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BACKGROUND OF TILE INVENTION Field of the Invention This invention relates
generally to standi ng wave particle beam accel erators, 5 and nore

parti cul ar] t0 el ectron accelerators for generating x-ray and el ectron
beans ofvﬂ¥ppgpﬁﬁ? energi es. Background of the |nvent PERUSWB4EBIG wave
particle beam accel erators have found w de usage in nedical accelerators
where the high energy particle beamis enployed to generate x-rays. In 10
this application, the beam energy and out put dose-rate nust be stable. It is
al so desirable that the energy of the particle beambe switchable readily
and reliably to provide treatnent beans of different energies to enable a
range of dose-depth penetration during nedical treatnents. Various

techni ques for controlling the beam energy have been enployed. In 15 U S
Pat ent No. 4, 286,192 to Tanabe and Vagui ne, the energy is controlled by
reversing the accelerating fields in one part of the accelerator to

decel erate the beam STANBING WAVENARPICKE BRAMGCERLMeddeogh et al ., the

el ectromagnetic 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 | Cazusa angAdgateUuRD OFTHPINVENTAOoMEe of two coupling
cavities which are switched to control the acceleration fields.

Accel erators e_nl%lﬁgyi ng the previously described techni ques can generally
provi de two tHe e JIveRdoRNt x-ray nodalities (i.e., distinguished by

clinically sion tifidfibefliohtb@lEeSali) PRBldE | S GRoltibl] Lbddhicto meet

treat nent requirenents. ere-wou gni fi cant advantage however,
both to the hmdphndrabartiaudrly, e electeomsasttratorsigr gamecktisg x-rhyarhioaletran beamee| er at or
syst em capabl eflﬂ%. %ﬁner ating multiple -1 WD 2005/065259 PCT/ US2004/ 043235
hi gh out put >E AV HEFAFEIPes ranging over a factor of four to five in
energy. Froma nmanufacturing perspective, accelerators |limted to 2 to 3

ol 82 S B e, L Ol ST Currely, OfTerent
structures to proyiafligh dienaficld ReEescMratbRAVe found wide usage in medical
accelerators where the high energy particle beam is employed to generate x-rays. In
10 this application, the beam energy and output dose-rate must be stable. It is also
desirable that the energy of the particle beam be switchable readily and reliably to
provide treatment beams of different energies to enable a range of dose-depth
penetration during medical treatments,

Various techniques for controlling the beam energy have been employed. In

15 U.S. Patent No. 4,286,192 to Tanabe and Vaguine, the energy is controlled by
reversing the accelerating fields in one part of the accelerator to decelerate the beam.
In TJ.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. 4,740,839 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 advaqtage however, both to the hospitals and the

manufacturing process, to have an accelerator system capable of generating multiple
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5 energies in order to neet energy requirenents for different hospitals. As
such, if a hospital changes its energy beamrequirenent, a different
accelerator will have to be built. For the foregoing reason, there is a
need for a standing wave el ectron accelerator capable of providing a range
of energi 1.5 broad enough to neet all hospital _requirenments. In
addi ti on,aﬁ]@psg&lsis@potenti al bgnefit in nmany medi (F:)al BT 0200843%es to have
nore than two | evels of output x-ray energy to provide nore sophisticated

tailoring of Se- th prqafile f t taen cancer.. As sych, a
st andi ng wav %aq,uttpﬁlgﬁ—era%gngﬁ?lg% Eﬁnﬁngtoggﬂvﬁ?[ 8{1°fﬁjgurct8 5 Il%erbefgyp%%\)/'?l&i ng a
plurality of mdnafsetusingbe@pdcties, abdelopatbm tiinied &r Yo 3 modsikics ak) EfficBUMARY OF THE

| NVENTI ON 15 | n, accordance with sontga‘],_enboﬁi ments, an accel erator_ for
accel er at i ng “asthyga mmplement, CAwseplly, ditésyernd spdalitics ameqoafigyrad by mears afdes a nai n

body having anihiiiihink iffrent SbRREARANRL fo GrBYidE AR GRYR AL iBaRCr | €5, and
a first coupling body"having a first side cavity coupled™t o one of the

el ect r omagnetenergeain eridesto mmebergteyaequiresients pertdifierentdiodpitats. 2As sutlipafa of t he

el ectromagnetic.cavities, through a second, opgpi n erein.the first 20
opent ng and CREELERE APy R L ARay aREed acftlratr Bil BSeipbs

accel erat or bﬁﬂttmltheifﬁfelgblﬂg%a@oxﬂﬁiefei@hn@%ﬂ@bﬁaﬂﬁnﬁ%ﬁ@ﬂéétﬁéﬁ' y coupled
noses secured to side walls of the first coupling body, wherein the pair of

noses have ed&lerpiangapakle ofprovidings rguge ol guergies tet sibroadenewah t esiall openi ngs
to be differ ; i+ af | : ] gﬁ)ﬂﬁ ed. However,
such confi gu?lg%qltgﬁﬁgﬁ%%ﬁ%ﬁ?\}\g&&alﬁ&g %F%%ig@ﬁ%vlmbt C t%(l)ﬁo e@g?gﬁi n a w der
range of l@&nempmcetimosetotavs mecutharsingrievdoafmuippt k-ngr @aegyrtg pravidean@et i ons

bet ween adj acent, nodes.. This.in tur r.ovides .a brqoader bandw dth for the
accel er at or Stﬁﬁtegif’é‘_oﬂygg g ﬂel?tgpf)orﬁ?%@éﬁeﬁ?’%w%%&mteﬁ %ﬁ%%ﬂlaer ator to
generate X- IsBdiAg HiWe Phriibledekth QadRFatbrONEE) R LaRBRS E@Yrddi8L & pRADitbMI mum
energy spread. In accordance with sone enbodi nents, an accePerator for

accel er at i ng leveBOIdiffarent outpheenersyds fasellled. The accel erator includes a main
body having a plurality of electromagnetic cavities coupled in series along

an axis, a coupling body having a side cavity coupled to two of the
el ectromagnetic cavities, anﬁUMMéB&@FTﬁE.WﬁmIM 2005/ 065259

PCT/ US2004/ 043235 1, hayl . &y é;o‘i’]?e Vé}n%od&%%?%ggcﬁgig Fhi6l dokfebdi®l sl

5
distributlonintf[ﬂa SIrde cav erern € has an axi
paral | el and paftickeieainrioproatiicdxThe akeledatr delydss mmabhoshdy havidg a bhvealpyy obe i s

mounted such e%erc}g})mggnneﬁl: ggvtitrie%ré%gpqg& {.ncserfiés?f!m a forst Jguggngbt?c}dvﬁggmé 2 Frst fsidtc-'a he

cavity coupled to one of the electromagnetic cavities through a first opening, and to
aﬂother of the electromagnetic cavities through a second opening, wherein the first

20  opening and the second opening have different configurations. The accelerator
further includes a pair of conductive capacitively coupled noses secured to side walls
of the first coupling body, wherein the pair of noses have equal lengths. By
configuring the first and the second openings to be different, separations between
resonant modes are reduced. However, such configuration also allows an energy

25  switch to operate in a wider range of energy levels without significantly increasing
interactions between adjacent modes. This in turn provides a broader bandwidih 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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el ectromagnetic cavities can be changed by varying a degree of insertion of
the probe 5 into the second side cavity. In accordance with sone

enbodi ments, a field step control is provided. The field step control

i ncl udes a coupling body having a first end, a second end, a cavity

ext endi ng he first and the second ends, and a pair of conductive
capacitivgﬁghwggﬁﬁéed noses secured to side walls of tﬁé”ﬁ%@%%ﬂﬁ@5body, t he

pair of noses having 10 equal |engths, wherein the first end is sealed, the

second end is,_secured t wal | hawvi.n LI, r.St. openi ng, and._a second

openi ng, andSQaHngfaiqrgqe %5%1%g%§%8m8%8@§{1s %Ofldlﬁﬂ}“ S FERYY: SReeHat s

di fferent frofe probe bBeSanSad thinabarslidemisi s Bém bhexis of ARGousRRHoBY and he fiel d
step control allows an accelerator to achi eve a bal ance between "~ optim zed

oper ati onal sthapiobs isymemiedsyeh thabereleemagnsha dield conpling betweenitwopfithe al | ows
15 the accel : -1 Q@@:n&r 1 i rgy
| evel s and %1%%#8?36@%%%6@% accor%%gg@%\é%ﬁ%ﬁ%@&%ﬁ%@?ﬁ%nts of
t he i nventd onptodhereechmtisidocavitgener ati ng a charged particle beam i ncl udes

provi di ng an accel.erat or havi a in. bod an energy sw tch, secured to
the main body, thdTHEP J%B%V"ﬁg?ﬂ%%%fw@%%f’%@%@ o beLE Breydetta 1h8nd o
plurality of gdieets wmmmuwwaw@nmd&&mw a iR ehd, laSecadd@nd, SEe0My ends,
the first end secured to a gun source. The nethod further includes

activating t h&tgdmedsiese thediretand the sepsd endinand apair efceosiiedtiae Fapgoitivdy
e ectrons us ddpklfosc LeGlHWTAL %11§oﬁﬁ‘e’égothhﬁ%% Bk BE: ogfg%sgﬂﬁn%oeo“

electric fiel S generate ong a len nvel op
havi ng a i r ssquadergtiepwhetingbanfitshendfis septed gthel sexnod 25 i Becuesded gyvatiwi t ch t hat

i s approxi mat.el ugrftor m. I n accordance, vm%lg o%é}er enpodi mnents of the

i nvention, alﬁ‘ﬁi‘lﬁcﬁ‘ FoPege At HETHY PEHEr & FLIRCPEEHERMFIORT | udes
provi di ng an @es@hrdifbAdior @Y i8 8ifferdi®irBm dRAEH sediiBRalMhhsRAdy kavigd a first
end, a second end, and a plurality of electromagnetic cavities between the

first and secwpsaingndie figlf step cprirol aliemsasmgealeaiontoacBBve ahalsngrbetveeThe net hod

further inclu . AGt i VAl reat e el.ectsraons, ., and
accel erating O&hﬁgﬂle g@?@%ér)]ﬁswﬁtéﬁﬁa%agﬁgﬁg%?P}ge%%@ﬁgﬁiaggeéa’@ﬁﬁ ling'él%sa 11118 “that an
el ectric 15 i ehélaceol¢@kapo gtrerge 2rdyenrging with atwiderraige dfetstghhseclBasd ep. -3 WO

2005/ 065259 PCT/ US2004/ 043235 O her and further aspects and features of the
i nvention wi I"BEBERIEREPTPA9m readi ng the fol | owi ng detail ed description of

the preferred embqghiBHagiee WMih 6fhePnfbodiments of the invention, a method for

generating a charged particle beam includes providing an accelerator having a main
body and an energy switch secured to the main body, the main body having a first

20  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 envelop of electric field is generated along a
length of the main body, the envelop having a first portion between the first end and

25  the energy switch that is approximately uniform.

In accordance with other embodiments of the invention, a method for
generating a charged particle beam includes providing an accelexator 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

30  gunsource. 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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intended to illustrate, not limt, the invention. BRI EF DESCRI PTION OF THE
DRAWNGS 5 The drawings illustrate the design and utility of preferred
enbodi ments of the present invention, in which simlar elenents are
referred to bi{‘?com‘mn reference nunerals. In order to better appreciate how

t he aboveMOAWPY¥E3nd ot her advantages and objects ofPGTHESZHMA4EAT
i nventions are obtained, a nore particular description of the present

inventions briefly, described above wll, be ndered by.reference to specific
10 embodi ment s hHEG TR SPs piY RS pE RO EeEten YL Bear ant ngs.
Under st andi ngeddudd the RaRmviak @éﬁ&imae@ﬁgﬁ@ﬁ ofand Mretoriell embodiRad] Weith sre0f the
invention and are not therefore to_ be considered limting of its scope, the

i nventi on wi |intepded to dinskpteanet Hpl, BRIVENHEY Wit h additional specificity and
detail through the use of the acconpanying drawings in which: 15 FIG1 is a
schematic cross sectional view of a standing wave el ectron accelerator in

accordance with sonme enb&RIEFRESGRIFHON EQRAWIBG® || ustrates an
C oh of : s :
oo monis S0 %t o bE BB akle 16 bldd dh WG BrABRAE Mg |

control of theeanidelentiah,dan whichfsirilar bleni2ftsiare @feted talne eormmbinref@ameenbodi ment s

of the invention; FIG 4 is a diagramjlluystratin n idealized energy field
envel op of t HEMELRlE Jnorder & begter cmi‘?fl‘ﬁ’ eago‘feéregﬁ%a‘}g E‘%"@Fﬁg%g sect i onal

vi ew of a Vardnétoiojéﬂts%i-‘th%%?es@ﬁt@ﬂ&gnﬂ&ls%é’&taiﬁécfﬁhfo?@pﬁfﬁ&ﬁ!nﬁfe@é ioRbt kG 1,
particularly showng a field step control having a ring 25 shape structure
i n accor danceresentinedniionslaidflyalesorived ahova wall bé renfesed by rafitreens:to FjeGifics i s a
schemati ¢, cros ectional Vi of . i.atl,.on of the standing wave el ectron
accel er atcl(g)r oe'fmsti—D elﬁsgﬂ%rscr’%/?vg%gpélfei “%%ée\i‘%i“hgheg"‘f“ eaﬂy%lggba rol having an
enl ar ged noseUndersbdRgaRdt Siesé dragyinga depist dnly Bpicairefdadienstts Jf thd inesmiahi ve
enbodi nents of . the inventi OQ%C 30, FI g\g 7.1 a scherrrgti C cross_sectional view
{

of a variati ofdare Rohdhestiamdp hycanaidered dmitng il 4eqps: 19 aveptigr willte, 1,
PCT] Us2004/ D430 P R Bl 8 B ol B e
alternati ve ewboupampmgslrayfingdie whitghventi on; and
15 FIG. 1 is a schematic cross sectional view of a standing wave electron
accelerator in accordance with some embodiments of the invention;

FIG. 2 illustrates an energy switch of the accelerator of FIG. 1 in accordance
with some embodiments of the invention;

| FIG. 3 is a perspective view of a field step control of the accelerator of FIG. 1
20  in accordance with some embodiments of the invention;

FIG. 4 is a diagram illustrating an idealized energy field envelop of the
accelerator of FIG, 1;

FIG. 5 is a schematic cross sectional view of a variation of the standing wave
electron accelerator of FIG. 1, particulatly showing a field step control having a ring

25  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
onlarged nose in an accelerating cavity in accordance with alternative embodiments of
the invention;

30 | 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



FIG 8 is a diagramillustrating another idealized energy field envel op that
can be created using field step controls. 5 DETAILED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Vari ous enbodi nents of the present invention are
described hereinafter with reference to the figures. It should be noted

t hat the MQUPHWSHPe not drawn to scale and that el enRGR/ES2004/045295 | ar
structures or functions are represented by Ilke reference nunerals

t hroughout the figures. It should. al so_be nqg that the figures are only 10
i nt ended to feAER} Cenlialeam dReKs chs?rd@?ceé*ﬁ enereendieRisolghe t he
invention, angly&i@n, 4t i ntended as an exhausti ve description of the
invention or as a [imtation on the scope of the invention. In addition, an
i llustrated enbodiFi€ht8 inedugraot illheitaéing phothdrédealizadentrgy dieldmy elap dmesanof t he

i nvention shown e [.an vant age described in conjunction with a
- B ar A REREE 86 PRl

particul ar e e}b?oélsent invention is not necessarily 15 limted
to that enbodi nent and can be practiced in any other enbodi nents of the

Cectional i ouP BTG NESCRIPRION. O3 TN PREIRRER ERrBPIARENTS. Thody i ng

enbodi nent s of thevar{b\a@%b@dhneﬂtbefﬁeg,ﬁés@ﬁ%@ﬁuewama%ﬁsmfe%e]ﬁaﬂéﬁwmody 70
having a first end 72, a second a chain of

el ect romagnet iie&tmcy t-tie figares.r b showichbe waied thetdbe figirevare optdymen foscelavind | es) 16

bet ween the and s, 12, . [4. The_acce 0 al so incl udes
a plurality oﬁfh %‘fﬂtﬁ ?%%Bg gg&%‘fso fggcﬁmgf awepgﬁseﬂtgg%xéﬂgr ?fﬁlﬂﬁ ing cavity
20 that couDImﬁnérgs&mm,ghaduta@ﬁg\hes:avsﬁoum&ls’baaen’étbatnmmd@gt@émeaﬂyal so has an
energy switch 80 and a field step . control_ 100. The standi ng

accel er at Ht 1ytendedsip fpailifatede %SWR*SR%@ESH%W@@U@BWF% ﬂwnwtlan,rané ﬁ@wave
source at a f I wee
1000 Mz and S5 e o5 n}%hraﬁéa’ﬁ)’%g %Jﬁt@ﬁﬂ%ﬁ%ﬂgg%{ 'ﬂgﬁ[@o%éh%nﬁz The
m crowave Ssouscope afdhe hﬂemloma@maddltmn amlhistl@tqumbndjmd:nbnbﬁdoiot nimiecdil thar e known
in the art. The Rpower enters necvit 16, referably .on the cavities
i ong t he. chaPReo TS gHAe Ob B R REonshodt: AR oSk mpg iRt et pRL R

accel erat or 1&115@&&{1&1@%@1@@1& @@odaﬁﬁén@bﬂmemas&t Menﬁ&ﬂ@&mﬁﬁe@eisérﬁguency
control, such as that described in U S. Patent No. 3,820,035, for

control | i Ky alimipsbiohatembadimentivnd canas pragiised eany piker smpesiaents of thequency
controel -5 V%@%fon@@rﬁ%ﬁ%vﬁ%h%%%gtﬁZ% hel ps the m crowave source (or

the RF driver erm ne the accelerator 10 resonance
FIG. 1 is a schematic axial sectional vicw of a charged particle standing wave

accelerator 10 embodying embodiments of the invention. The accelerator 10
comprises a main body 70 having a first end 72, a second end 74, and a chain of

20  electromagnetically coupled resonant cavities (electromagnetic cavities) 16 between
the first and second ends 72, 74. The accelerator 10 also includes a plurality of
coupling bodies 21, each of which having a coupling cavity 20 that couples to two
adjacent cavities 16. The accelerator 10 also has an energy switch 80 and a ficld step
conirol 100. The standing wave accelerator 10 is excited by microwave power

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, throngh an opening 15,

30 Tn 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 control
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by devel oping an error voltage that tracks a frequency error. U S. Patent
No. 3,820,035 is expressly incorporated by reference herein. Alternatively,
or additionally, a control, such as that disclosed in U S. Patent No.
3,714,592, can be 5 provided to provide feedback to the m crowave source

(e.qg., by deflecting sone of the reflected signal generated by
t he accel%gi)@?%%ég and sending it back into the ni cP&NAPE0YHRFe. U. S.

Patent No. 3,714,592 is expressly incorporated by reference herein. In sone

nbod h 44 dia h 10
SO0 T AR Lot Tt R BT A b T €

mol ecul ar f|6y\ld6\fbmim€gﬁﬂéiﬁ)rvaﬁage$hdﬂﬁw{@alﬂ%qﬁéiﬁ afrbr. 8. Batedy cases, the
accel erator can further include a _tuning ring, (not shown) secured to an

interior sur N&c% 41,0338 expressly m@m@ateébwﬁ%%qqh?@m hAlteraetinelyagr f rom t he punp
out hol es. Q@dlﬁ&fﬂl?ga §dcfigL, GAh & Shar BRAGCAH B2 Rakthi Mo 4 caheas @ singl e

unit. Alternativ e tuning ring an an~“be nmanuf act ured
separatel §, mldeﬂmpmmﬁéﬂdbablatogmmeﬂowaﬁé soycei (B, gsaﬂmﬁgneﬁmgdwnents t he

accel erat or Oc n furth clude a.co r ch asth described in
0S patent RElcdngsteoihe teRlul etied b bt o rapatofod KRURAR 44,
The copper Phali@nioiRSii@MFaveQobies UBAD oAb, NANS0S neexﬁ} 84 fcrpbiafilad- During
use, a linear beam 12 of electrons is in| ected into the acce erator 10 by

20 a convent Pyiferertedsrdidon gun source 14 at the first end 72. The beam 12

may be either copf T, qﬁa& g;\.ﬁ)se thr haflrst
section 76 of theﬂlaégggél é?ngta%l?e%w @%%auv%/%?)gﬁ% 523 ns d3a°eﬂ“§tur%’8 and

accel er atieéd, samek mﬁmnﬁclmimeonmomﬂmnmtﬁﬁe@(not §Heem G éingfoaingr 10 where the
captured el ectronfé*_gre further accel erated. a%ngllltude of. the electric field

in the secon§oke W pgqUctagCe, agiskHeYR By weh garen dheasedgratos 19 per at i on
of the ener gyuSh&in@0de ﬁuﬂ&%nﬁ]@ Jt@ﬁd@ﬂ's@dﬁréﬁfto%h%ﬁéﬁ&@mq%ﬁj‘ﬁ{%%eﬁpm an

initial continuous beam takes place in e first section 76
accel erat or %i‘ortchmpemmglﬂindemglﬁemeth@pmp}b outhetesati¢ bnummgrciaubd there and

not degraded a n eleratl ld in.t eout cavities 16 of
t he second sg@ﬁ?%%mfg EI%% %@Eag&%a gmf‘thvehh@’ otﬂ‘iuﬂ Q‘Jj\#th t hus
nmade i ndependeni4ehn bban@hytineg sépaﬁmﬁan@ﬂieﬁugse@lbmtt@gmmenﬁrsmn sBie
controlling the RFE power input (which changlés the electric field in the

first and s eé’@h‘éfhg’é%*ﬁ t§pacee Tatqfé)o cam FtheBclafes egprsupleiersugbag Al ch  changes
ener ai o5 andoRE TR Ea N T, Bk D el B AR o 1o -6
The copper plate functions to terrmnate and shape the electric field.
During use, a linear beam 12 of electrons is injected into the accelerator 10 by
20  aconventional electron gun source 14 at the first end 72. The beam 12 may be either
continuous or pulsed. The beam 12 passes through a first section 76 of the accelerator
10 in which electrons are captured and accelerated, and enters a second section 78 of
the accelerator 10 where the captured electrons are further accelerated. Amplitude of
the electric field in the second section 78 (i.e., downstream) can be adjusted by
25  operation of the energy switch 80. Since the formation of clectron bunches from an
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
30  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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WO 2005/ 065259 PCT/ US2004/ 043235 The field step control 100 provides a
change in the electric field (e.g., a stepped field) to decrease the range
of field variation associated with operation of the energy switch 80. This
use of field step has an effect of decreasing separations of resonant nodes
of the acgel tor 10, so that an optimumrange of beam energies can 5 be
generatedﬁﬁﬁﬁ%ﬁmgﬁgturn results in a relatively stabl FOAFUHEERA3S al | owi ng
the accelerator 10 to generate an x-ray beamwi th a w der range of energy

| evel s and mini r spr In.so enbodi nent s, e field step

control 100 enabﬁg‘!’ ﬁag S%ééegq“gﬁﬂ%’iovf%s %Tghaﬁg?\@rd‘h? Eﬁﬁwcﬁeﬂa@-gbéam havi ng an
energy |evel g ﬂe@d)qgaeéréa@,mhe&mg{e@mmatveﬁwoﬁ abdcd\Bith ofefatiof®f tHe! UST T at ed
enbodi ments, the fiel'd step control 100 10 is |located further away fromthe

beam sour ce fAcrghamitab). dihéyepp of fipld ciep Bas anggifeci of deprsading sepamdtiongjodicent to t he

| ' [ 0 he | d
ot ot her  pos rieh gt SolEl A AEulesd 16, ol o ShER MG B Ll enc kB R ) 0" ©
switch 805 obegeetdiad. Thisvunstumaasulis iaetatieele siablgbasdv-idth aB@ving e fiel d step

control 100 meeI be described in further detail bel gw. After being
accel er at ed, 2FIFErHLI 1o Eenesate @ kray beg With 3 Jides Fange oBenergptlevelsinget 32 may be

a vacuum W niaiinfn B sohdlth Ty QARGol AN cld diFecbBEId0RLILAhe Par LI cl e

irradiation of a subject. In alternative odi ment’s, the accelerator 10
does not i nclacatteratomel & targgedratg 2n xiray baavhhavinges entrgy levebthgtean® fioan be | ocat ed

renotely fromthe acceler 1Q. .In.the illustrated,e di ment s e

el ect ronagneflp%r%lg}??e?){ %go %%ye%%gg%ﬁ?tea %H%chg‘ﬁlét&qw’ gﬁﬁét%éﬂﬁwlééﬁt ral
beam apenbur éslodafedMithér 40K Tidm 18 Heag soede TUiRarBa Bhekgy swildheR0TBidisbody 70
defining the cavities 16 has an outer cross sectional di nension

appr oxi mat el PoBERREr adigesnh o the grarpndriichBR) Adematwclrthe Beld sisp cened 18Qvity 16
has a cross  gegd {,0nal ﬁ%&ﬁé?ﬂééi%hs,%@ﬁ %ﬁe’lﬁ%eﬁg e GaHPout R 19-afd Alen A, and

t he beam aperture 17 has a cross sectional di nension approxi matefy equal to
0.05 A to 0. @wit¢h 80\os fyrthend@nstrbam frbinube eratgydwaieh 80 Tbafisld stepeonticdt ance

bet ween adj acepnt .ywal L s that. separate, the vities 14 | oximately 0.3 A
Lo 0 5 At or Ipuill e seuein NERE iy SRt oidunfechbbeh Fhn”  ne
ener gy 5"1’5"C_'Qtr&@sazﬁﬂﬁhyttbl%eﬁﬁﬁtﬁi%ﬁg&@w&ﬁzrbe%%wwwcﬁ‘métzh@ﬁinsepar ate the
cavities 16 is approximately 0.5 Afor the cavities 16 that are to the

ri ght of the ceendsy rawgmitthe sloctrny foypadicledpdiatienfoduhisnt In akiereativayi ti es 16,
the 30 apert g;& : fnﬁ ler O4.can have

ot her shapesléglﬁ O%nts%?%%%?ﬁ%gﬁ%@@%@?mﬁé%éﬁ [ n&%fés;f ]?ﬁg&%iraﬁéeshtshlgons and/ or
spaci ng of 1t egetd2icin bslotfed rematdie frbinrtsd acseletatowd0.76 are configured to

| mprove capture, B]ut?xg muggétet? 2191 Igc{}r%griltg%eoglectromagneﬁc cavities 16 are doughnut

20 shaped with aligned central beam apertures 17 which permit passage of the beam 12.
The main body 70 defining the cavities 16 has an outer cross sectional dimension
approximately equal to the wavelength (A) of the RF source, each cavity 16 has a
cross sectional difnension approximately equal to 0.7 A to 0.9 A, and the beam aperture
17 has a cross sectional dimension approximately equal to 0.05 Ao 0.07 A. Also, in

25  the illustrated embodiments, the distance between adjacent walls that separate the
cavities 16 is approximately 0.3 Ato 0.5 A for the cavities 16 that are between the
beam source 14 and the energy switch 80, and 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

30  apertures 17, and othei compenents 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

.



el ectrons. In the illustrated enbodi nents, the apertures 17 each has a
substantially -7 WO 20051065259 PCT/ US20041043235 wuniform cross section.
Alternatively, the aperture 17 that is adjacent to the beam source 14 can
have a varying cross section, such as a tapered profile. The cavities 16

pr ef er abl ¥ Hﬁ‘g@‘iﬁﬁ%j ecting noses 19 of optinized confiPGRABRISMRIF or der to

i nprove efficiency of interaction of the m crowave power and el ectron beam
The cavities 16 5 are el ectr(ima net.i CEH cougl ed toget her through the

coupl i ng cavHPEE opss seetion. drlterigiydy, theanegs 1ddhatds adizasnide theReandj acent pair
of cavities j 22. Ldnl 45t oeh : ach of

t he openi ngs %wh%ﬁé%ﬁ?gg%gﬁaﬁ §de§%&§{3§?’ Sgdr?ddé%atilﬁg%vﬂsg?hqlg?e %&%%%x and a

| engt h of 0. Breferibly Ahvearojattingmosesilddif wplimized condigoséion irgorder todaprovave ot her
shapes and di_gensions. . The copplin vities 2 L esonant at.t 10 sane
frequency as® éen%gélflgaé; llmﬁafl @3\9?@9%%’61‘%’%%?1 dgecl)gcrtllg)flrkﬁe?{ﬁ'eiggfawelsﬁ%t he beam
12. In the iald dl@hbﬁ;h%@ﬁem;mﬁmtagsthtemro@gmtﬂeicngplﬁ@daﬁtie§2@(éa@rﬁ‘ of
cylindrical shape with a pair_of axially projecting conduyctive capacitively
coupl ed nosedch is guplsdria eacheatyhe ﬁdﬂ?éenté’é’éiﬁf‘?ﬁ’{&leééépﬁ’ia8§P%n&% dee ot her
shapes and c ! 1 @ﬂﬁﬁ j i i u t the
chain is exc:ﬂfﬂ'{e{s 9‘?‘%@1&511[’% Fﬂ%@\‘%&%&éﬁﬁ% re g%%ﬁ%?ﬁ&%gggwﬁgﬁfﬂ%ggphase
shift bet weewidthofi00ép\ andg leth 050.20. dmdltdnhetive antbadierentsathe ebarizg 2hg cavity
16. Thus, there is it radi an.shift between,.adjacen accel eratjng cavities
16, The |t/ 2 oHourSnder Buhher udtiimneg T SRPU LR 20 pRTEReR LSS ot on of
resonant 10r egagafiyqieh@nasanl akeltatifP easticsnt ahd 43 GdttinteRichwfth BRMeahlly. excited.
Al so, when the chain is properly termpnated, there are very small 20

el ect r omagnetn thefilusirated pmb ﬁﬁn‘éﬁ@e&mm@éﬂ%%a@q{@y gl shapeseih g n t hese
non- interact.: i L : 5 i
cavi t1 65 26 B oo RAMl EoBlutoR il okt By HRELSAL0. L 16
It is of coucewlingdevis¢scah have other shapes srdnanfigwatiorisodi nents, the term nal

iti 26, 28 h b full it . Li . ity. Th
Spaci ng bet veen aQbeFaREPORY Eabitendc e ttihe Bite ietedin slpafaste T
free-spage WaghfiBh aSP2 Hafh ﬁghﬁ%ﬁmﬁy&ﬁ%ﬁéﬁoﬁb% éa‘&it??@aﬁ@éﬁlet y 16 will

arrive at the next accelerati cavity in right phase relative to the

m crowave fi edjdcdndaccelarhting congl 16adhed, dhicat isam radibt ehrifidetweeh ydjatdne

accelerating cavities 16 can have other spacing. In so enbodi nents, nost
ik A

of the accel ésslersgecaviies Ks Ths mhpodpss seieral gdvantagg taagiepieds 20 are

simlar such g hatichBerdbiihffeddd il PmBES SR hidIbE Aidohaly 30 16 are
substanti al I)? t em{slarrlé. !%lln't e?%altll ve(?rgl/, J?‘%e accel er ahi‘litairgg11 cagﬁétc{ees %6 and/ or
t he excited. Also, when the chain is properly terminated, there are very small

20  electromagnetic fields in coupling cavities 20 so the power losses in these non-
interacting cavities are small. The first and last accelerating cavities 26 and 28 are
shown as having one-half of an interior cavity 16. It is of course understood that, in
alternative embodiments, the terminal cavities 26, 28 may each be a full cavity or any
portion of a cavity. The spacing between accelerating cavities 16 is about one-half of

25  afree-space wavelength, so that elecirons accelerated in one cavity 16 will arrive at
the next accelerating cavity in right phase relative to the microwave field for
additional acceleration. Alternatively, the accelerating cavities 16 can have other
spacing. In some embodiments, 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 can have other configurations such that the fields in

sonme of the cavities 16 are different. -8 WD 2005/ 065259 PCT/ US2004/ 043235

In the illustrated enbodi ments, the first section 76 (i.e., the "buncher”

section) has 3-1/2 cavities 16, and the second section 78 (i.e., the

"accel eragi.ng" ction) of the accelerator 10 has 2-1/2 cavities 16.
"ot

However , 2% 0f the invention should not be so AGTA{SR@4/043235

Al ternatively, each of the sections 76, 78 of the accelerator 10 can have 5

any nunber of cavities,16., For, examl LN Ssome odj,nents, the fiyrst
section 76 of th@%ﬁ@gﬁsgﬁ”tg\‘f@b%ﬁmgﬁﬁ%ﬁ% &t SERUAM O ‘S'Chpoﬁ’é‘bcﬁg"t SEHORY i ti es
16, and the secpnd aeigibd 06) and the@écohl ectio @8 €ileq Ry “adtlGatindTa¥Qich\eIthy

el ectromagnetic cavities 16. FIG 2 shows the energ%és_witqh ‘80 of the
accel erat or #¢relemterclddiog arié¢ecaiiition 16 Bewewsngbe popa pEhsinvention shouldobn. The

energy switc ] . | L | gAl - aving a
cavity 34 ange g‘gl‘%lg‘éd;?%gé‘@%“’@h%‘%%gﬁ%&%@ggf ﬁ%lr’] g%g&ggg?éﬁgtro ?gggatrﬁrggggh t he
openi ng 53, amdmanih ok eaviilsd6éaXomdxemplyinrsomedinbgdiatents| éadirst setion 36 of he pr obe

56. The choige 58.is a douhl e quarter-wave choke copfiqured t facilitate
Cr ansm ssi on COASHIGAOE 4] PLTHEYa AYGh AR FREREBE SYT6S Loyn R Ay Ods. an

i npedance t r apsf Mk ABdelRitoOf0 G Mate WichSldotrbMagREP8sVikdsr @Y t . The body 50 is
attached 15 to the main body 70 of the accelerator 10 such that the cavity

34 is coupl ed to FHEjathews teesietayswitds8q pftheatecleriordtin gecondars Wik 38, 40.
The energy sw : } | |l s kecting conductive
capacitivel y%%%%fl%gdn%%@ggf@gﬁﬁg@ﬁgarhgg%%ggéwgerﬁl flg%{lgs%t@ﬂg éext end axially

i nt o t hel@avicylyndsidal clipehdped hod05 (Bl irgtacanits &6 andwh opering 5] dndrindlidet Be body 21

and noses 24 discussed evioysly. .In_so 20 empodi ments, the cavity 34
(the swi tche_Hro_?Fgg-I‘E?SW o ﬁﬁwﬁ@anséﬁtaﬁ_ ag’aﬂ@r%@em@%}magde%w the ot her
coupl i ng cavidakigart2? thePshe 2 THR @hdleSRMPA HSdequatier-wi¥i ke corltguradds Yi Ny a

di ameter or cross sectional dinension of the probe 56 when the probe 56 is
at | east par facilitaty rangepgieagof highoourtest asewndithe guening|Stl dyrfandtipaing as athe t uni ng

can be acco i i LO . n the
probe is not @é"%@%ﬂ?‘%faﬁﬁ%% %?ﬁ%’?g%{/clﬁ{t %/0 %’fﬁg%“%gr 3@%"@‘@;@5%@%@?‘?0%(1 such
that it 18 otd theimald botyFoag teakcdléirater HOsueh thahthe chaitly34H@ colpled foe i | | ustrat ed

enbodi ments, the probe 56 is | ocated upstreamof the center line 59 of the
body 50. Altélﬁ%Pé"F%thiﬁ,S lgﬁbé‘o %@esweﬂwaﬁ%g%@%%&ﬁ“ﬁ‘@éﬁpa@? the

ggm e line HRiudbO8 pif BR&ialR frojedting cBhdRlive GbAGHTARY cdifldatiss Alrkliayoh it

opposed end faces that extend axially into the cavity 34. The body 50 and the noses
54 are similar to the body 21 and noses 24 discussed previously. In some

20  embodiments, the cavity 34 (the switched side-cavity) is tuned to the same frequency
as are the other coupling cavities 20. Such can be accomplished, for example, by
varying a diameter or cross sectional dimension of the probe 56 when the probe 56 is
at least partially inserted into the cavity 34. Alternatively, the tuning can be
accomplished by varying separation between the noses 54 when the probe is not

25  inserted into the cavity 34.

The probe 56 is positioned such that it is offset from a center line 59 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

9.



30 have other cross sectional shapes. In the illustrated enbodi nents, the
probe 56 is nade fromstainless steel, but can al so be made from ot her
materials. The probe 56 has a |lunen 57 extending along its length. During
use, cooling fluid can be delivered into the lunmen 57 (e.g., via another

t ube inséWPg&5@8%§?ally into the lumen 57) for -9 WO PCFS/SeWH4035

PCT/ US2004/ 043235 cooling of the probe 56. In alternative enbodi nents, the

probe 56 has a ,soli.d cross ect.i on, and_dges pof haye | unen,, The use of a
single pr obeCB?lﬁﬁﬁg%eRfﬂé%?%:[Pa %&ivefeﬁbo ‘ﬁ“@nﬁe@‘ﬁBFﬁ §r§gh\ﬂm ldé‘i‘b‘ég_e the end
of the probe s&fichAn@EYRRMEEhABE Hitdn, e ub&IEF 2 A HrobE piivides PhysiaERBAI cal

interference. The mechani sm (not shown) can conprise 5 electrically actuated

sol enoi d(s) & thpgehanisewThichomerse theiend afthraaphe3e toxgyanee and Biractibre probe 56
I s through t ?Eoéa\é%%{ﬂo lech\éhiggiﬁ%llf& ced e WAbEN | @‘6’: %%23%136%%%6 seal .

During use, pai r of noses unction as coup g reso ors,” ‘and the
probe 565f usktirically aduaed dolandid({sy soprumaticaly opantet pgliico@)y Mdevenient g5 er t i on

of the probe 56 Jinto, the ity 34, dist es between th robe 56 and the
noses 54 ohaRTabs SO ISBEHF FA alRe B oHR O VL PS8 HERE {1 of ds
whi ch coupl e g¢9. Dﬁﬁn@ﬁ&”ﬂﬁ%r oBfosedSi fuhBich ds'&oﬁ;ﬂi’n@ r@éoh@c&%, ﬁrﬂ%h@]?l%ﬁ&y | evel

h 80. It "shoul hat the type

of the beam downstreamfromthe swtch oul d be nhoted
of switch thd&b fensHoneasarthirdyasenaidrt Bytveyingadagresrodinsertoo of thepoberfécessari | y

limted to th i 1 O t hat: er types of

Swi t ches knO\}\In&:to ?ﬁr%actgﬁ%ﬁ %&ri’tﬁsg%ﬁésgﬁgg&g\éﬁe@ﬁgﬁ 56@%%%%%%%50?41%5%% mting

exanpl es,10ac @m}r@paidjnglyyﬂmelbgeﬂ%esiug theasaghétirseldewiich bagld 1 (b dpentdgé ent ) Nos.
4,382,208 and 4, 286,192, can be used. . at ent No. 6,366,021 teaches

swi t ching el égt 40, T ingiiineTters the %wyﬁwﬁgoff%@/gw fapnsiewr fioAyhe §Bd obes of
sel ected diaggter to provide different upstream and downstream el ectric
field coupling to adjacent accelerating 20 cavities. U S. Patent Nos.

6, 366, 021, 4, 382, AcBouldivd nated@ 861 the Zyparoé switghr thaiglay be employpbwih 88 by ref erence

herein. Al so, || | ternatjve iments, th ner swi tch 0 n be
locat ed at anerRon R RRAMIReRERS M ime bruie fRdesdin B0ubi i BR Phgy ead
of that 15howthet typtdef swilchatimatvach BiraadinERd Bs udedr Bh@tigans € noatliniiciigh only
one energy switch is shown in the previously. géascri bed enbodi @ts

al ternati vel yXaqiplgs, acoclfsgel %Yiﬁ’ll%“rs_“&]%)asct_g?ﬁe [ggrsib B Ubabaiest e b Pt
The accel er aror L0 A e e e LR PO et on,
The field st dieldsina coupling cavity by inserting two probes of selected diameter to provide
different upstream and dowunstream electric field coupling fo adjacent accelerating
20  cavities. U.S. Patent Nos. 6,366,021, 4,382,208, and 4,286,192 are expressly
incorporated by reference herein, Also, in alternative embodiments, the energy switch
80 can be located at another position along the length of the accelerator 10, instead of -
that shown in the illustrated embodiments. Furthermore, although only one energy
switch is shown in the previously described embodiments, alternatively, the
25  accelerator 10 can have a plurality of energy switches.
FIG. 3 shows a perspective view of the field step control 100 of the
accelerator 10 in accordance with some embodiments 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). Aliernatively, the siructure 120 can be other part(s) of the accelerator 10, such as

-10-



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 seal ed, and the
second end 116 is secured to the structure 120. In the illustrated
enbodinenﬁﬁrzggﬁﬂggructure 120 is a portion of the main body 70 of the
accel erator 10 (1., a segnent along the length of tHETHRUHEIZDr  10).

Al ternatively, the structure 120 can be other part(s) of the accelerator 10,

such as - 10 WRU0N OASRAS.RCTHHSIAAAITRRecduRiiRaUEL | R Rng parts of

the adjacent el ectronagnetic cavities 16. The~ coupling simlar
to the coupl ibady by sintiladites the sewding bedy Bludisopssell pravivmslyl |Tn gheritiisddied

enbodi ments, the.couplijng body.110 s a_rectangyl ar ape, Alternatively,
the coupli ngﬁggg@m %O 8§ﬂulﬁ1§kéé’oé¥ %@ﬁﬁéﬁ’i@g@lﬁgéﬁ@%fggﬂgﬂ‘{%’mg}e such as a
semi - ci r cul arcoliplbigdpety 100 cad Hayé bihe shaitk asdeRGigulalios SRhed AL IBRLEy t he
coupling hody 110 is _configured to have the sanme resonant frequency as that

of the codpl iShPepdch @dingrical shepe BsgBricRgodBEYts e cornlingdodmhiiact ur ed
together with bhabosy ' | i . 110 and
the main bodymt% (I%Hratb?lﬁe stF%@%ﬁ@%ﬁ%@h@y‘%ﬁmgf]%gr%?&bg?lg?ﬁ%lgﬁggn body 70)
can be separ dihekguptmgbbdyel L o bamuintfactnred sogeftiel with thidmbiadetned.. The fiel d

step control Q f.urther include pair, of .axi al oj ectin conducti ve
capaci tively A‘%%HE#I@%}Y#@%&%HP lgﬁg‘(cﬁbﬁoéﬂ%%ﬁ R Eﬁ"g{ 4%(0?{;13 SE"P‘I'HWea 084t pose) .
The noses 138 mpateoﬁnmlai_nlmgﬂb 281bE sERARES maAiElctdfed af@ fidh QbkefBldhint €r i or
side walls of the coupling body 110. Although the noses 138 can have

unequal Ilgngttq’&eﬂ]&ﬁd/or 15 shapes in alternative enbodi nents, such

configurations w et ] i el control 100, and
t herefore, are | e‘sﬂsle gg@%&?ﬁ%&dlﬁgs o&nglfﬂflﬁa Iaéﬁrfﬂ{‘%jeﬁgfoéﬁcgngt ep control
100 al so i ncleamtiwstive dapactivahpeoupieg nodB23& (bt shomecin RIGOP it ohegityl Pepede).t he

second end 1 of t oupl i bqdy 0. The, first opening 102 is

confi gured t3%88QEFE§§ﬁ@wéﬂwggvggffm%émBﬁ%a%ﬁm?ﬁ@“@ﬂégFFﬁﬁﬁ§W€N@hs96
cavities 16, tIﬁUéu%lﬁl%lﬁﬂ?de. ARBG A Gheliddes 138 cANhA@EShal Rn@Y RhPort Ne cavity
112 to another of the el ectronmagnetic cavities 16. The openings 102, 104

have di f flér efkapetiglterpatien srabpsliments, strh configisations sl eedbouiéffisinney oftliee openi ngs
embodi ment o, TE ke Runb OO0 Ao 8RR BTy LURHE, L ' O Spes euch as a
circul ar shape, aAsshdwipiniK8. 3stha field stp canitaldpealgs fludshapsst opdnind so in the
PEluSErated ?83) 89& angerc]:gxfd ol}egl%gfliolrl ?ﬂ;[ thn(a) Ee%(r)]rin{" tgldjlqg oif ﬁwl c%lrlp ﬁlrg’bo(cjlgf 1{]& STI% | arger
first opening 102 is configured to couple the cavity 112 to one of the electromagnetic
20  cavities 16, and the second opening 104 is configured to couple the cavity 112 to
another of the electromagnetic cavities 16. The openings 102, 104 have different
configurations. In the illustrated embodiments, the openings 102, 104 both have a
rectangular shape. However, in altemative embodiments, the openings 102, 104 can
have other shapes, such as a circular shape, an elliptical shape, or a trapezoidal shape.
25  Also in the illustrated embodiments, the first opening 102 is larger, or has a larger
cross sectional dimension that is larger, than that of the second opening 104, Such
configuration allows an envelop 402 of eleciric field 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 lenpth of the accelerator 10 (FIG. 4). FI1G. 4 also shows the actual electric
30 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., flaf), 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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cross sectional dinension that is larger, than that of the second opening
104. Such configuration allows an envel op 402 of electric field 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

accel er atwo 2008/0¢2%9G. 4). FIG 4 al so shows the actual pet@giooi/uzd@ profile
404 associated with the envel op 402. Al though the envelop 402 has a first
region 406 and a second region 408 that are approximtely uniform(i.e.,
flat), in abpaungaflD2,d0dmboci walil ef 0.65 A, e first opfsoing 162 hadhelehgthdB82 ahd t he

second regio 06 08 can be sl ed. | el strat ed enbodi nents,
both of the PRsdee 6?%8’1.%IFBHESI-O%QR/%Q%Q%%%%%&P@@ 8%/ 043235

openi ngs 102 embEimbiay,ghefivt sidsetdndQpeEngds, 10RNE04f dah SbveORBRE diderkdhs Bad @ | ength
132 of 0.35 \ and the second opening 104 has a length 132 of 0.31 X In

al ternative thehbdesiradfield stapiean be ganeraindy lisshewd de ppted ithag thexonfiguaipns ah have

ther di ' t ' ' ] d .t should
be. ot ed T hat LRg L0z [P aBuldERl biniodh B iR R B L e o, "D
limted to tthettheappliegsdi0dclidsed hpreoihen valfignratinns. Edrakarhple, iapkerhatps 102, 104

can have other, caonfi aLions, . Far _ex |l e, in alternative enbodinents, the
first openi n§o} m‘é’&?ﬁﬁ%ﬁ'@t P Q%@@?%Sﬁﬂosﬂ?%fﬁ%@%?%%ﬂi“’é}s smal | er than
that of the sReERthARRRLIhe LOAnd bPerdUCINAC RS QRN chdS, therMlkihP Belfiiskbd Step

woul d have a step-down configuration. Furthernore, in altefnative

](canbodi hms\nt s, wohld hage # stegdowpeenfigyration. Eerthermote, in alibmpéve dyahodingenti, fifeer ent
t f i LT A Q0 f bly h
om o BRSSP P B B R 2, o

control 100 i84.approximately in the range of 1 to 2 tinmes, and nore

preferably, 1.3 tg 1.5 tines, an energy level El tqo the left of _the field
step control 15 Teolieligizeddd preforably basamagnipadessish hehanensrestlpe 24 d st ep

400 can have Rl of BORMHUHE SonA IR ChoBoRin AP it kaigh O 1d ZEAEEa Lhat i <

close to 1 wou provi re stabi ess Interference due to
i nteraction oforapptobiy 1¥ddds) tinésam enefgydét] Ebtodhe ftarfdhye ficdd stop tdnéiol i s cl ose

to 2. Howeve field.st ner .atio t, | | o to, 2 would provide
a better\fgpeﬁg\Q‘?%ﬁ‘g?veF’élﬁalg&eﬁvg.el,g‘%gé%eﬁté’rtﬁ? g%\gét%?'ogﬁ%qs%elog\%l s) than a 20
field step eﬁﬁ?ﬁmdre@tmiektmp dnerp§lr@ier (FB2/E1) Abibelghtd heohldgtalidt ep control
100 has an efrect of reducing separation between resonant nodes, it allows

the energy sWorevatalty (o, lspdntatiarcne die i taraction gbadisceatiapdsy) havefigdwi t hout
?)Ir gc: L'egagt L%tg grge{rf)gr;aﬁg%la&sh%(%%?&ﬁ.' BBReRE VRE s8R S atif PHESs bR 1N turn
2 would provide a better operational range (i.e., a wider range of energy levels) than a
20  field step energy ratio that is close to 1. Although the field step control 100 has an
effect of reducing separation between resonant modes, it allows the energy switch 80
to operate in a wider range of energy levels without significantly increasing
interactions between adjacent modes. This in turn provides a broader bandwidth for
the accelerator 10, allowing the accelerator 10 to generate x-ray beams with a broader
25  range of energy levels and minimum energy spread. In some embodiments, the field
step control 100 allows the accelerator 10 to generate x-ray beams having an energy
level that ranges from 4 MeV to 20 MeV. In some cases, such configuration can
provide seven different energy levels (i.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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the accelerator 10, allowi ng the accelerator 10 to generate x-ray beans with
a broader 25 range of energy |levels and m ni num energy spread. In sone
enbodi ments, the field step control 100 allows the accelerator 10 to
generate x-ray beanms having an energy |evel that ranges from4 MV to 20
MeV. | n sORMEH6ES? such configuration can provide s@CEUSIHENENENt ener gy

| evels (i.e., 4, 6, 8, 10, 15, 18, and 20 MeV) wth appropriate filters

d/ t t I th mbodi t he fiel t trol, 100 30 all
The accel or attd 40P RETGLABPRES SoRAyoE Satrive s BBBHEL oG SOPPHIFNEY cer Oy

| evel s. Thus dpbgtiendlaabingemdripimiiae dpasidarehgd, ates in thmihbeled okRAM ener gy
can be switched to a E}Iurahty of levels using a field step control and an

energy swi t crbandwidih foy thenereierainy, obowing tparralaioniy SagRBs-rayibsims witkp cont r ol
al l ows the acg; 1%% | ﬁ’ilﬁﬂ’ n optimzed operational
stability anéﬁg%)tl eggﬁh%g?ég’%%ﬁ% rah%&ﬁ&%gséfé?(ﬁ turn provi des a broader
bandwi dt h 5f or t he Teshorlddreaited, tha btheniavipes frel metbedsarntbo bt asgidnereatee x- r ay
beams with a

i der .range ,.of ener | evel m ni ner ead. 5 It
shoul d be notféeﬁs %jtﬁpa{or 8? 1088%38%@451?}8&/%9?5@8%5}{9&& agfei%s B‘éc‘g’ir_@ﬁ?({o Uoreat e
field step fakcsenrealithameobtivemsidatentit@se intdrfion SURHRNMhe Fefd @pd St ep
control 500 in accordance with alternative enbodi nents of the invention.

Unl i ke the fi%noldO8he Egldisep conte) S0P Heesmothaye dheapmege cpeningsd§2d8¥s not have

t he unequal | % t trol 500

I ncl udes thqugﬂ%ﬁq%%eé ﬁ%?éﬁll&%p c%ﬂtnjaP Zda@?dg&%g’epégpﬁﬂcénﬁggﬁ b?ﬁq?aﬁggrmi n body
70, and allri rmyrtsdcb01 B remaiy bs@270, sndsetug Hi. tTlheaing$0Ricsengedtd 4 504 t hat
separates adjacent cavi-ti.es 16. Such configurati,on has an.effect f
Covering t he SHEPE) 0t 5 senpnssS et B 16, S5 %ﬂnﬁg@‘tﬂ&%“%ﬁﬁ?ﬁﬁg"%oo. The
ring 502 canfievermguicdictpyeibldatithe lobaiot of thdifizll sie donhOXs0US Thesinpghe unit.

Alternatively, the ring 502 and the divjding wall 504 can be separately
manuf act ur ed ¥k 8e MieRactEred saliihe diyidnggral i as pismels wals Alsanatiyalyy tﬁ%i ze and

shape of a pqfsisen aﬁ&tﬂe'&?vi&i%a@gﬁaﬁ%tl otk steaﬁa@w%agiukaca&%mmpf the ring 502

are configured such that a freld step having a desired characteristic can
be creatdd. |assentbdedtbgaiherr Ahe drosmssoiihinabsitesind shapeof o portiogef thieaingl 508 hape of a

Be vell in alTafitenl beaBinl o R LR LA R Rl AL UR BRI . STRE 20
field step caietifed chm@Biedstie dandtb udteted Rahoilldstratabersivditneds, tige @sssopposi t e si de
of the Qi vidi (?t%na slhla 650%%’ o(r)trior;[ o%tl%anrmadgﬁ%gsn Etl re‘é’i?alnl lgros a e!, u‘és c%n a\(?en(? g'i- ments,
a plurality of p P g gu pe,
shapes as well in alternative embodiments. Also, in alternative embodiments, the
20  field step control 500 can include a second ring secured to an opposite side of the
dividing wall 504, or to an adjacent wall 506. In some embodiments, a plurality of
rings 502 can be secured to the dividing walls of the cavities 16 at the first section 76
of the accelerator 10. Such configuration creates an energy profile that is similar to
that shown in FIG. 4. Furthermore, in alternative embodiments, instead of a ring, the
25  field siep control 500 can include other structure(s) having other shapes and/or
configurations secured to the dividing wall 504.
FIG. 6 shows another field step control 600 in accordance with alternative
embodiments of the invention. The field step control 600 includes the coupling body
21, at least 2 portion 601 of the main body 70, and an enlarged nose 602 secured {o 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 characieristic can be created. Although only one enlarged
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rings 502 can be secured to the dividing walls of the cavities 16 at the
first section 76 of the accelerator 10. Such configuration creates an

energy profile that is simlar to that shown in FIG 4. Furthernore, in
alternati odipents, instead of a ring, the 25 field step control 500
can i ncl %Z’zg{%g?zs%tructur e(s) having other shapes and’FJFUSZQf’p’H‘ﬁz@Jr ations
secured to the dividing wall 504. FIG 6 shows another field step control

800 in accor dageguitt Libydl LPARAYEom ﬁdgmrgs&gmgscca&a@mwﬁm' furaifipe field

step control e coupl | east tron’601 of
the main bodyofmlarwdldom 6@21hfaﬂe@et§dmgf@rﬁ@bns§mlc@ﬂhbf)thaaa&ledatw]d] ng wal | 604

t hat separates th ent cav 0se 6Q2 can vari ety of
shapes, such as a v‘r’S aﬁﬁ'ﬁ h61§ﬁteé??nni9?$%d1llna§ﬁo gﬂlceé{“?h % R ar shape,
or other cu%mumtﬁmmnvain@nsma@ﬁelampmmmmmmdmec&%ngeo@onfIgured
such that a fleld step ,havi ng de5|r d_chara terlstlc can be created.

Al 't hough &nl ylofdeasht aorgey 701 <1f§ 6%5‘?@9 PRt AP 40%lsmgE a nose 602
is shown, in cﬁwaﬁngm m@aﬂ&a@@rﬂséadjécbﬁ c@ﬁﬁé‘s‘ &, ah Ye 1119?1&%21 have a

pl urallty of enlarged noses '602 at selected |ocations a the |l ength of
t he accel er atembomenl%l, tBe apertiroRR2 hasatcirewlarf ﬁhepmlandnemlm'nbrrladgermm tha

accordance Wt I i men h f| eld step
control 700 mglp%é&% ?Sﬁfei\(lz%&g?rﬁﬁm% gr% (Emé} %’_Lil ge ei@ %?n%ﬁ ?‘F 701 of the
mai n body 70 shmd, dad benbe ﬁpﬁivéyrsmall&zhdnhh@mhm @eﬁtmee d7 NThaeikd andQAagechat
separates the 3@3‘ acent ¢ v|t| rat ed .enbodinents, the

h |1
apert ure P02 of 3&‘3’@#{339 &rcog gﬁég%gq?at%a%@:défq% 19%@&@@@@#&#@%@ beam

apertures 17... Be Blehigl NAlshYE: a@ceiiagmer@rmlmehﬂem@aeéeﬁéﬂ@r 1P&n3al ave other
shapes, and can be relatively snaller than the beam apertures 17. The size

and shape 10 piralitiief thedteldistep leEOlSs?’O@Mﬁfﬁ@afrféhbrm&homm‘m%hﬂﬁ leagtl oft ep havi ng
a desired chad:lgg&fgl orlﬁ can be created. Also, in alternative enbodi nents,

t he accel erator ave a plurality of the field step controls 700

| ocat ed at ot her pagiotigioths acdetvngort Iechak bexpitdesapibed Wit refeeateane fiell@tepAl t hough

t he accelerator 10 has been s¢ri be reference to one fjeld step 15
control 100, %A %31318% o §00F AEHP Wéﬁ?‘i"o‘&\ﬁn"%ﬁ&ﬂﬁ@ St JpafTMbED. | n

al ternative &dﬁ%&ﬁﬁeﬁ%nﬁﬁacééi@at@ﬁﬁ%a%m@%@i]lﬂ&ﬁh%}“Mﬁgﬁ?&hﬁk%ﬂ ty of field

step controls for generatl ng desired step(s) exanple, in sone
embodi nent s, @nmtm&desm@ fogld SHep(é) d‘osw]mm@m savhseraadlithents mplugles ofo create a

series of fi 3%8?(1 g)ntrgﬁ c%ﬂ ?&ﬁ&%ﬂb cfegte a8 %?djétéﬁrﬁ?‘m é)h%ls%cﬁlel erator

10 can incl ude nore contro
some embod1ments, the accelerator 10 can include one or more field step controls 100

20 within the first section 76, or adjacent the beam source 14, for generating desired field

steps. |
Although particular embodiments of the present inventions have been shown

and described, it will be understood that it is not intended to limit the present
inventions to the preferred embodiments, and it will be obvious to those skilled in the

25  art that various changes and modifications may be made without departing from the
spirit and scope of the present inventions, The specification and drawings ate,
accordingly, to be regarded in an illustrative rather than restrictive sense. The present
‘imventions 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.
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20 within the first section 76, or adjacent the beam source 14, for
generating desired field steps. Although particul ar enbodi nents of the
present inventions have been shown and described, it will be understood
that it is not intended to limt the present inventions to the preferred
enbodi nents, and it will be obvious to those skilled in the 25 art that
various changes and nodifications may be nade w thout departing fromthe
spirit and scope of the present inventions. The specification and draw ngs
are, acgordingly, . to be regarded in an illustrative rather than restrictive
sense. aﬁﬁégg%?iminventions are intended to cover alternatives,

nmodi fications, and equival ents, which may be included wthin the spirit and
scope of tHe i acelratprfoprcrlsritings pariFlesamROmMNBIG30 cl ai ms. - 14 What s
clainmed is: 1. Amarkalydrasingre florliaef eleeremiangtiacsyitiasicoledbimamiesconpri si ng:
a main body having a plurality of electromagnetic cavities coupled in
series; a firstficssephpling bodylahimya ficgt sidé cavity cemled wawiotof tleoupl ed to two of
the el ectr onagsktir@nfvii¢ éRstics\Wkdreih the fivet fidy Gkvit isdRupled id yhel o tioupl ed to
one of the twougd of he cRELEGhIDIRIORILICE tiEaYiH 4 BSt SfthRImdofhsthtr ggpeni ng, and
to anot her gf m?ﬂlﬁwb‘@tlﬁfelécﬂ%nﬁéﬁucmrlﬁﬁdu h & 88ohdl 8Perdiky, (ahw@/hﬁreﬁlecond
openi ng, an ; : . ni n ave

p g9 Bl kY ogte ﬁ% hhd fHe SQCR)?LH 'og&B@lQa Qﬁ‘fﬁ?ifﬁ@&gs,?ﬁ@ g9

different sizes; and second couplin ody coup to e mai n body, the

second coupling d in ide.cavity in conmunicati.on with a
third opening aﬁggcé% d £ (g‘%’\r{?ﬁ%g%é%fﬁ%ﬁq%%‘g r%all??\ %?(!ﬁ’ ¥lﬁfgﬁ%‘5l%§r%pf qul gur th
openi ngs have al&dRpa 35cond sige ﬁﬁ%;g&?ﬁf?&ﬁ B2 6 SO RPTRAR 2in the first
openi ng and t he [XEEHREMGEeRRGHD ird gng the foyith operiLgs have @isgME FiZ8i nensi ons.
3. The accelerator of claim1l1l, wherein the first opening and the second
openi ng have Vi dcralpiator of flaiss | swlearsin the firstinpseise and theisecond cgpipabae of cl ai m
1, wherein t hdilfeienkerosssestiongl dimensorsi r st cross sectional area, the second
openi ng has a second cross sectional area, and the first cross sectional
area i s appr oXhemtekbmptds ¥ tlain? 099 hencig e firstaopeting asd thendcond @penisgbdvieonal
area. 5. An aditfetear ab@rsefthalbehagdser ating a particle beam conprising: a main
body having a plurality of electromagnetic cavities coupled in series;
4. The accelerator of claim 1, wherein the first opening has a first cross sectional

area, the second opening has a second cross sectional area, and the first cross

sectional area is approximately 5% to 20% larger than the second cross sectional

arca.

5. An accelerator for accelerating a particle beam, comprising:

a main body having a plurality of electromagnetic cavities coupled in series;
and

a first coupling body having a first side cavity coupled to one of the
electromagnetic cavities through a first opening, and to another of the
electromagnetic cavities through a second opening, wherein the first opening
and the second opening have different sizes;

a second coupling body having a second side cavity coupled to the main body;
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.
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and a first coupling body having a first side cavity coupled to one of the
el ectromagnetic cavities through a first opening, and to another of the

el ectromagnetic cavities through a second opening, wherein the first opening
and the second opening have different sizes; a second coupling body having a
second side cavity coupled to the main body; and an energy switch for
changing an electric field distribution in the second side cavity. 6. The
accelerator of claim5, wherein the second side cavity is distal to a beam
source, an e first si .cavity is.distal to.the second side cayity. 15 7.
The accel e?'abg'ﬁ aﬁ‘fe[i.ecf?tﬁf P&gfi\:ﬁ SR g’ﬁ@“@ﬁ%?‘ﬁﬁc}‘sﬁﬁr‘fpdﬁe%%%ﬁ? E’é’gmﬁé{pr obe
mount ed  for PHOMTEPLIG e SeORL S BN si de cavity. 8. The accel erator of
claim?7, wherein the dianeter_of the probe is selected to control an

el ectric fPellhearedqrataued daim h wheeein e dinncisr 9f theawpheyis sgectahie accel erat or  of
clai m 7, whercentohsareldchiy ficldidigirbation inithesecondsidetavithie probe into the second
side cavity changes an energy level of a x-ray beam generated by the

accel er at op. The.acddheataccdl@nal, orheadin edrgingaslegice bf ineerticw opiht pidbg irto gun sour ce
secured to a thd fedbndide caity thagsPimeneadievel df a They Baeciaeatddbyahe cl ai m 10,
wherein the fiéddraeupl i ng body i's not |ocated between the first end and
the second coupling body. 12. An accelerator for accelerating a particle
beam conpsj SHg.: i i : i ic cavities
et e L T
coupled to two of t'he el'ectromagnetic cavities; and an energy sw tch having
only one p f or . changi el.ectric_field, distributjon in the side

cavi ty; vvhi? %W%;g%é%ﬁ%ﬁ’g{baw hetemt ﬁgﬁt P 1165:1)8153' EWOQ‘?SQ%% set from an

axis of the CHURS a Bef9g¥ee of insertion of the probe

ang e sgeanicrpp
into the side cavity changes an el ectromagnetic field coupling between the
two of t hel2. An accelerator for accelerating a particle beam, comprising:

a main body having a plurality of electromagnetic cavities coupled in series
along an axis;

a coupling body having a side cavity coupled to two of the electromagnetic
cavities; and

an energy switch having only one probe for changing an electric field
distribution in the side cavity;

wherein the probe has an axis that is parallel and offset from an axis of the
coupling body, and varying a degree of insertion of the probe into the side
cavity changes an electromagnetic field coupling between the two of the
electromagnetic cavities.

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.

16. The accelerator of claim 14, further comprising a choke coaxially surrounding at
least a portion of the probe.

17. The accelerator of claim 12, further comprising a field step control for creating a
desired electric field profile along the axis of the accelerator.
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el ectromagnetic cavities. 13. The accelerator of claim 12, wherein the

di aneter of the probe is selected to control a frequency of the side
cavity. 14. The accelerator of claim 12, wherein the probe has a | unen
extending along its length. 15. The accelerator of claim 14, further
conprising a fluid delivery tube disposed coaxially within the |lunmen of the
probe. 16. The accelerator of claim 14, further conprising a choke coaxially
surrounding at |east a portion of the probe. 17. The accelerator of claim
12, further conprising a field step control for creating a desired electric
field profile along the axis of the accelerator. 16 18. The accel erator of
claim 17, Whekhgianceldratos pldaionVi, mheiesn e sidakatity iadisehm slmanceprceand the fiel d
step control ang thei f&tidbtep corttiodisslida tc theiside.cati®y. An accel erator for
accelerating a particle beam conprising: a main body having a plurality of
el ect r omagnetACadealiatdrdsr &oelplagifly h Parsilebesn, dnPgingn axi s; and a device for
generating a desired electric field profile along the aX| s to control

separation of rgspnaldy fﬁ%‘ﬁg ursl o@h@&wﬂa@ﬁ&&%a‘vﬁ iidBRiseaer €l n the
devi ce conpri Seélongm%’ﬂ@ aving a cavity t oup es to one of the

el ectromagnetic vitiés through a fi rst openi ng, and to anot her of the

electromagnetlc a\ut es throu h as df_ 0 relnthef rst and
the second openf v§° 5 CICHPE &/ g%ﬂeg ¥ 1eicﬁaro£ %ﬂpqg WS Y

capaci tively cotfsP@lonBLissonaap sglromagedic Grvitigie Whets an body, t he
pair of noses h "?Fl‘f?gfo EWHEPS- 1 engths in a direction of the axis. 20. The
accelerator of claim1, further conprising: a ring structure secured to a

di vi di ng wal |t maeupliephedy kayingmcayity taecoules do pemelghetleoraeagnttices. 21. An
accel erat or f or catigsltieoagh mfrshopaimg, eddetolreather dohpelegiongpeneticnmivitichody havi ng
a plurality of treghroreagdepesingavicéie shedtstpingdhd Rcaeldpesingaharg an axi s;
and different sizes; and

a pair of conductive capacitively coupled noses secured to side walls of the
coupling body, the pair of noses having equal lengths in a direction of the
axis.

20. The accelerator of claim 1, further comprising:
a ring structure secured to a dividing wall that separates two of the
electromagnetic cavities.

21. An accelerator for accelerating a particle beam, comprising:
a main body having a plurality of electromagnetic cavities coupled in series
along an axis; and

a device for generating a desired electric field profile along the axis to control
separation of resonant modes of the electromagnetic cavities; wherein the
device comprises a dividing wall that separates two of the electromagnetic
cavities, and a beam aperture for allowing the particle beam to travel
therethrough, the beam aperture having a cross sectional dimension that is
different from that of an adjacent beam aperture.

22. An accelerator for accelerating a particle beam, comprising:
a main body having a plurality of electromagnetic cavities coupled in series;

a first coupling body having a first side cavity coupled to two of the
electromagnetic cavities, wherein the first side cavity is coupled to one of the
two of the electromagnetic cavities through a first opening, and to another of
the two of the electromagnetic cavities through a second opening, wherein the
first opening and the second opening have different shapes; and
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a device for generating a desired electric field profile along the axis to
control separation of resonant nodes of the el ectromagnetic cavities;
wherein the device conprises a dividing wall that separates two of the

el ectromagnetic cavities, and a beam aperture for allowing the particle
beamto travel therethrough, the beam aperture having a cross sectional
dinension that is different fromthat of an adjacent beam aperture. 22. An
accelerator for accelerating a particle beam conprising: a nmain body having

a plurality of el r neti g cavities coupled in seriges; .a first coupling
body having a f %ES g;fotng E@%ﬂ lgng\gloﬁ C:?:ué)l!l "831“1 IBaIB\kBg%ftQ‘i Wéondg‘f‘?é‘&“i‘ lhgé{dn etic
cavi ties, whereif R &SP Flgﬁ.%33%§WP9mP§a% Wit s iyl psaingpnd pe” two of the
el ect romagnet i c [CHY FReBDe; Whaggihethid paq the b NG s aamesbareof  the two
of the electromagnetic cavities through a second opening, wherein the first
openi ng and-t hee &eeleitpr op et g2 Huvker gpmpusinge paih abemducting cagacitivsbeond
coupl i ng bodycaupleginesestsecurgrbtorsiderivabls @f thetfhres complongcbodpupl i ng body having a
second side cavity in comunication with a third opening and a fourth
openi ng, Wdr Bhaaccleratdriof dlasm @2 tierdin dretfiistapening gad thewecoad speenghape. 23.
The accel er at mvediffetimicros? 2;ctibul dhegnsivdanpri sing a pair of conductive
capacitively coupled noses secured to side walls of the first coupling
body. 24. DReTRCL&GbEF R QF clafm 00 8l HGdR the W dBkiink &  fifsPlroRRERiRG and the
Z ggglngr gfgp' giﬂ'ea,fl?é_’s%cgi?(sifgp%ﬁﬁgtha§£ &%ﬁncf@rﬁgs' & naf LA %g% ﬁﬂ:sf}ri‘; ‘ g?ssc ! gs <
secti onal aremﬁrﬁkgkseég §%§%§¥E§§<g§k§b§%§§ﬁaQ@i%@gﬂ@g&%ﬁgﬁgwﬂarea, and
the first cross’ sectional area is approximtely 5%to 20% | arger than the
second croig ectional . are 26. An afcelerator_tor accelerating a particle
beam conprPsihgeceTaigs for B"c?gl?rmgiaﬁ’ﬁr“& SHeAMaPRRYISEIE el ect r omagneti c caviti es
coupled in series; and a first coupling body having a first side cavity
coupl ed to one @fMaipbodydayigaataighltdf slegiotnednstic edviltasghupled inrssticopeni ng, and
to another of thed electromagnetic cavities through a second opening,
wherein the first opening and the second openi ng have di fferent shapes; a
second coupl i ng alingyoindingrigd g haeapan firss side codtyicoypledphedrti@ t he mai n body;

electromagnetic cavities through a first opening, and to another of the

electromagnetic cavities through a second opening, wherein the first opening

and the second opening have different shapes;

a second coupling body having a second side cavity coupled to the main body;
and

an energy switch for changing an electric field distribution in the second side
cavity.

27. The accelerator of claim 1, further comprising a pair of conductive capacitively
coupled noses secured to side walls of the first coupling body, wherein the pair of

noses have equal lengths.

28. The accelerator of claim 1, wherein the one of the electromagnetic cavities and
the another of the electromagnetic cavities have a same shape.

29. The accelerator of claim 12, wherein the two of the electromagnetic cavities have
a same shape.

30. The accelerator of claim 19, wherein the one of the electromagnetic cavities and
the another of the electromagnetic cavities have a same shape.

31. The accelerator of claim 1, wherein the second coupling body is coupled to
another two of the plurality of electromagnetic cavities, the second side cavity of
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and an energy switch for changing an electric field distribution in the
second side cavity. 27. The accelerator of claiml, further conprising a
pair of conductive capacitively coupled noses secured to side walls of the
first coupling body, wherein the pair of noses have equal |engths. 28. The
accel erator of claim1, wherein the one of the electromagnetic cavities and
the another of the el ectronagnetic cavities have a sane shape. 29. The
accelerator of claim 12, wherein the two of the el ectromagnetic cavities
have a sanme shape. 30. The accelerator of claim 19, wherein the one of the
el ectromagnetjc cavjtie nd, th not her. .of the el ectyomagnetic cavities
have a sane SH&IFE™ Hp%%@gg‘;%PQF%goWe theagothe EW((/\?%LE t he second

coupl i ng bodySCEORAgHAHE gaYifies throysh e thifgopspingnandfp patpes of the angfhet r onmgnet i ¢
cavities, thdéveetBr¢Flcsamagnsliccyvities thregeh e fawtuere®®8upl i ng body coupl ed to
one of the another two of the electromagnetic cavities through the third
openi ng, afd lihs agerdertier oloflainhd?, atheteitethe seopnd edupling bedeistcpamedyioet i ¢ caviti es
t hrough t he fapothehtvwopdithayguraiy; of Ehetranegietr atwtiespfhe sea@indsR2 cavityarfei n t he
second coupl ithgsdooutycauplicgbalyedupled tesretdidre dnatheofwd dfahgl ural ity of

el ect r omagnetditromdidie savitilthfRgR i thirdlepetdigi bnd fanothBeofiReadthegoupl i Ng

body coupl ed {8 0P Bictrbh@gtielchaticd WRush tHelTBurtiebRaldomagneti ¢ cavities
through the third opening, and to another of the another two of the

el ect romagRetyg LaNlhhesr ARLPHINHERS HhOUNdnPREN A Adrudhs: accel erator of
clai m 20, Wiegel 1 s“’%vl'ﬁ%gﬁg tgélf‘l%%ﬁet@m 5 Whdieh B gk Ling Che
particle bea 00 15 avBf 'TReret hr ough..an h erein the Ting strac

bpeni ng that 125 3 PSR E R SR EOR RARPEIEE: 1o

by
—=

ure has an
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