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cells. 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
bealthy tissue in the area surrounding the cancerous tissue being treated and provtdes greater
assurance that the target tissuc 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 x-
ray beams such as linear accelerators and x-ray tubes. A problem with using x-ray beams 1s
that they are not casily 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 Enbodi nents of the Present Invention: 100061In a
first aspect of the invention, there is provided an x-ray beam processor
system conpri sing: x-ray beam generator for generating x-ray beans; a
mrror shield nmenber for shielding the x-ray beans from sel ect areas; a
cylindrical waveguide for guiding x-ray beans traveling through the
wavegui de, which includes a plurality of entry ports and exit ports; a
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plurality of mountings for mounting the circuit boards to the waveguide, wherein the

polycapillary tubes are actuated to change a direction of the beam.

[0008] Other embodiments of the present invention include features related to a
beam processor with converging waveguidés, 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. 1A is a side view of a first embodiment of the present invention
showing the components in a beam processor.

[0010} Fig. 1B 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 geomeiry 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.



i nvention showing mrror geonetry and angles related to the actuation of
the mrrors. [0012]Fig. 3 is a top view of an enbodi ment of the present

i nventi on showi ng the various conponents of the optic systemused in such
an enbodi Mh010/03M992010/ 051469PCT/ US2009/ 062811 [ 0013] %é{TdUSZH‘”(”éZSél si de
view of another enbodi ment of the present invention show ng the conponents
in an alternative optic systemthat includes polycapillary tubes.
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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.
[6017]  Fig.7i1sa side view of yet another embodiment of the }jresent invention showing
the components in an alternative optic system that includes double cone optics.
[6018] 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. 1A 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 geflerator 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 souroe- 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) shicld 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 mountings



[0018]Fig. 8 is a side view of another enbodi ment of the present invention
showi ng the conponents in an alternative optic systemthat includes inner
cone optics. [0019]Fig. 9 is a side view of yet another enbodi nent of the
present i nweriwdighowi ng t he conponents in an alt er naPCEISHRPPESHy st em
that includes outer cone optics. [0020]Fig. 10 is a side view of another
enbodi nent of the present invention show ng the conponents in an
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[ 0023] Thereferably babedindhamirarspsien. FThe minpres slibe gesaribpddiitigr dalowdR hi ned
| ead (or .he{(ﬂglenzse material) shield that prevents unwanted photons from

reachi ngre e M r'eots 4. 10024] The nountings 3 are preferably fixed
st ruct ur @o2glonpohentwguiged it prefenibtly mbdearf lead or other dense material such that the

bnly photons reaching the opposite side from the b_eani generators | 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 fhrough such that each port functions as a wave
guide. . In one embodiment of the present inirention, 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 threc sets. There is an outer ring, an inner Ting
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. Photoné traveling from the beam
generator 1 through the center port aﬁd 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 4n intersection at the desired target 9.

[0028] Fig. 2 shows a mifror’s geometry and actuation as used in the mirror system 4
shown in Fig. 1A. 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 mustr not exceed 0.58 degrees therefore the entry angle as shown in
Fig. 2 will preferably be approximately 0.50 dégrees._ In addition, the exit angle 18

‘approximately cqual to the entry angle. Therefore, the total deflection at each mirror is

approximately 1 degree and the major angle is approximately 179 degrees.
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conponents in fixed or near fixed position relative to one another. In the
case of nountings for the actuated mrrors 4, the base of the mrror 4 is
fixed to the mounting 3 while the mrror 4 is actuated (noved) relative to
t he base. WOQ2®B1FHe? nirror systemincludes nultiple ni PESUS2M/0428H
groupings of mrrors 4 (as shown on Fig. 2) for each port in the waveguide
5 except the center port. A set of one or nore mrrors 4 will preferably
be used ach.end ea i I For
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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 and



segnent of the rings there would be 5 degrees (or less than 10 tines the
critical angle for a given wavel ength) of deflection, from 90 degrees to
85 degrees. If this is the case on both mrror rings and the wave guide is
36 i nches Wworrgroamts? he outer ring of ports is 4 inches PCH/USZ@WHBG2811, t he
total length fromthe beam generator 1 to the target 9 is approximtely 7
feet. [0030]1f, however, a single mrror is used in each segnent of the
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concentration in the intersection point 9 that would be approximately 75 times greater than
without the beam processor. A
[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.
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[ 0035] Al Il unused portions of the input beamare preferably shielded to
prevent unnecessary exposure to the patient. [0036] Two di nensi onal sensor
arrays placed on the opposite side of the patient fromthe beam generator
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intersection point 9 inside the patient given the sensor array has
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aSSOC|alqﬂmwhmhIEPRﬁyﬂMﬁbmnmhéSmbmeghﬁdﬁsngmeiheanmgMMCéésbnpmn@mqﬂlng to
t he enbodi pent of rese |nvent Qn ,\ou ield e conce tratlon
~in the iﬂ?%%@bﬁCu@%%§8gﬁ?e@£ﬁﬁﬁ?gﬂgﬁ dhé* %g1§fPW§PZP$ ?E ?FW@% §reat er
than W tieiferhhlg chiemmcfll BaaswoveoulddG4RjubbnsRiablibeluded 7 ificrs %dhapmmd t he
entry to each port in the waveguide 5 to PFOVIde f.eedback informati n to

ai m t he {hotonlingricyl shapedigad shigldapprpyimgtelypone dnelerdn (gaety; e Brarzat
embodi MefE, Bt 11}19@va%g%ﬁﬁ@tanh'%%ﬁ@ét&f‘to%ﬂ@ﬁﬁ‘r%%gﬁ) Bpenﬁgm@z)ﬁmﬁm ’N

alternative optic systemthat i1ncludes polycapillary tubes 10 mnth
channel sactuatedtrhirorsehybodi ment, hundr eds of pol ycapillary tubes 10 can be

pl aced pEJr]' PSg; 35A sﬁmg&e))oggﬁg%;p% %érﬁb%‘dhﬁen?gfathgg Lent TREadATLer  of

polycapl y tulyes can l'acl n m on the 1 nside and
out si de @m“MQﬁhemﬂqummnbm&m@hﬁ&mﬁﬁamhwmgﬁyndpmhkmﬂ¢HHWh@y@0wﬁagmbe

Pt of or AR Ehaibelai AAGEHEN TuBETR AL RASRRE T e RS PAEE bei ng
pr ef er abdipecon¥l 6288 1hBt Sto@dRBERA x&ﬁbdb@&@ Rotnb Becoptaef eft@butdiaxrng a 7 micron
d anEt erwavegulde channel 12. This embodlment 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 cenvcr'ging multilayer waveguide.

The multi-layers are preferably alternating thin layers of dense and light materials. The x-

rays are then aimed at the target 9 by a ring of actuated single or multiple murrors 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 with



WO 2010/ 051469PCT/ US2009/ 062811 [ 0042] In the beam processor shown in Fig.
4, actuated polycapillary tubes on chips 10 are used to direct el enents of
a diverging x-ray beaminto preferably 513 gol d-pl ated, seven m cron
wavegui de WOREHESHI42 which are approximately three fediCTUS2P@MA6ASAL i n a

| ead cylinder. At the exit the beans are ainmed at the target 9 with a ring
of actuated pol ycapill ary tubes on chips 10. The polycapillary tubes on
chi ps 10,4 ur checks
For " each™ o iR Mk 1 S e oL e R o BIaTRE 2y

- beans framet he bean1generator 1 are preferably captured by a ring of over

500 poly illa tic chips i orts. The
pol ycapi @Iﬁgjﬂy o%{ d@%@ A aﬁlso c(p)lrl'ﬁ"elngg 9%11%9;!} Ig(g)l%?gmf&é@y\éﬁ%%%#g&?(gw% ng one 7
m cron tigeect foakdinephing baimhmus::onmbanmwh acideategle bdiverpence frot thavegui de
5 "on" oy "off' tg control The UI de 5.is ferabl

oyl § i s Sobsge  TREQBGTIERS "5V AR 5 b B A By e R Ry g S

gol d- pl-af,geh LKIDBe WhpBedititd NéHghaRl ¢.eRds sdtiealidl caE R¥hyTRdafk YnONe
meter-in | ength. eThgﬁ%eams woglt}ljéll ltvﬁﬂe%%@gg?t thse vvaevegtjl de 5 a}g?abe 1&. rected
to the t&?lgmrsgrw a rlng of single or nultiple actuated mrrors 4.

[0044] Fi 0484 'mh n%ewﬂ%fo £t ARAENShe SADA YL B WidRf pdrd 1 R &REN

“inventio ow ng t e conporients in an alternative optic systemthat
. i ncl udesfomuingiohaplenarwey egudde Amapﬂecbrsﬂfmdlnﬁvgk1115Bthes¥ItaN®1¢i@adﬂﬁ36w of an

enbodi nent, o present inpvention, sho i.0 C e t hat
occurs wHEES %nfiz:@mﬁlé%?%?e '%Q'rrg R S R O%e C{&&e X'ﬁ%%e%%sg%?de
channel diZergihigiasgledrvogkhowntin Fy. 6the wamarmvegamamaemmls hbed<crgindtoge, 4
except that wavegujde channel s npunted_on. uat ed, chi used to
direct t¥@ickisalse Tpierpd o asesop S‘ﬁ&&‘é‘&um&‘e‘n@ﬁé e pight 5[“@8335?%%5 6 is a side

view of ygHeRD tchﬁé ﬂ?e'”féf’ﬁ?&, RhsOh chR@eiRE a8@Mhci-AYENAL M xShAWxRghd he
corrponents in an alternative optic systemthat includes a ri ng of

pol ycapi Wiegyidepihey axtiiped asthelbsgst P e ring of piggle ar prltihe atard oSt r ay
beanms in Copyer gl V.

prefer abe?/ -al te?%a? %r? %9‘%6%‘;’ F{Fg%{?ém}é\% eﬁ@)ntslfgfﬁe%aflﬁe gﬁ%éﬂ'ﬁ]é}t"g‘%?? @Mﬁﬁe
X-rays athe corhpmesnts iregh eaterltahee 01&&@3&1:619 thay ing hudendouble ot upticsd Asishepeinor
rrultlplem rors e exi.t of th equi d 4 beam
processof il Pﬁglﬁgﬁn‘a ?ndﬁﬁlﬁ PR Er 8@5 1nlu§%aarn8\%/56v%lgfgﬁa glle H’c}g are

- wrapped ¢oatife aplféfefaﬂ;gmgiess)nw @llfbsﬁatB memnainhmgsmmg hfchatnaa emldé@ht st eel

substrate. The ti-| rs er terna n in Ia er s of
Gonce anditenn: ARTEIERY G cplong & R AR N

pr ef er abbyikey Rl tﬁgnﬁ(ﬁﬂé ﬁgea VIRY 8O F{maﬁ%pm OrtRgd pageammwtﬂc@aa bhe

di vergl ng cone w | be tthe inner collecting cone. It wll preferably be

slightl ym@@mthpeaomateﬁ chip®] 3 guady ths pheORCTE ﬂa@@b@m@z gandensing 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 malti-layered
w;aveguides 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. & are similar to Fig. 7 related
to multi-layered pianar 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 a
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respect to incomng beans. X-ray beans 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 incom ng beans wil|

col | ect beWRROWOSHOA wi der angl e of divergence from t hECHEAAYHIFHe. The
outer cone 7 will also preferably be a multi-layered planar-wavegui de 5
which will be wapped into a slightly diverging cone. This cone w ||

coll ect o fiakydd G Pie ngﬁiae 5 0Rgoed Hﬁs AGRergl g%&lﬁfth shany ceﬁveglsmeb the
outer and I nner “cones et at e w dest- part the cones form ng one

pl anar vithieguavapids 5 lmnaequ@fismoo‘ﬂenemglcmgﬁ miiclolf ainrvli-tayerplenapoul d readily

under st and, fl.ux increases as the cones | nor e
X-ray be‘g?‘?{seg%'ld éivg%ﬂpﬁ H]go %ﬁm}veggm%mc ot\ll\lm%iggﬂlél&g Jégg{(,'“gqn FP% g‘r‘%\?\c/avegw de
5 then fiQE BBaca nRONUEE ¢ A1gaddidd invhe Cdntdrso pdesant nmcﬂlemrremd ﬁ—my&sarm fe@ndensi ng

cone, that jncludes straight _angles. th andensi n X-rays
her as NS OB RaE G I CORES e w&fef@rlzﬁv %Iﬁa@fgafs;e f?“ﬁ%d%g shitfite 5
they ar ey gEdnRlo. th m SHEmSht OkaBletifs AR BEd BiIfREH &h Qerttindlat pligegtitat ed
mrrors 4. 10049g|: is a side view of yet another enbodiment of the

present JoHgetingi CQYIP %‘ﬁ‘ﬁbsﬁhgls shevicia e e Hrselrably mitugteddingent h PEr®  syst em
that i nc% HA6R,-doubl & can golﬂa% lgéonegﬁ S dﬁt@y Rdifent’to tﬁé‘@eaﬁféah@&{ok ng and
condensifig cones are contl nuo are made as one unit by coating a

p refer abdlyofsheax -nHydssms bre @hszcéatbs colzttingrionh 14 (beerenthial is gvbly e pbedimdetnse and

gh " | | | d
pe e SRR bria 0t SR BRIy’ WheR R B G BE SRR S OOS, or

optics. chagsethieahote aRklegkdrtyanpt i cs nay be nount ed on act uat ed chi ps 13
such that photons are directed |nto th cong?cp_ i ng _cope or (gt out of the
By P

condensi 8 oneAttEmusist &1 shergin Fign 7478 dgtch th‘"t ETEBEEREt i ng and
Condens'&ﬂv&gﬁg%ﬂé@%ﬂb%@? %ﬁg%&“ﬁé@éa\mlﬁﬂdtuB@ g dteastiddyet Reveghided e by
_ring shaped ti-layered vvavegu es on actuated chips 13 to control fl ux.
I n addi tanmstuafed chivs 43 &msoutratbeg flux.t | s preferred that cooling tubes be

used in gheycor g t0iak v Ah&inat i ves a
| ead shi GP%]I S %rée %t?‘% %ﬁac%kﬁt%?dd[sﬁgﬁg& ug e?gﬂsc ips 13 olﬁﬂ't he
out si de with & hiag obmt@letorrmldstpllelacbuairedyrsrrmérfondwmgptlincthi@ kinpedimgntatheret ur ned t o

the "of f' posjition. Each ch i S ont r-Ql. [ y for
~al i gnnerdt? y?ﬁw@&??%?xmi%ﬁ‘gb%ﬁ .el er%l?g% %ng v erlcim;ol;rng‘I g&ﬁeﬁe@modl nent
of the phesetabbdty@mkitad ;sha@vﬂea@s hihﬁe can@oNdiicsit toncan tal warpatt 5. optl c
systemthat i ncludes i nner ne o Based aon, a conparison of .Fig 7

and 8, tiABS3] nneFlg\%@r?é‘déBta?ec% SHY ﬂaﬁ eﬁibﬁg“§n%?g§h%Prﬁ§qn ]PV?D(SloElSB"““‘?g r eI at ed
to nmul tigml a%RFREnR h@d}?ﬂteﬁﬁw@wtﬁ%yﬁ&h&w iR @AePutdrtBhe Spitls, vamsam{gfsman out er

cone 7 used-to collect x-ray beans on its inner surface. Fig. shows a
beam pr deskedrchudes puiescora apfiestwigh pafimapiiiag s 469 Parruiaxpno s 81101’Vﬂ

ml ti - p afl} GG ttﬁhtﬁllgh“y
Convex ahaus’ BP0 YELERHL Elne.kAPRRR HIS: 7 4R HEEEh TR Aty

of a nulRig-1, aylerthpinacrapnaawsglivcdellSt wrappaosi Inwnaa&tiﬁlg&aﬂgmh@ﬂ shme Wi t h
strai ght si des ere the c rr[’rlelftati?gﬁ h% e is alead

shield i fﬁ@m@gwgéppﬁ%ﬂpolﬂﬁ%wﬁmaﬁ%*ﬁh Rieked 2Py

entering the

condens hﬂeﬁregﬂﬂ@S o€ HAES diFeRiny @hewhlsygmlygbﬁbaaa gidey. erhiy-efepaibit i
actuated as unit for aimng In this enb dlrﬁ | ead. | eafs are. used to
&

form an CQBW"LW% agendepeng pmstl S gradepd a gpity- Ak WARSYAC RATTERPSI A0 8 own i n
Fig. 8, doﬁvé}%ﬁg%ﬁéﬂﬁfeaﬁ]s LiaGe B¢k BREBE aduiddRRit BEAGs ABALMB LS ofithe Because
the collecti cone 14 is imediately adjacent to the beam generator, all
of the xonay beam; are inside the collecting cone 14 (hence, that is why

this e i jyent f. d e used in
thi s mardiedl At B FIAG: hLE el Wb AOREvE BRI R End contBERgLDCE LT
[ 0051] Al doeemh ibe éihled tyys rideovipolyeapilery tihes a6 dr weltielnydy eavedides on ta¢teated
dlvergln conver ones can be linked by a ring of polycapillary

t ubes 1(5’ P Gonge |3‘85|§ﬂ{7\i§vegui des on actuated chips 13 for controlling

flux. [QO6A teimakissbys ofaBe St baanhrgsessods MagbSputthetiexiotforry beans

coul d be _nani pul at ed
different beam processors for various applications. For example a person of ordmary skill in

9.



with a ring of single or nultiple actuated mrrors 4 for aimng. In this
enbodi nent, there may be two beans exiting each channel in different
~directions. This may require a |l ead shield to absorb unwanted x-ray beans
at the cerweriwlsuhe exit cone of the wavegui de 5. [O0BSTESEYIOGIHNd 10
are side views of an enbodi ment of the present invention show ng the
conponents in an alternative optic systemthat includes outer cone optics,
where Fi r illary tubes
10, The St RolibORE AR HRRRAE RlIEaRRGRELL Ut BB o he
aspect s @houping wakégpides. dnddditst phlyethiddyp vpticor epiti-tayertplanar FRgeguldes onl y

Show t hesechard et Rg oot PEREET bbbt EERen P SRRRE R 1 MRR 20 oF

a mul ti &@y@gm@&amqﬁﬂmawegU|de 5 mmapped into a diverging cone mnth
slightly concave sides. This waveguide is connected to a condensing cone
15 made of a nulti-layer planar wavegui de 5 wrapped into a converging
cone. Beans are ainmed by a ring of actuated exit mrrors 4b at the exit of
the cone. [0054] As shown in Figs. 4 and 5, and described above, the

di verging and convergi ng cones can be linked by a ring of polycapillary
tubes 10 or nmulti-layer wavegui des on actuated chips 13 for controlling
flux. [0055]Various sections of the different beam processors fay be put
together to formdifferent beam processors for various applications. For
exanpl e, a person of ordinary skill in the art would readily understand
that the collecting cone 14 could be used with the convergi ng wavegui de 5.
I n addition, polycapillary optics or nulti-layer planar wavegui des on

act uat ed chlps 13 could be used in the hinge area between the collecting
cone 14 and the convergi ng wavegui de 5. WD 2010/ 051469PCT/ US2009/ 062811
CLAIM An x-ray beam processor system conprising:. x-ray beam generator for
generating x-ray beans;

=-10-



a mrror shield nmenber for shielding the x-ray beans from sel ect areas; a
cylindrical wavegui de for guiding x-ray beans traveling through the
wavegui de, ich.includes a plurality of entry ports a i S;

a pIuraIithgy“&Fﬂﬂgshaped m nors di sposed adj acent toqgﬁ é%ﬁ@gép1y
parallel with the entry ports and the exit ports, and sharing a conm on
axis "X'" with the waveguide; and a plurality of nountings for nounting the
mrrors to the wavegui de, wherein the mrrors are piezoelectric actuated

to contrdICHAds:r- novenent. 2. The beam processor system according to
claim1l1, wheretn the beam generator includes |inear accelerators, x-ray
tubes or radioactive isotopes. - 3. The beam processor system

according to &l ai nidx-rhesasi protosser systanpeasniitisizigude entry ninors di sposed on
a beam gener at or S'%ﬁ&%‘éﬂfg%ﬁer%yﬁgé'éngﬁfiﬁ}%g-fﬁxﬂetm@“ rrors disposed on a

target side of the _ eam processor system accordi ng
to claim3, whereiamihe skildmémbier Eorshididingabe xraydpamefinm stiecrdake exi t
ports to a target including cancer. cells. 5. The bea rocessor
system accor di ng t%cyg’i“ 'il‘fﬂlT{av?ﬂi@?é?rrg“fc{%_waﬁ’rbﬁm%ﬂ?v_gﬂﬂg ﬁ’ﬁ%‘ﬁ%@& alead
mat eri al waveguide, Rhicl RRICITPRFEES Ay pHE DA eRiEpos]i Ng to claim 1, wherein
the entry ports and exit ports interior- circunferences are _gfol d pl ated.
7. The beam pr ocesspnragiyafaimeabansd aniviers dispesed adineent Rad etpriidaallclhy beans
traveling g — 8 ! orRQHEN BrfRASls BOMIARE ApkegAdL ar et
forma C&%@g@&@ﬁgg{ﬁ@ggﬁ%, %@gm processor asyst_emlaccor di ngglﬁ% claim
1, wher eiand aplhesdiey affmduneingd foomoingingithegdintoes to e waygenidag while the mirror
is actuated relative t.o the. base, . 20.10/.0 9 : 11
9. The beam pr oces¥sFeil G BIHORASPEFRGES a@ﬁ“%%én%@%ﬁ?é?%%{/%&l\%avegui de
further includes an outer ring, an inner ring and a center port. 10.

The beam procgssor.,syst em accor di t I, M9 Y"ﬁﬂr -0 whAVadreans

traveling to tThe omeéjrea?lipﬁ Qegsﬁﬂs%sﬁgl%cg%girn%f%%m Gi me?érﬁehtrelﬁg%%géutaer cones
bet ween thadbeBagnneeatods, xandunbieorendivactipoisbtepesand agai n form i nner and
. outer cones as the x-ray beanms travel fromthe exit ports to the target.

3. The beam processor system according to claim l,lwhe'rein the mirrors include
entry mirrors disposed on a beam gencrator side of the waveguide and exit mirrors disposed

.on atarget side of the waveguide.

4. The beam processor sysfem 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 ¢laim 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 proceséor 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.
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11. An x-ray beam processor system conprising: x-ray beam generator for
generating x-ray beans; a mrror shield nenber for shielding the

X-ray beanwgiom:’i%bect areas; a cylindrical wavegui deptpisfidghang X-ray
beans traveling through the waveguide, which includes a plurality of entry

ports and exit ports; : a plurality of ring-shaped circuit boards
di sposed adjacent to and generally parallel with the entry ports and the
exit ports, ahd s@ﬁlbﬁ@nﬁm@@ﬁﬁ?ﬁﬁﬁ@%a@wr@@gw‘tlﬁmtlhé’h%%%wa@gu%ﬁere| n the

circuit F)?@x rc%ﬁ%lh ecslaﬂgﬁte %ﬁgﬁﬂn Itﬁfncgoindedlc%ﬁty}% t thChI ps; a plurality of

pol ycapi es W t anne nnect ed e electrical chips; and
a plurality of mountings for mounting the circuit boards to the wavegui de,

wherein t he pfzﬂ Y 3 hbth grotcysgﬁ% 8k A& 8at fb1dif o RARES e rfyathingn of the

beam The x-ray beam processor System according to claim 11,
wher ei n trivelippioftbagpited ra]gy_mﬁ thedener ang fremsionayandeligaenesdicbrapn the beam 13, The

X-ray beam r0Cesso ccor | i
appr oxi n%‘?”@ﬁpayprﬁg @ﬁ @e/PO P §01H ?‘%%paﬁpl%g%&t%%wﬁ%mg# Qﬁ' Qﬁ%ﬁaﬁ%nnel
bei ng apps@xhdeiglops b the aFgn i n di arret er and each polycapillary tube
having a 7 mcron di aneter. 14. The x-ray beam processor system

according to claim 11, further conprising an approxi mate 513 gol d- pl at ed,
- seven m cron, 11vvave0gmrwbe£mmmb$omiystcmcan@n&tp@r oximately three feet in

length in a | ead gyray Beam generator for generating x-ray beams;

a mirror shield member for shielding the x-ray beams from select arcas;

a cylindrical waveguide for guiding x-ray beams traveling through the
waveguide, which includes a plurality of entry ports and exit poi'ts;

a plurality of ring-shaped circuit boards dis‘posed adj acént to and generally
parallel with the entry ports and the exit ports, and sharing a common axis “X” with the

: wavegulde “wherein the circuit boards mclude a plurality of electrical chips;

a plurahty of polycapillary tubes with channels connected to the electncal
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-fay 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 diametér 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.
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