STANDI NGMVE PARTI CLEBEAM ACCELERATOR BACKGROUNDOF THE
I NVENTI ON Field of the Invention This invention

wo edoanersgeneral |y to standi ng wave particl e bremus2004/043235
accel erators, and nore particularly, to electron
accel erators for generating x-ray and el ectron beans
of different energies. Background of the Invention
St andi ng wave particle beam accel erators have found
wi de usage in nedical accelerators where the high
energy particle beamis enployed to generate x-rays.
In this application, the beam energy and out put
dose-rate nust be stable. It is also desirable that
the energy of the particle beam be switchable readily

and reliably to proyvj tr Q '

ener gi es t%ﬂl(ém&é; yﬁ?&ﬁ%ﬂ@ﬂé@eﬁﬁgﬁ Ié‘%gﬂt‘%féh
during nedical treatnments. Various techniques for
controlling the beam ener have been | . In

U S. Patent No. BAGKGROUND O EHE Hﬂgﬁ‘&ﬁﬁﬁe t he
energy is controlled by reversing the accelerating

fi ' of the accelerator to decel erate
thgieg(ggﬁheﬁ%%ff@& Pat ent No. 4, 382,208 to Meddaugh et

al ., th&hslievdntionae]aies penetilbi td sthindingivaveipartidlasbesmaagelrators,
in the swtch-side cavity to control the .fields
5 pld Be RATHFlaTA oy ElSFon asCEleHer T gpnpraliae Xpakand electron beams

Paf, £iitrreNo: eﬁe\%ﬁ@.’ 839 to Kazusa and Yoneda di scl oses
t he use o% t coupling cavities which are switched to

control the acceleration fields. Accelerators

enﬁ'a?léén%ﬂnﬁ'?)?tl?é' WeflHsh Y described techni ques can
generaftly provide

two to three different x-ray _ _
nmodal i t Semdinig. veave pditife begui sdveldrasyrs hbvafovat] iwide usage in medical

S oL e Lo ek ol LAk s
10 Zlngﬂ% %Péﬁir@rgltri]mg%’%gaﬁ%e%\i%tp& abdb-fafe & RSB, Ak & also

ufacturil ng pr OC_ESS, to hav_e an accc_al er at or
sy dtstmblahabhecnsigyefthe auitialy beaint bepivaivhghle seadiytans reliaply to

dal iti [ . f f fi '
e e R
i @ﬂ&ﬁﬁggd&iﬁ@ngdi@gq?éaﬁhé@§ are difficult and costly

to inplement. Currently, different nodalities are
conf i guVedobstepeniguesddr eamiratlingtthe bessn epsrgyhayptbeen employed. In

O T
di fdversaiy thh asdyldradis fiddgs mUm pattfofhe accelerator to decelerate the beam.
In U.S. Patent No. 4,382,208 to Meddaugh et al., the electromagnetic field
distribution is changed in the switch-side cavity to control the fields applied to the
adjacent resonator cavities. U.S. Patent No. 4,746,839 to Kazusa and Yoneda
20 discloses the use of two coupling cavities which are switched to control the
acceleration fields.

Accelerators employing the previously described techniques can generally
provide two to three different x-ray modalities (i.e., distinguished by clinically
significant differences in energy levels) sufficient to meet treatment requirements.

25  There would be a significant advantage however, both to the hospitals and the

manufacturing process, to have an accelerator system capable of generating multiple
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hospital changes its energy beamrequirenent, a
di fferent accelerator will have to be built. For the

wo o008m6i2ay reason, there is a need for a standP@UBEN€043235
el ectron accel erator capable of providing a range of
energies that is broad enough to neet all hospital
r elfigh betpank say modaliitis rarging dvee adadter gfdbertoifale ibenggjt From a
: nemnagmlgfg@flnggélg%&e%gg,ggéangliggg(&ogfog%%}%?}ét‘ie\go are difficult and
S Omiclﬁrtecg 1l eﬁt@idlﬁféngg, AffedasRodanicd R @nffilofreddy means of
treatnent of cancer. such, a standi ng wave particle
bemamaactating differenthacaserator stapabketogqroyide diftkrenf ranges of beam
plural,ity of levels of different Qutput enerqgy .is .

S GegieFeiet B orduiner! exerpianRRRT (9% Sieram bt AR sl 1 o
S %Pﬁﬂmghé@rﬂs%ne@ RasebfliRhRht, hdfiffaeheiceERfdidigvill have to be

particle beamis provided. The accel erator includes a
mebuiltb &dy thedviegging redsanghéreys dneed) foe t signdigaatave electron

cavitjes coupled.in series n LISt i

o RS B FmeB B Rabll War P R Wt a
el BshItATBGNRrh&hts: AWl ddtiRion] fAERUYPotentidl beheftie Riang meit]

to another of the electromagnetic cavities through a

10 sepronailuasetnibage makethen Hve iraelsiof sptpyherine eagttoavide more

acuan iy SRET P PRET oPied FERbSRR: bOMERH HiBnocl s sueh o

cagiacdifg waby patuRiednmnosdsame ohidds capablael pyavidmgof plurality of
the first coupling body, wherein the pair of noses
halezels gt difforeni guipyt ey BARSEARS ng the first and the
second openings to be different, separations between
resonant nodes are reduced. However, such

configuration al soSEMMARYOEFEEINVENEIONo operat e
inawdgder r e of ' :
15 signifi ﬁ"a?‘?t‘;?%ﬂ}q?}ec ggg&ﬁé%a@%ﬁ%% r%é&gega\kgefr?r g%ﬁegecr:aé[hntg 2

NOgRtele Doind ié Probvitled. Mhevtcbhsatar Michddes niagmbldydidvirfeor plurality of
t he accel erator when an energy switch is in

LV : Se, . .
al tloviroropangtic srviBescionpisd 1 sPTigEBd At @S&Q%}lﬂ%ga&hwm&]& first side
ab r 0 r . L0 .
= LA 008 0l B BAELE A YD B0 in, an
ac g@lidraif te dlevtroaceabify alvitivy tropglt 4 sedoad bparing,svherein the first
provi ded. The accel eratoy ingludes a_nmain bo hav

d'g]be btk
20 a preping andythe pecopgd eP?IB%éW@MI erenlonfiguralighs B goelerator
Sek] I axi - j ' ' .
. aW%r fic g S %B?lg)é{f §ondgl?ﬁ\t%@bkéﬁﬂvg9 dYufBy hogs etk side walls

y cou ectronagnetic cavities,
andf tha fiesteogplirmybddyhiwhetiegha pair obroses hashegugi legzths By
electric field distribution in the side cavit .
S PR TS bEHAS S Rpetigads DB P Bl fopbagqps between
of E%@ﬁanft L@ 3¥hRe@f HbRev&OMRh icBAfi AR on ABElalldis an energy

probe I's nounted such that an el ectromagnetic field .
25 coswitéiniy dpetateeire widsr tinge hfersl mclevdsmgthont sigwifivantlydgcreasing

g?g)‘s%gctfogg %gt%geeg)édj\égér}{ Irrrfo%eg ”91%9 it {)rovli] 23 ratblrg ef Bal{(ﬁeldth for

the accelerator when an energy switch is in use, allowing the accelerator to generate

x-ray beams with a broader range of energy levels and minimum energy spread.

In accordance with some embodiments, an accelerator for accelerating a

30  particle beam is provided. The accelerator includes a main body having a plurality of
electromagnetic cavities coupled in series along an axis, a coupling body having a

side ca‘vity coupled to two of the electromagnetic cavities, and an energy switch
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into the second side cavity. hi accordance with sone
enbodi nents, a field step control is provided. The

wo p@baesep control includes a coupling body he@T/n§2084/043235

first end, a second end, a cavity extendi ng between

the first and the second ends, and a pair of

c ohghting b y@be dpiectiahinglay eteotripl fedd dstavition tuthedidecagitgevherein
wal | s of the coup|ing body, th i r of nos avin
et e s bt af R apt PRt e =83 i CPRGAE bods, and
5 egq%gﬁo&rig rﬂdg%nfeﬂ%ﬁsﬁﬂlaE th AcRdthagdnaild ROIdRolibHSE bARBEH Kb of the
an second openi ng, and the first opening has a

cr elsstraragnietio advidésnandiechanged byiverying & degme of ingentign of the probe
cross _sectional di nension of the second opening. The

5 i EterthesegPrdide GViYl | ows an accel erator to achieve a

bal anceppgai-¥REACORith IbAas dmBp@hdhisOR &kldsd@Pédnitloy isgR@vided. The
opti m zed operational range. This in turn allows the

ac fieldsstept controbingdes ac@ipking hodpearies afirsh cad. i weend gndga cavity

of ener.gy. | evel d mi.nj mum energy_spr i : s

o SO B o s o T R Py Y of gy cgoaeitvely
et hgfed QsedfifFealtb Blle 018 3F BREoRFlind Kddy, hRPair oTabsdaving
providing an accel erator having a main body and an

10 enequpy lengibs cwhereisuthe first end issetad.ihoengond enbispaeureding wall

haying a.first .end, .a_s nd_end, j

of bt Rl aprTedos FraBER APl -pf B Ml i
eng&tiohdl @irhbkssdn hacis deftare@drdn® a aragsl Becsiotidlamerdien of the second
met hod further includes activating the gun,sourc? t

c L epenang: | Best fiald step gpuireledlewe pp erqeipratab tosachiave gite atl}é‘? Rgfween
t : i iti . .
eI§@$¥ﬁ%a%?§?%&§ég%%ﬁ€¥a(gﬁﬁgﬁ%%gqégﬁgﬁ%taﬁ%¥e¥ﬁ§nﬁgg%auows

15 bohe, actdleratn Ve peerdtaxiragbeanis with a pdddrirempehefteneryy leveds and

first. end and the energy switch that is approximately
unPEBEHD eRergegdedance with ot her enbodi ments of the

i nventi ff BrdiRE Rt ofler %BS&iﬂieP&%f%&iﬁ@&&ﬁﬁ, Radittofal fBr

beam i nc ﬁﬁes provi ding an accel erator having a main _
bogdynerithg avhiarped paytidhabéanginalufies srovisimg amaselemter lemthg a main

oD B 20 b RS b R S50 HEy g e

20 9UBn B QUEGSH ehfCarliB] Pathibybf N&dirondishsEtesavteds ib\é_ﬁ&éeﬁtglﬁi Bt and

25

30

gun source to create el ectrons, and acceleratin |
el eabndasdsy therfist dnd setwed toommgmsauics. ddeinnéthed r inghades

an electric field envelop along a Length of the main .

D0 RALE e BFOBERGY A oGO ind By e s hE PR spine te
of efe@@oﬁé’g{ﬁ% c&Nti¥Y duch RSt BY EARINp &1 DEBL S AdIdNY gértated along a
follow ng detail ed description of the preferred

entengthneiths maisbady, theenvelorhardus & Sirst portionybetweenfhe first end and
H Ec'geténe;ghyesvx}i{gﬁ%?a{t Ty Qp'proximately uniform.

In accordance with other embodiments of the invention, a method for
generating a charged particle beam includes providing an accelerator having a main
body, the main body having a first end, a second end, and a plurality of
electromagnetic cavities between the first and second ends, the first end secured to a
gun source. The method further includes activating the gun source to create electrons,
and accelerating the electrons using the electromagnetic cavities such that an electric

field envelop along a length of the main body has a step.
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BRI EF DESCRI PTI ON OF THE DRAW NGS The dr awi ngs
illustrate the design and utility of preferred

weredsaeizent s of the present invention, in whi cPCHURI0&043235

5

10

15

20

25

30

el enents are referred to by common reference nunerals.
In order to better appreciate how the above-recited
and ot h©therdud fitrtige sspeotd aodjf@mrss of the ﬁrweph@swnﬂ be evident from

i i _obt ai.ned, a. t
of YeRtredhe elhrisnya st A el ca PG, riicn are
belﬂt&{a@&&@ﬂm@ﬁfate elRligAced@vatRal fic enbodi nent s

thereof, which are illustrated in the acconpanyi ng
drawi ngs. Understandi ng that these draw ngs depi ct

only typi cal e%ﬁﬁ@ﬁ“ﬁg lgi’ﬁbNOFVﬁTEIﬂ@AWfN@Se not
therefore to be considered Iimting of its scope, the

i nvent i @he diawlingsalldsimte thoeldsign dn@utmlhtalotﬁ pcbfwr&td]embodlments of the

addi ti onal ecific nd .det ou use

© NBreat SR i G A HE S RGP i ejeriad t by Gorfion Feference
SCRENBLIC I bRRS t8& ek AfFcidleWwothe ab&teal@@lﬂtémaﬁaa%ﬁer advantages
el ectron accelerator i'n accordance with sone

e mabidhjecis of the prdsentiinventivheare obtaihed2a njorepartianlesdesaription of the

o Bispans st brih iR aEH Ahais witfre tehgéred bk Retpisnoe to specific

Fl Gmb&dilnen® (REESHRGIch\Re Mlu@t%t@cﬂ irethk la@écﬁnlﬁh?ﬁg@mﬁlgk
of the accelerator of FIG 1 in accordance wth sone

enbodéemsiendisg itifat these firaydngs depict prig typicalsmbodimaentaed the invention

c o 5p Bl e | EBCGOBRR S Ehibherr B ol e Wbl Wi be

S e@és)cﬂl%ﬂ and ﬁpﬂa@ied&vMﬁﬁdc&ﬁdnﬁm spcifidit aft de@ilnBrowal he use of the
el ectron accelerator of FIG 1, particularly showi ng a

f i dacqmpeRYIng gravviegs iMavhiel a ring shape structure in
accor daﬂf@ m téhs ggﬁl%&%g V& %'[‘ngieqp&ta stﬁI tlﬁ%\% Ye electron

i nvention; a sc Cross sec
of ac&elbﬁd’tbﬂhia@dfbrdzfmd‘e hﬁt}sioa{mlamlg)dmmﬁs of thetinvaemtion;
accelerator_of FIG particularly show ng a

i eld
step cofl¢of IIWéWtﬁi;alh?Peégﬂ SYidrLiBs accelerater of 1.5 i accordance
acqahebAklABoMidof e BERIAANCE Wi th al ternative

odi nents o e Invention, "FIG 7 is a schematic
cross SEIGI disa peripevtivd view\odnifield giep odnttoh ef Hicancklergtor of FIG. 1

wave el ect ron, accel er r of FEI.G, 1, particularly
s hBVACRgrdangs; witlysaipe, gefﬁ{nFB'ﬁS Wﬁ&ﬁlﬁ&enﬁﬁgnl arged central

e 19 A 0 o

i | hagslteraion ofFl&hds her i dealized energy field envel op

that c APNG. 5 is a schematic cross sectional view of a variation of the standing wave
electron accelerator of FIG. 1, particularly showing a field step control having a ring
shape structure in accordance with alternative embodiments of the invention;

FIG. 6 is a schematic cross sectional view of a variation of the standing wave
electron accelerator of FIG. 1, particularly showing a field step control having an
enlarged nose in an accelerating cavity in accordance with alternative embodiments of
th¢ invention;

FIG. 7 is a schematic cross sectional view of a variation of the standing wave

electron accelerator of FIG. 1, particularly showing a field step control having an



be created using field step controls. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Vari ous
weredsaeizent s of the present invention are descPCDEs2004/043235
hereinafter with reference to the figures. It should
be noted that the figures are not drawn to scale and
t hatlamged wemta bofim sperturain sicordance with altemaiica ¢robragliments of the
represented by |ike reference nunerals throughout the
fi geron;@pdshoul d al so be noted that the figures are
only i nggadgek 4 GiabAd MnbtddtRgtaR6heeRIGAliRMI At g9 fficld envelop that can
specific enbodi nents of the invention, and are not
i nbensettdasingrfiebkstepiseritiods. descri pti on of the invention
or as a limtation on the scope of the invention. In
addition, an illustrated enbodi nrent need not have all
5 t he DBEPAJLED DESURIPAFON OF THEE FREFERREINEMBODIMENTS
aspect or an advantage described in conjunction with ﬁl i
par t i culVariouheBbedmshts of themesspbibyartionfye Aesched Rergigatter with
e . it ed .
or CRRRL fond LEbE e BE 1 R o FE g ROt 2t ltwn to scalo and
i nenticprnB\oEBinilar BRtctares ot funstiom ard représénted biydika reference

schematic_axi al sectional_vjew, o char.ged particle
st BRAPTY theapehawidhs églg%rlt if@("éﬁirﬁ{:?a 3? H@teérg%&ﬁ rgs e only
Che.i b p . :

10 o BYERL R ASERRIPY Sk SARARR o Btion, e
chabnintthded s eximgstivt idestripyion ofifhledaventisnnnat a Lunitatioreen the

(electr ghetic cavitjes) 16 between the first. a

S BB CEASR Yo 1 i) aBrNGhe eRpodirastir fldevgall te
pl H;gfé 1{8_ 2@ an®RePbf A8 1RRALSS stfokwn. EAR Rspebt MinClIvh@Y sd\@kscribed in
a coupling cavity 20 that couples to two adjacent

c avonjiegiondvitinparticelet enbadimentofahsprebeind invientaereisgpt necessarily

SWi.t C 0,.and deld step.contr.ol.100. The standin

15 v it B GBodiingn ardsph oF Bipchifed oy o€ SFLREmAR of the
debiodetgalvdvoR PGt Q¥EELIEAHESE at a frequency near
Its resonant frequency, for exanple, between 1000 MHz

and 20 &Hg, 1 awisoremetippeiplseatitngl visst afcethapdpagirde Sagbng wave

oL GRS o PSSR 85 OFRE! 19 aBE s 1o

POWEHpAEYs Qhaif BB AV hhvyind B firfie@fl F0 AbsatomhendT4, talié a chain of
cavities al o_n%it he chain, through an opening 15,

20 s oRlscleoragrioties sﬁqouplf:é revantaenitic (lertiozagaeif @etyrtéeg)n%beﬁveen
as (R CH e 720 Pl Fentp R 10T gIRTHAE « el of

COoBbupHnlcibdgied N 1 Ogaeh af ivithdfavingra cwiuplivy eavity@0dRat coigles to two

automati c frequency control hel ps the m crowaye urce
(ordiperat pevities Loer Bhecseelpipfard Orakko e @ Fastgy sy gy 80 and a field step

r e30nAIG80 0% nd %ﬁﬁ(ﬁﬂﬁ%%gea t@éebr?feﬁtef 10 Rl xB8& ByPRicrbf AdSovier

frequency error.
25  delivered by a microwave source at a frequency near its resonant frequency, for

example, between 1000 MHz and 20 GHz, and more preferably, between 2800 and
3000 MHz. The microwave source can be a Magnetron or a Klystron, both of which
are known in the art. The power enters one cavity 16, preferably one of the cavities
along the chain, through an opening 15.

30 In some embodiments, the accelerator 10 is configured to be operated with an
automatic frequency control, such as that described in U.S. Patent No. 3,820,035, for

controlling an operation of a microwave source. The automatic frequency conirol
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No. 3,820,035 is expressly incorporated by reference
herein. Alternatively, or additionally, a control,

W@ als/oes5e hat di sclosed in U S. Patent No. 3, 7RAT/BSR04/043235

10

15

20

30

can be provided to provide feedback to the m crowave
source (e.g., a Magnetron) by deflecting sone of the
r ehdlpcthe dnistoyrayk sg@ne (cattlaajREylriwhw) datsoeinerthe anceleatomlfbresonance

NobY 4 Hopunan Fromipnid el P ERI PRy DLyl e™
heN%' 0820, 035 P%@Q?@ﬁd@%ﬂrﬁed b eerérhte Hdeidl AlhgndRely, or

70 adjacent to’the gun source_14 can include one

or addnmmaﬂigrmu canitol rukle ss thabdisdesednn U S;rPa‘cemﬁ Nov 174,592, can be

nol ecu | ow, c a known

C i die provpe BAdhaEk RS midviala SR e 4 Mhefitom o)

t U&éﬂ&uﬁg Q&né BPthe TOMWME] Saal b&érdted By thecOdlEr@for 40! dRCRnding it
of the wall 44 for conpensating the detuning fromthe

pubgekduto th@nn@rowuh@scumm g Sr Patgntd¥c 3pbl 43is sxprassdigincorporated
44 as a single unit. Alternatively, the

tuﬁ%ﬁ“???@%?%& the wall 44 can be manuf act ured

separ at g ome@dbédigeniasaewalied dfagenbi@rbodN79adjdcontso e gun
enbodi nents, the accel erator 10 can further i nclude a

coBEee) hean inglude oneson Rake IMEEYUL Beles (Rotishavn)HQE SRProNRe
4 4%%%(135% ﬂog) cso[ﬁﬁﬁ& c%t ast 1@ ?nd)\% ﬁ{ ﬂhg rartf 3f §u<ﬁ‘1f cats&e tﬁ@clzelerator 10
. e cop e functrons to termnate and sha

t hearefu@tr 1I1161ufib alnﬁnng)ﬂng (@t sisEvn)aebirad tr arbi@semot Elmﬁefce of the wall
electrons is injected intQ the accel erator

.a .
o EreRBRaRSAEnE ke i e fhe BupR oft holps fh %lgmgﬁalg can be
ti I
Thea%ea&?%%ﬂwééggﬂyﬁﬁf%ﬁg%Qﬁé$ﬁggtAQ%Q%?X% 7%Mtéﬁg%nngandﬂm
acoellddatnbe ir(hnhfacmnéd:dfepeﬂaml:y rand ﬂlearaesemai:ﬂeiltogdthan dAlso, in some

PTG, 6 AFEE N8 CERBE Pelr s ARPBHE Pl Sich os that
fugidiEhe PO ge PAkRNo AT g, §2ud &sﬂc‘iseﬁ tﬂ?th‘é"lﬁ%ﬁbﬂ facé b?ﬂh@ wall 44,

in the second section 78 (1.é., downstream can

adfhs txmj)ebplatmﬁanamomrto O iage Emﬂahgye mele@trl@@eld& nc e

t he format.ion of electron unches fram a

ot | uDHEng B e cbeniRo Rt 1 et il dhacpgletor 10 by
the c&%ﬁh@ﬁﬁte%ctrég wh BSur S NE Rt fifs@Bnd$2. AaTEOBIH $HEMAY be either
and/ or optim zed tﬁere and not degraded by the varying

ac cmtmmaus mgnﬂ$eél dThiepearhd 2 passss threwah & fiest secgon 76 10f éhe accelerator

SR BB ok s iR e B B TPy i geeion 78 o
meﬁi% a%’él&ldforqmﬂ{di@ﬂle%ﬁhﬂm el&%oﬁ@él*erfﬁﬁhérra@célmteal: Amplitude of
power input (which changes the electric field in the

f i ﬂ@telem@lc §elddn thessseeridrsetions]8 (18), downsirean cande ggjusted by
5o eggfﬁatl%ne 1%%% ﬁﬁe?g? Q%gale 80,L @%ce {hg %ﬁﬁactlo]}l'o?lefécf%g% Hﬂr?ches from an

he can op
initial continuous beam takes place in the first section 76 of the accelerator 10, the

bunching can be accomplished and/or optimized there and not degraded by the
varying accelerating field in the output cavities 16 of the second section 78. The
spread of energies in the output beam is thus made independent of the varying mean
output electron energy. By controlling the RF power input (which changes the
electric field in the first and second sections 76, 78), and the energy switch 80 (which
changes the electric field in the second section 78), one can optimize spectrum of

energies and maintain stable charging (or filling) of the accelerator 10.
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energi es and maintain stable charging (or filling) of
the accelerator 10.The field step control 100 provides

wa2@kaegs in the electric field (e.g., a steppedi/Ubmod)43235
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to decrease the range of field variation associ ated

wi th operation of the energy switch 80. This use of

field sn“b@ﬂglagt@rcoﬁfrbbmo wbvidesa cemign in thepachid Geld (ok., a

resonant . npdes of the accel or .10, so tha .

opt et T dotesiedi EAr of Eu3hriin Sehena ad oppyagon of the
ﬁe{fl\#}psv(fl %uéd ST HJF' uée S | ht\é}? hs &1 @Rlce oPddesihisheparations of
al f ng the accel erator 0 generate an x-ray beam
teisomnvmbdes ofithg ecmeretpet@yso nlmtengp@mdmﬂangmfrhwr@ygles can

ea I n. sqone. ebodi nen

B Bt SRR B ol Bt BB AR e
be%@eﬁ?é{bﬁﬂ) t%rgeﬁ&%fegéh A %@eaﬁnﬁﬁﬁh b #R@R FadeNenergy levels and
approxinmately 4 to 2 In the illustrated

enboafimmenensrgy speedd. dncsom: @mb@émqntﬂ thegfield step gemirald 00 enables the
furth he bea
swhEE I%Wmﬁyw&epgra o 17 Faé'n ;\&E’j glcge%tentg%%’ I%iggé%{e%? s from
SWhi rbxiBltel N4 8 RO MW elrvthe (INBirhice kibsdidients) M fdld 1@@ control 100
can be | ocated at ot her géfrgt i ons, such as between the

@

betsrtoeatest tethgmaveaitfremdh §OUEGH k4 ﬂhalsthe e@ﬁrgymméﬁo and is

SSRGS I SHERGEH BT 1S BBl 1o

Af tarbdietdied acsRérgiosttds, shtleadinanechahs bedrk esurae 14 andithe energy
target 32. The target 32 pmay be a vacuum w n

meswitch &), gr @ﬁ’&h@g ﬁOWBStfqaﬁh@‘Pﬁltthft ey SEighgits CLt?rﬁe’?d step control
pa t

DRI Lo Rl P APy 2hE AR (o 1
t agtgibs Ax-rdyntatiecB2. cﬁh@&rgdt BE niayrtgeat vadRumaniniew lof awta dhin
renotely fromthe accel erator ILn.the.illustr

rrB‘éRﬂghfé‘h transngif e @&rp%#a@ﬁ%‘ﬁeci’rreg\%ltm 85 §epite I Alfernative
Egdﬂfneﬁga@l% A1 d 0! fl b APES & ‘ﬁﬂ:tlﬁcﬁzl thO BR3P b'ﬁéhscaggs the

permt passage o he beam 12." The nain body 70
defargntﬁg chinbe m;utemremotbfy fiers thmawelemtorck(oss sect i onal

the Re Do alistaisdprabaiiehts gho ded i matets SRRy e Bughm
di gensd QRhAM éﬁ%éﬁ?ﬂaﬁﬁéﬁnﬁ&ﬁé@t‘uréﬂ7@v}ﬁcﬁ pélﬁnppa%s;ige ok beam 12.

the beam aperture 17 has a cross sectional dinension
apffhe malmbceiyy7 Oedpfiming the 0adtied 16 ms@n@Rtdr crosk sestional difjension

wePPREOE e, et o ety & R RE OB A s o

0. Broks §Rtifna? dﬁméﬁ%‘ioﬂ J})gr&élhhiel}e@u&ﬁtotmk tR09 )Q@:h&\/ﬁ%rbeam aperture
t he beam source the energy switch 80, and the

di 47 hacectost m@nnaéd}m@@mn apardximatelt equaliarAeN i 07 X Also, in

¢ it et o PRERE B efimbohdagy lipdeafv Yt Bkt he

al t&ifies 1616 apploREhATEIRION A\ td@ 5 vt theeavilibs 16 fat are between the
apertures 17, and other conponents of the accel erator
10 bez sougoe 14 andihe shenge swila rand the distance between adjacent walls

that separate the cavities 16 is approximately 0.5 A for the cavities 16 that are to the

right of the energy switch 80. In alternative embodiments, the cavities 16, the
apertures 17, and othet components of the accelerator 10 can have other shapes and/or
dimensions. In some embodiments, the dimensions and/or spacing of the cavities 16
in the first section 76 are configured to improve capture, bunching, and phasing of

electrons. In the illustrated embodiments, the apertures 17 each has a substantially
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di mrensi ons. I n sonme enbodi nents, the di nensions and/or

spacing of the cavities 16 in the first section 76 are
wa@omsiogizsed to i nprove capture, bunching, and POEEB2004/043235

of electrons. In the illustrated enbodi nents, the

apertures 17 each has a substantiall yuniformcross

s entifarm créés sectiat. | Akémativelys tapapetrtureel 7ithat inatjacent to the beam

adj acent to .the beam source 14 can have a varyi.ng "

ct TS M GRS e e BROE S pE LA gt B el RIPHIGY Ty gavities 16

6 RESLAY ARV Y Pl %ﬁn@ﬁ@de@‘@ loRBpthasRs cdifigiratfit inrd&do improve
co flguratlon in order to inprove efficiency of
i neficenty ofiintdradtive ofitles mmwa\fycm@rer andjclertset besm. bEagreavities 16

Thec vities re eI et| upl ed

5 ¢ opsesromrEnEay FaE bR R ABaER Rt cosBRHE ks 20, cach of
Whizhithiis B¢atlo mélad t:ntt gir 36 EAGES 1 IR dn @fening 22. In the
caV|t|elsc%gﬂl&i aﬁ ogenlnﬁzez Blﬁ t he |Iludg?rat§fj s

entibwdirated ﬁmbO@amntsoﬁaOhWé ﬂmmmmg 22 hanarectangsler alinpg) and has 2
f .
OB PR PR B AL VR et AR AR g Bofening 2

Ot @Y havB JARS sidpes e VRIS s, Tﬂtwccmpuﬂg tOGtieDO dre eésoﬁﬁht at the

are resonant at the sane freguency as the accelerating
10 ¢ asAmq BeTUPBCHMFhEGooRTalTeE ilics 1Gand dp Ml igieaaet path thg beam 12,

t hﬁq fhl llllﬁ?sﬁljé g%%b%pﬁ?%tm c%uﬁﬁgfcm%gl rbge Sﬁy*lﬁfdﬁﬁal?sﬂape with a

are or rica ape Wt air o
pr paieef mﬁglyc}ﬁﬂjéuﬁﬁg v&@aﬁm@a«mbg&y compibdados&@ Qés AXérnatively, the

Al ternatively, the coupling cavitjes _20 can have other
s heywding saviiend( @"WTIWFS glﬂ? WJeQﬂE‘@EWIBFS excitation
i's suchp
resonamé@%’e%%ﬁiy 5P8tdtalin BN 8 1 HAATLUBRY i wave
15 cotbhange oathialy2 2eianphdsh ehifdjetvesenteaelc caiptingcavity 20 and the
cavity 16. Thus, there is a radi an shift between

ad P@@@m acselesitimg sevitg L @ alhys, teres a m@élaﬁ/shlfhb@yeﬁagdj acent

d f.est o
XS ALIANALES ThR il e iR B gl
acgé dembalbk YessXmit %Quen%ffﬁ%m Mﬂj&&nﬁ Hl%déJWh1Bh n$i Htr&pa%ﬁid)éntally
|¥| nated, there are very s el ectr omagne?

f | @tocdtgm Alsoowpbm Hip ahainiis pweﬂm tqmma’q@l pimmarew@sx@rgali n

Se noni n i vitie The fi.r
20 | SRS iR R b SRS hpwer Riieh it HesShSh-
haiﬂt&@ctﬁfg%ahﬂﬂeé arfsrddll. ITHeGTrktQind @Y béasletfting davities @6 and 28 are
course understood that, in alternative enbodi nents,

t héhOtWéTEm h@amgc,cmrhai@ ap@nteper %ﬁgﬁy dachH ipef eoursq mnd@éﬁwwhat in

o R Ry A6t SRS BREARAP A o covtyor oy

f r PEtiSRDBE Q cuawel E‘l'egs}pﬁcmg Betirleati a@iel%@zttfngl’tﬁivme@ ¢6 & #oadlone-half of
in one cavity arrive at the next accel erating

25 ca® iflwspweﬂwﬁlensnhagceth%ﬂa@tr% ageelarpied i eRERAILY 15|veﬂ1dlmve at
fo [
gL kgL 5t e ARl B i or
soadliesiad déoetenition. Misdmaivelyh theawcelbrating cavgtiesald dandmva 6ther
and npst of the

spacing. In some embodlments most of the accelerating cavities 16 and most of the

coupling cavities 20 are similar such that the fields in most of the accelerating cavities
30 16 are substantially the same. Alternatively, the accelerating cavities 16 and/or the

coupling cavities 20 can have other configurations such that the fields in some of the

cavities 16 are different.



coupling cavities 20 are simlar such that the fields
in nost of the accelerating cavities 16 are

waewshens? al |y the same. Alternatively, the  PCT/US2004/043235
accel erating cavities 16 and/or the coupling cavities
20 can have other configurations such that the fields
i n somelahe ilhatra@d iembedinidhts the fitst feetianT (ire., the"‘buncher” section)
illustrated enmbodiments, the fir sectign 76 (i.g. . ..
 Hess oL Bsrsies S Ghg seherd Setip 78 g e feraing > ssgion) of the
segonf . Sectd 9R 2782 Chvifies 16.MBowas: &the k@ pe theSiBGéntRM)should not
of "t'he accel erator 10 ﬁas 2-1/2 cavities 16. However,

t hige sclpitedf Attbraativelg reactoof thhsedtions 36, 18eofdhe adcalerater, 10 can have
Al ternatively, .each the sections 7 78 of th .

5 cuB WS of WYt s CRTyEIR sare stodipte s it pegfion 76 of
eXAERL Elerhidr 36 WBn BNRAE|HENbSonidpBctid Evitie8 6] aithé Bed¥nd section
the accelerator 10 can have seven el ectromagnetic
ca¥8 of the ad@]eratod 16 ban kave dwenty staciromaggtisfcayiies 16.

accel er r,a10 c have t ty,ekectro net i .
oCe el PG S B MR YO LA HAGTRIBR AR sporgppee vin
acERh CERbQTimERks lof HRGAPSHBAC Thwehdt gﬁ eWRcle8® dhominedtood
the invention. The energy switch 80 is nounted to a_.
10 cy¢ylindricdlaupshapesthods §0bevipgsoatiiy 3hgndar aRanise 3l agdh dncludes a
an_openin 1, .and.incl ud i , : .
2o RE b sty BEOHARS: £ BRE0E0: AOBERR surounding o
S Uleh @ Watti oTthebrobe86.t TRacHoke 58 tifie dputib quarter-wiive chblokeonfigured to
58 is a double quarter-wave choke confi gured égp, )
f afrcilitata trengmissieRPERigh suBentirgmddhe prsing:y bbn finctgning as an
openi 5 >t [ o ' .
PO RAAIRL] SR RSy DEREAERER: Ths by S g
15 boghyth®thairsbédyt Ardfete heveteeont) suchalht thidcavity BHés coupled to

accel erator /10 such that the cavit 4 is_coupled to
adpdiaeent cavaiast ioBropeh reRPeitN OP@%IB%%%%%\%Q ety Syich 80 also
40, ' . i - ' .
T 955 Bt B0y 00 EoRLREL BB s s i
nosgsbdleltbfac erthaipxeddixidly iftadks cavityt3de Xiherbddy R0 ahd yhe noses
into the cavity 34, The body 50.and the noses 54 are
i i Pt th Ry 22 And eSS s eIy T soie
Pr & i ideldAQitPAY bintd 3 Hotshme fr

20 sw&%ﬁgﬁ&eig{e)sifsaﬂg-e gi@%ﬁ?@i%l%%%ﬁdg thg@gane fr equesnc§ edneney
asasare theethet doaplicgeryitias@0c Suich casbogcodplishedafor lgsample, by

acconpl i shed, for exanple, .hy varyi a di ageter gr .

cr S%YQP%%}PIBWSF Old‘?rﬁ%srfgg%‘?{iab g%?eﬁ]él%rog %@e Iggﬁ%\giwﬁp% g]e probe 56 is

Pr 218ase gaﬂtiﬁlgfinsbﬁé{ﬁﬁltd)@kfchﬁw 4.1 ARGMhSEELY, ThOtinlify can be

cavity 34. ternatively, the tuning can be )

ac ecopiplishesibybyarying pepagatioadetuedndhe Besendé whendhapreba is not
2554.Wh n .tltwe grob %ﬁs not inserted into the cavity 34.

Thglsﬁ‘i BECCaVINGETt i oned such that it is offset from

a cent erhb biHe38 i@positihed@tdh Bk it ivoifseefrbml distertiad 59 of the

enbodi nents, the probe 56 is |ocated upstream of the
body 50. In the illustrated embodiments, the probe 56 is located upstream of the

center line 59 of the body 50. Alternatively, the probe 56 can be located downstream
of the center line 59. The probe 56 is preferably circular cylinder although it could
30  have other cross sectional shapes. In the illustrated embodiments, the probe 56 is
made from stainless steel, but can also be made from other materials. The probe 56
has a lumen 57 extending along its length. During use, cooling fluid can be delivered

into the lumen 57 (e.g., via another tube inserted coaxially into the lumen 57) for
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center line 59 of the body 50. Alternatively, the
probe 56 can be | ocated downstream of the center |ine
WG 20506R5pr obe 56 is preferably circul ar cyl i nPETF/US2004/043235
al though it could have other cross sectional shapes.
In the illustrated enbodi nents, the probe 56 is nade
f r conlsigaifthemsbs d@eln altsmative embbdimndns, thedwolbe Hrhastaesilid cross

T R Bl T L e B S e St oo

| NER thd8 bR SWhiCR efigage YherdTtReEprobs 86 td AGRhtEShd retract the
coaxially into the |umen 57) forcooling of the probe

56proba Saivwighoutmieolanégabdirfasencs, Thhmeshghem geotishewn) can comprise

solid cross section and does not % I N, e

5 of SR iR Eb RIS Rlcal P TRgld)” M ement of
MegR3NGHIF6 Whio gl tHEagemtinh & aflinga BELOWES 1D iwbikeh frbvides a vacuum
advance and retract the probe 56 w thout nechanica

. . |
i nsaal.f Preng ase, Heepameafingpessih funeionsis SRR Ingiesenstqsp.avd the probe

opes SpisEBg s ARLHRGHaRE BYRuEhTn i B IRiGRY tho probe 56
t hirfoI@fe dakiy Sacdistamasa betwekn tHegirbloans6 fild thebed3 Sarchungte s

a vacuum seal . During use, the pair of noses 54 )
10 f yperespAndiBely olisredH @ﬂ?ré%thafr@rgg?ﬂca%dﬁ Haichcgpelesgthe openings
fungt) . ' [ :
| nesAT oS Gl Ak SARAIRE! of e BN WD QrEARPRER (B switch
~di 86.ances between the probe 56 and the noses 54 change
correspondi ngly, thereby altering the nagnetic fields
whi ch cHuBPalots nokrd thgdhs tpe oS gvolrthatgnde Gralgysd Wi the
al b :
e e oo P, G SRS LRSI b RTely, and that
15 swhthehtypbsof sdtchbekmwl mytbel anvictrhalsd be asade By mears of@ondimiting

t il limted to t | di d
e Sen JoCdankot hARGE b 1o BB Eh L TRRGaon 352208
t hgn @l ©86202 af Be REUNEH, Pﬁ%nt'l@&@%ﬁoﬂqgadhkm\?&iitdlﬂggbggctﬁc

exanpl'es,” accel erator switches such as those descri _
i nfieldSin PecuplingNesity dy Bea1iRg8wantbbes 0B8e:lacte dismatehty provide

us U.S. Patent . 366, 021 ches. switehin .
o Sttt SpsteRie A A st Frea e S SRR i ARk agpigratine

20 Pr eR8EeLfU SePf6ihtatbsdb 368021, 43820008 hiitP4,dB86,192 eftexpressly
upstream and downstreamel ectric field coupling to .
adjnsomerated b refergn¢elpreiny Adsoe in aligrmtivegmbedingds, the energy switch
6, 3586, 021. 4 208 4 r .
e L e
et & thé IRsened gmbsdikdeals. Srtiamdie, dlhoagieenlfone energy

anot her position along the IeQ%;P of the accel erator
10switelsisshown in theprewdonsindaspripadeembqdimentatakigmatively, the
enmpodj r I . y one energy

25 STRRSIERE! Byoli b SiABAy bRy Shyonl ore
enbodi NMPNGS3 skdvwed patpectlyvietvhd thefieldgteptoontrdDl (ot the

have a plurality of ener swi t ches. y .
acceleraptor 10 ac%ordance Withgg/ome embodelments of the invention. The field step

control 100 includes a coupling body 110 having a first end 114, a second end 116,
and a cavity 112 between the first and the second ends 114, 116, and a structure 120.
30  The first end 114 of the body 110 is sealed, and the second end 116 is secured to the
structure 120. In the illustrated embodiments, the structure 120 is a portion of the
main body 70 of the accelerator 10 (i.e., a segment along the length of the accelerator
10). Alternatively, the structure 120 can be other part(s) of the accelerator 10, such as
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FIG 3 shows a perspective view of the field step
control 100 of the accelerator 10 in accordance with

wa@ oims/0esrbodi nents of the invention. The fiel d BCEPS2004/043235

control 100 includes a coupling body 110 having a
first end 114, a second end 116, and a cavity 112 )
bet wide wallndefiningspartaof therrdjaseriirstrongnaticaavities 16aiie goupling

structure 120. The firs nd 4..0f the body.110 is.

s bt T gt 1 re bbbty Reate P o € usteated
st EMBbdihRnik2fhe coliplitenddyl 1U8thadh esttiFbne siapat Altckdively, the
structure 120 is a portion of the nain body 70 of the

aceeipdingtbody 100 ¢an kave oshes skapsh encheIHIGUEAHOnS.SHght ps ®semi-circular

the accelerator. 10). Al ' . h - -
it Gerendtied Bhyph ShBe L Stientsy BTN oydf i

si genfitakdd tddial o iHrGapRiréonait ffdqaeryjaacieaiof the coupling bodies 21.
el ectromagnetic cavities 16, The coupli ngltgody 1101 s

si whe eeuplingbredy d b9 pan brympeyctored dogsthes suth the aiain bedy; /0.
| y : : .
BP0 DB i BOAPY) 9 B0 120 b

botkys gatOoftAs mai/eodyt 103 cats bageparatsig nmanfacyuediridohen assembled
such as a sem -circul ar shape, or a cylindrical shape.

10 | htoggther-enbodi ments, the coupling body 110 is

15

20

25

30

conf i guigd st %@g@oélmmmhﬁﬁaaﬂa&faé@#g@%@ﬁ%@g@j%ﬁé

of -the couplin Ies 21. The coupl | can
becormhufiectapaeitvelygotpled nodes h3§ bt sledwn olllG. 70for clarity purpose).

Al ternati , the couplin ody 110 and the, najn. bo.
70&5690%353%?\(&%‘? lengis t“?ﬁaglaP » 4 %FFtse?}Fe‘f f?em!ff’ﬁﬂoﬁ A watls of
bo : e f et

asgieé ﬁéﬁ%%@%g t h@i gﬁf@h@ﬁ theHRSY B8tddh By tbquiBBngths and/or

The“field step control 100 further
i nslapdein aAtepwitive embadingntsy syshapeiguragorsonidlrediogetficiency of the

ca itivel | ed . noses 13 ot. own in FIG 3
foﬁg@%@ﬁo\}‘&ﬁﬁﬂgﬁ% ?heﬁeﬁ °nYs §$§§%ra%gye equal |engths
and shapgshowth RIG. 368 sieP chA @100t idEuMe 4 SrsPbpening
the coupling body 110. Al though the noses 138 can have

un&Qfiand 4 sasgndhgpening K4 aflilgresondhensl tlgrafdhe caupling body 110. The
enmpodi nent s uch gonfiguratians w.ll,.r .
o1 PR pBREYS by B R pleOR el 1G5 S gt the stecromagneri
t hedvefiddr 1%, aid thelsescshddpehingDis Adafighewto toupt e ddvity DE2 to
field step control 100 also includes a first afenin

102nqihet of theceleritprensantinhepvities 14t ThreperegntiZe A4 haw fgfferent
th l,i . fi i na- i
conyTAPAgRR BB ihdtpicd M i BRUgRGnkR 1. y04 botn have

el aetahgagsiept C Hoelvtd, talibfatiaa dmbbéinsene) itk apeeinicn 02, 104 can

104 is configured to couple_the cayity 112 to anot her,

of haweeothar shiesniigh et A reulds thPRs anllintisal thaenmior gdrapespidal shape.
10 i i QT AL i : . d

S L0 Lo LI 6 ol i B e

r ecloadgpotioual shageionHhuiby darger] thamthae ofithe isve@nd opening 104. Such

enbodj ment s, _the openin 102, 104 _can .
configuration allows an%nvellorg 202 of2 electr?c ﬁel% to be created such that there is a

change of energy level (e.g., a step 400) at the position of the field step control 100
along the length of the accelerator 10 (FIG. 4). FIG. 4 also shows the actual electric
profile 404 associated with the envelép 402. Although the envelop 402 has a first
region 406 and a second region 408 that are approximately uniform (i.e., flat), in
alternative embodiments, either or both of the first and the second regions 406, 408

can be slopped. In the illustrated embodiments, both of the first and the second
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have ot her shapes, such as a circular shape, an
el liptical shape, or a trapezoidal shape. Also in the
WO kdosss282 ed enbodi ments, the first openi ng 102CT/BS2004/043235
| arger, or has a larger cross sectional dinension that
is larger, than that of the second opening 104. Such
c onpmgmgsahoﬂolﬂdalhavwwswdth efrf/@f dphea Gt opening 902 hes 4 length 132 of

| o0k ¥ BgE e phaigh VB RLTh BRI O e

St QﬁbSdlfHeh@ th%%st@in@@gcdnﬂ ®pbk&Agd 1020104 ben Reealthsrali®Ensions such
10 (FIG ). FIG 4 also shows the actual electric

p r Bfat p desipd fiwdbsiep aansble ganeratadh dt ghould spnofedthapfhetrenfgurations of

5, e&eeo%\éﬁlle}gg }(#;%OE%@ ng { Bc’et lﬁaﬁ&i[ fg)ncld%' : )? Q {;1%0 s%(é‘&’ pldekusly, and

f | &a} thelope@ht 1 OMBL0Y %alﬁﬁmcﬂtﬁ@ l@bﬁﬁglﬁhﬁ&iﬁr Fof eﬂ’@éiﬁ}ﬂe ah alternative
the first and the second regi ons 406, 408 can, be

s| eppediments, thedirst apgaing 402 gahaysdi Gressssctiongl Aingmsiondhat is

fi t 2,
0 by U 5, IECALEREOAAGE, A In 100 R e i i tep
, wanldl Hafre aSEprItdvmcﬁt&iﬁgﬂgitlﬂ)ﬂAFhﬂlSermote; g aleri@ eafmiddBitents, the
I.n alternative enbodlnenﬁ i F first and:égcond _
10 opéfﬁt ABENng D02 qagvhayvg g shared %ttlﬁélff e ERE bakokthe geqond opening
a ?§§I red field step can be generated. It should be
noted that the configurations of the openings 102, 104
shoul d b fibld stéprdG0guatefecablhbasexaagiitdd ssahuthstech energy level E2 to

Vi ousl that th eni n 102, .104 can
SeE Y g SRl 16m onties 1 0 RmBrRenp el 1oy QBT o 2 times, and
enﬁﬁ@é Fetr§oly,t hedi. Fs%ﬁnéapﬁﬂéﬂég%yll%lcmo Raverdr Efe%fd 1 step control
secti o dimension that is snaller than that of

15 s etoh dHowewrng alterhativeermbediments cibe fiekesterp4Q() @andgwé péied

FURBRERIHSE oA T SeD SRAAY P 'O TS Spttdo yayd provide
0 p%&é"ﬁaﬂiﬁ% €8N 1R URerfershRRB e td Rlterh&tich dffa@f08Mt rﬁé&@) than a field
that of thé second opening 104. The field step 4

pr sitp ciadsgy ratieghat isralyaé toudl elewetert haeld aﬁ:p@nelrggyatu@x/@dat is close to

E2.to0 e right of the field st caont.r ol

appre o°>‘<‘ﬁ ‘Xg '%&F%%Pefaé r?é‘%f %‘Pgiﬁ "‘i“f‘?ﬁ?é%ge %%G&GF% Igvels) than a
20 Pr GERIstp dhergd - ratid thalisTldde1®$. AdMhoBEIEIHG il EMED ccﬁitrdl QOO has an

the left of the field step control 100. However,

al effeqh af reduciagisensiraion etweanaesananidnedespit atiowe the emaxgéf switch 80

o BB MRS ol ol By 15, SRR by iy

| efigerhdtionk betweea adidtent ibde)t Eliia &t luempividedjadecdder bandwidth for
nodes) than a field step energy ratio that is close to

2. thasgeslerator A0 3llovang themoesirplyy 10 &9 sencrate Kaey beanay with a broader
25 EVI.O %Pé&r& g%lg gn@nﬁllﬁ%ug @@L%&ﬂ“ ﬁ%lep%@ %fnb(ahm?errts fhe field

range of "ener gy a ener gy
r atep cortall 108 altbws thetamelera’uélr ] 0 mlgdfnetdnexfraﬁbehmi legying an energy
control 100 h an effec cing separatio
beleEkHat TaagsA A i 59 omﬁéaﬁe%ugs QO gEpliogran

provide seven different energy levels (1.e., 4,6,8,10, 15, 18, and 20 MeV) with
appropriate filters and/or targets. In other embodiments, the field step control 100
30  allows the accelerator 10 to generate x-ray beams in both the keV and MeV energy
levels.
Thus there has been provided an accelerator in which the beam energy can be

switched to a plurality of levels using a field step control and an energy switch. The
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to operate in a w der range of energy |levels wthout
significantly increasing interactions between adjacent

woR@es6s2¥hi s in turn provides a broader bandw BECTUSZIN4/043235
the accelerator 10, allowi ng the accelerator 10 to

generate x-ray beans with a broader range of energy
| evieldsstemepntioh il s aceplerstor tsa@hlewa aé?@ cehtivgeneptinized

the fi Id st conira el.erato
to oagr ?réall 8t Eﬁlrt cL ml7F|C9 oﬁ&lrllt?oglgl £ gy [éqm pﬁovlﬁ)es a broader
I aReEEy O’y ﬂlel\&Velkﬁt&OaIan ihfé 2B EdIBrafon $& gene'ﬁété R-ray beams with a

configuration can provide seven different energy
| eveder rengecof engrgydeveds andgninygum pgergy saread MeV) wit h

:ﬁ,gggﬂrgta%gul liglztn%?f?‘ gtdééc? erp(feg%%férﬁ‘ m&t@&% %ﬁ‘ﬁ also I%%lésed to create
ac gieldedtet for sdfdrdtiongdnesoaint nodesy FDGa8rshaws dfield stdpesoh&M 500 in

and MV enert&;l | evel s. Thus there has been(ﬁ)row ded an
ac éeqoadasce Mithpligrative embodimenisof dregpventionp dniike tamBeld step

I f
g 08 bt el crpinl 30 ks Bol hRlene b EN Rl 02, 104.
ac tebehabss, tltedieid biiep ¢enteol 58D dumddels ehammhﬁ@bodhy 2Rdt least a
peratian stability and gptim perational ran
10 7hpartion Spi‘ro.ﬁ thermadin gy 20 cine ﬁ.ﬁ%e&tf}g 1S pggatred (0 2
ac I
R S 508 R BB ECHRSG, S0P E9Rfh Giog has an offec
m of lweriep éreggnesgyr @eld at Ihb ledatioh df the fietd #ep tdratol SOOeThe ring 502

d | dt
ot b roraddpdRigmh BF G auB A HBaEe etk alipmately, the
fi ghgl 562 aRd gRMViBIngIPA S0 &ﬁ%@%ﬁﬁ?ﬂ%’t@l}r\%&{ht‘éﬁtﬁﬁﬂ RAY R

enbodi nents of the invention ke“the field step
15 conssewmbleddogethdre Thi etass s¢c@pnai@meraod sb® dfegwriiat ofthe eing 502

St ot DS P B30T B it e sty 5556 o 8 igld ephhaving

| edgdired cﬁﬂﬁétbﬁﬁmﬂil wRefcrdabl. MRk 1lll€i§ii/atgd3®m§&ﬁm%nfs| A8 cross
502. The ring 502 is secured to a dividing wal | 504

t h gqcug@qjé]a@negg aamrg@eﬁﬁ the sipp ©02 hasisrecngnlar shape, but can have other

BRI 0 855 bl LS BB Bt e
20 Th eldistg oaRoLs00 k@ indlndy zﬁ@dcdﬁ@ﬂng\fsédﬁrddft@ afliopp6ifRGide of the
wal| 504 as a single unit. Alternatively, the ring 502
andividias walliS8#y toan rdseant waH 306. Sepripaembgdiments, a plurality of
T 30 I, S i 18 g pcion 7
andf thbace¥eratat 10.98actedonyigoifatibh erebiieB gn st gapeofile that is similar to
ured such that a field step having.a desire
ﬁ*«ab%w 13HIG- dadupgergiuatia altemﬁtﬂferréandnragmﬁ,dmtaad of aring, the
2 ST e 0 5958, BEGHRlADR  Al
ot berfigatwipas s@aradebthd divalingewaldb0d.e enbodi nents. Al so,

[ |t tjve enbo nts, the . . .
'nha eE‘P& (E ghows ano&e%eltdsstep control 600 in accordance with alternative

embodiments of the invention. The field step control 600 includes the coupling body
21, at least a portion 601 of the main body 70, and an enlarged nose 602 secured to a
30  dividing wall 604 that separates the adjacent cavities 16. The nose 602 can have a
variety of shapes, such as a circular shape, an elliptical shape, a rectangular shape, or
other customized shape. The shape and size of the nose 602 is configured such that a

field step having a desired characteristic can be created. Although only one enlarged
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field step control 500 can include a second ring

secured to an opposite side of the dividing wall 504,
worots0688 adj acent wall 506. In some enbodi menP&T/US2004/043235

plurality of rings 502 can be secured to the dividing

wal I's of the cavities 16 at the first section 76 of

t heosec®iid) ie shavor, il eltersaiéve esehotingentathorcelestor) em have a plurality

ene file ) n

o SEehleRed hiieS S0Pt s fust b Dl aRpb AR SRR B eleycltihetgr 10
a ring, FMiGe7khevsattieR feahiteptondd070@h dcastddes With @lternative
structure(s) having other shapes and/ or confl urations

seé@b@@me@t&qféhfdwmﬁmg Vgl fieldgap cqntrgl 7 s freoragphing body
TR SIS R A8 AT

60Qividing Wiﬂg 0t hileat @epm)htemme adgyen? tavitits 1 @ aBittha 11D13fr§1ﬂe@ n
601 of _the main body 70, and, an enl arged nos

s eEPedimestsythgi avplamﬁa Ogdips a ew lanshapesapkis 5¢ éts:vqlzh @rger than the
adj

of bgéﬁg E%erﬁéés@ufgh e%saqtgmg ﬁ?%ﬁ ar s % t‘ﬁ@ %él‘ﬁ?{-? 7e XEH *ﬁ)teyother
shalmpes, and ean barcpldtavelysdmagiter than tltIH limcam apwmlmm lﬂe (Tlmrsmeemd shape

10 { i 8 Sprrai 707 5 comamicd SHI00e: § B rmmvingd desred gapfacteristi
be gl l%"ér@&ed A {300 ePHiYe Soﬁﬁieﬁfs ﬁg%@&ﬁe@% 10%an have a

shown, in alternative errbo I ments, accel erator 10
c aplumaht}e ofithelfieldstep yordfoleTdRlogaed siosks posiRioas aloef et leugth of
Iogﬁtioqs @#ﬁ@g the length of the accelerator 10. FIG

r field step control 700 in accordance

W th al hehbadH the a8 io B0 his lSéfende&rib@c\I emhl @férenEe €0 one field step
field step control 700 includes the coupling body 21,

15 at condepd 1 0@, the)saope ef t@invdntiph ehcméd nolth@obp lingitedarld adfctvatine

2 PEhbaifefre et aeR st G offaliny/ ol Bep sentrals fay

n@@@tmgtd%suémelara@pcs I Bor/d}4mipas irfsdphd &ﬁb@ﬁn@ﬂ@p@pmmlty of
is relatively |arger t an the beam apertures 17,

al fieldstepiopatrelyised premployed Hecrage latSQI’riQaS oAdield @tﬂpﬂw@v@ 8). Also, in

gégb%ﬁ a%g? i nlcﬂlb%@ %{?sﬂalggtog g&) ggﬁ{ d1¥181:1ﬁ1&% éﬁ%gll flhreetthég% Fﬁeg rcgntrols 100
20 70Rithih thefitst geviied 7Bothadidvent the bedh dote P4, fov gdi@raing desired field

desi red characteristic can be created. Al so; in

al $'%8Pat i ve enbodi nents, the accel erator 10 can have a

pl urali t

oLl | et ) AR O0E 60100 BB Bbeon shovn

10andﬂddshmfgh1tl\hﬁ beamdéretoat diat Qs hasmbﬁ&d e Bt tltbqﬂesent

wth reference one i | d step con 100, e ) )

sclyentins i ihemiared gw gﬁwn@ Hiskit yal E% opyigyy @&ﬂoqeﬁkﬂled in the
25 al {,ef f"{féﬁ’ F%PB%% gﬁ@hl%dlﬁcgﬁorﬁcrﬁ%i L AheL wﬁﬂoﬁ%p%ﬁg fdm the

pl ura |ty 0 step control's “for generating

desinexhdfscepadofshe pfesgnt ifRe@ntiensafileaspedificammeand drawings are,

enbodi ents, .a plural.ity.of . -
aCCOI‘CHI?griY, to be rggarée% m a}ll 11?ustrat1ve rather than restrictive sense. The present

inventions are intended to cover alternatives, modifications, and equivalents, which
may be included within the spirit and scope of the present inventions as defined by the

30 claims.

-14-



field step controls can be enployed to create a series
of field steps (FIG 8). Also, in sone enbodi nents,

wo b@sacesd erat or 10 can include one or nore fiPkRPCTUS108H043235

5

controls 100 within the first section 76, or adjacent
t he beam source 14, for generating desired field

steps. Although particul ar e6€bdadMfents of the present
i nyent i ons, have been shown and described, it will be

0
un&%@%f%%ﬂm% at it is not intended to linit the
Present AWenklaiSol ScbiReuiRg aipafticishab edhiprishg; and
i

t wll be obvious to those skilled in the art that K
var i ous aciwanhedy havdngrogluiilisaof elagirareaenisiic paidiéesdouplsdin series;

departing. fromthe spirit a cope of th resent

vent | BrsstoobinEitaer o CidE G Dhichig R FE5R b e

ac eRe@bASENtic cAviles hedahdeftsi dpeding ddidtanathiey 8f thelehRfromagnetic
than restrictive sense. The present inventions are

i neatdesdthrangbaseeonsl apsning: Whersin the drst ppeningard thgsecond opening
eq ivq% ts | ch na% bg included within the spirit

and?¥¢ gtgre&t ¢ guﬁalllgg % nventions as defined by the

cl ai ms. Glohir B cWidictil & clagitiiel codpledioss sedueédiomidd Wills of the

accel erating a particle bea conprising: a main body
10 hafirss gogplmgﬂqodm wherem the pair g%wg%we@qégvmtb% coupl ed

15

20

25

in series; a first coupling body having a first side
cavity coupled to one of the electromagnetic cavities )
t h2ough The hieeeratopefi¢laign 1.aweerein thmBrshependig austhe second opening

electr netic caviti t hrough a second openi ng,
wh g?veel ﬁ%’%ﬁ?ﬁo?ﬁecgﬁ%ﬁ% Iﬁﬁ%enghog@.t he second openi ng have

di fferent configurations; and a pair of conductive

capaci tiyel oupl ed .noses secured.to side lls of .
ChaTi + JheathelitiReSERGE EopaFER AT et pliri et 5 s€ond opening
haygyefp@lent 608 RStiorl siidpes.accel erator of claim 1,

wherein the first opening and the second openi hg have

di fferent cross sectional dinmensions. 3. The

acgel er gheb QlerftofbfR1dim WPELER thd Brst bphinRRN MGt B8 sectional
t he’ second openi ng have different cross sectional _
sharesthe 4ecofil @peting hey asaopndErosy sectional awlaeqnsi the ffing cross sectional

first .opening S fir Cross ctional area, the

C oih i e s a2 o 0% nepet i et n el Shtahd e
the first cross sectional area is approxinmately 5%to
20% | arger than the_seco cyoss sectional area. 5.
Tha: accaheasseltagr °%¢1M,%9ﬂ5?5r09ﬂ@m@ghpn si ng:

a second coupling body having a second side cavity coupled to two of the

electromagnetic cavities; and
an energy switch for changing an electric field distribution in the second side

cavity.

6. The accelerator of claim 5, wherein the second side cavity is distal to a beam

source, and the first side cavity is distal to the second side cavity.

7. The accelerator of claim 5, wherein the energy switch comprises a probe

mounted for insertion into the second side cavity.
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a second coupling body having a second side cavity
coupled to two of the electromagnetic cavities; and an

wer@sgys2sai t ch for changing an electric field PCT/US2004/043235

distribution in the second side cavity. 6. The
accel erator of claim5, wherein the second side cavity
i s 8di st dlhetaocederbmant cloim ¢ ewherei thédiafrietegtof Hiedwolbaigiselgcted to

is distal to th d,side,.cavit
o cenEInacesie Bl armatuhnaR sRrertnt idestsw ¢ on
conpri ses a probe nmounted for insertion into the

second side cavity Th celerator of claim
V\,h@r ei n Theacerlerator @%c ? h‘gﬁ‘ﬁiﬂ%‘ﬁ CPY li°§ésl pergd F‘E‘P’h that an energy

évre%f 208} g&a&ﬁrh&lefrz{t@d l?y BleSkEd1QYior Qﬂn 1y cﬁiﬁghd;ﬁf OR9ing a degree

e cavity. e accelerator of claim?7 ere

5t hef prseitienicf tprobethts thelse¢dndtsidercagiter gy | evel of a

X-ray beam generated by the accel erator can be changed

by varying a degree of insertion of the probe into the
sedond dihdecesdstatoy of dldim Thitrthercwingirding a gin siuedensebuyred to a first
further conprising a gun source secured to a first end

of eh¢ef theMAIRBAYY- 11. The accel erator of clai m 10,

wherein the first coupling body is not |ocated between

the first end and the second caoupling

ac déi er dibgracecdoraige ebelainad ), ﬁ@heéelpé}pﬁt ﬁ@r @Lwilambody is not located
coppfl 3i, Bk ﬁ]t%t OB e{hdb[ﬁgyecgﬁ‘(‘f E&ﬁ) gg ng.al ity of
el ec I es cou

romagneti c cavi eries along an
axis; a coupling body having a side cavity coupled to

t0gwtzen ke BRatF il Dhph g nelitaMbrRRE 7Y, |

20

25

di stri butrh#A bodly h&xan$ b glrf1ay of Mect’z‘&’rﬁﬁ@ieﬁc thetiey @apledas series
an axis that -is parallel and offset froman axis of

thélo@élﬁ‘ﬂlaﬂﬁg body, and the probe i's mounted such that

an el ectrg | d;rﬁa'vﬁll s?c?e t{)gﬂ%ﬁw\ﬁe@ytd’ﬂh@&eé@cﬁnagnetlc

electronag I'tTés can varyrng a
degﬁ@ﬁe@%ndnsertlon of the probe |nto t he second si de

caV| ty. 13. The accelerator of claim 12, where t.he

5 di anet el 6RCIBHEVHFHBRYING 2 BEADE Soeshapging gh elesiricsield distribution in
frgﬂHg Yo, the side cavity. 14. The accel erator of

claim erein the probe has a | unen extending

al ong i tv\eherein the probe has an axis that is parallel and offset from an axis of the

coupling body, and the probe is mounted such that an electromagnetic field coupling
between two of the electromagnetic cavities can be changed by varying a degree of

insertion of the probe into the second side cavity.

13.  The accelerator of claim 12, wherein the diameter of the probe is selected to

control a frequency of the side cavity.

14.  The accelerator of claim 12, wherein the probe has a lumen extending along its

length.

15.  The accelerator of claim 14, further comprising a fluid delivery tube disposed

coaxially within the lumen of the probe.
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| ength. 15. The accel erator of claim 14, further
conprising a fluid delivery tube disposed coaxially

wowdosioss2she | unmen of the probe. 16. The accel ere€DUSIN4/043235

5

10

15

20

claim 14, further conprising a choke coaxially

surrounding at |east a portion of the probe. 17. The )
acdél er dhercedferatonphelam 14, fprthesconpmsingsi dhgke cogxgally surrounding
ste? control. fotLt cre%ti ng a desired electric field

or 8F 1673 208 PHESBIEOE of the accelerator. 18. The

accel erator of claim 17, wherein the side cavity is

di st al a beam sour.ce he field st control .i .
i a1 dGeareaniRordan | ehet RorpBistred B4 SGREPGol Br croating
COHRELifddWectAe HOMMRIrbME aRPGYhd @M BHtHR abédlghiognd, a

second end, a cavity extending between the first and

the second ends, and a pair of conductive capacitively

co g@.' ed TROSECIGHY bEMaiP 18 WikrdR theSsi® cdil§ i€ @il t\Pbeam source,
body, the pair of noses having equal |engths; wherein

t hend thedieldstep centsd ad distal tolbe side omdtyend i s secured to

a wall having a first opening and a second opening,.

and the first opening has a cross sectional dinmension

t hay. i s Adfiéltisteprronfrolpoompiisingss secti onal di nensi on of

t he second openi ng.. 20. The field step control of .

ol ai m 1. COUPIEIEh oV HERG AGUS! et SRR CoRerteith AXigRdipg between
fi i i i 0, . 0 :

e s R B ¥ B AL b ac noses
21 secTinel thiseledvaltseyf tixoertupbihg bédyg e paief, noatsehaving ejuahlengths;
or both qof the first and e, second openi ngs .have .
et ang WHSFei s st ong 5 egleds (B RGoBLeRU core e (P Seldaing o
19 £y MBS S afd b B&Ion@ Bpéiﬁﬁdél a8l i rsf dg&inﬁfh‘g aldpShs S6ARAE
openi ngs have a trapezoi dal shape. 23. The field step

c odimegisionfthatlisdiffet@t foher eioss ssictioiaal domersomhofdhe sdeend opening.
first and the second openi ngs have an elliptical

shape. 24. The field step control of claim 19, wherein
t heOwal The siell gherr ¢ondrbl af clainm] Hodherof the qrasstsectiamabdiamnsion of

accel erator,25. The field_ste trol, of . claim?24,
wh e QRaing 5 arpTOiTaARely 5 7o 208 [asess thaf the oips pectpnal
el aahdRIIMUTShd SecbVopenidf the accel erator through the

first opening, and the l'umen of the body is coupled to
a second el ectromagnetic cavity of the accel erator

thppugh-y;b %eﬁﬁ@%ﬁ&n%ﬁelfi dgﬁm 28 wHeift Ef‘fﬁér_%rr Bb of RS first and the

accelerating a partic eam ‘conpri sing:
second openings have a rectangular shape.

22.  The field step control of claim 19, wherein either or both of the first and the

second openings have a trapezoidal shape.

23.  The field step control of claim 19, wherein either or both of the first and the

second openings have an elliptical shape.

24.  The field step control of claim 19, wherein the wall is a part of a main body of

a particle beam accelerator.
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a main body having a plurality of electromagnetic
cavities coupled in series along an axis; and neans

wo or0sgensr ating a desired electric field profiPEr/abmngo043235

the axis to control separation of resonant nodes of
t he electronggnetic cavities. 27. The accel erator of

cl &b.m 28he fislsrsemcantie] eelpian 24 rvhsseie the lumgn o6 therhoslgds coupled to

a i ' ' t I to_one of

£ TR SRRt B0 P B St Bl B By Bt SR g e
antimi¢h Gthé bedy efcotipled &) £edcoadrelgatedrhagnety civiBsofithé Stgterator
a second opening, wherein the first and the second
opBrpuRisthp secondopepnt si zes; and a pair of

conductive capacitively coupl ed noses secured to side
wal | s of the coupling body, the pair of noses having

5 eqd@l | émgicheleraiy forTiveelarmting epattisle hefans lcainprigieg:

10

15

20

25

secur oa a0 Raiity OEATT R S bR A e fifospleg n seris

el glohg anagRedrndc cavities. 29. The accel erator of claim
26, wherein the neans for_generati n? conprises a
di vi di ngefgs forgmatggﬁa@egtr@ge]pqmc(ﬁe 4 prefile along the axis to control

I ' : > _ " havi
cr SRt RRE Ko Bkt SEme AN BB AR AR £ O 0,
of adjacent beam apertures. 30. The accel erator of

cl

pbm 2 wherei.n t . s.for generati.ng conprises a .
i 210 nde EL i SOGATRD Sofip HERRCRh b oRATRA Sipfes
el ect r ope@iing®hoaRYh¥ihe 8 cadbifthat CupRs 36618 Ctht elebRSmagnetic
dividing wall. 31. A nethod for generating a charged

pafavilégsdhionghnp fiee ppenisg.fad to perther ofgheplecitaeegnetie evities through
havi i . i . )
rraa%{ %éz%%g?@lﬁ%m nal f’r%ﬁl E‘%d@%@ﬁh% ¥%°%¥ﬂ.i ?’é%l“ﬁe%g%g (aic,ﬂé%%%tg%e“ and

end, andpair pf cormluttive cabaditedly oomgethoses savitdd t0Side walls of the
between the first and second ends, the first end

s etanpEng pady thrpriseinases haying saael lsgsthhe gun source to
create electrons; and accelerating the el ectrons using
the el ectromagnetic cavities such that an envel op of

el 2%t ri €he a@pgrat@r fectpimatte tWharebhdie angaap farigenerating coraprises a
bo . OR: [ I I [ Ehan n.the .

ri b <o RU Y g R oot PP B UGB ey s
uniform 32. The nmethod of claim 31, wherein the

enyel op. S_gener at su that .it has a.second.portion
peteon e R ALK Wit foe BiBnd A0SR O Hes o
S edioftin OREN K10 séparates two of the electromagnetic cavities, and a beam aperture

having a cross sectional dimension that is different from that of adjacent beam

apertures.

30.  The accelerator of claim 26, wherein the means for generating comprises a
dividing wall that separates two of the electromagnetic cavities, and a nose secured to

the dividing wall.

31. A method for generating a charged particle beam, comprising:
providing an accelerator having a main body and an energy switch secured to

the main body, the main body having a first end, a second end, and a plurality of
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approxi mately uniform and has a hi gher energy |evel
than the first portion. 33. A nethod for generating a

webasgextsparti cl e beam conprising: providi ng BET/US2004/043235

accel erator having a main body, the main body having a
first end, a second end, and a plurality of

el eketirarmagret caviteshdtwesn the firsi@nd s¢ronfliends, thenfirssewloedured to a
ends, the first end secured to a gun source;

acBW ety t he gun source to create el ectrons; and

accel er gtd\Agnt AR AMAGHFERS ciédfetfecidfs;@h@Ct r omagnet i c
cavities such"that an electric field envelop along a

| engt h efceldngtingethe clscitgnshisingaihe eleptrorgagnelip eavitieshwgh dat an
clai m 33 rei.n .t.he accelerator further conprises an
BRI S BB R e aoRe f sl PSRRI, B etop
of h&diak B3 pordrarRtwednBe St Bn®@ind e eBE@GsWitch tHaeld
envelop is located between the energy swtch and the
seeppraxiaradely 8giforThe net hod of clai m 33, wherein the

el ectrons are accel erated such that an electric field

envel op along a length of the nmain body has a _
pl 82al i The ofetledaydslanBB1, Whereirethh cdvalép sl genena@, such that it has a

<O B 6o LY O3B RS R AP poronis

10 C| @bpgroBifnatoMr @hi®brith AMiEhAR|alti FhdrteMer@l; 16/eEan MeLfidsOsGHiea

15

20

25

between the energy switch and the second end.

33. A method for generating a charged particle beam, comprising:

providing an accelerator having a main body, the main body having a first end,
a second end, and a plurality of electromagnetic cavities between the first and second
ends, the first end secured to a gun source;

activating the gun source to create electrons; and

accelerating the electrons using the electromagnetic cavities such that an

electric field envelop along a length of the main body has a step.

34.  The method of claim 33, wherein the accelerator further comprises an energy

switch secured to the main body.

35.  The method of claim 34, wherein the step of the electric field envelop is

located between the energy switch and the second end.

36. The method of claim 33, wherein the electrons are accelerated such that an

electric field envelop along a length of the main body has a plurality of steps.

37.  The method of claim 36, wherein the accelerator further comprises an energy

switch secured to the main body.

38.  The method of claim 37, wherein the plurality of steps are located between the

energy switch and the second end.
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