
X-RAY BEAM PROCESSOR Cross-reference to Related Applications: [0001] This
application claims priority to provisional application no. 61/109,561,
which was filed in the U.S. Patent and Trademark Office ("USPTO") on
October 30, 2008 and is incorporated herein by reference. The Names of the
Parties to a Joint Research Agreement: [0002] There has been no joint
research agreements entered into with any third parties. Statement
Regarding Federally Sponsored Research or Development: [0003] The federal
government is not sponsoring any research or development related to the
subject matter of this patent application. Background of the Embodiments of
the Present Invention: [0004] Cancer treatment systems that use an MRI
device and a beam generator are known in the art. A number of existing
treatment systems damage healthy tissue surrounding the cancerous tissue
being treated. The beam processor and related systems described herein
improve existing cancer treatment systems by, among other things,
minimizing damage to the healthy tissue in the area surrounding the
cancerous tissue being treated and provides greater assurance that the
target tissue is killed. Such a system is disclosed in pending U.S. Patent
Application No. 12/242,577 ("the '577 patent application"), filed on
September 30, 2008, and directed to a "Photonic Based Non-Invasive Surgery
System That Includes Automated Cell Control and Eradication Via
Pre-Calculated Feed-Forward Control Plus Image Feedback Control For
Targeted Energy Delivery"; the contents of the '577 patent application are
incorporated herein by reference and include a common inventor in Mr.
Oosting. [0005] A beam generator used in such a non-invasive system can
include any source of xray beams such as linear accelerators and x-ray
tubes. A problem with using x-ray beams is that they are not easily
focused, and x-ray sources produce diverging x-ray beams that spread with
the square of the distance from the source beam generator. Therefore, there
is a need for beam processors that focus highly coherent and collimated
x-ray beams on cancerous target cells with sufficient flux to destroy the
cancerous cells.Brief Summary of the Embodiments of the Present Invention: 



[0006] An embodiment of the present invention is directed to an x-ray beam
processor system that includes an x-ray beam generator for generating x-ray
beams; a mirror shield member for shielding the x-ray beams from select
areas; a cylindrical or a system of conical waveguides for guiding x-ray
beams traveling through the waveguide, which includes a plurality of entry
ports and exit ports; a plurality of ring-shaped mirrors disposed adjacent
to and generally parallel with the entry ports and the exit ports, and
sharing a common axis "X" with the waveguide; and mountings for mounting
the mirrors to the waveguide. In this embodiment, the mirrors are
piezoelectric actuated to control their movement. [0007] Another embodiment
of the present invention is directed to an x-ray beam processor system that
includes an x-ray beam generator for generating x-ray beams; a mirror
shield member for shielding the x-ray beams from select areas; a
cylindrical waveguide for guiding x-ray beams traveling through the
waveguide, which includes a plurality of entry ports and exit ports; a
plurality of ring-shaped circuit boards disposed adjacent to and generally
parallel with the entry ports and the exit ports, where the circuit boards
include a plurality of electrical chips; a plurality of polycapillary tubes
with channels connected to the electrical chips; and a plurality of
mountings for mounting the circuit boards to the waveguide. In this
embodiment, the polycapillary tubes are actuated to control their movement.
[0008] Other embodiments of the present invention include features related
to a beam processor with converging waveguides, double cone optics, inner
cone optics, outer cone optics and outer cone optics with polycapillary
tubes, as described in more detail below. Brief Description of the Drawings
in the Present Invention: [0009] Fig. IA is a side view of a first
embodiment of the present invention showing the components in a beam
processor. [0010] Fig. IB is a view from the target looking into the
waveguide showing the inner cone, outer cone and center beam. [0011] Fig. 2
is a view of an optic system used in an embodiment of the present invention
showing mirror geometry and angles related to the actuation of the mirrors.



[0012] Fig. 3 is a top view of an embodiment of the present invention
showing the various components of the optic system used in such an
embodiment.[0013] Fig. 4 is a side view of another embodiment of the
present invention showing the components in an alternative optic system
that includes polycapillary tubes. [0014] Fig. 5A is a side view of yet
another embodiment of the present invention showing the components in an
alternative optic system that includes multilayer waveguide channels.
[0015] Fig. 5B is a side view of an embodiment of the present invention
showing the directional change that occurs when x ray beams come in contact
with a multilayer waveguide channel. [0016] Fig. 6 is a view of another
embodiment of the present invention showing the components in an
alternative optic system that includes a beam processor with converging
waveguides. [0017] Fig. 7 is a side view of yet another embodiment of the
present invention showing the components in an alternative optic system
that includes double cone optics. [0018] Fig. 8 is a side view of another
embodiment of the present invention showing the components in an
alternative optic system that includes inner cone optics. [0019] Fig. 9 is
a side view of yet another embodiment of the present invention showing the
components in an alternative optic system that includes outer cone optics.
[0020] Fig. 10 is a side view of another embodiment of the present
invention showing the components in an alternative optic system that
includes outer cone optics with polycapillary tubes. Detailed Description
of the Embodiments of the Present Invention: [0021] Fig. IA shows a side
view of a first embodiment of the present invention showing the components
in a beam processor. The components of the beam processor according to the
first embodiment include a beam generator 1, mirror shield and tunnel 2,
mountings 3, mirrors 4 including entry mirrors 4a and exit mirrors 4b,
waveguide 5, inner cone 6, outer cone 7, center beam 8 and target 9. [0022]
The beam generator 1 can include any source of x-ray photons but preferably
the 



beam generator 1 includes linear accelerators, x-ray tubes or radioactive
isotopes. [0023] The mirror shield and tunnel 2 is preferably a precision
machined lead (or other dense material) shield that prevents unwanted
photons from reaching the mirrors 4. [0024] The mountings 3 are preferably
fixed structural components used to hold other components in fixed or near
fixed position relative to one another. In the case of mountingsfor the
actuated mirrors 4, the base of the mirror 4 is fixed to the mounting 3
while the mirror 4 is actuated (moved) relative to the base. [0025] The
mirror system includes multiple mirrors 4 with groupings of mirrors 4 (as
shown on Fig. 2) for each port in the waveguide 5 except the center port. A
set of one or more mirrors 4 will preferably be used at each end of each
waveguide 5 except the center port. For example, for a beam processor with
513 ports, 1,024 sets of mirrors would preferably be used in the mirror
system. The mirrors 4 will be described further below in relation to Fig.
2. [0026] The waveguide 5 is preferably made of lead or other dense
material such that the only photons reaching the opposite side from the
beam generators 1 will be those photons passing through the waveguide
ports. Thus, anything on the far side of the waveguide 5 is shielded from
photons not directed into the ports. The waveguide 5 will have multiple
ports or holes that permit directed photons to pass through such that each
port functions as a wave guide. In one embodiment of the present invention,
the individual ports are plated with gold such that the walls function as
x-ray mirrors. The waveguides serve to provide collimation and a high level
of coherence. [0027] The waveguides are organized in three sets. There is
an outer ring, an inner ring and a single center port. The photons form
inner 6 and outer 7 cones as they travel from the exit ports of the
waveguide 5 to the intersection point 9. Photons traveling from the beam
generator 1 through the center port and on to the intersection point form
the center beam 8. The target 9 is formed when the exit mirrors 4b direct
the individual beams from each waveguide 5 exit port to come to an
intersection at the desired target 9. [0028] Fig. 2 shows a mirror's
geometry and actuation as used in the mirror system 4 shown in Fig. IA.
More specifically, each mirror 4 is mounted on a fixed pivot point on one 



end and an actuator, preferably a piezoelectric actuator, at the other end
so the deflection angle can be adjusted in very small increments. Any
adjustment in a mirror 4 will affect deflections in subsequent mirrors and
will likely require actuation (movement) of the subsequent mirrors. In the
mirror's geometry and actuation for a given wavelength, the mirror's
critical angle must not exceed 0.58 degrees therefore the entry angle as
shown in Fig. 2 will preferably be approximately 0.50 degrees. In addition,
the exit angle is approximately equal to the entry angle. Therefore, the
total deflection at each mirror is approximately 1 degree and the major
angle is approximately 179 degrees.[0029] For example, as shown in Fig. 3,
in a case where there are 5 mirrors in each segment of the rings there
would be 5 degrees (or less than 10 times the critical angle for a given
wavelength) of deflection, from 90 degrees to 85 degrees. If this is the
case on both mirror rings and the wave guide is 36 inches long and the
outer ring of ports is 4 inches in diameter, the total length from the beam
generator 1 to the target 9 is approximately 7 feet. [0030] If, however, a
single mirror is used in each segment of the exit ring, the overall length
increases to 22.86 + 36 + 114.58 = 173.44 inches or 14.45 feet (if a person
of ordinary skill in the art draws a right triangle from the center of the
outer cone 7 to the intersection point 9, the end of the triangle will be 2
inches and the angle at the intersection will be 5 degrees. Therefore, the
length of the intersection point 9 from the waveguide 5 is 2/tan(5)=22.86.
If you have only 1 mirror than the length = 2/tan(l) = 114.58 because the
angle is only 1 degree.). This geometry would be required to feed the
intersection point into a subsequent waveguide 5 with mirrored interior
walls. The final output would approximate an x-ray laser. While photon
density per unit volume would be hundreds of times greater at the output
than the input, the brilliance would not likely be sufficient to qualify as
an actual laser. [0031] If these assemblies were then combined in a
cascading arrangement of waveguides 5 and exit mirrors 4b, starting with
multiple beam generators, the end result would be a brighter and brighter
output as the number of inputs is increased. [0032] While the beam
processor provides a much higher concentration of photons at the
intersection point 9 than would be available in the same size volume
element of an 



unmodified cone beam or intensity-modulated radiation therapy ("IMRT")
beams, the overwhelming majority of the energy emitted from the beam
generator 1 to the beam processors will be discarded. This is because only
the energy captured by mirrors 4 and channeled into the waveguides 5 is
used. This selective use of photon streams dramatically reduces the total
energy introduced into the patient and therefore reduces the likelihood of
undesirable side effects while assuring ample treatment of the target
cells. [0033] The percentage of the input beam that is put to use can be
varied between 0% and 0.0001% (approximately and depending on the number of
beam mirrors/channels/photon streams). [0034] The actuators on each mirror
4 can be used to modulate each photon stream on and off. By modulating a
portion of the mirrors 4 to direct their photon stream such that it does
not enter the corresponding waveguide 5 the beam intensity can be modulated
up anddown very rapidly. This modulation can be used to create the lower
power beams for aiming as well as the energy burst for target cell
destruction. [0035] All unused portions of the input beam are preferably
shielded to prevent unnecessary exposure to the patient. [0036] Two
dimensional sensor arrays placed on the opposite side of the patient from
the beam generator 1may be used to gather position feedback data. This
approach provides adequate feedback to assure the exit mirrors 4b are
creating the desired intersection point 9 inside the patient given the
sensor array has adequate resolution. [0037] Energy loss at each mirror
should be on the order of 1 percent if the critical angle of 0.58 degrees
is not exceeded. If a total of 6 mirrors are used along each path the total
energy loss from the deflections should be approximately 6 percent. In
addition, there may be an energy loss associated with the waveguides 5.
[0038] If there is no loss associated with entry into the waveguides 5, a
beam processor with 101 ports would result in a peak photon density (number
of photons per unit volume) within the intersection point 9 that is
approximately 95 times greater than what is currently available from the
same x-ray source without the beam processor at the distance from the
source where the photons enter the beam processor. In actual practice, the
patient would 



most likely be farther from the source. This would result in an even
greater multiplier than 95. [0039] Even if there is an energy loss of 20%
associated with entry into the waveguides the beam processor according to
the embodiment of the present invention would yield a peak concentration in
the intersection point 9 that would be approximately 75 times greater than
without the beam processor. [0040] Sensor material is used around the entry
to each port in the waveguide 5 to provide feedback information to aim the
photons into the port. [0041] Fig. 4 is a side view of another embodiment
of the present invention showing the components in an alternative optic
system that includes polycapillary tubes 10 with channels. In this
embodiment, hundreds of polycapillary tubes 10 can be placed on chips 13
(not shown) on the circuit board 11. The number of polycapillary tubes 10
can be doubled by placing them on the inside and outside of the circuit
board 11. Each polycapillary tube 10 can be actuated separately to change
the direction of the beam. There are preferably 38 channels in each tube,
with each channel in the tube being preferably 1 micron in diameter and
each tube preferably having a 7 micron diameter.[0042] In the beam
processor shown in Fig. 4, actuated polycapillary tubes on chips 10 are
used to direct elements of a diverging x-ray beam into preferably 513
gold-plated, seven micron, waveguide channels 12 which are approximately
three feet in length in a lead cylinder. At the exit the beams are aimed at
the target 9 with a ring of actuated polycapillary tubes on chips 10. The
polycapillary tubes on chips 10 can be used to turn off certain waveguides
5 for alignment checks for each mirror individually and to reduce flux as
needed. [0043] X-ray beams from the beam generator 1 are preferably
captured by a ring of over 500 polycapillary optic chips 13 and directed
into waveguide 5 ports. The polycapillary optic chips 13 preferably contain
38 channels forming one 7 micron tube. Each optic chip is preferably
actuated to turn each waveguide 5 "on" or "off to control flux. The
waveguide 5 is preferably cylindrical. Each waveguide 5 would preferably
include a 7 micron, gold-plated tube in a cylindrical shaped lead shield
approximately one meter in length. The beams would then exit the waveguide
5 and be directed to the target 9 by a ring of single or multiple 



actuated mirrors 4. [0044] Fig. 5A is a side view of yet another embodiment
of the present invention showing the components in an alternative optic
system that includes multilayer waveguide channels 12. Fig. 5B is a side
view of an embodiment of the present invention showing the directional
change that occurs when x ray beams come in contact with a multilayer
waveguide channel 12. This embodiment is similar to the one described in
Fig. 4 except that waveguide channels mounted on actuated chips are used to
direct the x-ray beams into the waveguide channels. [0045] Fig. 6 is a side
view of yet another embodiment of the present invention showing the
components in an alternative optic system that includes a ring of
polycapillary optic chips as described in Fig. 4 which guide the x-ray
beams into a converging multilayer waveguide. The multi-layers are
preferably alternating thin layers of dense and light materials. The xrays
are then aimed at the target 9 by a ring of actuated single or multiple
mirrors 4b at the exit of the waveguide 5. [0046] In the beam processor
shown in Fig. 7, multi-layered planar waveguide optics are wrapped into a
diverging cone on a preferably smooth stainless steel substrate. The multi
layers are preferably alternating thin layers of dense and light materials.
In this embodiment, the x-ray beams are preferably coupled to the waveguide
5 by resonant beam coupling. The diverging cone will be the inner
collecting cone. It will preferably be slightly concave withrespect to
incoming beams. X-ray beams are collected on the outer surface of the
diverging cone. [0047] In addition, an outer collecting cone which is
preferably slightly convex with respect to the incoming beams will collect
beams with a wider angle of divergence from the beam source. The outer cone
7 will also preferably be a multi-layered planar waveguide 5 which will be
wrapped into a slightly diverging cone. This cone will collect x-ray beams
on its inner surface. [0048] As shown on Fig. 7, the outer and inner cones
meet at the widest part of the cones forming one planar waveguide 5. As a
person of ordinary skill in the art would readily understand, flux
increases as the cones widen, collecting more and more x-ray beams of 



diverging angles. As shown in Fig. 6, the planar waveguide 5 then forms a
converging cone, which is also referred to as a condensing cone, that
includes straight angles. In the condensing cone, the x-rays increase in
coherence and adherence. As the x-rays exit the waveguide 5 they are aimed
at the target 9 by a ring of single or multiple actuated mirrors 4. [0049]
Fig. 7 is a side view of yet another embodiment of the present invention
showing the components in an alternative optic system that includes double
cone optics. As shown in Fig. 7, the collecting and condensing cones are
continuous and are made as one unit by coating a preferably stainless steel
substrate with alternating layers of dense and light materials.
Alternatively, the collecting and condensing cones could be made separately
and be linked in the middle by a ring of polycapillary optics. These
polycapillary optics may be mounted on actuated chips 13 such that photons
are directed into the condensing cone or kept out of the condensing cone to
control flux. On the other hand, the collecting and condensing cones could
be made separately and be linked in the middle by ring shaped multi-layered
waveguides on actuated chips 13 to control flux. In addition, in this
embodiment, it is preferred that cooling tubes be used in the core to cool
the surface. In both of the above alternatives a lead shield is preferably
placed after the actuated chips 13 on the outside of the cone to absorb
x-rays when the optic chips 13 are turned to the "off position. Each chip
is preferably controlled separately for alignment and control. [0050] Fig.
8 is a side view of another embodiment of the present invention showing the
components in an alternative optic system that includes inner cone optics.
Based on a comparison of Figs. 7 and 8, the inner cone optics shown in Fig.
8 are similar to Fig. 7 related to multi-layered planar waveguide optics
except that Fig. 8 shows an outer cone 7 used to collect x-ray beams on its
inner surface. Fig. 8 shows a beam processor that is made of amulti-layer
planar waveguide 5 wrapped into a diverging cone with slightly convex
sides. This waveguide 5 is connected to a condensing cone 15 made of a
multi-layer planar waveguide 5 wrapped into a converging cone with straight
sides. As shown in Fig. 8, where the cones meet there is a lead shield in
the center to prevent unchanneled x-ray beams from entering the condensing
cone. The cones are preferably rigid and are preferably actuated as a unit
for aiming. In this embodiment, lead leafs are used to form an aperture at
the inlet of the 



collecting cone 14 which, as shown in Fig. 8, is preferably situated
adjacent to the beam generator 1. Because the collecting cone 14 is
immediately adjacent to the beam generator, all of the x-ray beams are
inside the collecting cone 14 (hence, that is why this embodiment is
referred to as the "inner cone optics"). When used in this manner, the
collecting cone 14 will channel the more divergent beams. [0051]
Alternatively, as shown in Fig. 7, and described above, the diverging and
converging cones can be linked by a ring of polycapillary tubes 10 or
multi-layer waveguides on actuated chips 13 for controlling flux. [0052]
Alternatively, as shown in Figs. 4 and 5, the exiting beams could be
manipulated with a ring of single or multiple actuated mirrors 4 for
aiming. In this embodiment, there may be two beams exiting each channel in
different directions. This may require a lead shield to absorb unwanted
x-ray beams at the center of the exit cone of the waveguide 5. [0053] Figs.
9 and 10 are side views of an embodiment of the present invention showing
the components in an alternative optic system that includes outer cone
optics, where Fig. 10 further includes outer cone optics with polycapillary
tubes 10. The outer cone optics shown in Figs. 9 and 10 are similar to the
aspects shown in Fig. 7 and described above except that in Fig. 7, only the
inner cone is used to collect x-ray beams. In contrast, Figs. 9 and 10 show
the x-rays being collected on the outside of the cone. It is made of a
multi-layer planar waveguide 5 wrapped into a diverging cone with slightly
concave sides. This waveguide is connected to a condensing cone 15 made of
a multi-layer planar waveguide 5 wrapped into a converging cone. Beams are
aimed by a ring of actuated exit mirrors 4b at the exit of the cone. [0054]
As shown in Figs. 4 and 5, and described above, the diverging and
converging cones can be linked by a ring of polycapillary tubes 10 or
multi-layer waveguides on actuated chips 13 for controlling flux. [0055]
Various sections of the different beam processors may be put together to
form different beam processors for various applications. For example, a
person of ordinary skill inthe art would readily understand that the
collecting cone 14 could be used with the converging waveguide 5. In
addition, polycapillary optics or multi-layer planar waveguides 



on actuated chips 13 could be used in the hinge area between the collecting
cone 14 and the converging waveguide 5.I CLAIM: 1. An x-ray beam processor
system comprising: x-ray beam generator for generating x-ray beams; a
mirror shield member for shielding the x-ray beams from select areas; a
cylindrical waveguide for guiding x-ray beams traveling through the
waveguide, which includes a plurality of entry ports and exit ports; a
plurality of ring-shaped mirrors disposed adjacent to and generally
parallel with the entry ports and the exit ports, and sharing a common axis
"X" with the waveguide; and a plurality of mountings for mounting the
mirrors to the waveguide, wherein the mirrors are piezoelectric actuated to
control their movement. 2. The beam processor system according to claim 1,
wherein the beam generator includes linear accelerators, x-ray tubes or
radioactive isotopes. 3. The beam processor system according to claim 1,
wherein the mirrors include entry mirrors disposed on a beam generator side
of the waveguide and exit mirrors disposed on a target side of the
waveguide. 4. The beam processor system according to claim 3, wherein the
exit mirrors direct x-ray beams from the exit ports to a target including
cancer cells. 5. The beam processor system according to claim 1, wherein
the mirror shield includes a lead material. 6. The beam processor system
according to claim 1, wherein the entry ports and exit ports interior
circumferences are gold plated. 7. The beam processor system according to
claim 1, wherein the x-ray beams traveling from the beam generator through
a center port and onto a target form a center beam. 8. The beam processor
system according to claim 1, wherein a base of the mirror is fixed to the
mounting while the mirror is actuated relative to the base.9. The beam
processor system according to claim 1, wherein the waveguide further
includes an outer ring, an inner ring and a center port. 10. The beam
processor system according to claim 9, wherein the x-ray beams 



traveling to the outer ring and the inner ring form inner and outer cones
between the beam generator and the entry ports, and again form inner and
outer cones as the x-ray beams travel from the exit ports to the target.
11. An x-ray beam processor system comprising: x-ray beam generator for
generating x-ray beams; a mirror shield member for shielding the x-ray
beams from select areas; a cylindrical waveguide for guiding x-ray beams
traveling through the waveguide, which includes a plurality of entry ports
and exit ports; a plurality of ring-shaped circuit boards disposed adjacent
to and generally parallel with the entry ports and the exit ports, and
sharing a common axis "X" with the waveguide, wherein the circuit boards
include a plurality of electrical chips; a plurality of polycapillary tubes
with channels connected to the electrical chips; and a plurality of
mountings for mounting the circuit boards to the waveguide, wherein the
polycapillary tubes are actuated to change a direction of the beam. 12. The
x-ray beam processor system according to claim 11, wherein the
polycapillary tubes can be actuated separately. 13. The x-ray beam
processor system according to claim 12, wherein there are approximately 38
channels in each polycapillary tube, with each channel being approximately
1 micron in diameter and each polycapillary tube having a 7 micron
diameter. 14. The x-ray beam processor system according to claim 11,
further comprising an approximate 513 gold-plated, seven micron, waveguide
channels which are approximately three feet in length in a lead cylinder. 


