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Description

Field of the invention

[0001] The present invention relates to a pack belong-
ing to linear accelerators specifically adapted to be used
in a cascade with a cyclotron for cancer therapies.

State of the art

[0002] A technique known as Proton Therapy (or PT)
is becoming increasingly common for treating some
types of tumours in virtue of its low invasiveness with
regard to the healthy cells surrounding the cancer cells
as compared to other types of radiotherapy. Furthermore,
the use of hadron beams, i.e. light protons and ions, in
radiotherapy is turning out to be much more effective
than conventional photon and electron radiotherapy sys-
tems for various cancer pathologies.
[0003] PT however requires the use of cyclotrons
which accelerate the protons to a given initial energy: it
is estimated that the most appropriate choice is 30MeV.
The protons must however be further accelerated to take
their energy to values in the order of 240 MeV in order
to be employed in cancer treatment. These post-accel-
erators, cascade-connected to the cyclotrons, also
named linac, are machines capable of accelerating
charged particles, such as for example protons, elec-
trons, positrons, heavy ions, etc., at a predetermined en-
ergy. The use of a linac may be extremely expensive.
Indeed, a power increase of such machines considerably
increases costs. On the other hand, since the energy at
which the particles must be used in the PT is 240 MeV,
said particles must be subsequently further accelerated
after the initial acceleration of 30 MeV which is imparted
to the particles by the cyclotron. Such a technique is im-
plemented using specific linear accelerators, named
linac, cascade-connected to the cyclotron, which consist
of specific acceleration modules. Each module consists
of a large series of synchronous radiofrequency cavities
which determine an acceleration channel along which
the particle beam travels.
[0004] The acceleration modules are, in turn, formed
by joining packs side-by-side in which the several cavities
which follow each other along the accelerating channel
are obtained.
[0005] A PT machine requires the arrangement of as
many modules as needed to make the particles acquire
an energy of 240 MeV, required for using the PT.
[0006] Nowadays, the modules are necessarily made
of packs joined together to make it possible to form the
various cavities needed to create the resonance effect
which is necessary for the particles to acquire their en-
ergy when crossing the acceleration module.
[0007] These cavities which are obtained in the mod-
ules are generally fed at frequencies in the order of 3
GHz, and in some cases such working frequencies-are
increased up to-6-8 GHz.

[0008] Since the cost of the cyclotrons which inject the
protons into the linac is high, and proportionally enhances
with the power increase, it is preferable to employ low
power cyclotrons, by increasing the number of modules
of the linac, the cost of which is lower than the cost of a
higher power cyclotron. Said acceleration modules are
formed by copper packs mechanically processed by re-
moving some material so as to obtain cavities in their
thickness S, which cavities produce the particle acceler-
ation by resonating with the electromagnetic fields gen-
erated by the generator. The packs, during the step of
assembling, are weld-brazed together so as to form the
accelerator modules.
[0009] However, the power reduction of the cyclotron
and the concurrent increase in the number of accelerator
modules to maintain the final power conferred to the par-
ticles implies that.the size of the packs must be reduced
by an inverse ratio to the square root of 2. This required
reduction of the packs forces to thin the parts of the pack
which are already very small. For example, the partition
which delimits the acceleration cavities in the pack thus
becomes so thin that, when brazed, it would be deformed.
[0010] The various cavity parts which are obtained in
the packs are designed so that, once an accelerator mod-
ule has been assembled by joining the various packs,
the acceleration line downstream of the cyclotron will in-
clude an appropriate number of modules, thus deter-
mined by the desired acceleration to be imparted to the
particles.
[0011] The accelerating cavities are aligned and recip-
rocally communicating to form a first alignment. The cou-
pling cavities form two symmetric and alternating align-
ments with respect to the accelerating cavities, so that
the sum of the accelerating cavities is equal to the cou-
pling cavities.
[0012] The cavities of each coupling alignment are also
reciprocally communicating.
[0013] The accelerator alignment and the coupling
alignments are reciprocally communicating, by means of
appropriate openings, named irises, which extend from
each accelerating cavity towards the adjacent coupling
cavities. More in detail, two irises open on each side of
each partition dividing two accelerating cavities.
[0014] This cavity structure is made to allow to control
the phase and amplitude of the fields.
[0015] Specifically, the conformation of the packs
known in the art provides for making a first accelerating
half-cavity by emptying, by means of mechanical
processing, a first face of the pack, in an essentially mid-
position with respect to the surface of the pack, while the
coupling half-cavity is made in the same manner, in an
offset position with respect to the aforesaid accelerating
cavity and on the opposite side with the respect to said
first face.
[0016] In such a manner, by assembling the packs,
facing the first face of a first pack with another first face
of a second pack and a second face of a third pack with
the second face of the second pack, a portion of accel-
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erator module is obtained as shown in figure 1.
[0017] The juxtaposition makes two half-cavities form
a complete cavity.
[0018] The packs are assembled together.by brazing.
[0019] A problem of the configuration offered by the
known art is that the partition which divides two acceler-
ating cavities cannot be reduced beyond a given limit,
because being formed by two adjacent packs, when
these are brazed, said portions of packs which form the
partition are deformed leading to situations in which the
cavity does not resonate.
[0020] The attempt to thin said partition should be pur-
sued to increase the volume of each cavity to the maxi-
mum. Indeed, the increase of volume of the cavity related
to the surface which contains it increases cavity efficien-
cy. As a consequence, it is desirable to reduce the dis-
tance between two adjacent cavities as much as possi-
ble, thus reducing the dividing partition.
[0021] The structural limits of an excessively thin par-
tition may be reached also during the operation of the
accelerator because of the very strong magnetic fields
which are generated therein and due to the temperatures
which are reached.
[0022] Furthermore, some deformations may cause a
cavity to vent outwards at the joint  between two packs
which are not perfectly flat.
[0023] Therefore, such a configuration of packs for
composing the accelerator modules is not very efficient
and requires very low machining tolerances because
each minimal error may lead to:

- reach structural limits in one or more internal parti-
tions,

- vent one or more cavities outwards,
- an incorrect volume/surface ratio such as to prevent

the cavity from resonating.

Summary of the invention

[0024] It is the object of the present invention to provide
an accelerator pack, for making linear accelerators for
the particles produced by cyclotrons which solve the
aforesaid drawbacks.
[0025] The present invention thus proposes to reach
such objects by making an accelerator pack, specifically
for linear acceleration modules, in accordance with claim
1.
[0026] A further object of the invention is to provide a
linear proton accelerator module including a plurality of
said packs, as claimed in claim 7.
[0027] According to a further aspect of the invention,
said accelerator is applied to cancer therapies.
[0028] The dependent claims disclose preferred em-
bodiments of the invention.

Brief description of the drawings

[0029] Further features and advantages of the present

invention will be more apparent in the light of the detailed
description of a preferred, but not exclusive, embodiment
of an accelerator pack, specifically for linear acceleration
modules, illustrated by way of non-limitative example,
with the aid of the accompanying drawings, in which:

Figure 1 shows a section of a plurality of packs of
the state of the art assembled to form a part of an
acceleration module;
Figure 2 shows a section of a plurality of packs object
of the present invention assembled to form a part of
an acceleration module;
Figure 3 shows an axonometric view of the face of
a pack of the invention;
Figure 4 shows an axonometric view of a section of
the pack in figure 3;
Figure 5 shows a longitudinal section view of a pack
in figure 2;
Figure 6 shows an axonometric view of figure 2;
Figure 7 shows an exploded axonometric view of an
acceleration module in accordance with the inven-
tion.

[0030] The same numbers and reference letters in the
figures refer to the same elements and components.

Detailed description of a preferred embodiment of 
the invention

[0031] With specific reference to figures from 2 to 6,
the pack 1, with a parallelepiped shape, with a small thick-
ness S as compared to the other dimensions, displays
two larger surface faces A, B. This pack is made of copper
or other metal having a high electric conductivity.
[0032] A circular-shaped cavity 11 a is obtained on the
side of the face 1 a by a process of material removing.
A circular-shaped cavity 11b concentric to cavity 11a is
obtained on the side of the face 1b by a process of ma-
terial removing. These two cavities 11 a and 11 b have
a shape and size so that when the face 1 a of a pack is
overlapping the face 1 b of another pack, the cavity 11a
of the first one is facing the cavity 11b of the other, so as
to form an accelerating cavity 11, arranged in the mid-
zone with respect to the whole formed by the two packs.
[0033] A major part of a first peripheral cavity 12a is
further obtained on the face 1a of the pack- and the re-
maining part of a second peripheral cavity 12b arranged
symmetrically to the portion 11 a or 11 b of the mid ac-
celerating cavity 11 is obtained on the face 1 b.
[0034] Said cavities 12a and 12b, as will be more ap-
parent below, cooperate to form a coupling cavity 12.
[0035] By directly comparing figure 1, which shows the
state of the art, and figure 2, which is in accordance with
the present invention, it is found that the thickness of the
packs according to the present invention approximately
doubles that of the known art, with the consequence that
the number of packs object of the process is exactly half
as compared to the known art, because the thickness R
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of each pack approximately doubles that of the packs of
the known art.
[0036] The juxtaposition of a plurality of packs deter-
mines a first continuous alignment of N accelerating
chambers in a mid-position with respect to the whole
formed by the plurality and two symmetric and alternating
alignments with respect to said first alignment, each
formed by N/2 coupling chambers.
[0037] Therefore, said juxtaposition of the face 1a of a
first pack on the face 1b of a  second pack, must occur
once the latter has been rotated by 180° with respect to
its normal barycentric axis α.
[0038] The first considerable advantage of the pro-
posed configuration is found in that the partition 5 which
divides two consecutive accelerating cavities belongs to
only one pack, and the partition thickness results to be
even less than half the thickness of the partition of the
known art packs. Indeed, because the partition 5 belongs
to only one pack, it is not subjected to brazing, and the
thickness thereof can be reduced and the machining tol-
erance can be relaxed. Furthermore, the thickness re-
duction of the partition improves the efficiency of the cav-
ity, the ratio between its internal volume divided by the
internal surface of the cavity being proportional. The con-
sequence is a considerable saving of the energy needed
to feed the accelerator.
[0039] The fact that the cavity 12a is the major part of
the coupling cavity 12 as compared to the remaining cav-
ity 12b, in relation to the aforementioned juxtaposition
causes a tapered zone 4 to be in contact with a thick-
zone 3 of the adjacent pack which serves as a support
for the tapered zone 4, by continuously alternating.
[0040] The cavities belonging to the alignment of ac-
celerating cavities are -reciprocally communicating
through a- cross opening 7 obtained in each pack in a
central position with respect to the cavities 11 a and 11
b, while the coupling cavities are connected to each other
through further cross side openings 6, obtained in each
pack, centrally with respect to the cavities 12a and 12b.
[0041] The main consequence of the proposed config-
uration is thus that the thickness R of the packs approx-
imately doubles that of the known art. This has allowed
to make at least one hole 9, perpendicular to the thick-
ness of the pack, in order to insert a pin 30 (see figure
7) to vary the resonance frequency of the cavity.
[0042] This aspect is extremely important because ma-
chining errors which normally lead the cavity not to res-
onate may be recovered by inserting/removing the pin
30 from the cavity through the hole 9.
[0043] The pins can be even more than one for a same
cavity and may be made on any side of the pack in an
essentially perpendicular manner with respect to the
thickness or depth R of the pack.
[0044] Another unquestionable advantage of the pro-
posed configuration is that the irises  8 which put two
consecutive accelerating cavities 11 and a coupling cav-
ity 12 into communication are obtained in a same pack,
more specifically the machining may be such to simulta-

neously open the irises on both sides of the same partition
5, therefore also the irises 8 related to a same partition
belong to the same pack.
[0045] Grooves 20 adapted to be filled with filling ma-
terial during the weld-brazing process are made on either
one or both faces of the pack.
[0046] Therefore, the advantages which derive from
the present invention are:

- the machining process of half the packs;
- a smaller thickness of the dividing partition 5 causing

an efficiency increase of the module formed by the
packs;

- the possibility of using keying means 30 of the cav-
ities;

- a considerably relax in machining tolerances.

[0047] The specific embodiments herein described do
not limit the contents of this application which covers all
the variants of the invention defined in the claims.

Claims

1. An accelerator pack (1), specifically for acceleration
modules in a linac, the modules including a se-
quence of adjacent packs, the pack (1) being paral-
lelepiped-shaped with a thickness smaller than the
other dimensions, including a middle first cavity
(11a), located essentially in the middle of a first face
(1a) of the pack, a first peripheral cavity (12a) on the
first face (1a) of the pack and a second peripheral
cavity (12b) on a second face (1b) of the pack, char-
acterized in that it includes a second middle cavity
(11b) on the second face (1b) of the pack, in a posi-
tion corresponding to said first middle cavity (11a),
the first and the second middle cavities being adapt-
ed to define an accelerating cavity (11) when ar-
ranged side-by-side with adjacent packs, the parti-
tion (5) which divides said first and second middle
cavities (11a and 11b) being completely formed by
the pack.

2. A pack according to claim 1, including, perpendicu-
larly to the depth (R) of the pack, at least one through
opening (9) adapted to reach the accelerating cavity
(11) or a coupling cavity (12) or a portion thereof and
adapted to receive a keying pin (30).

3. A pack according to claim 1, wherein two irises (8)
related to the partition (5), adapted to put two accel-
erating cavities (11) into communication with the
coupling cavity (12), both belong to the pack.

4. A pack according to claim 2, wherein said through
opening (9) relates to the accelerating cavity (11).

5. A pack according to claim 2, wherein said through
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opening (9) relates to the coupling cavity (12).

6. A linear acceleration module for cyclotrons including
a sequence of packs according to the preceding
claims, characterized in that one first face (1 a) of
a pack is juxtaposed on a second face (1b) of a con-
secutive pack, being reciprocally rotated by a straight
angle about the normal barycentric axis (α) thereof.

7. A module according to claim 6, including a keying
pin (30) for each opening (9), adapted to be inserted
through said opening to key the cavity corresponding
to the opening.

Patentansprüche

1. Beschleunigerpack (1), spezifisch für Beschleuni-
gungsmodule in einem Linearbeschleuniger, wobei
die Module eine Folge angrenzender Packs enthal-
ten, wobei das Pack (1) parallelepipedförmig mit ei-
ner Dicke, die kleiner als die anderen Dimensionen
ist, ist, wobei es einen ersten mittleren Hohlraum
(11a), der sich im Wesentlichen in der Mitte einer
ersten Fläche (1a) des Packs befindet, einen ersten
Umfangshohlraum (12a) an der ersten Fläche (1a)
des Packs und einen zweiten Umfangshohlraum
(12b) an einer zweiten Fläche (1 b) des Packs ent-
hält, dadurch gekennzeichnet, dasses an der zwei-
ten Fläche (1 b) des Packs an einer Stelle, die dem
genannten ersten mittleren Hohlraum (11a) ent-
spricht, einen zweiten mittleren Hohlraum (11b) ent-
hält, wobei der erste und der zweite mittlere Hohl-
raum so ausgelegt sind, dass sie, wenn sie neben-
einander mit angrenzenden Packs angeordnet sind,
einen Beschleunigungshohlraum (11) definieren,
wobei die Trennwand (5), die den genannten ersten
und den genannten zweiten mittleren Hohlraum (11a
und 11b) trennt, vollständig durch das Pack gebildet
ist.

2. Pack gemäß Anspruch 1, das senkrecht zu der Tiefe
(R) des Packs wenigstens eine Durchgangsöffnung
(9) enthält, die so ausgelegt ist, dass sie bis zu dem
Beschleunigungshohlraum (11) oder bis zu einem
Kopplungshohlraum (12) oder einem Abschnitt da-
von reicht, und die so ausgelegt ist, dass sie einen
Codierstift (30) aufnimmt.

3. Pack gemäß Anspruch 1, bei dem zwei Irisblenden
(8), die sich auf die Trennwand (5) beziehen, so aus-
gelegt sind, dass sie zwei Beschleunigungshohlräu-
me (11) in Verbindung mit dem Kopplungshohlraum
(12) bringen; wobei beide zu dem Pack gehören.

4. Pack gemäß Anspruch 2, bei dem sich diegenannte
Durchgangsöffnung (9) auf den Beschleunigungs-
hohlraum (11) bezieht.

5. Pack gemäß Anspruch 2, bei dem sich die genannte
Durchgangsöffnung (9) auf den Kopplungshohlraum
(12) bezieht.

6. Linearbeschleunigungsmodul für Zyklotrone, das ei-
ne Folge von Packs gemäß den vorhergehenden An-
sprüchen enthält, dadurch gekennzeichnet, dass
eine erste Fläche (1a) eines Packs neben einer zwei-
ten Fläche (1 b) eines darauf folgenden Packs liegt,
wobei sieum einen gestreckten Winkel um die nor-
male baryzentrische Achse (α) davon wechselweise
gedreht sind.

7. Modul gemäß Anspruch 6, das einen Codierstift (30)
für jede Öffnung (9) enthält, der dafür ausgelegt ist,
durch die genannte Öffnung eingeführt zu werden,
um den der Öffnung entsprechenden Hohlraum zu
codieren.

Revendications

1. Ensemble accélérateur (1) spécifiquement pour des
modules d’accélération dans un linac, le module in-
cluant une séquence d’ensembles adjacents, l’en-
semble (1) étant de forme parallélépipédique avec
une épaisseur plus petite que les autres dimensions,
incluant une première cavité médiane (11a) située
essentiellement au milieu d’une première face (1a)
de l’ensemble, une première cavité périphérique
(12a) sur la première face (1a) de l’ensemble, et une
deuxième cavité périphérique (12b) sur une deuxiè-
me face (1b) de l’ensemble, caractérisé en ce qu’il
comprend une deuxième cavité médiane (11b) sur
la deuxième face (1b) de l’ensemble, dans une po-
sition correspondant à ladite première cavité média-
ne (11a), les première et deuxième cavités médianes
étant aptes à définir une cavité d’accélération (11)
lorsqu’elles sont agencées côte à côte avec des en-
sembles adjacents, la séparation (5) qui divise les
première et deuxième cavités médianes côte à côte
(11a et 11b) étant complètement formée par l’en-
semble.

2. Ensemble selon la revendication 1, incluant, perpen-
diculairement à la profondeur (R) de l’ensemble, au
moins une ouverture traversante (9) apte à atteindre
la cavité d’accélération (11) ou une cavité de cou-
plage (12) ou une portion de celle-ci et apte à rece-
voir un axe de clavetage (30).

3. Ensemble selon la revendication 1, dans lequel deux
iris (8) liés à la séparation (5), aptes à mettre deux
cavités d’accélération (11) en communication avec
la cavité de couplage (12), appartiennent tous les
deux à l’ensemble.

4. Ensemble selon la revendication 2, dans lequel la-
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dite ouverture traversante (9) est en rapport avec la
cavité d’accélération (11).

5. Ensemble selon la revendication 2, dans lequel la-
dite ouverture traversante (9) est en rapport avec la
cavité de couplage (12).

6. Module d’accélération linéaire pour des cyclotrons
incluant une séquence d’ensembles selon les reven-
dications précédentes, caractérisé en ce qu’une fa-
ce (1a) d’un ensemble est juxtaposée à une seconde
face (1b) d’un ensemble suivant, en étant amenée
à tourner selon un mouvement alternatif selon un
angle droit autour de l’axe barycentrique normal (α)
de celui-ci.

7. Module selon la revendication 6, incluant un axe de
clavetage (30) pour chaque ouverture (9), apte à être
inséré à travers ladite ouverture pour claveter la ca-
vité correspondant à l’ouverture.
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