218.

[0045] The advantages provided by the present teach-
ings may be further illustrated by comparing Figures 13
and 14. Figure 13 is an exploded perspective view of the
target 200, a sealing element 1351, and the target win-
dow 218. The peripheral bores 656 (Figure 12) may be
placed within the perimeter of the channel 1241 in which
the sealing element 1351 is seated, as well as within the
perimeter of the target window 218. Coolant from the
peripheral bores 656 is carried away by the radial outflow
bores 244, enabling the peripheral bores 656 to be im-
mediately adjacent to the target cavity 240. Figure 13
also shows an alternative circular cross-section for the
target cavity 240. By contrast, Figure 14 is an exploded
perspective view of a conventional design of a target
1400 and its associated sealing element 1451 and target
window 1418. In Figure 14, the sealing element 1451 is
seated in a recess 1441 formed in the target body and
the target window 1418 is mounted in another recess
1445 concentrically surrounding the sealing element re-
cess 1441. This conventional target 1440 has a radial
distribution of axial bores 1456 for conducting coolant
from the back side to the front side of the target 1400.
These axial bores 1456, however, must be arranged far
away from the target cavity 1440 to avoid the target win-
dow 1418 and the sealing element 1451. Hence, the axial
bores 1456 are located outside the perimeter of both the
sealing element recess 1441 and the target window
1418.

[0046] In general, terms such as "communicate" and
"in . . . communication with" (for example, a first compo-
nent "communicates with" or "is in communication with"
a second component) are used herein to indicate a struc-
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tural, functional, mechanical, electrical, signal, optical,
magnetic, electromagnetic, ionic or fluidic relationship
between two or more components or elements. As such,
the fact that one component is said to communicate with
a second component is not intended to exclude the pos-
sibility that additional components may be present be-
tween, and/or operatively associated or engaged with,
the first and second components.

[0047] Furthermore, the foregoing description is for the
purpose of illustration only, and not for the purpose of
limitation-the invention being defined by the claims.

Claims
1. A particle beam target (102, 200), comprising:

a target body (202) including a front side (102),
a back side (116), and a lateral outer wall (210)
extending from the front side to the back side;
and

a plurality of parallel grooves (344) formed in the
back side (116), each groove including a first
groove end (652) and a second groove end
(654) and running along a transverse direction
from the first groove end (652) to the second
groove end (654), the transverse direction being
orthogonal to a lateral axis (A);

characterized by

a target cavity (420) disposed in the target body
(202), the target cavity (420) including a back
inner wall (726), a lateral inner wall (422), and
a cross-section bounded by the lateral inner wall
(422), the back inner wall (726) spaced from the
back side (116) relative to said lateral axis (A),
and the lateral inner wall (422) extending from
the back inner wall (726) toward the front side
(102) along the direction of the lateral axis (A);
a plurality of peripheral bores (656, 658) extend-
ing through the target body (202) from the plu-
rality of grooves (344) toward the front side
(102), the peripheral bores (656, 658) arranged
to circumscribe the target cavity (420) cross-
section in proximity to the lateralinnerwall (422),
wherein each groove (344) fluidly communi-
cates with at least one peripheral bore (656) at
the first groove end (652) and at least one other
peripheral bore (658) at the second groove end
(654); and

a plurality of radial outflow bores (224) extending
in respective radial directions relative to the lat-
eral axis (A) from the plurality of peripheral bores
(656, 658) to the lateral outer wall (210), each
radial outflow bore (224) fluidly communicating
with at least one of the peripheral bores (656,
658),

wherein the target body (202) defines a plurality
of liquid coolant flow paths (904, 906, 912, 914,
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916), each liquid coolant flow path running from
a respective groove (344) to at least one of the
first groove end (652) and the second groove
end (654) of the groove (344), through at least
one peripheral bore (656, 658), through at least
one radial outflow bore (224), and to the lateral
outer wall (210).

The particle beam target (102, 200) of claim 1, further
comprising a target material inlet bore (432, 1034)
extending through the target body (202) and into fluid
communication with the target cavity (420).

The particle beam target (102, 200) of claim 2,
wherein the target cavity (420) has an inlet pocket
(982, 1084) formed in the lateral inner wall (422) and
circumscribing the target material inlet bore (432,
1034).

The particle beam target (102, 200) of claim 3,
wherein the inlet pocket (982, 1084) has a lateral
dimension running in a direction toward the front side
and a width transverse to the lateral dimension, and
the width decreases along the lateral dimension in
a direction away from the corresponding inlet bore
(432, 1034).

The particle beam target (102, 200) of claim 3,
wherein the inlet pocket (982, 1084) has a lateral
dimension running in a direction generally toward
the front side and a width transverse to the lateral
dimension, and the lateral dimension is elongated
relative to the width.

The particle beam target (102, 200) of any of claims
1-5, wherein at least one of the plurality of grooves
(344) fluidly communicates with more than one pe-
ripheral bore (656, 658) at the first groove end (652)
and more than one other peripheral bore (656, 658)
at the second groove end (654), and the number of
grooves (344) is less than half of the number of pe-
ripheral bores (656, 658).

The particle beam target (102, 200) of any of claims
1-6, wherein at least one of the plurality of radial out-
flow bores (224) fluidly communicates with more
than one peripheral bore (656, 658), and the number
of radial outflow bores (224) is less than the number
of peripheral bores (656, 658).

The particle beam target (102, 200) of any of claims
1-7, wherein the cross-sectional flow area of each
peripheral bore (656, 658) is less than the cross-
sectional flow area of each radial outflow bore (224).

The particle beam target (102, 200) of any of claims
1-8, wherein the plurality of radial outflow bores (224)
are located closer to the front side than to the back
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side.

The particle beam target (102, 200) of any of claims
1-9, wherein the target cavity (420) has a depth along
the lateral axis (A), and the plurality of peripheral
bores (656, 658) extend from the plurality of grooves
(344) along at least a majority of the depth.

The particle beam target (102, 200) of any of claims
1-10, wherein the plurality of peripheral bores (656,
658) extend in a direction parallel to the lateral inner
wall (422).

The particle beam target (102, 200) of any of claims
1-11, further comprising a coolant inlet body (206)
abutting the back side and covering the plurality of
peripheral bores (656, 658), the coolant inlet body
(206) including an elongated slot (342) fluidly com-
municating with each of the grooves (344), wherein
the coolant inlet body (206) defines a liquid coolant
inlet flow path (276) running through the elongated
slot (342) and into each of the grooves (344) such
that the liquid coolant inlet flow path (276) branches
into each of the liquid coolant flow paths, and each
liquid coolant flow path is divided into a first liquid
coolant flow path (904) running to the first groove
end (652) and a second liquid coolant flow path (906)
running to the second groove end (654).

A method for cooling a particle beam target (102,
200), the particle beam target (102, 200) including a
target cavity (420) for containing a target material
and capable of receiving a particle beam (114) for
producing radionuclides from the target material, the
method comprising:

flowing a coolant to a back side of the particle
beam target (102, 200), the back side being op-
posite to a front side of the target (102, 200) at
which the particle beam (114) is received;
dividing the coolant into a plurality of coolant in-
put flows in a corresponding plurality of grooves
(344) disposed at the back side, the grooves
(344) running in a transverse direction;

in each groove (344), splitting the coolant input
flow into afirst transverse coolant flow path (904)
directed along the transverse direction toward a
first groove end (652) and a second transverse
coolant flow path (906) directed along an oppo-
site transverse direction toward a second
groove end (654);

in each groove (344), diverting the coolant in the
first transverse coolant flow path (904) into a pe-
ripheral bore (656) and diverting the second
transverse coolant flow path (906) into another
peripheral bore (658), each peripheral bore
(656, 658) being part of a plurality of peripheral
bores (656, 658) running from respective first or
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second groove ends (652, 654) toward the front
side, and the plurality of peripheral bores (656,
658) circumscribing the target cavity (420),
wherein the coolant flows from each first trans-
verse coolant flow path (904) and second trans-
verse coolant flow path (906) into a correspond-
ing lateral coolant flow path (912, 914) directed
along a lateral direction generally orthogonal to
the transverse direction;

diverting the coolant in the plurality of peripheral
bores (656, 658) into a plurality of radial outflow
bores (224) located at an end of the peripheral
bores (656, 658) opposite to the plurality of first
groove ends (652) and second groove ends
(654), wherein the coolant flows from each lat-
eral coolant flow path (912, 914) into one of a
plurality of radial coolant flow paths (916) run-
ning through the respective radial outflow bores
(224) along a radial direction generally orthog-
onal to the lateral direction and directed away
from the target cavity (420); and

while flowing the coolant through the plurality of
first transverse coolant flow paths (904), second
transverse coolant flow paths (906), lateral cool-
ant flow paths (912, 914) and radial coolant flow
paths (916), removing heat from the target ma-
terial contained in the target cavity (420).

The method of claim 13 wherein, in at least one of
the plurality of grooves (344), the first groove end
(652) and the second groove end (654) each fluidly
communicate with more than one peripheral bore
(656, 658), and wherein, for the at least one groove
(344), diverting the coolant from the first groove end
(652) and the second groove end (654) includes di-
viding the coolant into each peripheral bore (656,
658) communicating with the first groove end (652)
and second groove end (654).

The method of claim 13 or 14, wherein at least two
of the peripheral bores (656, 658) both fluidly com-
municate with the same radial outflow bore (224),
and wherein, for the at least two peripheral bores
(656, 658), diverting the coolant from the peripheral
bores (656, 658) includes combining the coolantinto
the same radial outflow bore (224).

Patentanspriiche

1.

Ein Partikelstrahltarget (102, 200), das aufweist:

einen Targetkdrper (202) mit einer Vorderseite
(102), einer Ruckseite (116) und einer seitlichen
AuBenwand (210), die sich von der Vorderseite
zur Rickseite erstreckt; und

eine Vielzahl von parallelen Nuten (344), die in
der Rickseite (116) ausgebildet sind, wobei je-
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de Nut ein erstes Nutende (652) und ein zweites
Nutende (654) umfasst und entlang einer Quer-
richtung vom ersten Nutende (652) zum zweiten
Nutende (654) verlauft, wobei die Querrichtung
zu einer seitlichen Achse (A) orthogonal ist;
gekennzeichnet durch

einen Targethohlraum (420), der im Targetkor-
per (202) angeordnet ist, wobei der Targethohl-
raum (420) eine hintere Innenwand (726), eine
seitliche Innenwand (422) und einen Quer-
schnitt umfasst, der durch die seitliche Innen-
wand (422) begrenzt ist, wobei die hintere In-
nenwand (726) von der Rickseite (116) relativ
zur seitlichen Achse (A) beabstandet ist, und die
seitliche Innenwand (422) sich von der hinteren
Innenwand (726) in Richtung der Vorderseite
(102) entlang der Richtung der seitlichen Achse
(A) erstreckt;

eine Vielzahl von Umfangsbohrungen (656,
658), die sich durch den Targetkdrper (202) von
der Vielzahl von Nuten (344) in Richtung der
Vorderseite (102) erstrecken, wobei die Um-
fangsbohrungen (656, 658) so angeordnet sind,
dass sie den Querschnitt des Targethohlraums
(420) in der Nahe der seitlichen Innenwand
(422) umschreiben, wobei jede Nut (344) mit
mindestens einer Umfangsbohrung (656) am
ersten Nutende (652) und mindestens einer an-
deren Umfangsbohrung (658) am zweiten Nu-
tende (654) fluidtechnisch in Verbindung steht;
und

eine Vielzahl von radialen Ausstrdomungsboh-
rungen (224), die sich in jeweiligen radialen
Richtungen relativ zur seitlichen Achse (A) von
der Vielzahl von Umfangsbohrungen (656, 658)
zur seitlichen AuRenwand (210) erstrecken, wo-
beijede radiale Ausstromungsbohrung (224) mit
mindestens einer der Umfangsbohrungen (656,
658) fluidtechnisch in Verbindung steht,

wobei der Targetkdrper (202) eine Vielzahl von
Strémungspfaden (904, 906, 912, 914, 916) fir
flissiges KuhImittel definiert, wobei jeder Stro-
mungspfad fur flissiges KihImittel von einer je-
weiligen Nut (344) zu mindestens dem ersten
Nutende (652) oder dem zweiten Nutende (654)
der Nut (344), durch mindestens eine Umfangs-
bohrung (656, 658), durch mindestens eine ra-
diale Ausstrémungsbohrung (224) und zur seit-
lichen AulRenwand (210) verlauft.

2. Das Partikelstrahltarget (102, 200) nach Anspruch

1, das ferner eine Targetmaterial-Einlassbohrung
(432, 1034) aufweist, die sich durch den Targetkor-
per (202) und in Fluidverbindung mit dem Targe-
thohlraum (420) erstreckt.

Das Partikelstrahltarget (102, 200) nach Anspruch
2, wobei der Targethohlraum (420) eine Einlassta-
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sche (982, 1084) hat, die in der seitlichen Innenwand
(422) ausgebildetistund die Targetmaterial-Einlass-
bohrung (432, 1034) umschreibt.

Das Partikelstrahltarget (102, 200) nach Anspruch
3, wobei die Einlasstasche (982, 1084) eine seitliche
Abmessung, die in einer Richtung zur Vorderseite
hin verlauft, und eine Breite quer zur seitlichen Ab-
messung hat, und die Breite entlang der seitlichen
Abmessung in einer Richtung von der entsprechen-
den Einlassbohrung (432, 1034) weg abnimmt.

Das Partikelstrahltarget (102, 200) nach Anspruch
3, wobei die Einlasstasche (982, 1084) eine seitliche
Abmessung, die in einer Richtung im Allgemeinen
zur Vorderseite hin verlauft, und eine Breite quer zur
seitlichen Abmessung hat, und die seitliche Abmes-
sung relativ zur Breite langgestreckt ist.

Das Partikelstrahltarget (102, 200) nach irgendei-
nem der Anspriiche 1-5, wobei mindestens eine der
Vielzahl von Nuten (344) mit mehr als einer Um-
fangsbohrung (656, 658) am ersten Nutende (652)
und mehr als einer anderen Umfangsbohrung (656,
658) am zweiten Nutende (654) fluidtechnisch in
Verbindung steht, und die Anzahl von Nuten (344)
geringer ist als die Halfte der Anzahl von Umfangs-
bohrungen (656, 658).

Das Partikelstrahltarget (102, 200) nach irgendei-
nem der Anspriiche 1-6, wobei mindestens eine der
Vielzahl von radialen Ausstrdmungsbohrungen
(224) mit mehr als einer Umfangsbohrung (656, 658)
fluidtechnisch in Verbindung steht und die Anzahl
von radialen Ausstrdmungsbohrungen (224) gerin-
ger ist als die Anzahl von Umfangsbohrungen (656,
658).

Das Partikelstrahltarget (102, 200) nach irgendei-
nem der Anspriiche 1-7, wobei die Querschnitts-
durchflussflache jeder Umfangsbohrung (656, 658)
geringer ist als die Querschnittsdurchflussflache je-
der radialen Ausstromungsbohrung (224).

Das Partikelstrahltarget (102, 200) nach irgendei-
nem der Anspriiche 1-8, wobei die Vielzahl von ra-
dialen Ausstrémungsbohrungen (224) naher an der
Vorderseite als an der Riickseite angeordnet ist.

Das Partikelstrahltarget (102, 200) nach irgendei-
nem der Anspriiche 1-9, wobei der Targethohlraum
(420) eine Tiefe entlang der seitlichen Achse (A) hat
und die Vielzahl von Umfangsbohrungen (656, 658)
sich von der Vielzahl von Nuten (344) entlang zu-
mindest einer Mehrheit der Tiefe erstreckt.

Das Partikelstrahltarget (102, 200) nach irgendei-
nemder Anspriiche 1-10, wobei die Vielzahl von Um-
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fangsbohrungen (656, 658) sich in einer zur seitli-
chenInnenwand (422) parallelen Richtung erstreckt.

Das Partikelstrahltarget (102, 200) nach irgendei-
nem der Anspriiche 1-11, das ferner einen Kihlmit-
teleinlasskorper (206) aufweist, der an der Riickseite
anliegt und die Vielzahl von Umfangsbohrungen
(656, 658) bedeckt, wobei der Kiihimitteleinlasskor-
per (206) einen langgestreckten Schlitz (342) um-
fasst, der mit jeder der Nuten (344) fluidtechnisch in
Verbindung steht, wobei der Kiihimitteleinlasskorper
(206) einen Einlassstromungspfad (276) fur flissi-
ges KuhImittel definiert, der durch den langgestreck-
ten Schlitz (342) und in jede der Nuten (344) verlauft,
so dass der Einlassstrémungspfad (276) fir flissi-
ges KihImittel in jeden der Strémungspfade fur flis-
siges Kihlmittel verzweigt, und jeder Strémungs-
pfad fir flissiges Kuhlmittel in einen ersten Stro-
mungspfad (904) fur flissiges Kuhlmittel, der zum
ersten Nutende (652) verlauft, und einen zweiten
Stréomungspfad (906) fur flissiges Kihimittel, der
zum zweiten Nutende (654) verlauft, unterteilt ist.

Ein Verfahren zum Kihlen eines Partikelstrahltar-
gets (102, 200), wobei das Partikelstrahltarget (102,
200) einen Targethohlraum (420) zum Enthalten ei-
nes Targetmaterials, der in der Lage ist, einen Par-
tikelstrahl (114) zum Erzeugen von Radionukliden
aus dem Targetmaterial zu empfangen, umfasst,
wobei das Verfahren aufweist:

Leiten eines KihImittels zu einer Riickseite des
Partikelstrahltargets (102, 200), wobei die Riick-
seite zu einer Vorderseite des Targets (102,
200) entgegengesetzt ist, an der der Partikel-
strahl (114) empfangen wird;

Aufteilen des Kuihimittels in eine Vielzahl von
Klhlmitteleingangsstromungen in einer ent-
sprechenden Vielzahl von Nuten (344), die an
der Ruckseite angeordnet sind, wobei die Nuten
(344) in einer Querrichtung verlaufen;

in jeder Nut (344) Aufspalten der Kihimittelein-
gangsstrémung in einen ersten QuerkUhlmittel-
stromungspfad (904), der entlang der Querrich-
tung zu einem ersten Nutende (652) hin gerich-
tet ist, und einen zweiten Querkihlmittelstro-
mungspfad (906), der entlang einer entgegen-
gesetzten Querrichtung zu einem zweiten Nu-
tende (654) hin gerichtet ist;

in jeder Nut (344) Umlenken des Kiuhimittels im
ersten Querkihlmittelstrémungspfad (904) in ei-
ne Umfangsbohrung (656) und Umlenken des
zweiten QuerkihImittelstromungspfades (906)
in eine andere Umfangsbohrung (658), wobei
jede Umfangsbohrung (656, 658) ein Teil einer
Vielzahl von Umfangsbohrungen (656, 658) ist,
die von jeweiligen ersten oder zweiten Nuten-
den (652, 654) in Richtung der Vorderseite ver-
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laufen, und die Vielzahl von Umfangsbohrungen
(656, 658) den Targethohlraum (420) umschrei-
ben, wobei das Kihimittel von jedem ersten
QuerkuhImittelstromungspfad (904) und zwei-
ten QuerkUhimittelstrémungspfad (906) in einen
entsprechenden  seitlichen  KihImittelstro-
mungspfad (912, 914) strémt, der entlang einer
seitlichen Richtung, die zur Querrichtung im All-
gemeinen orthogonal ist, gerichtet ist;
Umlenken des Kuihimittels in der Vielzahl von
Umfangsbohrungen (656, 658) in eine Vielzahl
von radialen Ausstrdmungsbohrungen (224),
die an einem Ende der Umfangsbohrungen
(656, 658) entgegengesetzt zu der Vielzahl von
ersten Nutenden (652) und zweiten Nutenden
(654) angeordnet sind, wobei das Kiihimittel von
jedem seitlichen Kiihimittelstromungspfad (912,
914) in einen von einer Vielzahl von radialen
Kuhimittelstrémungspfaden (916) stromt, die
durch die jeweiligen radialen Ausstrémungs-
bohrungen (224) entlang einer radialen Rich-
tung verlaufen, die zur seitlichen Richtung im
Allgemeinen orthogonaliistund vom Targethohl-
raum (420) weg gerichtet ist; und

wahrend des Leitens des KuhImittels durch die
Vielzahl von ersten Querkihimittelstrémungs-
pfaden (904), zweiten QuerkuhImittelstro-
mungspfaden (906), seitlichen Kihimittelstro-
mungspfaden (912, 914) und radialen Kiihimit-
telstromungspfaden (916) Entfernen von War-
me vom Targetmaterial, das im Targethohlraum
(420) enthalten ist.

Das Verfahren nach Anspruch 13, wobei in mindes-
tens einer der Vielzahl von Nuten (344) das erste
Nutende (652) und das zweite Nutende (654) jeweils
mit mehr als einer Umfangsbohrung (656, 658) flu-
idtechnisch in Verbindung stehen, und wobei fir die
mindestens eine Nut (344) das Umlenken des Kiihl-
mittels vom ersten Nutende (652) und vom zweiten
Nutende (654) das Umlenken des Kiihimittels in jede
Umfangsbohrung (656, 658), die mit dem ersten Nu-
tende (652) und dem zweiten Nutende (654) in Ver-
bindung steht, umfasst.

Das Verfahren nach Anspruch 13 oder 14, wobei
mindestens zwei der Umfangsbohrungen (656, 658)
beide mit derselben radialen Ausstromungsbohrung
(224) fluidtechnisch in Verbindung stehen, und wo-
bei fir die mindestens zwei Umfangsbohrungen
(656, 658) das Umlenken des KihImittels von den
Umfangsbohrungen (656, 658) das Kombinieren
des Kihimittels in dieselbe radiale Ausstrémungs-
bohrung (224) umfasst.
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Revendications

Cible de faisceau de particules (102, 200)
comprenant :

un corps cible (202) incluant un cété avant (102),
un c6té arriere (116), et une paroi extérieure la-
térale (210) s’étendant depuis le c6té avant vers
le coté arriére ; et

une pluralité de cannelures paralléles (344) for-
mées dans le cété arriere (116), chaque canne-
lure incluant une premiére extrémité de canne-
lure (652) et une seconde extrémité de canne-
lure (654) et s’étendant le long d’une direction
transversale depuis la premiére extrémité de
cannelure (652) jusqu’a la seconde extrémité de
cannelure (654), la direction transversale étant
perpendiculaire a un axe latéral (A) ;
caractérisée par

une cavité cible (420) disposée dans le corps
cible (202), la cavité cible (420) incluant une pa-
roi interne arriére (726), une paroi interne laté-
rale (422), et une section transversale bordée
parla paroiinterne latérale (422), la paroi interne
arriere (726) espacée du cété arriere (116) re-
lativement audit axe latéral (A), et la paroi inter-
ne latérale (422) s’étendant depuis la paroi in-
terne arriere (726) vers le c6té avant (102) le
long de la direction de I'axe latéral (A) ;

une pluralité d’alésages périphériques (656,
658) s’étendant a travers le corps cible (202)
depuis la pluralité de cannelures (344) vers le
coété avant (102), les alésages périphériques
(656, 658) agenceés afin d’entourer la section
transversale de la cavité cible (420) a proximité
de la paroi interne latérale (422), dans lequel
chaque cannelure (344) communique de manié-
re fluide avec au moins un alésage périphérique
(656) ala premiére extrémité de cannelure (652)
etau moins un autre alésage périphérique (658)
a la seconde extrémité de cannelure (654) ; et
une pluralité d’alésages de sortie radiaux (224)
s’étendant dans des directions radiales respec-
tives relativement a I'axe latéral (A) depuis la
pluralité d’alésages périphériques (656, 658)
vers la paroi extérieure latérale (210), chaque
alésage de sortie radial (224) communiquant de
maniére fluide avec au moins un des alésages
périphériques (656, 658),

dans lequel le corps cible (202) définit une plu-
ralit¢ de chemins d’écoulement de réfrigérant
liquide (904, 906, 912, 914, 916), chaque che-
min d’écoulement de réfrigérant liquide s’éten-
dantdepuis une cannelure respective (344) vers
au moins une de la premiére extrémité de can-
nelure (652) et la seconde extrémité de canne-
lure (654) de la cannelure (344), a travers au
moins un alésage périphérique (656, 658), a tra-
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vers au moins un alésage de sortie radial (224),
et vers la paroi extérieure latérale (210).

Cible de faisceau de particules (102, 200) selon la
revendication 1, comprenant en outre un alésage
d’entrée de matériau cible (432, 1034) s’étendant a
travers le corps de cible (202) et en communication
fluidique avec la cavité cible (420).

Cible de faisceau de particules (102, 200) selon la
revendication 2, dans laquelle la cavité cible (420)
présente une poche d’entrée (982, 1084) formée
dans la paroi intérieure latérale (422) et entourant
'alésage d’entrée de matériau cible (432, 1034).

Cible de faisceau de particules (102, 200) selon la
revendication 3, dans laquelle la poche d’entrée
(982, 1034) présente une dimension latérale s’éten-
dant dans une direction vers le c6té avant et une
largeur transversale a la dimension latérale, etlalar-
geur diminue le long de la dimension latérale dans
une direction s’éloignant de I'alésage d’entrée cor-
respondant (432, 1034).

Cible de faisceau de particules (102, 200) selon la
revendication 3, dans laquelle la poche d’entrée
(982, 1034) présente une dimension latérale s’éten-
dant généralement dans une direction vers le coté
avant et une largeur transversale a la dimension la-
térale, et la dimension latérale est allongée relative-
ment a la largeur.

Cible de faisceau de particules (102, 200) selonl'une
quelconque des revendications 1 a 5, dans laquelle
au moins une de la pluralité de cannelures (344)
communique de maniére fluidique avec plus d’'un
alésage périphérique (656, 658) a la premiére extré-
mité de cannelure (652) et avec plus d’un autre alé-
sage périphérique (656, 658) a la seconde extrémité
de cannelure (654), et le nombre de cannelures
(344) représente moins de la moitié du nombre d’alé-
sages périphériques (656, 658).

Cible de faisceau de particules (102, 200) selonl'une
quelconque des revendications 1 a 6, dans laquelle
au moins une de la pluralité d’alésages de sortie ra-
diaux (224) communique de maniere fluidique avec
plus d’'un alésage périphérique (656, 658), et le nom-
bre d’alésages de sortie radiaux (224) est inférieur
au nombre d’alésages périphériques (656, 658).

Cible de faisceau de particules (102, 200) selonl'une
quelconque des revendications 1 a 7, dans laquelle
la superficie d’écoulement en coupe transversale de
chaque alésage périphérique (656, 658) estinférieu-
re a la superficie d’écoulement en coupe transver-
sale de chaque alésage d’écoulement radial (224).
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Cible de faisceau de particules (102, 200) selon 'une
quelconque des revendications 1 a 8, dans laquelle
la pluralité d’alésages de sortie radiaux (224) sont
situés plus prés du coté avant que du coté arriere.

Cible de faisceau de particules (102, 200) selon 'une
quelconque des revendications 1 a 9, dans laquelle
la cavité cible (420) présente une profondeur le long
de l'axe latéral (A), et la pluralité d’alésages périphé-
riques (656, 658) s’étend depuis la pluralité de can-
nelures (344) le long d’au moins une majorité de la
profondeur.

Cible de faisceau de particule (102, 200) selon l'une
quelconque des revendications 1 a 10, dans laquelle
la pluralité d’alésages périphériques (656, 658)
s’étend dans une direction paralléle a la paroiinterne
latérale (422).

Cible de faisceau de particules (102, 200) selon 'une
quelconque des revendications 1 a 11, comprenant
en outre un corps d’entrée de réfrigérant (206) ve-
nant en butée sur le cbté arriere et couvrant la plu-
ralité d’alésages périphériques (656, 658), le corps
d’entrée de réfrigérantliquide (206) incluant une fen-
te allongée (342) communiquant de maniére fluidi-
que avec chacune des cannelures (344) dans la-
quelle le corps d’entrée de réfrigérant (206) définit
un chemin d’écoulement d’entrée de réfrigérant li-
quide (276) s’étendant a travers la fente allongée
(342) etdans chacune des cannelures (344) de sorte
que le chemin d’écoulement d’entrée de réfrigérant
liquide (276) se ramifie dans chacun des chemins
d’écoulement de réfrigérant liquide, et chaque che-
min d’écoulement de réfrigérant liquide est divisé
dans un premier chemin d’écoulement de réfrigérant
liquide (904) s’étendant vers la premiere extrémité
de cannelure (652) et un second chemin d’écoule-
ment d’entrée de réfrigérant liquide (906) s’étendant
vers la seconde extrémité de cannelure (654).

Procédé de refroidissement d’une cible de faisceau
de particules (102, 200), la cible de faisceau de par-
ticules (102, 200) incluant une cavité cible (420) afin
de contenir un matériau cible et capable de recevoir
un faisceau de particules (114) permettant de pro-
duire des radionucléides a partir du matériau cible,
le procédé comprenant :

I'’écoulement d’un réfrigérant vers un cbté arrie-
re de la cible de faisceau de particules (102,
200), le cété arriere étant opposé a un cété avant
de la cible (102, 200) sur laquelle le faisceau de
particules (114) est recu ;

la division du réfrigérant en une pluralité de flux
d’entrée de réfrigérant dans une pluralité cor-
respondante de cannelures (344) disposées sur
le c6té arriére, les cannelures (344) s’étendant
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dans une direction transversale ;

dans chaque cannelure (344), la séparation du
flux d’entrée de réfrigérant en un premier chemin
d’écoulementde réfrigérant transversal (904) di-
rigé le long d’'une direction transversale vers une
premiére extrémité de cannelure (652) et un se-
cond chemin d’écoulement de réfrigérant trans-
versal (906) dirigé le long d’'une direction trans-
versale opposée vers une seconde extrémité de
cannelure (654) ;

dans chaque cannelure (344), la déviation du
réfrigérant dans le premier chemin d’écoule-
ment de réfrigérant transversal (904) dans un
alésage périphérique (656) et la déviation du se-
cond chemin d’écoulement de réfrigérant trans-
versal (906) dans un autre alésage périphérique
(658), chaque alésage périphérique (656, 658)
faisant partie d’'une pluralité d’alésages périphé-
riques (656, 658) s’étendant depuis une premie-
re et une seconde extrémités de cannelures res-
pectives (652, 654) vers le cété avant, et la plu-
ralité d’alésages périphériques (656, 658) en-
tourant la cavité cible (420), dans lequel le réfri-
gérant s’écoule depuis chaque premier chemin
d’écoulement de réfrigérant transversal (904) et
second chemin d’écoulement de réfrigérant
transversal (906) dans un chemin d’écoulement
de réfrigérant latéral correspondant (912, 914)
dirigé le long d’une direction latérale générale-
ment  perpendiculaire a la  direction
transversale ;

la déviation du réfrigérant dans la pluralité d’alé-
sages périphériques (656, 658) en une pluralité
d’alésages de sortie radiaux (224) situés a une
extrémité des alésages périphériques (656,
658) opposeés a la pluralité de premiéres extré-
mités de cannelures (652) et des secondes ex-
trémités de cannelure (654), dans lequel le ré-
frigérant s’écoule depuis chaque chemin
d’écoulement de réfrigérant latéral (912, 914)
dans I'un d’une pluralité de chemins d’écoule-
ment de réfrigérant radiaux (916) s’étendant a
travers les alésages de sortie radiaux respectifs
(224) le long d’'une direction radiale générale-
ment perpendiculaire a la direction latérale et
dirigée en s’éloignant de la cavité cible (420) ; et
tout en s’écoulant a travers la pluralité de pre-
miers chemins d'écoulement de réfrigérant
transversaux (904), de seconds chemins
d’écoulement de réfrigérant transversaux (906),
de chemins d’écoulement de réfrigérant laté-
raux (912, 914), et de chemins d’écoulement de
réfrigérant radiaux (916), la suppression de la
chaleur du matériau cible contenu dans la cavité
cible (420).

14. Procédé selonlarevendication 13, danslequel, dans

au moins une de la pluralité de cannelures (344), la
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premiere extrémité de cannelure (652) et la seconde
extrémité de cannelure (654) communiquent chacu-
ne de maniére fluidique avec plus d’'un alésage pé-
riphérique (656, 658), et dans lequel, pour ladite au
moins une cannelure (344), la déviation du réfrigé-
rantdepuis la premiére extrémité de cannelure (652)
et la seconde extrémité de cannelure (654) inclut la
division du réfrigérantdans chaque alésage périphé-
rique (656, 658) communiquant avec la premiere ex-
trémité de cannelure (652) et la seconde extrémité
de cannelure (654).

Procédé selon larevendication 13 ou 14, dans lequel
au moins deux des alésages périphériques (656,
658) communiquent tous deux de maniere fluidique
avec le méme alésage de sortie radial (224), et dans
lequel, pour lesdits au moins deux alésages périphé-
riques (656, 658), la déviation du réfrigérant depuis
les alésages périphériques (656, 658) inclut la com-
binaison du réfrigérant dans le méme alésage de
sortie radial (224).
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Fig. 3
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Fig. 14
(Prior Art)
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