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(54) A PRECOOLING DEVICE FOR COOLING THE SUPERCONDUCTIVE COILS OF A 
SUPERCONDUCTIVE MAGNET AND METHOD THEREOF

(57) The present invention relates to a precooling de-
vice (60) for cooling the superconductive coils of a su-
perconductive magnet (10). The precooling device (60)
is able to be lodged into a housing (50), thereby forming
a cooling chamber (66) where a cryogen fluid can be

supplied and removed though ports (61, 62). The cooling
system (1) allows reduction of the thermal link between
the superconductive coils and the externa environment
of the superconductive magnet (10).
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Description

Field of the invention

[0001] The invention relates to a device for cooling a
superconductive magnet, and more particularly the su-
perconductive coils of a magnet, and used during the
cool down operation of a superconductive magnet. The
invention also relates to a method for cooling a super-
conductive magnet during the cool down operation of a
superconductive magnet.

Description of prior art

[0002] In the field of ion beam therapy, and more par-
ticularly for therapy system using a proton beam, systems
are used for generating and transporting proton beams
from proton source through an accelerator to patient
treatment stations. Such ion beam therapy systems com-
prise a particle accelerator, a synchrocyclotron for exam-
ple, a gantry for delivering the proton beam at different
angles, and a patient treatment room. In the synchrocy-
clotron, a superconducting magnet comprises supercon-
ducting coils to create intense magnetic field inside the
synchrocyclotron.
[0003] A typical magnet system comprises supercon-
ducting coils mounted on a mechanical support. The
magnet is positioned within a thermal radiation shield.
This combination is housed in an outer vacuum contain-
er, or an evacuated vacuum chamber, to reduce heat
losses. The thermal radiation shield serves to intercept
radiated heat from the housing of the evacuated vacuum
chamber before it reaches the superconductive magnet.
The magnet is thermally linked to a cryogenic refrigerator
in a "dry" arrangement, for example with a copper block.
In these configurations, heat loads is indirectly removed
via the thermal link connected to the refrigerator. Alter-
natively, the magnet could be positioned within a cryo-
stat, containing a cryogen fluid, like liquid helium, the
cryostat being housed within the evacuated vacuum
chamber.
[0004] Superconductive magnets in use have to oper-
ate at very low temperature, the temperature at which
the material changes from the normal resistive state and
becomes a superconductor. A superconductive magnet
therefore needs to be cooled down before use, which is
a slow process and can take many days. Before reaching
the low operating temperatures, heat needs to be extract-
ed from the magnet to cool it from ambient temperature
to cryogenic temperature. To this end, cooling devices
for refrigerating superconductive magnets have been de-
veloped. These devices allow heat to be conducted from
the magnet to the cooling devices. Various strategies ex-
ist to cool down the superconductive magnets. For ex-
ample, bath cooling, forced cooling or indirect cooling
strategies are in use for cooling such magnets.
[0005] Several systems have been developed to en-
sure correct cooling of the superconducting coils of the

magnet and/or the thermal radiation shield. To this end,
a device known under the name "cryocooler" has been
developed. Such device allows cooling down and main-
taining a superconductive magnet under superconduc-
tive state temperature. But these devices are quite ex-
pensive and are not enough performant during the pre-
cooling stage, leading to long precooling periods (over
two weeks in some applications) and a premature wear
of the cryocooler. Therefore, precooling devices have
been developed to speed up the precooling process.
[0006] As an example of precooling device, European
patent application n° 90 300 778.6 disclosed a supercon-
ductive magnet with a cryogenic precooler. The required
cooling effect is achieved using a cryocooler, normally
designated as a dual-stage cooler, which often works by
the Gifford-McMahon principle. The cryocooler has a
head interface connected to the cryostat. A precooler is
furthermore present. The precooler is connected in a
heat-flow relationship with head stations located on the
interface. The interface has inlet and outlet ports for sup-
plying and removing a cryogen fluid. Piping means are
furthermore present along the cryocooler in the evacu-
ated chamber disposed between the thermal radiation
shield and the outer sleeve of the device.
[0007] Such structure ensures a better precooling
process. But several drawbacks are nonetheless
present. First, for existing cryocooler, several complex
or expensive modifications have to be provided: a new
piping network and new connections between the inter-
face and the precooling device have to be implemented.
Retrofitting existing cryocooler is therefore not a straight-
forward task. Furthermore, extra means (the precooler
itself, the piping means, etc.) are still present after the
precooling stage, during the normal use of the supercon-
ductive device. It means that extra cooling power has to
be used during the normal use of the magnet to ensure
that these extra means are also cooled down. During the
precooling stage, the precooler has also to cool the cry-
ocooler, therefore lowering the efficiency of the precool-
ing process. Finally, the cryocooler itself is a significant
thermal link between the superconducting coils and the
external environment, lowering the efficiency of the cool-
ing process. The cryocooler could be activated, but as
already said, discrete use of cryocooler is seek since
these devices are expensive and subject to wear. Finally,
the precooling device disclosed in this document supplies
the cryogen fluid to cool the thermal radiation shield first,
and then the interface in contact with the superconductive
magnet. Therefore, the cryogen fluid is not at its coldest
temperature when it cools down the superconductive
magnet. It would be advantageous that cryogen fluids
first reach a means in contact with the superconductive
magnet, and then the thermal radiation shield, since it
takes more time to cool down the magnet than the radi-
ation shield.
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Summary of the invention

[0008] To solve, at least partially, the problems of the
state of the art, it is an object of the invention to provide
a cooling system for a superconductive magnet that en-
hances the precooling stage of the superconductive mag-
net. It is an object to provide a precooling system that
does not have extra means to be cooled when the su-
perconductive magnet is in use. It is an object of the
present invention to provide a precooling means that can
be easily adapted to already existing cryocooler. It is an
object of the present invention to lower the thermal links
between the superconducting coils and the external en-
vironment of the superconductive magnet.
[0009] The invention is defined by the independent
claims. The dependent claims define advantageous em-
bodiments.
According to the invention, there is provided a cooling
system for a superconductive magnet, said system com-
prising:

- a superconductive coil being part of the supercon-
ductive magnet and thermally connected to a cold
block, both being surrounded by a thermal radiation
shield, said thermal radiation shield being surround-
ed by an evacuated vacuum chamber,

- a housing projecting into the cooling system config-
ured to arrange a distal portion of the housing to be
in thermal contact with the cold block and a proximal
portion of the housing extending through a wall of
the vacuum chamber.

The cooling system is characterized in that it comprises
a removable precooling device cooperating with the
housing, the precooling device furthermore comprises a
plug hermetically closing the proximal portion of the hous-
ing, thereby forming a cooling chamber, and the precool-
ing device further comprises:

- an inlet port able to supply a cooling fluid inside the
cooling chamber,

- an outlet port able to remove the cooling fluid from
the cooling chamber.

[0010] Since the precooling device is removable, it may
be pulled out of the housing when the precooling stage
is over. Hence, after the precooling stages, no extra
means have to be cooled. The cooling fluid can be sup-
plied next to the distal portion of the housing. Therefore,
the cooling fluid cools the cold block at its coldest tem-
perature.
[0011] Preferably, the cooling device according to the
invention further comprises an insulator disposed be-
tween the plug on one end and the inlet port and the
outlet port on the other end, said insulator being able to
physically insulate a portion of the cooling chamber
wherein the inlet port and the outlet port come out from
a portion of the cooling chamber in contact with the plug.

[0012] Indeed, the insulator allows the creation of a
reduced cooling chamber located next to the distal por-
tion of the housing. Therefore, the cooling fluid is better
isolated from the external environment of the precooling
device, and the reduced cooling chamber may allow a
more controlled rate of cooling, because it is easier to
control the overall temperature of the cooling fluid into
the cooling chamber by increasing or decreasing the flow.
[0013] More preferably, in a cooling device according
to another embodiment of the invention, the housing is
able to house a cryocooler device, and more particularly
displacers of a cryocooler, and preferably the two dis-
placers of a two-stage cryocooler device.
[0014] When the housing is adapted to receive a cry-
ocooler, and since the precooling device is removable,
it may be replaced by the cryocooler device after the pre-
cooling stage. Therefore, retrofitting of existing cooling
device comprising a cryocooler is easy and not expen-
sive. And the precooling device and a cryocooler suc-
cessively share a single housing, therefore limiting ther-
mal bridges between the superconducting magnet and
the wall of the vacuum chamber.
[0015] Moreover, the invention concerns a method for
precooling a superconductive magnet. The method com-
prises the following steps:

- furnishing a cooling system according to any embod-
iment of the invention;

- flowing a cooling fluid through the cooling chamber
by opening the inlet port and the outlet port to cool
down the superconductive coils of the superconduc-
tive magnet reach.

[0016] In a more preferred embodiment of the method,
the further steps of:

- removing the precooling device from the housing,
- placing at least one displacer of a cryocooler in the

housing and hermetically closing the housing, there-
by creating a cryocooler,

- allowing a cooling fluid to enter the cryocooler and
return from the cryocooler,

- activating the cryocooler to further cool down the su-
perconductive magnet,

are performed.

Short description of the drawings

[0017] These and further aspects of the invention will
be explained in greater detail by way of examples and
with reference to the accompanying drawings in which :

Fig.1 shows a transverse sectional view of a cooling
device according to one embodiment of the
present invention wherein the cryocooler is tem-
porarily replaced with a precooling means, the
precooling means being disposed in the housing
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of the cryocooler;
Fig.2 shows a transverse sectional view of a cooling

device according to a second embodiment of
the invention;

Fig.3 shows a transverse sectional view of a cooling
device according to a third embodiment of the
invention;

Fig.4 is a transversal sectional view of a device ac-
cording the one embodiment of the invention at
different stages of a method according to one
embodiment of the invention.

[0018] The drawings of the figures are neither drawn
to scale nor proportioned. Generally, similar or identical
components are denoted by the same reference numer-
als in the figures.

Detailed description of embodiments of the inven-
tion

[0019] Referring to Fig.1, a cooling system (1) for cool-
ing a superconductive magnet (10) is schematically rep-
resented. Fig. 1 is a cross section of a system according
to one aspect of the present invention. Only a portion of
the structure to be cooled is shown. Some components
not shown in Fig. 1 and not explained in detail in the
following description are generally known in the art. The
illustrated device allows a precooling device within a cool-
ing system for a superconductive magnet to be designat-
ed. A superconducting magnet is an electromagnet made
from coils of superconducting wire, or superconductive
coils. Cooled to cryogenic temperatures, the coils are in
superconducting state, allowing the conduction of large
electric currents, therefore creating intense magnetic
fields. One of their uses is in particle accelerators. Pref-
erentially, the coils of the magnet are made up of niobium
titanium windings. The superconductive coils may be a
Niobium Titanium (NbTi) wire in channel coil. As an ex-
ample, such a superconductive magnet is sold by ASG
(Genoa, Italy) and is identified as a medical coil for the
S2C2P Synchrocyclotron for IBA. The superconductive
coils may be able to produce a maximum magnetic of at
least 1 Tesla. In a preferred embodiment of the invention,
the superconducting magnet is cryogen free, also known
as a dry superconducting magnet. Preferentially, the su-
perconductive magnet (10) is a cylindrical superconduc-
tive magnet. Preferentially, the superconducting magnet
is for use in the field of particles acceleration, within a
particle accelerator. In a preferred embodiment of the
invention, the superconductive magnet (10) is therefore
installed within a particle accelerator, like a cyclotron or
a synchrocyclotron. The purpose of the superconductive
magnet is to create the mean magnetic field used by the
particle accelerator during the acceleration stage of par-
ticles. In a preferred embodiment of the invention illus-
trated on Fig. 3, At least two superconductive coils, and
alternatively a plurality of superconductive coils, are
present in the cooling system.

[0020] The superconductive coils of the magnet (10)
are thermally coupled to a cold block (40). The cold block
(40) is made up of a thermally conductive material. The
cold block could be defined as a mass to be cooled from
a temperature to the final precooling temperature or op-
erating temperatures with the help of the cooling device
according to the invention. The cold block function is to
thermally link the superconductive coils of the magnet
(10) to the housing (50). The cold block (40) could be in
any materials like a metal or an alloy that have sufficient
thermal conductivity capacities to transfer heat from the
superconducting magnet to the precooling device. By
sufficient thermal conductivity capacities, it should be un-
derstood materials with a thermal conductivity over 100
W.m-1K-1, more preferentially over 200 W.m-1K-1, and
still more preferentially over 230 W.m-1K-1. For example,
the cold block may be in aluminium or copper.
[0021] By thermally coupled, it should be understood
that the cold block (40) is in direct contact with the su-
perconductive coils of the magnet, or that the cold block
(40) is connected to the superconducting coils of the mag-
net through heat-conductive connecting pieces or heat-
conductive members, like thin copper or aluminium
plates. A heat-conductive connecting piece may be a
contact plate made of copper, eventually plated with gold
or silver or indium. These pieces allow the heat transfer
from the superconducting magnet (10) to the cold block
(40) and from the cold block (40) to the superconducting
magnet (10).
[0022] A thermal radiation shield (20) surrounds the
windings of the superconducting magnet (10) but is
spaced apart therefrom. The purpose of the radiation
shield (20) is to reduce the radiation heat input into the
superconducting magnet windings.
[0023] The thermal radiation shield is supported from
a vessel which encloses the magnet windings or from
the vacuum vessel. The supports are typically made of
low thermal conductivity material such as a thin stainless
steel wire or a suitable structure from thermoplastic or
other materials with low thermal conductivity, well known
by a person skilled in the art.
[0024] The radial distance between the superconduct-
ing magnet (10) and the surrounding thermal radiation
shield (20) are several inches, for example, 1 to 5 cm.
[0025] The thermal radiation shield (20) and the super-
conducting magnet are designed to operate at different
temperatures with the magnet windings at the coldest
temperature. The thermal radiation shield may be in a
metal material or an alloy with good thermal conductivity
capacities, like cooper or aluminium.
[0026] The thermal radiation shield (20) is surrounded
by a vacuum chamber (30). The radial distance between
thermal radiation shield (20) and the surrounding wall
(31) of the vacuum chamber (30) are several inches, for
example, 1 to 5 cm. When the superconducting magnet
is in use, during the precooling stage, the cooling stage,
or during its normal use, the vacuum chamber is evacu-
ated. The interior of the vacuum chamber (30) is therefore
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under a very low pressure when evacuated, or indeed
under a quasi-vacuum, for example under a pressure of
less than 10-3 mbar, preferably at a pressure of between
10-4 mbar and 10-5 mbar, and more preferably at a pres-
sure of 10-6 mbar or below.
[0027] The system comprises a housing (50). It
projects into the cooling system. In other words, the hous-
ing (50) projects into the vacuum chamber (30) and inside
the thermal radiation shield (20). The housing could be
made of stainless steel or any low thermal conductive
material to avoid thermal link, and is isolated from the
inside of the vacuum chamber, to ensure that the vacuum
chamber could still be evacuated. The housing compris-
es at least a distal portion (51), located towards the su-
perconductive coils of the magnet, and a proximal portion
located towards the wall (31) of the vacuum chamber
(30), as illustrated on Fig. 1-3.
[0028] The distal portion (51) of the housing (50) is
heat-conductively coupled to the cold block (40). As an
example, heat-conductive connecting pieces or heat-
conductive thin plates may be provided between the dis-
tal portion (51) of the housing and the cold block (40).
Alternatively, the distal portion (51) of the housing could
be in direct contact with a part of the cold block (40). A
heat-conductive connecting piece may be a contact plate
made of copper or aluminium, eventually plated with gold
or silver or indium. These pieces allow the heat transfer
from the precooling device to the cold block through the
wall of the housing and from the cold block to the super-
conductive coils of the magnet. These heat-conductive
pieces could further be elastic pieces. In a preferred em-
bodiment of the invention, the housing is also heat-con-
ductively coupled to the thermal radiation shield (20).
This coupling may be identical to the coupling between
the distal portion of the housing and the cold block, i.e.
with a heat-conductive connecting piece.
[0029] The proximal portion (52) of the housing ex-
tends through the wall (31) of the vacuum chamber (30),
thereby creating an opening through the interior of the
housing (50).
[0030] The cooling system (1) according to one em-
bodiment of the invention comprises a removable pre-
cooling device (60). By removable, it should be under-
stood that the precooling device (60) may be easily in-
serted inside the housing (50) during the precooling stage
of the superconductive coils of the magnet, and easily
removed when the precooling stage is over. Due to the
particular structure of the precooling device, the evacu-
ated chamber can be kept evacuated while removing the
precooling device. When the precooling stage is over,
the precooling device is removed and does not have to
be further cooled down during the further steps of cooling.
Furthermore, since the housing projects into the cooling
system, it may be in contact with the thermal radiation
shield (20). Hence, the precooling means may be used
for cooling the cold block (40) and the heat radiation
shield (20) when needed.
[0031] Since it is of the utmost importance to minimize

the heat-conductive connection between on one hand
the superconductive coils of the magnet and, on the other
end the wall of the vacuum chamber, the present cooling
system does not have extra means that have to be cooled
down after the precooling stage is over because the pre-
cooling device may be removed. Hence, when the su-
perconductive magnet is in operation at superconductive
temperatures, no precooling means are present and
therefore do not have to be cooled down. The precooling
step corresponds to a step wherein the temperature of
the cold block or the superconductive coils of the magnet
is decreased from a starting temperature (for example
the environmental temperature, i.e. 25°C or 298.15 K;
but not limited to) to a lower temperature. As examples,
the lower temperature may correspond to a temperature
inferior to 200 K, preferentially inferior to 100 K and more
preferentially inferior to 80 K, and most preferentially
equal to 77 K. This lower temperature may correspond
to a temperature at which the cooling fluid is in liquid
state. As an example, when the cooling fluid is liquid ni-
trogen, this lower temperature may correspond to a tem-
perature of approximatively 77 K, the boiling point tem-
perature of liquid nitrogen. In other words, by precooling,
it should be understood that the superconducting coils
of the magnet are cooled to about 200 K with the remov-
able precooling device (60) by heat-conduction through
the cold block (40), and more preferably to about 100 K,
still more preferably to about 80 K. The term about means
a temperature from +5 K to -5 K in relation to the cited
temperature (i.e. about 80 K means between 85 K and
75 K).
[0032] To this end, the removable precooling device
(66) comprises a plug (63). The plug (63) is a means that
is able to close hermetically the proximal portion (52) of
the housing (50) by cooperating with the wall (31) of the
vacuum chamber (30). The plug (63) could be a solid
metal plate, like stainless steel. The plug (63) may be
attached to the wall (31) with removable screws or re-
movable nuts and bolts. A seal could further be present
between the plug (63) and the wall (31) to ensure correct
airtightness. Hence, when the plug (63) is in place, the
interior of the housing (50) is isolated from any exterior
environment, thereby creating a cooling chamber (66).
[0033] During the precooling stage, the cooling cham-
ber (60) is filled with a cooling fluid. To this end, the pre-
cooling device (60) comprises an inlet port (61) and an
outlet port (62). The inlet port (61) is able to supply a
cooling fluid inside the cooling chamber (66); while the
outlet port (62) is able to remove the cooling fluid from
the cooling chamber (66). These two ports may be the
distal extremity of pipes. These two pipes go through the
plug (63), and are connected to a fluid pressure system
or a pump system that is able to activate the supplying
and the removing of the cooling fluid in and out of the
cooling chamber (66). The inlet port (61) may be the end
of any means able to supply a cooling fluid into the cooling
chamber, like a piping means connected to a cooling fluid
reservoir. The outlet port may be the end of any means
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able to remove a cooling fluid from the cooling chamber,
like a piping means connected to a vacuum pump.
[0034] By cooling fluid, it should be understood a heat
transfer fluid or heat-transfer medium like coolant liquids
or refrigerants. In a preferred embodiment of the inven-
tion, the cooling fluid is a liquid gases, more preferably
liquid nitrogen or liquefied neon, liquid helium or liquid
hydrogen. Alternatively, the cooling fluid may be a na-
nofluid, a coolant consisting in a carrier liquid comprising
dispersed nanoparticles. It should be noted that a plural-
ity of different cooling fluids may be used during the pre-
cooling stage. As an example, the first cooling fluid in
use during the precooling step may be liquid nitrogen,
and followed by the use or liquefied neon.
[0035] In a preferred embodiment of the invention, il-
lustrated on Fig.2, the precooling device (60) furthermore
comprises an insulator (65). The insulator is disposed
between the plug (63) on one hand, and the inlet port
(61) and the outlet port on the other hand. The insulator
(65) is able to isolate a portion of the cooling chamber
wherein the inlet port (61) and the outlet port (62) come
out from another portion of the cooling chamber located
next to the plug (63). According to this embodiment, the
cooling chamber has therefore a reduced volume, and
is furthermore better isolated from the surrounding envi-
ronment of the overall system (1). Hence, the cooling is
more efficient. The insulator can be made in a non-me-
tallic material like plastic, resin, or foam In a preferred
embodiment, the insulator (65) furthermore comprises at
least one sealing member (67), more preferably at least
two sealing members, and most preferably at least three
sealing members, or more than four sealing members,
or even more. These sealing members are disposed on
an external surface of the insulator (65), in contact with
an internal surface of the housing (50). These sealing
members (67) enhance the isolation of the reduced cool-
ing chamber when the precooling device (60) is in place
inside the housing. When the housing (50) has a cylinder
shape, and the insulator has also a cylinder shape, these
sealing members could be "O" rings, made in any elastic
materials, like nitril, ethylene propylene diene monomer
rubber (EPDM rubber), fluoropolymer elastomer, or pol-
ytetrafluoroethylene (PTFE).
[0036] In a preferred embodiment of the invention il-
lustrated on Fig.2 and Fig. 3, the cold block (40) has a
finger (41) extending towards the thermal radiation shield
(20). In this embodiment, the distal portion (51) of the
housing is in contact with the finger (41) of the cold block
(40). The finger (41) may be in the same material as the
cold block, i.e. a thermally conductive material. With such
an embodiment, the overall mass of the cold block (40)
may be reduced, thereby reducing the precooling stage
length, while the cold block (40) is still in contact with the
housing (50) though the finger (41) on one hand, and the
superconductive coils on the other hand.
[0037] In a preferred embodiment of the invention il-
lustrated on Fig. 4a, the housing (50) is able to house a
cryocooler (100) when the removable precooling device

(60) is not present. In a more preferably embodiment,
the housing (50) is able to house a two-stage cryocooler,
based on the Gifford McMahon cycle. It should be noted
that the housing could also be able to house a three-
stage cryocooler, or any type of cryocooler. A cryocooler
according to this principle is well known in the art. Ac-
cording to this embodiment, a single housing (50) is able
to house successively the precooling device and the cry-
ocooler. The already existing cooling systems for super-
conducting devices are therefore easy to retrofit accord-
ing to the present invention, without any structural mod-
ifications. The device sold under reference SRDK-415D
by Sumitomo® is a typical example of a two-stage cryo-
cooler.
[0038] In a preferred embodiment of the invention il-
lustrated on Fig. 3, the inlet port (61) and the outlet port
(62) come out inside the cooling chamber (66) at different
places. The inlet port (61) may come out in the cooling
chamber (66) at a distance of less than 5 cm, preferably
less than 1 cm, and more preferably less than 0.2 cm,
from the distal portion (51) of the housing (50). With such
embodiment, the cooling fluid is supplied into the cooling
chamber at its coldest temperature near the distal portion
of the housing, enhancing the heat transfer between the
cooling fluid and the cold block (40). As a preferred em-
bodiment, or alternative embodiment, the outlet port (62)
may come out inside the cooling chamber (66) at a dis-
tance of less than XX cm from an inner surface of the
plug (63), or when an insulator (65) is present, at a dis-
tance of less than 5 cm, preferably less than 1 cm, and
more preferably less than 0.2 cm from an inner surface
(65a) of the insulator (65). According to this embodiment,
the cooling fluid is removed from the cooling chamber far
from the distal end (51) of the housing (50), where the
cooling fluid has already flew inside the cooling chamber
and has therefore already exchanged heat with the cold
block (40).
[0039] In a preferred embodiment of the invention, the
flow of cooling fluid that comes in and out of the cooling
chamber (66) is regulated. This is for example illustrated
on Fig. 3. To this end, an extraction controlling means
(70) is present on a pipe (71) connected to the outlet port
(62). The extraction controlling means (70) is disposed
on the pipe (71), downstream of the outlet port (62). The
extraction controlling means (70) may be a valve, a pump
or a gauge. The extraction controlling means (70) may
be controlled par a controller configured for activating the
extraction controlling means when needed. Hence, the
velocity of the cooling fluid inside the cooling chamber
may be controlled. Alternatively, the flow could be regu-
lated by a supply controlling means present on the pipe
connected to the inlet port, while the output flow is kept
at atmospheric pressure. This alternative embodiment
avoids over pressure in the cooling chamber (66).
[0040] In a preferred embodiment, the velocity of the
cooling fluid is controlled depending on any one of the
following data: the temperature of the housing (50), the
temperature of the cold block (40), the volume of the cool-
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ing chamber (66), the temperature of the superconduc-
tive coils, the temperature of the cooling fluid after being
removed from the cooling chamber, etc. To this end, sev-
eral temperature measurement means may be disposed
on an external surface the cold block (40), inside the cool-
ing chamber (66), affixed on an inner or outer surface of
the cooling chamber (66), on one superconductive coil.
These means allow regulation of flow of cooling fluid re-
moved from the cooling chamber. In a complementary
embodiment, similar means may be disposed upstream
the inlet port (61) in a same manner, therefore allowing
regulation of the cooling fluid supplied in the cooling
chamber.
[0041] In a preferred embodiment of the present inven-
tion, the precooling means (60) may furthermore com-
prise means able to disrupt the flow of the cooling fluid
inside the cooling chamber (60). These disruptive means
may be attached to the inlet port (61) and/or the outlet
port (62) and project into the cooling chamber (66). Al-
ternatively, or complementarily, these flow-disrupting
means may be attached to the plug (63), or to the insulator
(65) when present, and project into the cooling chamber.
A flow-disrupting means may be for example a metallic
blade or a metallic rod. These flow-disrupting means may
be means curved or not, means pierced or not, hollow
means of solid means.
These flow-disruptive means allow enhancing the heat
transfer between the cooling fluid and the means to be
cooled (i.e. the cold block and/or the thermal radiation
shield) by increasing the cooling fluid volume potentially
in contact with an inner surface of the housing when the
cooling fluid flows inside the cooling chamber.
[0042] In a preferred embodiment of the invention, the
precooling device (60) also comprises its own housing.
The precooling device housing fits the internal surface
of the housing (50). By this way, the precooling device
may be snug fitted inside the housing (50) before the
precooling stage begin. According to this embodiment,
the precooling device housing is in a thermal conductive
material, like aluminium or copper. When the device com-
prises its own housing, means for disrupt the flow of cool-
ing fluid may be disposed on an inner surface of the pre-
cooling device housing. In other words, these means may
be alternatively and/or complementarily attached on an
inner surface of the precooling device housing.
[0043] According to a preferred embodiment invention,
a heater (5) is disposed on an outer surface of the housing
(50), in contact with the distal portion (51) of the housing.
Once a low temperature of the superconducting coils is
reached, the precooling device is removed from the hous-
ing and may be replaced by the displacers of a cryocooler
device. The heater (5) heats up locally the housing (50),
facilitating the step of placing the displacers.
[0044] According to a preferred embodiment of the in-
vention, the cooling system (1) mays comprise a plurality
of housings (50) and a plurality of precooling devices (60).
[0045] The invention is also related to a method for
precooling the superconductive coils of a superconduc-

tive magnet. The method is illustrated on Fig. 4.
[0046] According to a first embodiment of the method
illustrated on Fig. 4b and Fig. 4c, a cooling system ac-
cording to any one of the embodiments of the invention
previously described is provided (Fig. 4b). A precooling
device (60), according to any one of the embodiments
previously described is provided and installed within the
housing (50) (Fig. 4c). The superconductive coils are
thereafter cooled down from a starting temperature to a
temperature of about 80K by opening the inlet port (61),
allowing supplying a cooling fluid inside the cooling
chamber (66), and opening the outlet port (62), allowing
the cooling fluid to be removed from the cooling chamber
(66). Once the superconductive coils of the magnet reach
the desired temperature, the precooling stage is over and
the precooling device may be removed from the cooling
system. The desired temperature may be comprised be-
tween 40 K and 120 K, more preferably the desired tem-
perature is comprised between 60 K and 100 K, and still
more preferably the desired temperature is comprised
between 75 K and 85 K. Alternatively, the desired tem-
perature may be lower than 120 K, more preferable the
desired temperature is lower than 100 K, and more pref-
erably, the temperature is lower than 85 K.
[0047] In a preferred embodiment of the method illus-
trated in Fig. 4b to 4d, once the precooling stage is over,
and the precooling device is removed from the housing
(50), a cryocooler, and preferably a two-stage cryocooler,
is inserted inside the housing (50) in the same place as
the removed precooling device (60). By inserting a cry-
ocooler into the housing (50), it should be understood
that displacer(s) (100a, 100b) of the cryocooler (100) are
inserted inside the housing. During the precooling stage,
these displacers could be held at low temperature by
storing them in a low temperature room or device. As an
example, these displacers could be plunged into liquid
nitrogen inside a cryotank during the precooling stage.
Before inserting the displacers, a step of removing any
trace of the cooling fluid inside the housing (50) may be
performed. The cryocooler is then activated, allowing the
cooling of the superconductive coils of the magnet from
the temperature reached at the end of the precooling
stage (around 80 K, or 78 K) to the superconductive tem-
perature (4,2 K). To this end, the cryocooler is supplied
with a cooling fluid (for example liquefied neon), and the
cryocooler is activated to further cool down the super-
conductive coils, from the end of precooling stage tem-
perature to the superconductive state temperature.
[0048] A preferred embodiment of the method accord-
ing to the invention is illustrated on Fig. 4a to Fig. 4d, the
system comprises a cryocooler, and the method further
comprises the steps of removing the displacers (100a,
100b) of the cryocooler (100) from the housing (50), fol-
lowed by the step of placing the precooling device (50)
inside the housing and hermetically closing the housing
with the plug (63). The methods previously presented are
thereafter performed.
[0049] A method according to the invention may also
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comprise steps of regulation of the flowing of the cooling
fluid inside the cooling chamber. To this end, an extrac-
tion controlling means may be disposed on a pipe down-
stream connected to the outlet port, and the regulation
is controlled by the volume of cooling fluid passing by the
outlet port. Alternatively or complementarily, the flowing
is regulated by control means disposed on a pipe con-
nected to the outlet port or the inlet port, said control
being controlled by a pressure sensor device disposed
inside the cooling chamber, and/or a temperature sensor
located on the housing (50), on the superconductive
coils, on the cold block (40), and/or on the thermal radi-
ation shield (20).
[0050] The present invention has been described in
terms of specific embodiments, which are illustrative of
the invention and not to be construed as limiting. More
generally, it will be appreciated by persons skilled in the
art that the present invention is not limited by what has
been particularly shown and/or described hereinabove.
Reference numerals in the claims do not limit their pro-
tective scope.
Use of the verbs "to comprise", "to include", "to be com-
posed of", or any other variant, as well as their respective
conjugations, does not exclude the presence of elements
other than those stated.
Use of the article "a", "an" or "the" preceding an element
does not exclude the presence of a plurality of such el-
ements.
[0051] The invention may also be described as follows:

The present invention relates to a precooling device
(60) for cooling the superconductive coils of a super-
conductive magnet (10). The precooling device (60)
is able to be lodged into a housing (50), thereby form-
ing a cooling chamber (66) where a cryogen fluid
can be supplied and removed though ports (61, 62).
The cooling system (1) allows reduction of the ther-
mal link between the superconductive coils and the
externa environment of the superconductive magnet
(10).

Claims

1. A cooling system (1) for a superconductive magnet
(10), said system (1) comprising:

- a superconductive coil being part of a super-
conductive magnet (10) thermally connected to
a cold block (40), both being surrounded by a
thermal radiation shield (20), said thermal radi-
ation shield (20) being surrounded by an evac-
uated vacuum chamber (30),
- a housing (50) projecting into the cooling sys-
tem (1) and configured to arrange a distal portion
(51) of the housing (50) to be in thermal contact
with the cold block (40) and a proximal portion
(52) of the housing (50) extending through a wall

(31) of the vacuum chamber (30),

characterized in that
the cooling system (1) comprises a removable pre-
cooling device (60) cooperating with the housing
(50),
the precooling device comprising a plug (63) hermet-
ically closing the proximal portion (52) of the housing
(50), thereby forming a cooling chamber (66),
and in that the precooling device (60) further com-
prises:

- an inlet port (61) able to supply a cooling fluid
inside the cooling chamber (66),
- an outlet port (62) able to remove the cooling
fluid from the cooling chamber (66).

2. The cooling system (1) according to claim 1, char-
acterized in that the precooling device (1) further
comprises an insulator (65) disposed between the
plug (63) on one end and the inlet port (61) and the
outlet port (62) on the other end, said insulator (65)
being able to physically insulate a portion of the cool-
ing chamber (66) wherein the inlet port (61) and the
outlet port (62) come out from a portion of the cooling
chamber (66) in contact with the plug (63).

3. The cooling system (1) according to claim 2, char-
acterized in that the insulator (65) further comprises
at least one sealing member (67) disposed on an
external surface of the insulator (65).

4. The cooling system (1) according to any one of the
preceding claims, characterized in that the cold
block (40) further comprises a finger (41) extending
towards the thermal radiation shield (20), and in that
the distal portion (51) of the housing (50) is in contact
with the finger (41).

5. The cooling system (1) according to any one of the
preceding claims, characterized in that the housing
is able to house a cryocooler device, and preferably
a two stages cryocooler device.

6. The cooling system (1) according to any one of the
preceding claims, characterized in that the inlet
port (61) comes out at a distance less than 5 cm from
the distal portion (51) of the housing (50).

7. The cooling system (1) according to claim 4 or to
claims 5-6 when dependent from claim 4, charac-
terized in that the outlet port (62) comes out at a
distance less than 5 cm from an inner surface (65a)
of the insulator (65).

8. The cooling system (1) according to any one of the
preceding claims, characterized in that extraction
controlling means (70) able to regulate a flow of the
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cooling fluid removed from the cooling chamber (66)
is disposed on a pipe (62a) downstream connected
to the outlet port (62).

9. The cooling system (1) according to any one of the
preceding claims, characterized in that the housing
(50) further comprises means for disrupting a flow
of the cooling fluid.

10. A cyclotron comprising a main superconducting
magnet, the main superconducting magnet compris-
ing superconductive coils, and a cooling system (1)
according to any one of claims 1-9, the cooling sys-
tem (1) being adapted to cool down the supercon-
ductive coils of the main superconducting magnet.

11. A method for precooling a superconductive coil of a
superconductive magnet (10), said method compris-
ing the following steps:

a) furnishing a cooling system (1) according to
any one of claims 1-10;
b) flowing a cooling fluid through the cooling
chamber (66) by opening the inlet port (61) and
the outlet port (62) to cool down the supercon-
ductive coils of the superconductive magnet.

12. The method of claim 11, further comprising the steps
of:

c) removing the precooling device from the
housing (50),
d) placing at least one displacer in the housing
(50) and hermetically closing the housing (50),
thereby creating a cryocooler,
e) allowing a cooling fluid to enter the cryocooler
and return from the cryocooler,
f) activating the cryocooler to further cool down
the superconductive magnet (10).

13. The method of claim 11 or 12, wherein the further
steps of:

g) removing at least one displacer located in the
housing (50),
h) placing the precooling device (60) into the
housing, and hermetically closing the housing
(50),

are performed before the step a).

14. The method according to any one of claims 11 to 13,
wherein the flowing is regulated by an extraction con-
trolling means disposed on a pipe downstream con-
nected to the outlet port, said regulation occurring
by controlling the volume of cooling fluid passing by
the outlet port.

15. The method according to any one of claims 11 to 14,
wherein the flowing is regulated by control means
disposed on a pipe connected to the outlet port or
the inlet port, said control means being controlled by
a pressure sensor device disposed inside the cooling
chamber or a temperature sensor located on the
housing (50), on the superconductive coils, on the
cold block (40), and/or on the thermal radiation shield
(20).
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