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CHARGED PARTICLE BEAM SCATTERING SYSTEM 

Field of the Invention 
.·, .. ' 

The present invention is relat.ed to a radiation treatment 

apparatus utilizing scattering tp . produce a .continuously 

variable penetration radiation beam and a method of treating 

a patient by directing the radiation beam onto a treatment 

field within said patient. 

Background of the Invention 

Conventional radiation therapy utilizes electron beams 

and x-rays as a means of treating a~:d con_trolling cancer. Due 

to the inability of current techpology to preferentially 

deposit the radiation at the sit~ of the cancer, healthy 

tissues between the tissue surface and tlie cancer also receive 
high doses of radiation and, thus, are damaged. Consequently, 

physicians use a less-than-optimal dose to reduce the 

undesirable· damage to he~lthy tissues_and the subsequent side 

effects. In many cases, this proves to be an unacceptable 

alternative. 

Proton therapy has proven to be a viable alternative to 

x-ray and electron beam therapy in cancer treatment. By 

offering greater precision than conventional radiation 

therapy, physicians are able to deliver higher, more effecti'\-e 

doses to target volumes. Protons t~nd to travel through the 

body tissue without significant absorption until they reach a 

specific point within the body. At this point, which 

corresponds to the Bragg peak of thE( proton beam, the proton 

energy is released. Accor~ingly, wh,~~ the Bragg peak of the 

proton beam corresponds with the:,;'. target location to be 

treated, the target location <:'receives the highest 
: :': ~ 

concentration of radiation. There i:s very little lateral 

secondary scatter and, thus, vi'.l!-tually no damage to 

surrounding healthy ti~sues. WhiJJe' the Bragg peak for 
~:.: : .: 

monoenergetic proton beams permits t~e energy deposite.d by the 
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beam. to be concentrated at a particular site within the 
patient, the proton beam is typically only a few millimeters 

wide, which is insufficient for delivering a sufficient 

radiation treatment dose to irregularly-shaped three­

dimensional treatment volumes, such a~ tumors, particularly if 

the treatment volumes are large. 

Thus, there is a need for a radiation treatment system which 

will accurately and reproducibly deliver maximum, uniform 

radiation treatment to design~ted target volumes. 

Summary o·f the· Inv-E!ntion 

The present invention provides a novel scattering system 

·for charged particles which allows depth dose tailoring using 

spill to· spill energy extraction !ihile maintaining field 

uniformity. · The preferred embodiment of this invention 

includes a source of charged particlf!s which produces a beam 

of charged particles having an intensity and energy which 

varies with time. A scattering foil is placed in the path of 

~he particle beam for changing the diam~ter of the particle 

beam and, thereby, covering the target volume. 

The beam intercept portion of the scattering foil 

provides a uniform thickness which is continuously adjustable 

through a range of thicknesses. The scattering system is 

comprised of first and second scatterers. The first scatterer 

is comprised of a pair of parallel and opposing· tapered 

wedges. The wedges are made ot a·high z material (e.g. lead, 

gold, ... ) , which contains high at9i;nic number atoms that 

generate scattering but do not change_the energy (i.e. do not 

significantly change the range}. Ea~~ wedg~ slides back.and 

forth on rai~s or shafts and is cortk?=olled by a m~tor and 
position control ·unit, so that equ~ia1ent sections of the 
wedges overlap at the beam intercept.p~rtion. 

The second scatterer· is mount~d on a carousel and 

intercepts the path of the partic~~~ . be~m at a location 

downstream fx:om the. first sc·atterer .. ::_~The second scattering 

foil is made of both high z material anq low z material. The 
low z material (e.g. plastics made ·of. carbon) · contains low 

atomic number atoms that do not gener~_te much scattering bft 
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do reduce the energy. ·The high atomic number material has a 
cross-sectional profile that is approximately gaussian in 
shape. The low atomic number material surrounds the high 
atomic number material and, directly beneath it, has a 
hollowed-out portion which has a mating profile that is 
approximately gaussian in shape •. 

The invention also includes a controller which adjusts 
the energy of the particles in the-beam at the so~rce. In 
addition, a patient collimator and ·a bolus, configured to the 
irregular three-dimensional shape of the ~umor, is used ·to 
vary the penetration range of the particles within the 
particle beam as a function of the radial distance of the 
particles from the propagation axis of the beam. 

During operation of this scattering system, the protons 
are generated by the source, a particle accelerator, typically 
a synchrotron, and impinge onto the first scatterer. After 
being scattered by the wedges, the ~roton beam has a nearly 
gaussian fluence profile. The first scat,terer, therefore, 
provides only part of the total scattering needed, the rest 

·being provided by the second scatterer. The beam emerging 
from the second scatterer is broad at the patient location 
with both a uniform range and a uniform fluence profile. 

Brief Description of the Drawings 
FIG. 1 is a schematic view of the charged particle beam 

therapy system. 
FIG. 2 is a partially schematic plan.view of the motor 

and position control unit and the first scatterer. 
FIG. 3 is a . pe:i:specti ve view illustrating one of the 

wedges of the first-scatterer. 
FIG. 4 is an elevational view in partial cross section 

taken along the lines 4-4 of Fig. 2 showing the wedges of the 
first scatterer. 

FIG. 5 is a plan view showing plural secondary scattering 
foils mounted in· a carousel. 

FIG. 6 ·is an elevation view in partial cross section 
t~ken along the lines 6-6 of Fig:.: ·s showing the plural 
secondary· scattering foils. 
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FIG. 7 is a flow chart illustrating the operation of the 
proton beam scattering system. 

FIG. 8 is a schematic drawing.illustrating the various 
beam profiles within the proton bea.111 scattering system. 

Detailed Description of the Invention 
Referring to FIGURE 1, in the preferred embodiment of the 

invention, a control room computer 10 is in direct 
communication with an embedded coanpUter.12 a~d a controller 
14. The controller 14 and the embeqded computer.12 transmit 
the appropriate signals to a so"1.rce 16. and a motor and 
position control unit 18, respectively. The motor and 
position control unit 18, in turn, controls the positioning of 
a first scatterer 20. The first scatterer 20, in combination 
with a second scatterer 22, make up one embodiment of a 
scattering system 24, which scatters a beam 26 of particles 
emitted by the source 16. Finally, the resulting beam 26 of 
particles is shaped by a patient collimator 23, partially 
absorbed by a bolus 28, and impinges on a specified target 30 
area located in a patient. 

The source 16 comprises an accelerator, such as a 
synchrotron, that accele~ates charge~ subatomic particles to 
energies which are useful for radia~ion treatment therapy. 
The synchrotron comprises· a ring of energized magnets which 
produce a magnetic field. Particles, particularly protons, 
travel through the magnets in a vacuum tube. As the magnetic 
field in the ring is increased, the energy of the circulating 
protons also increases. The mag11etic field continues · to 
increase until it reaches a value -'~p.ich corresponds to a 
prescribed p~oton beam energy. At this point, the magnetic 
field is held constant and the pro~dns are slowly extracted 
from the synchrotron. The enersfy< range for a patient 
treatment may be, for example, a ~minimum of 70 MeV to a 
maximum energy of 250 MeV. The s)'nchrotron is capable of 
accelerating-protons to· 70 MeV in on,~-quarter second and to 
250 MeV in orie-half second .. The pro~c>ris are emitted from the 
synchrotron in a gaussian-shaped beam'l 
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A treatment planning computer 11 is used to plan a 
specific treatment necessary for each individual patient and 
provide the information used by the proton beam therapy device 
80 during the patient treatment. The information is 
transferred from the treatment planning computer 11 to the 
control room computer 10 prior to delivering the radiation 
used in the patient's treatment. After being processed by the 
control room computer 10, the info:c:mation is then sent to the 
embedded computer 12 and the controller 14. 

The controller 14 receives the signals sent from the 
control room computer 10 and adjusts various accelerator 
parameters, such as the magnetic field of the magnets in the 
synchrotron, until the desired, corresponding proton beam 
energy is obtained. Thus, the controller 14 has the ability 

... 
to increase or decrease proton accelerati_o~ via the ring of 
magnets. In addition, the controller 14 monitors the status 
of the source 16 and sends this information to the control 
room computer 10, which ultimately determines whether or not 
to terminate proton beam delivery. 

-G The embedded computer 12 also receives commands from the 
control room .computer and directly communicates this 
information to the motor and position control unit 18, shown 
in FIGURE 2, which primarily controls-the positioning of the 
first scatterer 20. Thus, the function of the embedded 
computer 12 is to continuously check the position of the first 
scatterer 20 via the motor and position control unit 18 and a 
verification encoder 32. In addition, the embedded computer 
12 has the ability to terminate patient treatment by way of 
the control room computer 10 when the f:irst scatterer 20 is no 
longer properly positioned. 

FIGURE 2 shows one embodiment of" the motor and position 
control unit · 18 and the first scatterer 20. In this 
embodiment, the embedded computer 12 is in direct 
communication with the m:otor and position control unit 18 and 
the verification encoder 32. The motor and position control 
unit 18 receives information from the ~inbedded computer 12 and 
transmits the appropriate signals to a motor 34, that 
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simultaneously rotates two identical shafts 36, 38. Since the 
shafts 36, 38 are i.:'.entical, the following description will 
reference only the first shaft 36. A coupling 40 connects a 
bracket 42 to a shaft 36. A wedge 4.6, mounted on the bracket 
42, is comprised of a scattering material 50 housed in a frame 
52. A position encoder 56 monitors the position of a first 
wedge 46 via the number of. rotations-pf the shaft 36 and sends 
the appropriate signals to the .motor _and position control unit 
18. Next, the motor and position co~~rol unit 18 relays this 
information to the embedded compute~ 12, which verifies that 
the position of the first scatter~r 20 is correct. The 
verification encoder 32, similar to the position encoder 56, 
verifies the position of a second we~ge 48 by way of counting 
the number of rotations of the shaft 38, but relays this 
information directly to the embeddec;i computer 12. 

The shafts 36,38 are configured as cylindrical rods 
comprising a threaded section 58 and a non-threaded section 
60. The threaded section 58 of each shaft 36,38 is incised 
with external continuous helical ribs or threads. The pitch 
of thread, which is measured in terms· of the number of threads 
(or grooves) per unit of axial length, is identical on both 
shafts 36,38. A distal end 62 of the first shaft 36 extends 
into the position encoder 56, whereas a distal end 64 of the 
second shaft 38 extends into the verification encoder 32. A 
proximal end 66 of both shafts 36,38 extend into the motor 34. 

Each shaft 36,38 is precisely made to provide a given 
linear displacement to each coupling ~o for each revolution. 
Thus, the spiral threads on each shaf~ 36,38 equally convert 
the rotary motion from the motor 34 into a linear movement of 

'.;. 

the couplings 40,.which, s~sequently:;: move the wedges 46,48 
in unison. The motor and position ~9ritrol unit 18 controls 
the motor 34 rotations so that equiy~lent sections of the 

.. 
wedges 46, 48· overl-ap, thereby prese,?lting a uniform wedge 
thickness at 'the beam intercept portie>11 70, as shown in FIGURE 
4:. 
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Referring to FIGURE 3, for this embodiment, each wedge 

46, 48 comprises five flat or planar surfaces 68. Three of the 

surfaces 68a,68b,68c are four-sided or rectangular in shape, 

each side forming a 90° angle with its adjacent side; and, two 

of the surfaces 68d, 68e are three-sided or triangular in 

shape t each triangular Shaped surface having one 9 0° angle o 

Two of the rectangular shaped ~urfaces 68b,68c are at a 90° 

angle to each other, one surface 68c being in a plane parallel 

to the direction of motion 74, herewith designated as a 

parallel surface 68c, and the other surface 68b being i.n a 

plane orthogonal to the direction of motion 74, herewith 

designated as an orthogonal surface 68b. The remaining 

rectangular shaped surface 68a forms an inclined plane and is 

designated an inclined surface 68a. For this embodiment and 

for all intents and purposes, inclined means relative to the 

direction of movement 74 of the wedges. Each wedge is made of 

a high z-material, such as lead. A high z-material contains 

high atomic number atoms that generate scattering but do not 

change the energy of the particles. 

Referring to FIGURE 4, the wedges 46,48 are positioned so 

that their inclined surfaces 68a extend in opposite 

directions. The parallel surface 68c of the first wedge 46 

.lies in a plane parallel to a plane in which lies the parallel 

surface 68c of the second wedge 48. These planes, containing 

the wedges 46,48, are, thus, also parallel· to the direction of 

motion 74 af the wedges 46,48. An air gap 72, of constant 

thickness, extends between the first wedge 46 and the second 
wedge 48. The wedges 46,48 are al-i;gned so that the entire 

beam. intercept portion 70 is of equal and uniform thickness of 

air gap 72 and scattering _material so·. Thus, the wedges 46,48 

may travel their entire length of motion/ travel without 

colliding. 

Refe.rring back to FIGURE 2, each, .coupling 40 travels the 
. · .. 

entire lengt:h qf · t_he threaded sectioµ 58 of. the shaft onto 
:.: .. · 

which it is mounted. The threaded s~btions 58 are longer than 

the length of the non-inclined rectan,~lar surfaces 68c of the 

~edges so that, when the coupli~gs': 40 are located at a 
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threaded, distal end 76 of the shafts 36,38, the wedges 46,48 
are positioned so that they do not pverlap and no scattering 
material so is in the beam path 70 •. With the wedges in this 
position, no scattering occurs at the first scatterer 20. In 
contrast, the thickest amount of scattering material so is in 
the beam path 70 when frames 52 ~are adjacent to, but not 
within, the beam path 70. In this p~sition, the couplings 40 
are located at a threaded, proximal enq 78 of the shafts 
36,38. This particular configuration produces the greatest 
amount of scattering at t_he first scatterer 20. When the 
couplings 40 are located at some in~ermediate position on the 
threaded portion of the shafts 36, 38, there is an intermediate 
amount of scattering material in the beam path and, 
consequently, an intermediate amourit of scattering of the 
proton beam. Because of the wedge shaped first scatterer 20, 
an infinite choice of scattering ~aterial 50 thickn~sses is 
available. Regardless of the choic~, the combined thickness 
of the material 50 in the beam intercept portion 70 will be 
uniform. Due to this alignment and configuration of the first . . 
scatterer 20, all beams emerging from the beam intercept 
portion 70 Of the first SCatterer 20 I regardleSS Of the amount 
of scattering produced, will possess a basically gaussian 
shape. 

The first scatterer 20, in combination with the second 
scatterer 22, comprises one embodiment of the scattering 
system 24 as shown in FIGURE _l. The second scatterer 22, 
while not essential to the scatte_ri~g system, is typically 
preferred under normal operating co~~itions in a proton beam 
therapy device 80. One embodiment fo£. the second scatterer 22 
of the scattering system 24 is sho~ .· in FIGURE 5. For this 
embodiment, the wheel-shaped second scatterer 22 is comprised 
of a frusto-cylindrically shaped fram~ 90 housing a plurality 
of secondary scattering foils 92. Located in.the center of 
the whe~l-shaped·sec::ond scatterer 22.ls a rc:;>d 94. The rod 94 
is used to mount the second scatteret 22 in the proton beam 
therapy device 80. The secondary scattering foils 92 are 
located equidistq.nt from one anothe:t· and from the rod 94 . 
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Each secondary scattering foil 92 is comprised of both high z 

material 82 and low z material 84 . Ref erring to FIGURE 6, the 

high z material 82 has a cross-sectional profile that is 

substantially gaussian in shape and is disposed within a 

hollowed-out portion 86 of the low z material 84. The low z 

material 84 (e.g. plastics made of carbon) contains low atomic 

number atoms that do not generate much scattering but do 

reduce the energy of each of the protons in the proton beam. 

The hollowed-out portion 86 has a substantially gaussian 

shaped surface that corresponds to the gaussian shaped profi"ie 

of_ the high z material 82. ~n order to change the beam shape 

(i.e., profile of energy distribution) or amount of scatter 

from the secondary scattering foil 92, the second scatterer 22 

is rotated around the rod 94 so that a different secondary 

scattering foil 92 is located in the path of the proton beam 

26. Thus, FIGURE 5 is one embodiment of t~e second scatterer; 

however, other suitable forms of the second scatterer, such as 

a second scatterer comprising six secondary scattering foils, 

may be suitable for some applications. 

To obtain a plurality of proton beam scattering 

configurations, each secondary scattering foil 92 has a 

different configuration of high z material 82 and low z 

material 84 . For example,· one configuration of the s~condary 

scattering foil 92 may include a large substantially gaussian 

shaped high z material 82, whereas another configuration may 

include a smaller substantially gaussian shaped high z 

material 82. In addition to changing the amount of high z 

material 84, the hollowed out portion of the low z material 82 

may also be varied. For example, one configuration of the low 

z material 82 may include a large substantially gaussian 

shaped hollowed out portion, whereas another configuration may 

include a smaller substantially gaussian shaped hollowed out 

portion. Alternatively, the type of low z material 82 and 

high z material 84 may also be varied to obtain various proton 

scattering configurations. For example, a user may choose 

gold for a high z material 84 for one secondary scattering 
foil 92 and lead for the high z material 84 for another 
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secondary scattering foil 92. Thus, the shape, amount and 
type ·of low z material 82 and high z material 84 may be varied 
to obtain numerous proton beam scattering configurations. 

Ref erring back to FIGURE 1, the proton beam therapy 
system also may include a patient co:Llimator 23 and a bolus 
28. The patient collimator 23 may be comprised of a thick 
plate made of lead alloy and an aperture with a.periphery that 
shapes. the cross section of the beam to match the . 
configuration of target 30. As is well .known, a bolus, such· 
as the bolus 28, is a mass of material; usually plastic, that 
is configured in accordance with the irregular three­
dimensional shape of the patient's tumor and anatomy. The 
bolus 28 is used to vary the penetration range of the 
particles within the particle beam 26 as a function of the 
radial distance of the particles from the p~opagation axis of 
the beam 26. After emerging from the bolus 28, the beam of 
particles 26 impinges on the target 30, which is the site of 
the tumor in the patient. 

Operation of the proton beam therapy system is best 
illustrated in FIGURE 7. During operation, a particular 
patient may receive the proton beam therapy treatment in 
sequential segments that comprise va:rious combinations of 
parameters and these segments could be discrete (with 
intervals of time therebetween) or continuous. In any given 
treatment, parameters that may vary from one segment to the 
next include beam range, scatterer thickness, field radius and 
proton beam energy. Beam range refer.~ ,to the depth of proton 
beam penetration into a patient, which·J1lay vary, depending on 
the treatment. The . scatterer thi~kness refers to the 
thickness of the first scatterer 20 at;.the location where the 
beam 26 intercepts the scattering ~terial so, hereafter 
called the "beam intercept portion 11 .?:0: Field radius refers 
to the radius of the proton beam at a,;: specified depth within 
the patient for a ·particular treatm~xi_t:L. Proton beam energy 
refers to the.energy of protons requi~~~ to reach a specified 
depth within the patient at the•· ·.target site. This 
information, beam range, scatterer thidkness,· field radius and 
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proton beam energy, is determined for each segment of proton 
beam therapy treatment. Thus, for example, the treatment 
planning computer determines the desired beam radii and range 
of beam penetration required for a specific target volume 
site, as shown in activity block 96. The treatment planning 
computer 11 takes these values, and using a previously stored 
table of values, interpolates them to obtain the scatterer 
thicknesses and proton ~eam energies required for each segment 
of the treatment, as shown in activity block 98. This 
information is then sent to the control . room computer · 10 
which, during treatment, relays the values to the controller 
14 and the embedded computer 12 so that the appropriate 
signals are sent to adjust the energy emitted from the source 
16 and the thickness of the first scatter 20, respectively, as 
shown in activity block 100. Next, the energy from the source 
16 and the position of the first scatter 20 are verified, as 
shown in activity block 102, and, if incorrect, treatment is 
terminated, as shown in activity block 104. However, if the 
beam energy and scatterer position are correct, the beam is 
enabled and the treatment segment is delivered to the targe~, 
as shown in activity block 106. After the segment has been 
delivered, the system checks if there are additional segments, 
as shown in activity block 108. If additional segments exist, 
the appropriate values for the next segment are retrieved and 
the process is repeated. However, if no additional segments 
exist, treatment ~s terminated, as shown in activity block 
110. 

The shape of the proton beam energy distribution at 
various locations within the proton beam therapy system is 
illustrated in FIGURE 8. Protons are generated by the 
accelerator ·and pass through a beam collimator 112, located 
immediately upstream of the wedges. The beam of protons 114 
coming out of the collimator 112.has a narrow cross sectional 
width. Upon -exiting the collimator 112, the beam 114 passes 
through the.beam intercept portion of the first scatterer 20. 
The beam intercept portion 70 of the first scatterer 20 
presents a uniform thickness of material over the entire area 
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of the proton beam 114. Due to the particular configuration 
and material composition of the first scatterer 20, the 
scattered beam of protons 118 obtains a nearly gaussian 
fluence profile 120. Thus, the first scatterer 20 has 
increased the beam 114 diameter but the beam intensity is not 
uniform over the entire beam area. Further scattering of the 
beam 118 occurs as a result of passing through the second 
scatterer 22. Due ~o the particular design and material 
composition of the second scatterer 22, the profile of the 
beam 118 broadens and has a uniform range and uniform £luence 
profile 122. Thus, the diameter of the proton beam has been 
eXpanded to cover a· substantial portion of the treatment 
field, while maintaining beam uniformity. 

Ref erring again to FIGURE 1, during operation of the 
proton beam therapy system, an operator mounts into the proton 
beam therapy device the bolus 28 co4responding to the three­
dimensional shape of the patient's tumor. The bolus 28 is 
located between the second scatterer 22 and the patient/target 
30. The scattering thicknesses and proton beam energy are 
obtained from the treatment planning computer for each of the 
various treatment segments. This 'information is then 
downloaded to the embedded computer 12 and the controller 14. 

The controller 14 adjusts the source 16 until the 
appropriate proton beam energy is achieved. During this time, 
the embedded computer 12 sends the appropriate signals to the 

. -motor and position control unit 18 to properly position and 
verify the location of the wedges 46, 48. The proper position 
corresponds to the required thickness in the beam intercept 
portion 70 of the first scatterer 20. Thus, the motor and 
position control unit 18 adjusts the first scatterer 20 until 
properly positioned and the desired thickness achieved. . . 

Next, the source 16 and the motor and position control 
unit 18 sends back signals to the controller 14 and the 
embedded computer.12, respectively. If the appropriate beam 
energy and scatterer thickness are not achieved, the embedded 
computer 12 and the controller 14 sends a signal to the 
control room computer 10 to terminate the treatment. If, 
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however, the signals from the embedded computer 12 and the 
controller _14 corresponded to information that the source 10 

is at the appropriate energy level and the wedges 46,48 are 
properly positioned, the proton beam is enabled and treat_ment 
initiated. 

After delivering the first treatment segment, the proton 
beam therapy system makes the appropriate adjustments to the 
beam energy and first scatterer th;ckness,. if necessary, so 
the next treatment segment may be initiated. After all the 
segments have been delivered, treatm~nt is-terminated and the 
proton beam disabled. 

The present invention may be embodied in other specific 
forms with out departing from ~ts spirit or essential 
characteristics. The described embodiment is considered in 
all respects only as illustrative and q~t restrictive. The 
scope of the invention is, there:fore, indicated by the 
appended claims rather than the foregoing description. All 
changes which come within the meaning and range of equi valency 
of the claims are to be embraced ·within.their scope. 
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WHAT IS CLAIMED IS: 

1. A radiation treatment apparatus, comprising: 
a source of .charged particles which provides a 

charged particle beam; and 
a scattering foil in the path of the particle 

beam for changing the diameter of the particle 
beam, sai"d beam intercepting said scattering foil 
at a beam intercept portion, said scattering foil 
having a thickness at said beam intercept portion 
of said scattering foil, said scattering foil being 
configured so that said thickness at said beam 
intercept portion is continuously adjustable 
through a range of thicknesses, the thickness of 
said scattering foil being uniform throughout said 
beam intercept portion through said range of 
thicknesses. 
2. The apparatus of Claim 1, additionally comprising a 

controller for adjusting the energy of the particles in said 
beam. 

3. The apparatus of Claim 1, additionally comprising a 
controller for adjusting the intensity of the beam. 

4. The apparatus of Claim 2, wherein said controller 
varies the energy of the particles in said beam at a location 
upstream of said scattering foil. 

5. The apparatus of Claim 4, -wherein said controller is 
connected to said source so as to vary the energy of the 
particles in said beam at.said source. 

6. The apparatus of Claim 1, additionally comprising an 
embedded computer which controls the thickness of said 
scattering foil. 

7. The apparatus of.Claim 5, wherein s~id scattering 
foil comprises a first scatterer comprising a pair of wedges, 
and wherein said.embedded computer is connected to drive said 
wedges to vary the thickness of said scattering foil. 

8. The. apparatus of Claim 1, wherein said scattering 
foil comprises a first scatterer comprising a pair of wedges, 
each having a taper. 
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The apparatus of Claim .7, wherein each of said 
comprised of high z material. 
The apparatus of Claim 8, comprising a driver for 

relatively driving each of said wedges in a direction of said 
taper. 

11. The apparatus of Claim 9, additionally comprising a 
control room computer connected to said controller for 
adjusting the energy of the particles in said beam, said 
control room computer connected to said driver to adjust the 
position of said wedges in response to changes in the energy 
of the particles in said beam such that said diameter of said 
beam is maintained substantially constant. 

12. The apparatus of Claim 10, additionally comprising 
an embedded computer that controls th.e thickness of said 
scattering foil. 

i3. The apparatus of Claim 2, additionally comp.rising a 
second scatterer disposed in the path of said particle beam at 
a location downstream of said first scatterer. 

14 . The apparatus of Claim 13, ·wherein said second 
scatterer is comprised of both a low z material and a high z 
material, said second scatterer being one of a plurality of 
second scatterers mounted on a carousel. 

15. The apparatus of Claim 13, wherein the controller 
varies the energy of the particles of said beam at a location 

:, upstream of both of said scattering foils. 
16. The apparatus of· Claim 1, additionally comprising a 

patient collimator with an aperture, said aperture having a 
periphery that shapes the beam laterally to the target. 

17. The apparatus of Claim 1, additionally comprising a 
bolus configured to vary the penetration range of particles 
within the particle beam as a function of the radial distance 
of the particles from the propagation axis of the beam. 

18. The apparatus of Claim 12, wherein said scattering 
foils are configured to produce a beam which has a 
substantially uniform fluence in a plane perpendicular to the 
axis of propagation. 
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The apparatus of Claim 1, wherein said charged 
consist essentially of protons. 
A method of treating a patient by directing 

radiation onto a treatment field within said patient, said 
me.thod comprising: 

producing a beam of charged particles having 
an energy which varies with time; 

scattering at least some of said charged 
particles to provide an expanded beam having a 
cross-sectional area sized to cover· at least a 
substantial portion of said treatment field, said 
scattering step comprising the step of directing 
the beam to intercept scattering material at a beam 
intercept portion of the scatterin~ foil; and 

controlling said scattering in accordance with 
the variations in the_ energy of said beam such that 
the size of the cross ~ection of the expanded beam 
on the treatment f ie+d is substantially independent 
of said variations, said step of controlling 
comprising the step of adjusting the thickness of 
the scattering material within a range of 
thicknesses, while maintaining a uniform thickness 
of scattering material throughout the beam 
intercept portion. 
21. The method of Claim 19, wherein said expanded beam 

covers the entire treatment field. 
22. The method of Claim 19, wherein said producing step 

comprises producing a beam of protons. 
23. The method of Claim 19, additionally comprising the 

step of rotating a carousel comprising additional scattering 
material such that the beam passes through the additional 
scattering material. 


