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[57] ABSTRACT 

The invention provides a container for transporting antipro 
tons including a deWar having an evacuated cavity and a 
cryogenically cold Wall. A plurality of thermally conductive 
supports are disposed in thermal connection With the cold 
Wall and extend into the cavity. An antiproton trap is 
mounted on the extending supports Within the cavity. A 
sealable cavity access port selectively provides access to the 
cavity for selective introduction into and removal from the 
cavity of the antiprotons. The container is capable of con 
?ning and storing antiprotons While they are transported via 
conventional terrestrial or airborne methods to a location 

distant from their creation. 

3 Claims, 10 Drawing Sheets 
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CONTAINER FOR TRANSPORTING 
ANTIPROTONS 

This application is a continuation application of US. 
application Ser. No. 09/046,064, ?led on Mar. 23, 1998, and 
noW issued as US. Pat. No. 5,977,554. 

FIELD OF THE INVENTION 

The present invention generally relates to the 
con?nement, storage, and transportation of highly transitory 
and reactive materials, and more particularly to the 
con?nement, storage and transportation of antimatter. 

BACKGROUND OF THE INVENTION 

Antimatter consists of subatomic particles that are struc 
turally identical to subatomic particles of matter, but have 
opposite fundamental properties. For example, positrons 
(antielectrons) possess the same quantum characteristics as 
electrons (spin, angular momentum, mass, etc.) but are 
positively charged. Antiprotons possess the same quantum 
characteristics as protons, but are negatively charged. When 
an antiparticle, such as an antiproton, collides With its 
corresponding matter particle (in this case a proton) they 
annihilate each other, converting their mass into energy. 
Antimatter annihilates so readily that it only exists on earth 
When it is arti?cially generated in high-energy particle 
accelerators. Elaborate means have been developed for 
storing antimatter on earth once it has been created. Often 
these means have included large, ?xed machines such as the 
loW-energy antiproton ring (LEAR) at CERN, in 
SWitZerland, or the Antiproton Accumulator at Fermilab in 
the United States. Devices such as LEAR are extraordinarily 
complex, and relatively expensive to build, maintain, and 
operate. 

Apparatus and methods for the production, containment 
and manipulation of antimatter, on a commercial scale, are 
also knoWn in the art. For example, US. Pat. No. 4,867,939, 
issued to Deutch on Sep. 19, 1989, provides a process for 
producing antihydrogen Which includes providing loW 
energy antiprotons and positronium (a bound electron 
positron atomic system) Within an interaction volume. Ther 
maliZed positrons are directed by electrostatic lenses to a 
positronium converter, positioned adjacent to a loW-energy 
(less than 50 KeV) circulating antiproton beam con?ned 
Within an ion trap. Collisions betWeen antiprotons and 
ortho-positronium atoms generate antihydrogen, a stable 
antimatter species. 

Deutch proposes use of an ion trap Which can be either a 
high-vacuum penning trap or a radio frequency quadrupole 
(RFQ) trap, With a racetrack design RPQ trap being pre 
ferred. Deutch provides non-magnetic con?nement of the 
antimatter species by use of dynamic radio frequency elec 
tric ?elds. Deutch does not disclose any method or apparatus 
for con?ning antiprotons in a manner appropriate for their 
storage and transportation to a location distant from their 
creation. 

In US. Pat. No. 5,206,506, issued to Kirchner on Apr. 27, 
1993, an ion processing unit is disclosed including a series 
of M perforated electrode sheets, driving electronics, and a 
central processing unit that alloWs formation, shaping and 
translation of multiple effective potential Wells. Ions, 
trapped Within a given effective potential Well, can be 
isolated, transferred, cooled or heated, separated, and com 
bined. Kirchner discloses the combination of many electrode 
sheets, each having N multiple perforations, to create any 
number of parallel ion processing channels. The ion pro 
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2 
cessing unit provides an N by M, massively-parallel, ion 
processing system. Thus, Kirchner provides a variant of the 
Well knoWn non-magnetic radio frequency quadrupole ion 
trap that is often used for the identi?cation and measurement 
of ion species. Kirchner’s multiple electrode structures 
(FIGS. 1 and 2) appear to serve as an ion source and 
con?nement barrier. 

Kirchner suggests that his apparatus is Well suited for 
storing antimatter. More particularly, Kirchner suggests that 
as antimatter is produced, groups of positronium or other 
charged antimatter can be introduced into each processing 
channel and held con?ned to an individually effective poten 
tial Well. Kirchner also suggests that large amounts of 
antimatter could thereby be “clocked-in” just as an elec 
tronic buffer “clocks-in” a digital signal. It Would appear that 
the adaptive ?elds created by Kirchner’s device might alloW 
for the long-term storage of antimatter in a kind of electrode 
sponge. HoWever, in suggesting the application of his device 
to antimatter con?nement, Kirchner fails to disclose many 
essential aspects of such a device. For one thing, he makes 
no mention of vacuum requirements, Which are essential to 
long-term con?nement, storage, and transportation of anti 
matter. For another thing, Kirchner fails to provide any 
effective means for introducing antimatter, e.g., antiprotons, 
into his device or for effectively removing them from his 
device once they have been “clocked” through. 

Antimatter could have numerous bene?cial commercial 
applications if it could be effectively stored and transported. 
For example, antiprotons may be usefully employed to 
detect impurities in manufactured materials, e.g., fan blades 
for turbines. Positrons (generated by radioisotopes of com 
mon elements) are used for medical imaging applications, 
e.g., Positron Emission Tomography (PET), Which does not 
require the delivery of radiation as in conventional x-rays 
and cat scans. Additionally, concentrated beams of antipro 
tons may be directed onto diseased tissue, e.g., cancer cells, 
to deliver concentrated radiation to those cells thereby 
destroying them, but Without signi?cantly affecting sur 
rounding healthy tissue. 

Commercial and industrial applications of antiprotons 
have been hampered by the fact that such activities must be 
undertaken at, or very close to, the place Where antiprotons 
are generated, e.g., a high energy physics laboratory oper 
ating a synchrotron or the like. This is due to the very short 
life expectancy of an antiproton. As a result, antiprotons are 
not often used in, e.g., medical applications in public and 
private hospitals, due to the extraordinary requirements 
associated With the operation of a synchrotron of the type 
used to generate antiprotons in signi?cant quantities. 

In particular, a need exists in the biomedical radioisotope 
arts for a transportable source of positron emitting isotopes 
With short half-lives for use in PET imaging procedures. For 
example, radioactive ?uorine (positron emitter) is often 
produced in small synchrotrons that are located at central 
hospital complexes. In this procedure, a collection of non 
radioactive ?uorine atoms are bombarded With a stream of 
antiprotons emanating from the synchrotron ring. A number 
of antiprotons from the stream Will interact With a corre 
sponding number of ?uorine atoms. During this interaction, 
an antiproton Will knock one of the neutrons situated in the 
nucleus out of the ?uorine atom. The reduction in the 
number of protons in the nucleus of the ?uorine atom causes 
it to become radioactive, and eventually to emit a positron 
as a decay product. These radioactive isotopes of ?uorine are 
then introduced into a patient’s body Where their decay is 
monitored. 
The clinical operation, hoWever, is difficult and expensive 

because of the 120 minute half-life of the isotope. The 
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procedure could be made considerably less expensive, and 
more convenient, if the necessary short-lived isotopes could 
be produced in suf?cient quantities at the patient’s bedside 
using a portable source of antiprotons. The prior art does not 
disclose a container adapted for con?ning, storing, and 
transporting antiprotons that is capable of movement, via 
conventional terrestrial or airborne methods, to a location 
distant from their creation. Such a container Would not only 
need to be capable of maintaining an effective population of 
antiprotons, at sufficient population levels, to provide 
adequate quantities for use in medical and industrial 
applications, it Would also need to be small enough in siZe 
to be easily handled in a hospital environment, preferably 
including a patient’s room. Also, such a container Would 
need to be both capable of manufacture at a reasonable cost 
and reusable. 

SUMMARY OF THE INVENTION 

In its broadest aspects, the invention provides a container 
for transporting antiprotons including a deWar having an 
evacuated cavity and a cryogenic cold Wall. A plurality of 
thermally conductive supports are disposed in thermal con 
nection With the cold Wall and extend into the cavity. An 
antiproton trap is mounted on the extending supports Within 
the cavity. Asealable cavity access port selectively provides 
access to the cavity for selective introduction into and 
removal from the cavity of the antiprotons. The container is 
capable of con?ning and storing antiprotons While they are 
transported, via conventional terrestrial or airborne methods, 
to a location distant from their creation. 

In one embodiment, a container for transporting antipro 
tons is provided that comprises a deWar having an evacuated 
cavity, a cryogenic cold Wall, and a plurality of thermally 
conductive supports in thermal connection With the cold 
Wall and extending into the cavity. An antiproton trap, 
having a longitudinal axis, is mounted on the extending 
supports Within the cavity. The antiproton trap comprises at 
least one magnet having a longitudinally extending open 
ended passageWay that is capable of providing an anti 
proton con?nement region Within the open ended passage 
Way and (ii) having a substantially longitudinally oriented 
magnetic ?eld. At least tWo holloW electrodes are coaxially 
positioned Within the open ended passageWay of the at least 
one magnet thereby forming an inner passageWay. The at 
least tWo holloW electrodes are electrically insulated from 
the at least one magnet and positioned so that one electrode 
is disposed on a ?rst side of the antiproton con?nement 
region and one of the at least tWo electrodes is disposed on 
a second side of the antiproton con?nement region. A 
sealable access port is disposed in aligned relation With the 
inner passageWay and selectively provides access to the 
cavity and the environment surrounding the deWar. The 
sealable access port may also include means for separating 
the evacuated cavity portion of the container from a Warmer 
evacuated portion of means for injecting/ejecting antipro 
tons into the antiproton trap. Electrical conductors are con 
nected to the at least tWo holloW electrodes and are selec 
tively connectable to a source of electrical potential (shoWn 
generally at reference numeral 510 in FIG. 1). In this Way, 
the at least tWo holloW electrodes are selectively energiZable 
so as to selectively provide electric ?elds to control the 
position of the antiprotons relative to the antiproton con 
?nement region. 

In its broadest aspects, the present invention also com 
prises a method for transporting antiprotons to a point of use 
comprising the steps of providing an antiproton con?nement 
region comprising ultra-loW pressure, ultra-loW temperature, 
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4 
and having a predetermined magnetic ?eld and providing a 
?rst electric ?eld having a portion extending into the anti 
proton con?nement region. Antiprotons are introduced into 
the antiproton con?nement region Where the antiprotons are 
in?uenced by the ?rst electric ?eld. A second electric ?eld 
is provided having a portion extending into the antiproton 
con?nement region from a different direction than the ?rst 
electric ?eld and Which is substantially equal in strength to 
the ?rst electric ?eld so that the antiprotons are trapped in a 
potential Well formed betWeen the ?rst and second electric 
?elds. The antiprotons are then transported While maintain 
ing the opposing electric ?elds. The second electric ?eld is 
then reduced in strength When the antiprotons have arrived 
at the point of use Whereby the ?rst electric ?eld urges the 
antiprotons to move from the antiproton con?nement region. 
Another inventive aspect of the present invention is the 

provision of a system for generating biomedically useful 
radioisotopes at the bedside of a patient. The system of this 
embodiment comprises a synchrotron adapted for creating 
antiprotons and positioned at a point that is relatively distant 
from the bedside of the patient. A ?rst container that is 
suitable for transporting antiprotons from the synchrotron to 
the patient’s bedside is provided comprising a deWar having 
an evacuated cavity and a cryogenically cold Wall, a plural 
ity of thermally conductive supports in thermal connection 
With the cold Wall and extending into the cavity, and an 
antiproton trap mounted on the extending supports Within 
the cavity. A sealable cavity access port in the container 
selectively provides access to the cavity for selective intro 
duction into and removal from the cavity of the antiprotons. 
A second container is provided for housing a predetermined 
quantity of pharmacologically active chemicals, one knoWn 
property of Which is their suitability for transformation into 
a biomedical radioisotope by bombardment With antipro 
tons. The second container is adapted for interconnection 
and release from the ?rst container. Means are provided for 
injecting/ejecting antiprotons into/out-of the antiproton trap, 
such as a suitably adapted einsel lens assembly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features and advantages of the present 
invention Will be more fully disclosed in, or rendered 
obvious by, the folloWing detailed description of the pre 
ferred embodiments of the invention, Which are to be 
considered together With the accompanying draWings 
Wherein like numbers refer to like parts and further Wherein: 

FIG. 1 is a perspective vieW, partially broken aWay, of a 
container for transporting antiprotons formed in accordance 
With the present invention and having an antiproton 
injection/ejection snout assembly attached to a loWer portion 
of the container; 

FIG. 2 is a front elevational vieW, in cross-section, of the 
container shoWn in FIG. 1, as taken along lines 2—2, and 
With the snout assembly removed; 

FIG. 3 is a cross-sectional vieW of an inner portion of the 
tail assembly that has been broken-aWay from the container 
for clarity of illustration; 

FIG. 4 is a front elevational vieW of a base plate used in 
connection With a second reservoir in the container shoWn in 
FIG. 1; 

FIG. 5 is a perspective vieW of an individual magnet 
jacket containing one segment-shaped magnetic insert; 

FIG. 6 is a cross sectional vieW of the magnet jacket 
shoWn in FIG. 5; 

FIG. 7 is a front elevational vieW of a magnet support; 
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FIG. 8 is a side elevational vieW of the magnet support of 
FIG. 7; 

FIG. 9 is a side elevational vieW of a plurality of magnet 
supports mounted to the base plate of FIG. 4 and showing 
inner magnet supports having a plurality of circumferen 
tially arranged projections provided about the yoke; 

FIG. 10 is a side elevational vieW of an electrode assem 
bly; 

FIG. 11 is a cross-sectional vieW of a magnet mount; 

FIG. 12 is a side elevational vieW of a dielectric spacer 

bar; 
FIG. 13 is a front elevational vieW of an end ring; 

FIG. 14 is a graphical representation of a typical plot of 
the signal voltage versus noise frequency spectrum for the 
antiproton con?nement region of the present invention With 
out antiprotons resident therein; 

FIG. 15 is a graphical representation of a plot of signal 
voltage versus noise frequency spectrum, similar to that 
shoWn in FIG. 14, but With the noise from the center of the 
spectrum shunted by the effective impedance of antiprotons 
resident Within the antiproton con?nement region of the 
invention; 

FIG. 16 is a schematic representation of an RLC circuit 
used in connection With detecting antiprotons trapped in the 
container of the present invention; 

FIG. 17 is a front elevational vieW of a shutter, including 
a return spring; 

FIG. 18 is a front elevational vieW of a shutter support; 

FIG. 19 is a side elevational vieW, partially in section and 
partially in phantom, of an antiproton injection/ejection 
snout assembly; and 

FIG. 20 is a side elevational vieW of an einsel lens 
electrode assembly formed in accordance With the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 shoWs a container 5 for con?ning, storing and 
transporting antiprotons, and a snout assembly 100 for 
injecting/ejecting antiprotons into and out of container 5. 
Referring to FIGS. 1, 2 and 3, antiproton container 5 
comprises a deWar assembly 200, a magnet assembly 300, 
an electrode assembly 400, a detector 600 and a shutter 
assembly 700. 
DeWar assembly 200 includes an outer vacuum shell 203, 

at least tWo coolant reservoirs 206 and 209, and a tail 
assembly 212 that are arranged to Withstand and maintain 
ultra-loW, “cryogenic” temperatures, i.e., temperatures of no 
more than 100 degrees above absolute Zero, as measured in 
degrees Kelvin. Outer vacuum shell 203 comprises a blind 
cylindrical shape having a top plate 215 that is adapted to 
releaseably hermetically seal the open top end of vacuum 
shell 203. Vacuum shell 203 is typically formed from 
stainless steel or the like. A ?rst tubular ?ll line 221 and a 
second tubular ?ll line 224 eXtend through top plate 215. A 
pair of lifting eyelets 225 project outWardly from top plate 
215 and are adapted for engagement With lifting hooks or 
lines so that container 5 may be moved from place to place, 
eg from a synchrotron site to the bed of a truck or airplane. 

Vacuum shell 203 also comprises high voltage ports 222, 
a vacuum feed port 223, and a snout interface port 226 (FIG. 
1). High voltage ports 222 are adapted to provide electrical 
access to the interior of container 5, and may comprise any 
of the Well knoWn electrical interconnection devices that are 
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6 
suitable for use With ultra-loW vacuum systems. Vacuum 
feed port 223 is de?ned by an outWardly projecting, tubular 
cylinder 229 having a radially-outWardly projecting annular 
coupling ?ange 231. Snout interface port 226 is de?ned by 
an outWardly projecting, tubular cylinder 232 having a 
radially-outWardly projecting annular coupling ?ange 233. 

Referring to FIG. 2, ?rst reservoir 206 comprises a blind, 
holloW cylindrical shape de?ned by a holloW cylindrical 
Wall 227 that is adapted to contain a ?rst coolant, e.g., liquid 
nitrogen. First reservoir 206 includes a closed top end 230 
and an open bottom end, and has an outer diameter siZed so 
that it may be received Within the interior of vacuum shell 
203 and an inner diameter siZed so that second reservoir 209 
may be disposed Within. First ?ll line 221 is disposed in ?uid 
communication With the interior of holloW cylindrical Wall 
227 to provide an opening for introducing the ?rst coolant 
therein. Second reservoir 209 comprises cylindrical Wall 
234, a top 237 and a bottom 239 that together de?ne a 
holloW interior cavity Within second reservoir 209. Second 
?ll line 224 is disposed in ?uid communication With the 
interior cavity of second reservoir 209 to provide an opening 
for introducing a second coolant, e.g., liquid helium, into 
second reservoir 209. Second reservoir 209 is siZed so as to 
be coaXially disposed Within ?rst reservoir 206. Abase plate 
240 that is fastenable to bottom 239 (e.g., by bolts, Welds, or 
other means) acts as a cold Wall interface With magnet 
assembly 300 and electrode assembly 400, as Will herein 
after be disclosed in further detail. A plurality of bores 241 
eXtend through base plate 240 (FIGS. 3, 4 and 9) and are 
adapted to receive fasteners, e.g., threaded bolts 242 or the 
like. 

Referring to FIGS. 1, 2 and 3, tail assembly 212 com 
pletes deWar assembly 200, and includes a ?rst tail 248, and 
a second tail 251. First tail 248 comprises a blind, holloW 
cylinder having a similar diameter to ?rst reservoir 206. An 
annular ?ange 273 projects radially-outWardly from the edge 
of the open end of ?rst tail 248. Abeam port 276 is disposed 
in the cylindrical Wall of ?rst tail 248. Beam port 276 is 
de?ned by an outWardly projecting, tubular cylinder 279 
having a radially-outWardly projecting annular coupling 
?ange 281 disposed at its free end. Typically, the aperture of 
beam port 276 is approximately 3.2 cm in diameter. 

Second tail 251 comprises a blind, holloW cylinder having 
a similar diameter to second reservoir 209. An annular ?ange 
284 projects radially-outWardly from the edge of the open 
end of second tail 251. A beam port 287 (FIG. 3) is de?ned 
by a through-bore disposed in the cylindrical Wall of second 
tail 251. A plurality of vacuum feed-through ports 290 
eXtend through the closed end of second tail 251. 

Referring to FIGS. 2—16, magnet assembly 300 and 
electrode assembly 400 together form the functional ele 
ments of an antiproton trap. Magnet assembly 300 (FIGS. 2 
and 3) typically comprises four magnets 302 and four 
magnet supports 304. More particularly, each magnet 302 
comprises a substantially torroidally shaped jacket 305 
(FIGS. 5 and 6) housing a plurality of segment-shaped 
magnetic inserts 306. Torroidally shaped jacket 305 is 
formed so as to de?ne an open ended recess 307 betWeen an 

outer Wall 309, a bottom Wall 311, and a centrally disposed 
cylindrical tube 313 that projects upWardly from the inner 
surface of bottom Wall 311. (FIGS. 5 and 6). Each torroidally 
shaped jacket 305 is siZed and shaped so that, When 
assembled to other jackets, they may be arranged into pairs 
of magnets comprising an inner and an outer magnet in each 
pair, With a gap 315 disposed betWeen the inner magnets of 
the tWo pairs (FIG. 3). In this arrangement, each cylindrical 
tube 313 of each magnet 302 is coaXially aligned along a 
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common longitudinal axis 317 to form an open ended 
passageway 320 through magnet assembly 300, a portion of 
Which is shoWn as a part of FIGS. 5 and 6. 

Plurality of segment-shaped magnetic inserts 306 are 
preferably formed from sintered poWdered metal alloys, 
such as SmCo, NdFeB or the like, and typically have the 
properties disclosed in the folloWing table: 

8 
cal potential Well may be formed Which is suitable for 
penning antiprotons, as Will hereinafter be disclosed in 
further detail. Electrodes 401 are individually intercon 
nected to a source of high voltage electrical potential (shoWn 
generally at reference numeral 510 in FIG. 1) via conven 
tional electrical conductors (not shoWn), so that each elec 
trode may be independently energiZed as required during 

Sta 
Coefficient of cra 

Spec. Thermal thermal expansion Band- Compres- Vickers re 
Den Curie- electr. Spec. Conduct- 20-100O C. Young’s ing sive hard- an 

sity temp. resistance heat ivity |c ic modulus strength strength ness K 

NdFeB 7.5 ca.310 1.4-1.6 ca.440 ca.9 5 —1 150 ca.270 ca.1050 ca.570 70 
Sm2Co]L7 8.4 ca.800 0.75-0.85 ca.390 ca.12 10 12 150 90-150 ca.850 ca.640 40 
SmCo5 8.4 ca.720 0.5-0.6 ca.370 ca.10 7 13 110 ca.120 ca.1000 ca.550 50 

Electromagnets may be substituted for permanent magnets 
302 in the present invention, although they are not a pre 
ferred means for providing the necessary magnetic ?elds. 

Preferably, the tWo inner magnets 302 are transversely 
(i.e., radially) polariZed and are positioned adjacent to gap 
315. Of these tWo inner magnets, one is polariZed so as to 
have a net radial ?eld component directed radially-inWardly 
and one is polariZed so as to have a net radial ?eld compo 
nent directed radially-outWardly, relative to longitudinal axis 
317 of open ended passageWay 320. The outer tWo magnets 
are longitudinally polariZed to both have a net longitudinal 
?eld component directed inWardly, toWard gap 315. Axial 
magnetic ?elds on the order of about 3500 to 4500 Gauss are 
typically found in the region de?ned by gap 315. Washer 
seals and spacers 322 are positioned betWeen each magnet 
302 during assembly, and are typically formed from stainless 
steel or the like. 

Referring to FIGS. 3 and 7—9, magnet supports 304 each 
include a cold ?nger 330 and a yoke 332. Cold ?ngers 330 
comprise a planar plate of highly thermally conductive 
material, e.g., copper or an alloy thereof. Aplurality of blind 
bores 334 are arranged at one end of each cold ?nger 330. 
One yoke 332 is disposed at an end of each magnet support 
304. The internal diameter of each yoke 332 is siZed and 
shaped to receive at least one of torroidal magnets 302. At 
least tWo inner yokes also include a plurality of circumfer 
entially arranged projections 336 that provide support for the 
inner magnets 302 (FIG. 9). During assembly of container 5, 
four cold ?ngers 330 are fastened to the underside of base 
plate 240 of second reservoir 209 in generally parallel 
relation to one another and substantially perpendicular rela 
tion to base plate 240 (FIGS. 1—3). As a result of this 
arrangement, cold ?ngers 330 and base plate 240 are dis 
posed in intimate thermal communication With one another. 

Referring to FIGS. 3 and 10—13, electrode subassembly 
400 includes electrodes 401 and spacer assembly 403. In one 
embodiment, four electrodes, 401a, 401b, 401C, and 401d 
(401a—a) are utiliZed. Electrodes 401a—a' comprise a plural 
ity of discrete, coaxially aligned cylindrical tubes siZed so as 
to ?t loosely Within open ended passageWay 320 of magnets 
302. Electrodes 401 are typically formed from a highly 
conductive metal, such as copper or its alloys. Gap 315 is 
further de?ned by the spaced-apart edges 402 of inner 
electrodes 401b, 4016 (FIG. 3). The portion of gap 315 
disposed betWeen inner electrodes 401b and 401C de?nes an 
antiproton con?nement region in Which an effective electri 
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injection, storage, transport, and ejection of the antiprotons, 
as Will hereinafter be disclosed in further detail. 

Referring to FIGS. 3 and 11—13, spacer assembly 403 
includes magnet mount 405, spacer bars 407, and end rings 
409. More particularly, magnet mount 405 comprises a 
cylindrical tube siZed to ?t Within open ended passageWay 
320 of magnet assembly 300, and disposed across gap 315. 
Magnet mount 405 has a diameter that is siZed to receive 
portions of innermost electrodes 401b and 401C, as shoWn in 
FIGS. 3 and 11. A pair of shoulders 402A and 402B are 
formed in the surface of the internal Wall of magnet mount 
405, and are adapted to engage edges 402 of electrodes 401b 
and 4016 so as to create a gap 406 therebetWeen. Magnet 
mount 405 is preferably formed from a non-magnetic 
material, e.g., a polymer such as Macor® brand, or alumi 
num or the like. Spacer bars 407 comprise elongate spars 
having a length in excess of the length of open ended 
passageWay 320. Spacer bars 407 are preferably formed 
from non-magnetic and electrically non-conductive materi 
als. A plurality of through bores 408 are de?ned along the 
length of each spacer bar 407, and are adapted to receive 
fasteners, e.g., screWs, bolts, etc. Spacer bars 407 are fas 
tened to the outer surfaces of magnet mount 405 to form a 
cradle that is adapted for receiving electrodes 401a—a' and to 
prevent electrical contact betWeen magnets 302 and elec 
trodes 401. End ring 409 (FIGS. 2, 3, and 13) comprises a 
cruciform-shaped central opening 411 having notches 413 
that are adapted to receive ends 415 of spacer bars 407 to 
complete the electrode cradle. 

Referring noW to FIGS. 14—16, antiprotons may be 
detected Within the antiproton trap formed by magnet assem 
bly 300 and electrode assembly 400 by observation of 
changes in the noise spectrum emanating from the penning 
region de?ned Within gap 315. Brie?y, Without antiprotons 
present in the penning region of the trap, the noise spectrum 
Will exhibit a LorentZian shape (see FIG. 14) When the 
frequency of the noise is plotted as a function of the average 
of the square of the signal voltage (uS2=4kT0RAv Where 
k=BoltZman’s constant, T0 is absolute temperature in 
degrees Kelvin, R is the input resistance and Av is the 
spectral Width). This effect is Well knoWn, and is often 
referred to as Johnson noise. Antiprotons present Within the 
penning region of the trap cause the noise from the center of 
the spectrum (FIG. 15) to be shunted by their effective 
impedance. The emission frequency of the antiprotons, 
Where their effective impedance shunts the spectrum, is 
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approximately 780 kHZ. The shunting line Width (indicated 
as reference numeral 500 in FIG. 15) may also be used to 
determine the number of antiprotons in the penning region 
of container 5. 

This effect and its use as a technique for the measurement 
of quantities of matter, e.g., electrons, is fully described and 
understandable to those skilled in the art in an article entitled 
“Principles of the Stored Ion Calorimeter” by D. J. Wineland 
and H. G. Dehmelt, Department of Physics, University of 
Washington, Seattle, Wash., U.S.A.; published in the Journal 
of Applied Physics, Vol. 46, No. 2, pages 919 to 930, 
February 1975, Which article is hereby incorporated herein 
by reference. 

Referring noW to FIGS. 2 and 16, a detector 600 is 
disposed on the exterior of magnet assembly 300, via 
mounting supports, that are adapted to secure detector 600 
to the antiproton trap. Detector 600 comprise an electric 
board (schematically illustrated in FIG. 16) that comprises 
receiver means, such as a tuned resonant RLC circuit, that 
are tuned for detection of the radio frequency emissions of 
the antiprotons trapped in the penning region formed Within 
gap 315 (about 780 kHZ). In this Way, the oscillations of the 
antiprotons are detected Within the antiproton trap after their 
injection, With their number being determined by the method 
disclosed hereinabove. 

Referring to FIGS. 1 and 17—18, shutter mechanism 700 
is adapted to substantially cover beam port 287 to prevent 
stray atoms from Wandering into the antiproton trap from the 
evacuated cavities formed by second tail 251, ?rst tail 
assembly 248 and snout assembly 100. Shutter mechanism 
700 is fastened to base plate 240 so that it may be positioned 
betWeen beam port 287 and the entrance to open ended 
passageWay 320. From this position, it may be pivoted into 
and out of position in front of beam port 287. Shutter 
mechanism 700 comprises a shutter 703, a coiled conductor 
706, a shutter support 709, and a return spring 712. More 
particularly, shutter 703 comprises a ring or disk of either a 
polymer or metal material and a shaft portion 704 having a 
pivot hole 705 de?ned midWay along its length. Coiled 
conductor 706 is Wound onto the circumference of the disk 
portion of shutter 703 and is held in place by tabs 707. 
Coiled conductor 706 is electrically interconnected to a 
selectively energiZable source of electrical potential (shoWn 
generally at reference numeral 510 in FIG. 1). A counter 
Weight 715 is disposed at one end of shaft portion 704. 
Shutter support 709 includes a pivot yoke 721 through 
Which a pivot pin pivotally maintains shutter 703 in position. 
Ablind bore 711 is de?ned at the end of shutter support 709, 
and is adapted to receive a fastener, such as bolt 242. Return 
spring 712 is fastened betWeen a portion of shutter support 
709 and counter Weight 715. Coiled conductor 706 is 
adapted to be energiZed at a predetermined current so as to 
cause shutter 703 to pivot about pivot hole 705 When in the 
presence of a magnetic ?eld, such as the fringe ?eld of the 
trap magnets 302. Return spring 712 helps to bias shutter 
703 back to its “at-rest” position (in front of port 287) When 
coil 706 is not energiZed. In this Way, shutter 703 acts as a 
baffle betWeen the cryogenic vacuum, near to magnet assem 
bly 300, and the relatively Warm vacuum region of the outer 
tails and injection/ejection snout assembly 100. Of course 
other means for separating the evacuated regions of con 
tainer 5 may be used Without departing from the scope of the 
invention. For example, and not by Way of limitation, an iris 
mechanism, a series of movable slats, or a movable 
diaphragm, etc., may all be used to selectively obstruct the 
entrance to the antiproton trap. 

Referring to FIGS. 19 and 20, antiproton injection/ 
ejection snout assembly 100 comprises a plurality of outer 
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10 
tubes 105, an einsel lens assembly 110, an electron gun 118, 
and a target container 120. Snout assembly 100 is adapted to 
be sealingly attached to and detached from, vacuum shell 
203. More particularly, outer tubes 105 are formed from a 
plurality of cylindrical sections that are fastenable, end-to 
end, to create an elongate tubular structure 115 (FIGS. 1 and 
19). Tubular structure 115 comprises a proximal portion 117 
and a distal portion 119. A ?exible belloWs tube 125 is 
disposed at the proximal end of tubular structure 115 to help 
align and sealingly mate With snout interface port 226. 
BelloWs tube 125 alloWs for compensation of minor toler 
ance mismatches betWeen snout assembly 100 and snout 
interface port 226 during assembly of container 5 to snout 
assembly 100. 

Einsel lens assembly 110 comprises a plurality of coaxi 
ally aligned, cylindrical tubes 130 that are formed from a 
highly conductive metal, e.g., copper or its alloys. Tubes 130 
are siZed so as to ?t Within belloWs tube 125 and tubular 
structure 115 With gaps 135 de?ned betWeen predetermined 
groups of tubes 130 so as to form strong electric ?eld 
gradients adjacent to the edge portions of the tubes that are 
positioned on either side of a gap 135. Einsel lenses that are 
contemplated for use With the present invention are Well 
knoWn in the art. Tubes 130 are individually interconnected 
to a source of high voltage electrical potential (shoWn 
generally at reference numeral 510 in FIG. 1). A mount 140 
for a conventional electron gun 118 is located adjacent to 
distal end 119 of tubular structure 115. Electron gun 118 is 
installed after the injection of antiprotons into the trap for 
use in further cooling the antiprotons, as Will hereinafter be 
disclosed in further detail. Distal portion 119 also includes 
mounting means for receiving target container 120 (FIG. 1) 
adapted to receive ejected antiprotons, such as a container 
housing diagnostic materials, e.g., organic and/or inorganic 
compounds comprising one or more atoms of Oxygen, 
Nitrogen, Fluorine, Iodine, Sodium, Titanium, Tantalum, 
Xenon, Chromium, etc., for use in PET imaging, once they 
have been converted to the appropriate short-lived radioiso 
topes. 

Referring again to FIGS. 1, 2, and 3, container 5 is 
assembled in the folloWing manner. Each magnet support 
304 is assembled to base plate 240 With a magnet 302 
assembled to it. More particularly, tWo inner magnet sup 
ports 304, comprising circumferentially arranged projec 
tions 336 on their yokes 332 are ?rst fastened to base plate 
240. Magnet supports 304 are disposed in confronting 
relation to one another so that projections 336 project toWard 
one another. Each magnet support 304 is then oriented so as 
to be positioned in confronting substantially perpendicular 
relation to the bottom surface of base plate 240. Inner 
magnet supports 304 are then moved toWard base plate 240 
until cold ?ngers 330 engage the surface of base plate 240. 
In this position, plurality of blind bores 334 of magnet 
supports 304 are disposed in coaxially aligned relation With 
bores 241 of base plate 240 (FIG. 9). Fasteners, e.g., 
thermally conductive screWs or bolts, are then driven 
through the bores to releasably fasten inner magnet supports 
304 to base plate 240. A magnet 302 is then positioned 
Within each yoke 332 so that it is supported by projections 
336. The inner most magnets 302 are supported by projec 
tions 336, and comprise magnetic polariZations as disclosed 
hereinabove (one polariZed radially-inWardly and one polar 
iZed radially-outWardly). Gap 315 is formed betWeen these 
tWo inner magnets, and creates about a 4 centimeter space 
betWeen the inner magnets. It Will be understood that this 
distance may be altered by adjusting the longitudinal posi 
tion of magnets 302 Within yokes 332 or by changing the 
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relative spacing of the inner magnet supports on base plate 
240. TWo outer magnet supports 304 are then fastened to 
base plate 240, one each on either side of the tWo inner 
magnet supports. A magnet 302 is then positioned Within 
each yoke 332 of the outer magnet supports. The magnets 
302 that are disposed in the outer magnets supports 304 are 
longitudinally polariZed so that a net longitudinal ?eld 
component is directed along the axis of open ended pas 
sageWay 320. 

Next, electrode subassembly 400 is arranged so that 
electrodes 401a—a' are disposed Within magnet mount 405. 
More particularly, electrodes 401b and 401c are ?rst inserted 
into opposite side openings in magnet mount 405. During 
the assembly of electrodes 401a—a' Within magnet mount 
405, gap 406 is formed betWeen electrodes 401b and 401c 
by the interaction of edges 402 of electrodes 401b and 401c 
With internal shoulders 402A and 402B of magnet mount 
405. In this Way, gap 406 Will substantially correspond to 
gap 315 When electrode assembly 400 is assembled to 
magnet assembly 300. Gap 406 is disposed substantially 
centrally Within the magnet mount 405 (FIG. 11). Spacer 
bars 407 are then assembled to the outer sides of magnet 
mount 405 prior to assembly to magnets 302. After being 
fully assembled, electrode subassembly 400 is positioned 
Within open ended passageWay 320 of magnets 302. More 
particularly, electrode subassembly 400 is oriented so as to 
be disposed in confronting coaxially aligned relation to 
longitudinal axis 317 of open ended passageWay 320. From 
this position, electrode subassembly 400 is then moved 
toWard and into open ended passageWay 320. Electrode 
subassembly 400 is slid through open ended passageWay 
320 until the penning region de?ned by the gaps betWeen 
electrodes 401b and 401c is centrally disposed Within gap 
315. 

Next, shutter mechanism 700 is assembled to base plate 
240. More particularly, shutter mechanism 700 is ?rst piv 
otally assembled to shutter support 709. Blind bore 711 is 
oriented so as to be disposed in opposing coaxial relation 
With an outer most bore 241 on base plate 240. Shutter 
support 709 is then fastened to base plate 240 by means of 
a bolt 242. In this initial, “at rest position” shutter 703 is 
biased over open ended passageWay 320 and by return 
spring 727. Coiled conductor 706 may then be electrically 
interconnected to a selectively energiZable source of elec 
trical potential (shoWn generally at reference numeral 510 in 
FIG. 1). 

With magnet assembly 300 and shutter mechanism 700 
fastened to base plate 240, base plate 240 is then sealably 
fastened to the edge of second reservoir 209. Base plate 240 
may be sealingly fastened to second reservoir 209 by means 
of indium seals or the like to form hermetically sealed joints 
therebetWeen. Tail assembly 212 is then assembled to ?rst 
reservoir 206 and second reservoir 209 so as to complete 
deWar assembly 200. It Will be understood that the various 
electrical and vacuum connections that are necessary for the 
operation of container 5 must be completed prior to the 
assembly of tail assembly 212. For example, electrode 
assembly 400 and detector 600 Will be electrically intercon 
nected to selectively energiZable sources of electric potential 
of the type knoWn in the art (shoWn generally at reference 
510 in FIG. 1). For example, a regulated poWer supply, such 
as the one manufactured by Bertran, or a battery operated 
version of the same or similar poWer supply, has been found 
to be adequate for use With the present invention. 

Referring again to FIGS. 1, 2, and 3, second tail 251 is 
positioned in confronting coaxial relation With second res 
ervoir 209. From this position second tail 251 is then moved 
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12 
toWard base plate 240 of second reservoir 209, and around 
magnet assembly 300, until annular ?ange 284 engages 
bottom 239 of second reservoir 209. Second tail 251 is 
sealingly fastened to second reservoir 209 by means of 
indium seals or the like to form a hermetically sealed 
interface. The interior of second tail 251 forms a cavity that 
surrounds magnet assembly 300. A similar assembly opera 
tion is then completed betWeen ?rst tail 248 and ?rst 
reservoir 206, i.e., ?rst tail 248 is moved toWard ?rst 
reservoir 206 (and around second tail 251) until annular 
?ange 273 engages the bottom end surface of holloW cylin 
drical Wall 227 Where it is hermetically sealed. 

It Will be understood that the longitudinal axis of snout 
interface port 226, beam port 276, beam port 287, and 
longitudinal axis 317 of open ended passageWay 320 are all 
disposed in coaxial alignment With one another. It Will also 
be understood that the various mating and interface surfaces 
betWeen the various tails and snout assembly are releasably 
and sealably fastened to one another so as to form a gas tight 
interconnection. In its fully assembled state, container 5 
comprises a substantially closed cylinder having a height of 
about 1 to 1.5 meters, a diameter of about 0.3, to 0.5 meters, 
and a fully charged Weight of about 23 kilograms. In other 
Words, container 5 is of a siZe, shape, and Weight that is 
suitable for transportation by conventional terrestrial or 
air means, and (ii) movement around a hospital, including a 
patient’s room. 

After container 5 has been fully assembled, the cavities 
formed betWeen outer vacuum shell 203, ?rst tail 248 and 
second tail 251 are evacuated to an ultra-loW pressure in the 
range from approximately 10'9 to 10'13 torr. First and 
second reservoirs 206 and 209 are then ?lled With liquid 
nitrogen and liquid helium, respectively, so as to create an 
ultra-loW, cryogenic temperature environment Within deWar 
assembly 200. It Will be understood that base plate 240 Will 
be cooled by the liquid helium to about 1—4 degrees Kelvin, 
and as a consequence, magnet supports 304 and magnets 302 
Will also be disposed at a substantially cryogenic tempera 
ture. The ?lling of ?rst and second reservoirs 206 and 209 
is accomplished via tubular ?ll lines 221 and 224, respec 
tively. 

Injection/ejection snout assembly 100 is assembled sepa 
rate from container 5 by positioning einsel lens assembly 
110 Within belloWs 125 in tubular structure 115. Snout 
assembly 100 may be sealingly assembled and disassembled 
from snout interface port 226 by orienting tubular structure 
115 so as to be disposed in coaxially aligned relation to 
tubular cylinder 266. Tubular structure 115 is then moved 
toWard interface port 226 until annular coupling ?ange 233 
engages a corresponding coupling ?ange disposed on proxi 
mal portion 117. With snout assembly 100 sealingly fastened 
to snout interface port 226, and the interior of both snout 
assembly 100 and container 5 evacuated to an ultra-loW 
pressure in the range from approximately 10-10 to 10-13 torr, 
antiprotons may be injected into the antiproton trap from a 
conventional source of antiprotons, such as a synchrotron or 
the like. 
More particularly, and once again referring to FIGS. 1, 2, 

and 20, distal portion 119 of snout assembly 100 is sealingly 
fastened to the source of antiprotons so that antiprotons Will 
enter distal portion 119 of snout assembly 100. It Will be 
understood that antiprotons are produced by, e.g., a 
synchrotron, at very high energies in a broad band centered 
about 5—10 GeV, With the actual energy of the antiprotons 
being dependent upon the production energy. It is also 
knoWn that beams of antiprotons can be made available at 
loWer beam energies, e.g., in the range of about 50 keV to 
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5 MeV. For use in connection With container 5, a beam of 
antiprotons having energies less than 100 keV are preferred. 

Next, Einsel lens assembly 110 is selectively energized so 
as to provide a differential electrical gradient along the 
length of tubular structure 115 to urge the antiprotons along 
the longitudinal axis of snout assembly 100 and toWard open 
ended passageWay 320 of magnet subassembly 300. As this 
occurs, electrodes 401a and 401b are energiZed so as to 
provide a differential electric ?eld gradient across the end of 
open ended passageWay 320 that is most distant from snout 
assembly 100. At the same time, electrodes 401C and 401d 
are either not energiZed, or energiZed so as to provide a ?rst 
longitudinally inWardly directed electric ?eld gradient so as 
to urge the antiprotons entering open ended passageWay 320 
toWard electrodes 401a and 401b. It Will be understood that 
during the injection of antiprotons into the antiproton trap, 
shutter mechanism 700 is positioned in its retracted location 
against the biasing force of return spring 712 so as to clear 
a path for the antiprotons. 

After the a quantity of antiprotons have moved through 
open ended passageWay 320 toWard electrodes 401a and 
401b, electrodes 4016 and/or 401d are selectively energiZed 
so as to provide a second differential electrical gradient 
Within open ended passageWay 320. In this Way, the anti 
protons are trapped in a potential Well formed in the penning 
region located Within gap 315 and betWeen electrodes 401b 
and 4016 (FIG. 3). Once this has occurred, coiled conductor 
706 is deenergiZed so that return spring 712 biases shutter 
703 back to its rest position betWeen open ended passage 
Way 320 and beam port 287. Snout assembly 100 may then 
be sealingly detached from snout interface port 226. It Will 
be understood that during the unfastening and removal of 
snout assembly 100 is done by conventional means so as to 
guard the integrity of the vacuum formed in container 5 from 
being compromised appreciably. 

With the antiprotons disposed Within the penning region 
of the antiproton trap, their presence may be detected by the 
circuit of detector 600 as disclosed hereinabove. In order to 
reduce the thermal energy associated With the antiprotons, 
electron gun 118 is positioned in mount 140 Within distal 
portion 119 of snout assembly 100. Electron gun 118 injects 
electrons into Einsel lens assembly 110 Where they are 
accelerated along the longitudinal axis of snout assembly 
100, through open ended passageWay 320 and into the 
penning region of the antiproton trap. The accelerated elec 
trons collide With the antiprotons and absorb kinetic energy 
from them. This absorbed kinetic energy is then radiated out 
of the system by the electrons due to synchrotron radiation 
caused by the electrons precessing in the magnetic ?elds of 
magnets 302. It Will be understood that there is no annihi 
lation caused by the interaction betWeen the electrons and 
antiprotons since they are dissimilar elementary particles. 

The application of ultra-loW temperatures and ultra-loW 
pressures Within container 5, coupled With the injection of 
cooling electrons, via electron gun 118, combine to maintain 
the antiprotons at signi?cantly reduced kinetic energies that 
are suitable for relatively long term storage Within the 
antiproton trap of container 5. As a result of this 
arrangement, container 5 may be shipped, via conventional 
commercial air or road transport means, to a location that is 
Within about 90 to about 240 hours from the site of the 
production of the antiprotons. Container 5 thus provides a 
structure suitable for transporting antiprotons to a location 
very distant from their creation. 

After container 5 has been delivered to the desired 
location, e.g., a hospital Where PET imaging is to be 
performed, the previous process is reversed. More 
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14 
particularly, snout assembly 100 is reattached to container 5 
and evacuated to a comparable vacuum as that resident 
Within container 5. A target container 120 is then sealingly 
attached to distal portion 119 of snout assembly 100. Target 
container 120 may comprise a quantity of diagnostic 
material, such as oxygen or ?uorine, Which When bom 
barded With antiprotons may become populated With short 
lived radioisotopes of oxygen or ?uorine, through annihila 
tion of one of the protons in the nucleus of an oxygen or 
?uorine atom by interaction With an antiproton. Radioiso 
topes of oxygen and ?uorine are examples of Well knoWn 
radioisotopes that are adapted for use in PET imaging. Many 
other elements are also suitable for activation into useful 
radioisotopes using container 5 of the present invention. 

Next, antiprotons are ejected from container 5 by ?rst 
reenergiZing coiled conductor 706 so that shutter 703 is 
again pivoted out of its rest position betWeen open ended 
passageWay 320 and beam port 287. Next, electrodes 401C 
and 401d are deenergiZed thereby providing a differential 
electrical ?eld gradient betWeen electrodes 401a and 401b 
that urges the antiprotons out of the penning region of the 
antiproton trap and toWard beam port 287. The antiprotons 
are moved along the longitudinal axis of snout assembly 100 
by Einsel lens assembly 110, and into target container 120 
Where they interact With the diagnostic material to form 
appropriate radioisotope forms of that material. It Will be 
understood that this procedure is easily accomplished at a 
patient’s bedside. 
Advantages of the Invention 
Numerous advantages are obtained by employing the 

present invention. For one thing, the present invention 
provides a container that is adapted for con?ning, storing, 
and transporting antiprotons via conventional terrestrial or 
airborne methods, e.g., commercial airliner, cargo or pas 
senger train, truck, or van, to a location distant from their 
creation. For another thing, a container formed in accor 
dance With the present invention is capable of maintaining 
an effective population of antiprotons, at suf?cient popula 
tion levels, to provide adequate quantities for use in medical, 
industrial, and propulsion applications. Also, the container 
of the present invention is capable of both being manufac 
tured at a reasonable cost and being reusable. 

It is to be understood that the present invention is by no 
means limited to the precise constructions herein disclosed 
and shoWn in the draWings, but also comprises any modi 
?cations or equivalents Within the scope of the claims. 
What is claimed is: 
1. A container for transporting antiprotons comprising: 
a deWar having a substantially evacuated cavity and a cold 

Wall; 
at least one thermally conductive support in thermal 

connection With said cold Wall and extending into said 
cavity; 

an antiproton trap secured to said extending at least one 
support Within said cavity; and 

a sealable cavity access port selectively providing access 
to the cavity for selective introduction into and removal 
from the cavity of said antiprotons. 

2. A container for transporting antiprotons comprising: 
a deWar having a substantially evacuated cavity and a cold 

Wall; 
at least one thermally conductive support in thermal 

connection With said cold Wall and extending into said 
cavity; 

an antiproton trap secured to said extending at least one 
support Within said cavity, said antiproton trap com 
prising at least one antiproton con?nement region; and 
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a sealable cavity access port selectively providing access nally extending open ended passageway disposed 
to the cavity for selective introduction into and removal therethrough and a magnetic ?eld, With said open 
from the cavity Of Said aHIiPIOIOHS- ended passageWays being coaXially arranged and fur 

3. Acontainer for transporting antiprotons cornprising: ther wherein the magnetic ?elds generated by Said 
a deWar having a substantially evacuated cavity and a cold 5 rnagnets combine to provide an additional rnagnetic 

Wall; ?eld in at least one antiproton con?nernent region 
at least one thermally conductive support in thermal Within Said Open ended passageway; and 

Connection With Said Cold Wall and extending into Said a sealable cavity access port selectively providing access 
cavity; 10 to the cavity for selective introduction into and removal 

an antiproton trap secured to said extending at least one from the cavity of said antiprotons. 
support Within said cavity, said antiproton trap corn 
prising at least tWo rnagnets each having a longitudi- * * * * * 
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