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£ i: ' j on -5 WO .
oo s R T P el A A Bt B Sl Bporah Wit fod oo
e.g., YiaSentgkueer et I'Buvatsi o Supkervifivered dpody gk lfi @I ok bmdgudPlasmas due
Iﬁser- accel erat ed, tryégh ener gy_pol yenergetic ion bean&
to the, Gieney &8k I/ decl ey g8ty figveneP y&é&v ret3d37 61999)), although
+ B ESUUELAE BBt bbb PP Bl g on o rder
of 1030UeRE; seea@abBevoBulana! &jl| YGerpatian b Qollif@tddi B¥dms of Relativistic
ener gy_pol yenergetic %SI tive ions according to their
Ions igd e Plasya\teracionp e VETR betterpaATe4 14 (20 uTheserriectrans can be
i al [ 2 I rgetic
e S0 SRR\ 0 BB BB G o sover
processepAduck appomdeeamdtivel aogelétton bppidpagfiaghiehpEBe(WyYu et al., Id.);
pol yener.getic_positive ions. The present inventor has

resongitIRsIlPy HEWhivh R3Ot fscr IEHIYEPeR A Ceatioy9f a plasma wave which
b LS ELABHE RSS! L NARHRRTY, LBl apsqron g rasiors
ultra-Siensedsser Waht byr wlids and aleyderboplasmas DEEHE I IQraatyn EEbtuen., 1954-

1968 [l R SR AU BCBing S o e E B o BBt the Lorentz force (W. L.
Krueﬂg%d]}’&n@s&ﬂﬁ%l& ‘D08 Bliickfng BwH Mibnsk wepﬁg@g PR, PILERS 430-432

orm ng a | aser-accel erat’ed hi gh ener
(198 b | Becavseyefi the ninoheryd amchani$nosifon gleatrph accalarationaid thggvrresponding

oo B SRS BB LY bl S b5 Bting e
mech@hi§ink bPidh 26e16atiSn BT MY it&dt ot ofdfel B WitH alsBBd target and
| aser-accel erated i on beam usi g‘gengiegcol [ i mation

quantifisptien of 8ygden Hield/indemsrefthadere an dieelpgsy pplss end the plasma

parar) 003t BOH L e e R e Y0y O at e

hitgvigg e gyamifiddtion gicldors lastsiadgelerbted pedtbi fod; beamchlone is typically
i reconbi ni ng.t he nodul at ed giiﬁpg)h ener gy pol yenergetic,
1nsuffé@§1?1ttfpx,]érep% q','g‘qew@eutg;agg—é. lqﬁrgm 1pp desea | Sych wqtm Jpn beams have
. . . | . . ro . . )
o P NSRSl U AL PRSE B b i
energly @olychergaty icytshmto bdwhtrapsigicaly siitableo fin ddditive to nggding to shape
t.her apeuti c ,pol yenergetic peans, to.a . . .
the pQIpFSEEE R SISO Bk DEAR 526 Jisposion gl veralinfasiy need t
be coRROREL D PRbvili& Brotd Weals 1R atd VREGp&TtR il QUEERE: for irradiating a target in
laser-accel erated high energy polyenergetic positive
a patienin Liovearsgpyrey pyetonsypicalc ireadisha]loveer regens-in apghientispody, whereas

. , Syste t.he | aser-targeting, system havi a lLaser_and. ..
nighe ¥RerR et &) S bRy andy DISFOtIA g e A BhEPine
systeid® ki@ AR ifr fofRind ¢idMpchifieal Bl Bitalse §bB¥nerpidiBRBEARSE f6m sources
i on beam i ncl udi ng hi gh energy positive ions having

of lasgivageglerated bigh eaergxprotenssthatzse capabBeIiasstingmpiedetermined three
. r C .
aime RSB0, SARIE] 6o SHEATIFGIR By o prgenty nescea
provifi@Rivi-cost, dobipabe &on theapy syspais to@nalsié thdgedtergtvatitbligyof positive ion
posi tive ipns; and an ion beam nonitoring and control
beamstﬁ%rﬁ@mo §961¢%hot her aspect of the invention, there are
provi ded net hods of treating patients with a
SUMMAR'Y 6FCEHENVENTYON energy pol yenergetic positive

ion therapy system including the steps of
The present inventor has now designed 1on selection systems for forming therapeutically-

suitable polyenergetic ion beams. In a first aspect of the present invention there are provided ion
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identifying the position of a targeted region in a
patient; determning the treatnent strategy of the
WO 200gRe%dy regi on, the treatnment strategy incl UBCTIgS2004/017081
K | S I .
selocifh fulfit Mvhl 3 A Eh Tl b il e loochated hgh
energyosilydneegeitio orbleanns tHebserracedérated hipht dnergytpi@at@dtic ion beam

. . region; formng the plurality of therapeutically |,
inclugieaplialify eEheieg By sehastig Soritive tones S magpgiorfeld source

cr B AN LGHABL D08 e BB ey At o

energynievely; apepoyemecapebleof podilaiing theopstidilyi separstipd highl dngrey
ro G R RS B e 04 Sl iin

modmdem@faﬁig;ﬁ?o@%iefg'eu@pbﬁ@veb@ﬁm to the targeted
reiql on according to the treatnent strategy. In a
re

b prgsens peientophas #i%o dasignpd methods hefaamingshigh ovdrgiepolyenergetic
positli\%ziﬁll% B?e;t%lgseﬁgﬁﬁﬁs%g?éc%ﬁ:r%%c?ﬁgeIerngrag&drro%yesgrteg?ti%e{oﬁ ’bgam sources that are

a l'ocation curi

suitableSer oabeshahatpd Thughineneeehd aspedt veiRBGkEhGnPaSioh e are
jon therapy system capabl e of delivering

providge pagthads of friyng y highisnersy pelygasreptifaraseive 32 beaps incddling the steps
t i | i . i . .
of foggig&g‘ ar%Q%e?—aB%ér% P%?e%_@%g rpggt%lﬁllﬁxggtslci/ fsc)ggor%hﬁ?ﬁéé{fcﬁﬁgg)blurahty of high

em having a
energyasdyerteggetie tpositve joms,dhe hizliiengrgs pohsacrgativch@itivie éast charaeterized as
.target. assenpl C bl e of produci ng a hi gh ener )
havingty GHiBREEE PEenesn Bl calhwalig R dmeratpebaagbRa tstheing o
Hid@on BRAB, | PR BBarktiththg Afh i i b b Ui
o 1i on.sn havi ﬁgSBenegﬂgyﬁ?revrgkggof %e@gtgﬁ ZE%S{S ag%o?@%g{t/é;) #heir energy
levelansing a figsfimeagneen fislls medutatipg thesspafialfyr segarated drigh energy positive ions

. therapeutical l ui .t abl e high e ol yenergetic.. . .
using AERRROH S ecbmniic B e ikl BolRGheigaitive ons using
a secBA®hiabii&ic fidg, the high energy pol yenergetic positive

i ons bei ngﬁ_spati ally separated based on energy |evel;
L

anWithin engt aspgota afithedrentipn thera erapfaidedaser-accelerated high

L.cal | it i.gh r ener.get. c .
enrd SAPRBHIE Bt o R SR B LRRORREAS mropenic
polydiicfifein beirny @d ihede-diirhdo@d opbamaldadeniataieds. Bf these aspects of the

roduci ng radioi sotopes using the laser-accel erated

invel}%oeﬁh@ﬁ SFgpropiged &as@r?&eﬁlp@tqddﬂglbm pRlpencarsiicepisivpion therapy
systegﬁ, ﬁﬁg@glgané?%g%gar in% ?%é&ﬁ,etﬁg 'I‘Jsef-ﬁi’o%eeggg g%%éér{? ﬁﬁ\ﬁnga?aser and a

rovi oduci ng radi
targeting kystémgapabie sftpepducafg 4 lughenggp pbiygiergstierigy beam, the high energy

ol yenergetic. positive ion beam i.ncluding formng a
polyqngigefic ?}%é?aé‘} @P@&lﬂ%ﬁgbmﬂh@ ignshaying setey, qu%_ gt least about
50 MRVE b YorPe¥dctibyY §¥]§té?ﬁ‘ Sapabld&of E)'rgi;hcﬁggﬁ t%gragaﬂici(ﬁ}pﬁflﬁﬁfe High energy

positive ions characterize n ener gy
polyetfiergetic pasitive iondwhin frem  porticneflthskigh coarge besititesidngyiag an ion beam

monSRer pc%I ﬁoner']%eti c ion beamusing at | east one

5}115"%& PBN eV te; spatially separating the high
e Nk @tHee hyROITIRS inGertR) thehttark BV RAGRSRORDf Ra® M iénts with a
using a first magnetic field; hodulating the

lasergisenleratedihighopnersit Ralysweestic nevidye iooithert getens ipsbuling the steps of
identéf@ﬁl%ﬁ%? g%@'g%f aztﬁge{geyrrg%[)lé g}cé gieeﬁ;gﬁt‘% it Ak !tr%lclt|11¥ent strategy of the

=)

positi%ve i ons
targetesliragion, the eeatntntEginelyiinclidiel deteanilingr thadostdifigb@ions of a plurality
cursor with the recaonbjned spati.all

r adi oj sot ope. pr.e aly.
of therapatisg Slﬁtaal% highenspeealyaivercle Pretipowniticgws fgdgadiating the

targeted region; forming the plurality of therapeutically suitable high energy polyenergetic
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O her aspects of the present invention will be
apparent to those skilled in the art in view of the
waletoailbsed descri pti on of the invention as provPCEUS2004/017081

s30T\ 8 RIACHLINfs i oe

polyeghergetic positvg 1onsbé1ug siedially sepcheated loaseld v emergy kedrel; and delivering the

nj uncti on. tht ended drawi ngs. For th
plurafiiy ofdaeapguticgly %?F@#ﬁlﬁﬁ CTEHE RSO POy 1 bt tareeted
regioh RcddA@ing i@ MeNEHBInEHE BPAL enbodi ments of the -7 WO
2004/ 109717 PCTI USZOO4/ 17081 i nventi on; however, the
i inerrelatad dspech of thieiimyentidn,tthere laea pxpuded lagerraettloitedannl beam
ment a{ i,ties osed.

reat g R R R o B i SR LB plrated high energy

polydpetgeeo g6 gevd onitiasedysehi Qpabls bs HEletihg b'ﬁl@erﬁ)fe%ﬁ@illy suitable
invention. E represents the electric freld

polygagrastic pesitys ipadeam o a patint gt the kgcgtion, dhe @ntth@amaszsetem having a

laser-\rg%gétg{% sgrfsteflf1 fhell ef‘? g%t{n%fsﬁfgtgnﬁq{a?p%oaf lg%ﬁ )ém?)a(ﬂr lt%ae -gﬁg gxrget assembly

inftia

capaljle oppgdtieng b higi dnh@yl mlyent@etibnrbegit theihieh ﬁl‘ergyl’nﬁolyenergetlc ion
I agr.am FIG 2(a) shows the energy distribution of

di
beamdpgggwg high gnergy, egle%tlc pe%tlve_lfn& aving gpergy; leyels of atNeast about 50
r A
MeVr grgg)gl%\?\%gﬁo% %te?g{gg%le Qe gdﬂg %rﬂé&a uﬂbé’l?’s&@cﬂﬁ Q%geh energy
polymerg@tlapomwe onbeadsERg thd lBgh 24dpy pblyemergdte postiviedons, the high

ener sy 1y oAl PRy RS Beinh Ly PR st o GG ek and a
monitdHhg@Ne cOitrél 3P&8mI6r the HierapbBBcd¥ \buithte h%ﬂte‘i@%g ﬂoﬂgféﬂergetlc positive

represents the protons in’'the energy range 1
ionbga®y, and the dashed |ine represent protons in the

a%rag&ttlgﬁélgas%&gsrcgf t% 4p1?esen§ 1nvgn1i1on e@ a;ea ﬁ%&ﬁ%ﬁ]@oﬁ oq producing

radiofotopes psinglihegis¢r-addeker@ted Bighkasgy li)@l%ﬁeﬁ' étic ien ‘be@rh@ﬁﬂﬁ[déd herein.
deviation _statistical uncertainty 3 shows the

In thase geRsRts Aq RIPseaF HVeRti ﬂl@ﬁ@@rq\prﬂvn@@ ;neﬁmds pﬁmduﬁug sagdioisotopes,

1nclu{1/1<ﬁ% e Gt setff foﬁlﬁig? g:hlgélf enlte%ir e}J y_%%rg@ﬁ@ fx? e 10 n, %cludmg forming

-axl s

a lasqmalccﬂemtedod)ﬂ bevnad h)atvutig)&plul‘@t}bbf Ehgh eﬂ.ergy@oﬁ&f/e iibﬁd, thé hllgﬁQnergy

cm squrce . to, surface di a aﬂce " SSD") N represe
polyengrgefig, %%?Vf’olpnwlzﬂr%ﬁﬁeme 23 YIS %@ﬁ@édlém %%ucalhmatmg the laser-
accel?rﬁgefaqg%é IR ac;ggéehe%gb ‘i’oétbé'égnousk/b gtqéaﬁ%%ot lﬁgﬁ’tﬁb%nﬂi&lce spatially
separa‘elpg ‘élsém’glseangytpmimnlergetlh posiveiogy accantieg bldhergy LEmg_a first magnetic

hed n resents protons in th

field:ghglfitie e peRaty sepatet kR BAGET RS el Gtoniule ifbrsive an
aperthﬂegﬁecbﬁhﬁ 1@1@%% A0l QBSaratBd h%ﬂt ﬁ&g& ?Mly%ﬁ&g@ac]i%éﬁwegﬁns using a

MeV and the dashed-t wo i ne represents
secongkpegnetic ifigld; med radiaging rapdjeiso®pe prepursorgith Ms\recormbited spatially
t I o jstributions N = NCE) per

Separ?{aég\eﬁ?gh &1%5@ 1}021;? ngleggeﬁc g%mﬁ‘ﬂe Set of the total pr ot ons

S i (mhleﬁﬁ@écty 6f thd Pre3Berigyention (iR lbe aﬁipzééht GdMthoge-Ekillen inftBE art in view
col | i mat.or openi ng x.1 cnR defined at

of thq%a% @e@lptrpﬁ@f & ingention@s p@m@é&@feén protons with
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, as well as the following detailed description, is further
understood when read in conjunction with the appended drawings. For the purpose of

illustrating the invention, there is shown in the drawings exemplary embodiments of the
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energy distribution peaked at E = 81 M2V, the dotted
line represents protons with energy distribution
woeeaked7at E = 114 MeV, the dashed |ine repr € SECIL/BS2004/017081

0 S5 R TS nasi
discleseer fythdidgdwingsit i on peaked. at = 190 MeV and the
dashed-two dotted Iine represents protons W th energy

di 164G+ 1gis eisehenintisidiagram of one embodipment oftley pajyerieegatictiopeselection
I
Sl 050 St 2 i PHBLALT AT Bt o e
axis. g stthewhieresvte of Tegpuisel dickctet rah;nrgeh)er earint The palsedSiaitialized to the
stribution -8 WD 2004/10971 ]i‘ F2004/ 17081

tet of éargsraéﬂnr%r%ateﬁ Aompe g odfeER L ko tgime = o
e G 2PN Bt el iBP SRR Phnitiasadiog: e flﬁé;*lols radls
Nfeﬁ’@ré%ﬁﬁf;?%%ﬁ%%?%g“tﬂ% inBERERERIEY bl ARl T Ghrotons

used MetHe s1m1t1et1aia|sh94;l857dotted line represents the dose
di stribution cal cul ated using the proton spectrum
peléii@cl(b)t shpws theomgntavdistrifartioheolgissélerted protdns aterd= #0GHe),,. The
represents the dose distribution calculated using the
solid king sheyvssthe étsrrrhﬂtlﬁa :f‘krelﬁo‘@lﬂs m the sugexEapge PRs bEilRa rl\aeV the dotted

f
line r@%sséngﬁe]_g ét ol ar eVI el%légj';%g %th% SIQ%V?%mf‘lﬁg diflled line represent
protoagirctihb @hérgsanigs 246K K Eess rMeV The lasép puldeGengdih ahd h@isky are 14 fs
t he proton spatl al distributions N = Ny) versus y
and L aiu%rla?t2 W pecarespondingly.c e ere@ e reprsserd ope-standard deviation
stat1s$ urnn%f r. opening of 5 x 5 cn2 defined at 100 cm SSD.
ﬁg BT i ne represents protons in the energy range
80/ G t L t
G B o e O Mo 3 R T P PlsSeg R O aiven
numbek BEthe@PrEsettins sipiited Sersik yhezxﬁnzﬁﬁwmaﬁétﬂgm &AF=0%m, for a
E<--150 MeV, the dashed-dotted |ine represents pr ot ons
primary coHimatorarpgying afi i & 1180<deffed at 10DcrvisMraath dunface distance (“SSD”).
t wo dot ed line rep resentségt%aons

N repéﬁS@PE???h? aigher o Rgogorggn SERVREYEH B)COQ#?Q%G -t fyige solid line
repreﬁ’én@§ PRt B cHergY ‘%ﬁr&\:‘t S(P@E’ 4\90‘1\M7E)rhevcﬁﬁt§5 ?m@ P%J?&%n@tprotons in the

pl ane x=40 cm Zz=0 for a primary col
energypengenbl (of £ 1){205[\46th elashed dinatrept@@nc rprﬁSﬁ}s inTthe exsavgy thnge

140 4, E 330 e Ve e BefglyRod 1l prpads Pownsta fresisiaanse 190< £ <200
MeV%Qtﬂ?er@aslﬁ\é&-ﬂN@&ﬁfegmn@ rSirbd Rt OB RAKE %e‘?%y ge 930 M8¥< 260 MeV.

the dashed |1 ne represents protons wt
d | ElG.i4odlibive thengratoacnedzy distrithB8RdnbEW= N (1B i $dsecpuled foed given

ine represents _protons with energy distribution )
numh?é akbg t‘afel Jrotons sinfared NerstshrnersysH ekine w4l 610 &t Ppker a primary

o S350 PE B0 S5 B 05 L e G S i

energyl dlﬁfﬁbl\{tl&gééakéfﬁét% =®1eWeVJthe HoReSBhd fptds@fis protons with energy
corresponds to the protons peaked at ener gy 103 MeV,

distripigortpeskediat) £ rd 14 cMﬁ‘ésfer dashed ding hepresents @m@onqoeak eteray distribution
peakef‘(ﬂagtr%% &%lgﬁ\é[’\%etgﬁg h%?—sc’igﬁgc} S@é %eS%séﬁté‘ Sro(t:oonrs i energy &1str1but10n

peaked at £ =190 MeV and the dashed-two dotted line represents protons with energy
distribution peaked at £ =250 MeV.

FIG. 5 shows the depth dose distributions for protons with energy spectra shown in FIG.
4 normalized to the initial proton fluence. The solid line represents the dose distribution
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166 MeV. FIG 8 shows the depth dose distributions for
protons with energy spectra shown in FlIG 6(b)
woonabsi7red to the initial proton fluence. ThePGDUST04/017081

Lne represents the dos i Stri [ cagl at ed
caleult PO RE BT oS u BB AL dhcad AV 26 Fathre Toppguents the dose
distriB@idreshldul &1 dseil B Efﬁ@n sRtriSRakddl 51 LA LW IV, the dashed line
cal cul ated using the proton spectrum peaked at" E = 133
represgats the esegtigfribetion qadeulatedhnsingithe pratorespeotemdicsked 45Uk FGAS MeV,

| t ' t t ked at E = 190
th o4 ol et 39U ARRFEH HHBUREE 56 B aTon D trum
peakedi 1E =00 iNEV Calickd @dshed-ted A@tddNmeREmtRRtsIRE &6§etﬂg§6r8iblﬂion

WO 2004/ 109717 PCT/ US2004/ 017081 peaked at E = 20¢ _
calculgad usmgethe praten spessbmipeeltadrat dpe AR dVI¢E. Thg pmerpeollimator opening

. ef i,n a cm_SSD. e-st.andar.d devi.ation .
is 1 e Feting o 8 ST Qe A BV Ao fFSpHaLet iy b palgulations i
on th&rdel 51 9% a) shows the nodul ated proton energy

di stribution based on 1 x 1 cn2 primary collimator

o ddiG. 16¢a)dbbws et prdtodh BPataindisBButiony dpx A entverstih g - e the plane

of protons in a given energy range normalized to the
x=40eunized cot fgyngriomsy wpllimaterepgyingof 52 5 M. defined sb10Qcm SSD. The

solid l[!JIIB?Q ge@ﬁfgg tré gfoggﬁaitﬁ%ee%@%gégg %Eﬁa‘g ﬁ@ 3\%\93{@3 tdgt?ecﬁ?rllenr%presents
protoh &R 188 8fkirdy Fdnge @NG LIy < SR M MhE@shiet Blelpiésdliprotons in the energy
nono- energeti ¢ protons. FIG 9(b) shows tﬁe S dose
rangedi 46t ElsUitS0ovie ¥ thi dashedsdotted hifie fapedsents protersiia ¢tk ¢nergyhrenge
| pi tial, fluence of protons. .The solid line repyesents
1804 A 19 d0eviat fefien B Mttt e EPPHERY Pigions i the enspgy range
245 bgamptHewW t h the spectrum shown in FIG 9(a) (solid
line). The dashed line represents the dose
diHIG. i6ithit shows deel prodoa teaergy istiibraiond &C £ N(H) oferdud @atrgy at plane x=40
nono- energetic protons. One-standard deviation
cm, 7z $ot fertatimiry isollineaterdpeningtaf 6ws ¢’ define et HPQem SSD. 1The solid

. FIG 10 .the t al,. | ut,i t t .

ine eSS B kB S I 98 PoPAp ey S MR B ahklpe

repreSedksirofns WathEARY IdrifutiohRaRA AL =0S BT EME dhfiRd line represents
results of PIC Sinulations. r represents tine in

protousivith eoérgy distihwionmwedlredqpt dhe Y33 MeV, s dashedrda@ted lihe represents

protofip g e0aE SRR et of ~ LapoRe T phd e destedhee dog line
repreSe@VFrotons wiRHERy | difbutinletedai & Labgale¢hanber s.
FI G~ 13 shows thée angul ar di stribution of

| d5&y. Tshowb theamergypsiptsiad ystsus learimeasy pellitnator ppening.adhesplid line

TR D I Y t—

peaked ft #Bergl 11 G4 MV shiDdwshéRa6edAbRIoaEHoads 0rihé Qﬂ)t&ﬁgj’egk/ed at energy
spectra collimated by a snmall aperture (top) and dose

166 Mﬁgt ributions fromthese spectra (bottom) for a |aser

1 SR e gL Ty R0tope s BB B GRARL sgpd Shownin
~ FIG.6(b ngymalireé kstha mdtiblntretosifiuense. tThe solid line represents the dose distribution
calculated using the proton spectrum peaked at E =76 MeV, the dotted line represents the dose
distribution calculated using the proton spectrum peaked at E =133 MeV, the dashed line
represents the dose distribution calculated using the proton spectrum peaked at E =190 MeV,

the dashed- dotted line represents the dose distribution calculated using the proton spectrum



forma SOBP (top) using nonoenergies (solid) or the
spectra in FIG 14 (dashed), and the weight of each
weomnay7spect rum for the spectrum based SO3P (bOL/US0P4/017081

s S b AL Lt et
One-@alaf Vs iftn LoRidal WRE tlfe‘-‘c)ald'i’r[h@roh@ﬁ on8kd Sk 91 bpr the

sane patient geonetry wusing 4 different treatnent

e, 9(a)ehowd the moddated petbrd ekt ditiBujondesed 65129 &Y. primary
The isodose lines represent 5, 15, 25, 35, 40, 45, 50
\ collmafﬁ@rr %n@; defiped atﬂﬂmﬁ&%w@rem@a the awa@cra?ﬁm@tonmm a given

i ment.. of &l er 2c rate Qsi t
eners§ 1 BSRC R e B e of Blokind wth B Sp e A58 Bhti time
represcafsithe bferfp ipe‘&ﬁ@iﬂ b)aldﬁ?aYé@@nf% ﬁcﬂﬁ&l@rgetl& Brotén BERA, TR Ghdhed line
PCT/ US211114/ 11171181 beam1i ne and beam scanni ng

represputs{he PRIFEL SPecBm calatate rwrngmzmﬂﬁgqtmrgtsps syst em of

tﬁﬁ&% o B\I?{? H}er@l%ﬂ S QEF f&@ g%t“géfzmzoﬁ@l%glpgg@med to the

1mt1a1 M&l@é bPProfdMRWTRE sb i PSreprrb&iM b dsd dlﬁmﬁgtmriléﬂmﬁé’cgd using 16 1x 1
MeV protons in 3 T magnetic fields (noving from

cm’® bcmfntleﬂs wvithi théspectrBmashowa it ﬂGnQ{aye (velidYine)e VElesiavhddHire rapresents the
er ss. by the toppers and reconbi ne

dose &ﬁ‘r@?}é ?ﬂg‘g%}g? UBZE 1 SH‘E&“&‘F“ eafi FROTGrSFEEEYIC REiPRSo One-standard

deviaBbRARBEiatell %Mﬁ) the ERBuBL Y i€ BRY ﬁér%tfq nystopper al so

serves as a photon stopper an e el ectrons are

defTiGRan eﬁoxd@me\r@fﬁgorar@bomfomdra{eqﬂom I’ LHRL U THYolid line
st op E The secondary nonitor chanber (SMC) neasures

repremtsﬁ @nemérrml g9lution vatien i nfTénppinis reprasapé theppeglts p§ PIC
) é ul.ar dlstr%tﬁutllons%@ rotons in a raw
Slmulﬂté%ﬂﬁ ¢ SRS W’é‘eﬂ%ﬂ’?’é% PR plagia ﬂ&“@%f =Chy - spatl al
ft t h t f . )
C BE1e5 9 Rpo L858 Mol s Lk Bu SRR R b o S figEiiop of depth in

wateraperture to sel ect desi red energy levels; (c) Energy
spectrum of raw protons (solid) and sel ected protons

( d%IQa da )Shmaﬁtlrle ¢ @r}U@% fser sysiem angrtgrgetgthamiers. pr ot ons
zgiﬁ %gfs Sﬁ‘gﬁlgag d&'ir% gi of gﬁglhﬁgglelia@edﬁépégs,g‘?% 1%%1 1§umber per

angul a trons r feren

rad1am (tophand mmhﬁmeprotcm aiergy Redfimction)of $43at pulse Bpgadbsttan) for a laser:
protons, of dj fferent energy |evels after going through
intengity fd¥ar W/@Bi | i nat or and the nagnets. A square

anad. 44 8hoWs Lgk%r-ﬁb&mrat@&‘ Bﬂ)t@ﬁ Qféré%f dsg@@t}a Eottithafed b Q srrfall aperture

sel ect a desired energy. picts a sect
(top)\anérzlpm‘dlanbmmlscﬁqmeﬂte5®$pea1ma (h:ﬂtosrel fecd laser mgcasleynmﬂjfo W/em? and

sent invention. FIG 22 depicts a perspective
SOfSPP]gW%gﬁ'an enbodi nent of an ion sel ection system of

t T G.A5QE6WS déptly 8bde dibves ok froteid t@RtGéR eﬁe@?%\}eﬁkﬁﬂd intensities to
view of an ion selection systemdepicted in FIG

form gIS@BR2@oplysing woroesergissdpelid) or B spectearin difbo dt ﬁ@shecbf and the
Welg}ﬂrbf eggh g’neelrgeycstple&ruﬁ ¥SiR0 Sp ectrﬁm%ased SOBP (bottom).

FIG. 16 shows isodose distributions for a 8-field EIMPT plan (a) and a 8-field photon
IMRT plan (b), and DVHs for the target (¢) and the rectum (d) for the same patient geometry
using 4 different treatment modalities. The prescribed target (PTV) dose is 50 Gy. The isodose
lines represent 5, 15, 25, 35, 40, 45, 50 and 55 Gy.

FIG. 17 shows a schematic diagram of one embodiment of a laser-accelerated positive

ion beam treatment center (e.g., laser-proton therapy unit, the laser is not shown) having a laser
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present invention. FIG 25 depicts a sectional view of
an enbodi nent of an ion selection system of the
w@emgeo71i nvention. FIG 26 depicts a secti onabCwUS200617081

| i ; f.th
beanf n g AR e ech B3 e AP PUSL B By pumpf he

inve@ionenbodi ment of an | on sel ection system of the
FIG 28 depicts a sectional view of

i enti on,
i ﬁiﬁg%:il{‘]?\é’ﬁta Sshenaﬁlq Grons smdedimsht ol e éan ssleciipe system of the present
mvetﬂ{o%ss?leh 1g"ﬁ1’e§:11§ bﬁgulafe% For 0, 9(gél{dlep7l‘3{ZV protons in 3 T magnetic fields

PCT/ US21 4/ 1117118 icts "a sec
(mowmg fwowf lefi o sglmdemcms hraf/ing renergy levelsewithin an syate e pass by the
t he res |ct ‘a .sectional
bea%fp‘aweg e‘é%@ qoglﬁngg Hﬂg’%}f @ARiGT chamber

@EMERN e’].“heplﬁlgﬁ-%ﬁé rg% PYSOh bt@ﬁper %ls@se@l‘é & 3 BIRROE §t§g€er 2h& Eﬂe‘%ﬁ&ltrons are

vi ew of an enbodi nent of an ion sel'ection st em of

deflected domné@éhand tewraingied by e dect®n(skippdie pilet scendsgheonitérchamber

f a colli a multil eaf
(SMCHT'IU O%'thl%ﬁn?rﬁg S%%feégg‘i"g%ené‘ff%wf\’i‘é ‘openi ngs in the
c oFIGnm Mowk ¢4) FRLRE Histtbuliesd df ptetoh®iSa Ry BeaRPlehlF st represents
energ . FIG 32 depicts a schematic illustration of an

one eEgygh/(bs snatial $%??deﬁfé¥@t9n%aﬂq: saing3ronslp magset fickdsi{erdatdinsle
ok 43 480 83T SO TR s o rrs
spectian of edve ptdtcng; (balidl) @né s¢lyctedprotons Pdashéd)yandojad Mepihisdose curve of raw
prot#ngﬁaoﬁﬁé St APions (G i onal vi ow of O

| nvent | on FRIicRS %?%3%19% AgkiBedS %15&{&&1%91 &Ier%{]vﬁ' 0% ?r?ﬁl@traw laser-

epi cts a sectiona
protoelrhmnm ﬂﬁrspatuﬂ spigadsorf meﬂoas:d)f diffesyttrengyolevels afterpgm@ﬁhtough a

ntion G 36 depicts a sectional .view of an )
squat RN B hE bt Rerite RSy oF Arrsh PRl Sigf BE@p s used to
select VMBI HedR@Aergh] G 37 depicts a sectional view of an
enmbodi nent of an ion selection systemof the present

i WEp31gdepict Grecggnal epsive oBareenslechinentaif aviigusebdctiom system of the
prese%?HRzgfe e nt of an ion selection systemof the present
nven

FIG. 22 deplcts a perspective view of an embodiment of an ion selection system of the
present invention.

FIG. 23 depicts a sectional view of an ion selection system depicted in FIG. 22.

FIG. 24 depicts a sectional view of an embodiment of an ion selection system of the
present invention.

FIG. 25 depicts a sectional view of an embodiment of an ion selection system of the
present invention.

FIG. 26 depicts a sectional view of an embodiment of an ion selection system of the
present invention.

FIG. 27 depicts a sectional view of an embodiment of an ion selection system of the
present invention.

FIG. 28 depicts a sectional view of an embodiment of an ion selection system of the

present invention.
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FIG 39 depicts a sectional view of an enbodi nent of
an ion selection systemof the present invention.
wo-B4/1601depi cts a sectional view of an enbodi PENUSD®H4/017081

ANFE@ROSRIRES & QitiSNA bEH Of art é?l?ood%g&g%n VRO system of the

FIG 41 depicts a sectional viewo
presenhuwentzmcel er at ed hi gh energy pol yenergetic positive

|1 B SV S B8 AP B SRS R L O ELS, o chom ofthe

presehffifentasicel erated high energy pol yenergetic positive
ion beamtreatment center. FIG 42(b) depicts a

pe'?]ébeﬂﬂ)\@mﬁtse@\ﬁe@fm% vienbeicinrasthodghery of an ion selection system of the

prese!n?ﬁf?r ﬁt?o‘hcel erated high energy polyenergetic positive
I'on beamtreatnent center that includes an optical

NORIG.A1(odepints a schieinatit ilRigSatim of alcd1WehtePD ¢l Q9difileaf collimator)
., PCT/US211114/ 11171181 FI G,  42(c) depicts a, _
m thfb%-,zga@@ts Qwing; opgnines Hihe pelimatas ,{%r sgiecHng positive ions of a particular
eneréyaser- accel erated hi gh energy pol yenergetic positive

"on beamtreatnent center that includes nore than one

i dRlG.I33rdepicts sychematic FluGratibd(of)an dagigy seleationeipspeet | ve

[ n. enbodi ment. of a.l aser-accel erated high
A N T T
showg %B%rﬁﬁgé iﬁ?%{le mehisdR31RAG ﬁ)f‘@l’ecﬁﬂg 16w Endr irf?glg% glz)l Srl’]IOWg ﬁpenings in

ystemp with each of the ion therapy syste g
the myiileafziollimaator for iselgctingchighoentergyt iosy.st em FI G 43 depicts

a chart of an enbodi ment .of.a hod of . treatin

5 ISRl Dol YRR TR o iy plsclion pistem of the
presenfi$entfdnl Al LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS

The follow ng abbreviati ons and acronyns are used

helfi&s-35 depiiaissestionad yiaweoftansmbogimentiod an igpsseleptiémsystem of the
- L VMRT from NOMOS CPA chirped pul se
presegﬂ%‘ifl&ﬁo?ati on CT conput er-ai ded tonography DI COM

Di lfiG. 86 depivty igpctiogh] CrrmdfinGaitioditferitdf Mg tinGeltetiobystdM of the
RT. DI COM Radi ati on Therapy Suppl enent DVH dose-vol une
preseht SWeRI%%m EI MPT energy- and intensity-nodul at ed proton

(Y SR ST Sk S5 AP o
presentiiveritiomn (proton, neutron, etc) sinulation |NMT
g%%@%@x& sdal('I %?g&ggai &%%ﬁ% l a%:rlltg{t] altEEq%rLs%Pe%tigna snyLsJ’%?n of the
present invention.
FIG. 39 depicts a sectional view of an embodiment of an ion selection system of the
present invention.
FIG. 40 depicts a sectional view of an embodiment of an ion selection system of the
present invention.
FIG. 41 depicts a sectional view of a laser-accelerated high energy polyenergetic positive
ion therapy system of the present invention.
FIG. 42(a) depicts a perspective view of an embodiment of a laser-accelerated high
energy polyenergetic positive ion beam treatment center.
FIG. 42(b) depicts a perspective view of an embodiment of a laser-accelerated high
energy polyenergetic positive ion beam treatment center that includes an optical monitoring and

control system.
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LLNL Lawr ence Livernore National Laboratory LLUMC Lonma
Li nda University Medical Center, Lorna Linda, CA
wO/EDOES7an EGS4 user-code for dose cal cuI at i onPCTIUS2084/@7081

mgzm ‘{V?éesg/afag e YS-’F:‘EI%‘?’ (@T&% Q:t[oaralﬁéer-accetlerafed high

energypuilyvdnkictic PositiMelion lﬁa’ﬁfmhtnidnﬁ G&iferGPRATRhdI6ds infdte than one ion therapy
probability PC personal conputer PIC particle-in-cell

SYSte’(ﬂm mul ati on technique for |aser plasma physics) PMC

ant i
% A8 (pIcR o SRRl o RO RRESL s g @Ra nieh
energy ol ymefgatic positmmlohlbamﬁpmaﬂmmt catitatthatincludes nWe than one ion therapy
2004/ 109717 PCT/ US211114/11171181 RTP radi ot her apy

system, wiiyrarh ohLihg Ao RgaRKey SLRHIMYHIS Aptiicelgno HEBEnd Sopipo! system.
S ml@dlSQiéblcE@’ 286w REAK of SLEM P RMERY drA iR aﬁgg patient using
sour ce-surface di stance TCP tunor contro proqba Iarpty
polyenetgetic highemergygositivaiansl ts GeV billion electron volts
T Tesla As used herein, the term"protons" refers to

vex e BENERHION O B OBE ST A o,

t OTlﬁtiBIIBwﬁingbe@iﬂtﬁ)nQbkfd oyl digusbdRbein:POSI i ve
Cha@ﬁ used herein, the tern "pol yenergetic"

Wso a ateAt@eRfoptEtitasion Bxstery ferrtiosen BIRE dpmOMOS
havp Q9 mor e ene vel . As used herein, the
term " hi gh eé}ﬁ‘@@ Bﬂﬁe ef ﬁ@%/(t)&g state of matter being
chefacteri zecqumterkwd/adﬁgmagrap]m_;ergy | evel greater than

As used . herein, e term'"beamet” refers to a
pcpl\%Q)M of D Hn&gél}w SommepRegons & Medicing ve i on

DIORAAT! SRR AN ARED) Spoinciner 0ot | cal |y

separate Spati a energetically
sdp¥Hat ed. dose-volume h1stogram

EIMPT energy- and intensity-modulated proton therapy

EGS4 Electron Gamma Shower (version 4) Monte Carlo code system

GEANT(3) aMonte Carlo system for radiation (proton, neutron, etc) simulation

IMRT intensity-modulated (photon) radiation therapy
JanUSP a high power (10°-10*'W/cm?) laser at LLNL
LLNL Lawrence Livermore National Laboratory

LLUMC Loma Linda University Medical Center, Loma Linda, CA
MCDOSE an EGS4 user-code for dose calculation in a 3-D geometry

MGH Massachusetts General Hospital, Boston, MA

MLC multileaf collimator

NOMOS NOMOS Corp., Sewickley, PA

NTCP normal tissue complication probability

PC personal computer

PIC particle-in-cell (simulation technique for laser plasma physics)
PMC primary monitor chamber

PSA prostate-specific antigen

PTV planning target volume

PTRAN a Monte Carlo code system for proton transport simulation
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The ternms "primary collimtor"”, "primary collimation
device", "initial collimtor", and "initial
w@adokitoaii on devi ce” are used interchangeabl y Per/esmwo4/017081

T er s ' stem and "aperture”
alrigﬂﬁsed .n%@%ﬁ%ﬁ%@%@%@n |§é is apparent that the
aMCur e refsecalfeldrymoma)mhmbére of nodul ating a

S ially se ted hi rg ergetic
p%ﬁ?ve iorﬁgbeé ot %{qggpgﬂ@& Rf%@é’? g rein are

| gypyisi ve angdukenbith@tifandsn one embodi ment of the
present invention there is provided a

| AR - accel gnmpreconiypbpiobalitipeti c i on sel ection system
fqr. yadi ati on hera e design of this system

t%? al ly g%%g{ﬁetlcfleld source that is
prany ded tolﬁm@hleeéc{ryns@@ar ate protons of different

energy levels. A magnetic field source is also
prlovi ded to'%@bar ate out plasma el ectrons that

h Wi | 1 .
A e Bl B B BB e SRR g v

chargs@!ﬁemagnetl c field source, two or nore separate
magnetic field sources may be provided to carry out
thAe%‘@efl e dhesternaf pesitiveriansy %@ wpicleahavjng a net
ed, one or nore apertures are typically
pOSItl%gg%géed to select an energy distribution needed to
c AAseuset] herefr, eladt msmllf p(bl&ﬁl@@etm’h refére to defateofhatee beiog chatcterized as
n bean et form of an aperture is dictated

havmsﬂqfﬁ a}ndzelgtqnsqualg as -14 WD 2004/109717
PG 1488 bkt el it 1ﬁ%hteﬁ@rg?eil%ltf{/}s gﬂ BRI @Rk Eﬁﬁﬁg characterized as

target, as descri bed nore el ow. Once
haVlngpawnaigy;i@Ealgre@termdthE target size are known, the

roton [ S umn d.to caqver e target for )

DA G RO b BRR oo IR P potiriat a et Sfer ndiSipereeti

positiRY¥ icioseahihAGis tsFaﬁla ?@éﬂhﬂﬂé@ ®r Qﬁ@rg&ﬁzaﬁfl séiiafdft&f en Both spatially and
proton ener eve as described nore fully bel ow.

energm@allwepmte ngul ar distri butl on of protons, a primary

spa |§5§ i 1g o&ﬁgla?qfrygﬁ e élornem lo%gﬁvét o i lgfcolhmator and

“imtlﬂfdoﬂﬁﬁaetlcﬁﬂidvidé’abteﬁmwiﬁi«ér@lfangéaﬂlyﬁél‘éﬂﬂ Iy en’pl oyed to
collimate_ the p03|t|ve|on3|nto a mpgnetic field )
t e te@iar reaﬁr@é' npoelation syHgme et Apertispe Pt usad inferchangpably when it

s apﬁé}egnﬁ Uik aRRRl e PIoEdh 1 O ORI oI PRP LR hien
energl ipatyed eqgeticpositive mhéemer gy of the pr otons. The depth

dgiflfra%légé 12018%;'%)}}@ élgltqll s(igt%. @‘{Joq?cu angﬁdﬁl ng t |h(re] tSﬁlr gad
I 98308 embb&niBPbihg gﬁ%erﬁ li'ﬁ\)éﬁﬁoﬁ Herd ﬁ%r@sﬁ@écpe[‘la%}% erated

nmodul ation are typically nodified to account for
polyepeiggenmgetection systad fangadidtioadherapy 'Hbesd;ﬂmgmarf thmyseteem typlcally

N NI RN NN LTI

levelsl rw Sitigheic £i61856urcs isHl rgﬁﬁe@fb dePhratedu® 9Iah1<ﬁﬂ eRBfons that initially
| i mati on devi ce nee for proton energ

travelrﬁvjtslm thetnretens. J¥{hilg thase twwamuccﬁeéd poyregs|are @pwallﬁpromrded by the

sameElg %% tch h&h s&q%%% CtWoFgﬁ%& %a}a‘te ﬁ?ﬁ%&%ﬁeﬁ%@nﬁ%ﬁrﬁa be provided to

CS Vi a

carry @)Nbﬁﬁé@él\ﬁlﬂbﬂldﬂSBO’ﬁ@r tmm@ﬁyhavﬁlmgﬂWﬁllﬁ S&hayated, bﬁe or more apertures

interaction of a petawatt | aser ge wth a thi
are tygically pfqyng d to select an energy dlstnbutlon needed to cover the treatment target in the

depth direction for a given beamlet. The form of an aperture is dictated by the location as well as
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(hydrogen rich) was sinulated, yielding protons wth
energy well beyond 200 MeV and nmaxi num ener gy
wo emahoaty 440 MeV. The sinul ations were performedusm4/en7081

e R RPN M L i posiion o

the ta;gfet size aredknolvas the ppetbs enangy kpeatmmmledmk}b hpvdk the ﬁr@t fima given

BTN AW E RN T L)

protoﬁi %ﬁb%gy Yevteﬁ' b desbriiBBRASH At TG bl Do tlféra'ngﬂllﬁ@hlst‘iii%ﬁﬁbﬁ ¥f protons,
ncr = 202mecZ6o/(e222) and t hi ckness ~ Ipm.

a privhaxy eollmnﬂh@n slevige isstypicalhi emplhyed togedivesp attath auxieg eﬁdlfferent energy

proto%cflg LS %lollgﬁé{leon {E?:gt stéﬁz]lc d%ﬁg oyv? ﬁgacgil}lgate @}ﬁp&s@g/e ions into
a magiietit ﬁ@ld&liétr segﬁaﬁﬁ th id@byedne sy leveﬂ’@ YAk & $eshR@@¥his shatidlBmixing, the

(1998). The basic conflguratl on of such as | aser |ight
protog é’@ﬁféfé sgﬁ;ﬁéﬁlﬁhm. agivsppiidderatian typwallpdes a ngall §przastheb@epends on

t
the rlcFSP EEANCHfbtoky Tk g B QB A g s fiicising the sproad ou
(e Myer&%eﬁEYprb% dpetten bin thiyy regard ohe degth d8se AR, foﬂhb proton energy
U S. 2002/ 0090194 Al, Pub. Date July 11, 20
modulwg@re tipicpln magdificdde @pcauat foF thlapgldple?gg@wépg%ms ﬁffaﬁd as described
accel erating ions in an accel erator using
moretfﬁiah@ ‘?aser i ght source system the details of which
aM¥escription pba pretwnisylectidieamh callimntion rsystamt Heaione embodiment of the
entir The prot.ons com froma. thin
presefi by rijofyhele SuPRTELEn 11 S e LR MR aefaviss DogHed fipgproton
energ§r |n§&£1‘1a@§>ha%1ﬁgftheei]§ P&ftlcféhﬁl e sm%{o%tdoa@ (PIS;?* l&é@&b@u by CK.

high intensity laser. Further details
Birdspll embésB dpaelgd@lsmrﬁ’lbew Blysies %Comymeﬁdmwuwt(l\/édGraeriﬂl Book

Compapty SiaShT S 9830 SHGE Hartib byt 1Hfer BRBF Hb Rl dense foil

hydrB iy sERhlb@d daeIgingyprtbASWERh 'encrfP Rlell M 208 MeV and
by 2%é7-21 (2002). %? ntg)pperlod of sggeral ?ens of

maxilpumsqmrg‘yrreap}@m:M(bM,eV_ Tltmmmgaggns:\ygﬂqurfopn@i fong 3dr gm (in the

radlal-leﬁgaccal l%{}ﬁa{ &&t‘l gtr te%ﬁé&ﬁkgmr% tl@f;l (?esg‘:efrg fs 1near1$y polarized
laser B%]g%g?t:h gv&q,\ﬁe 5 g1 %hT \S/?J%@elm getnor P! rmlrk? tqdﬂ ralg/cmas’gormally

incidédtoBloNEESn dRE Ria@ﬂhﬁ slab MRnE¥ %ﬂ)qﬁﬂ?@ﬂe@igﬁ eHift§ @128 Higdh¥r than the

PI C code, which shows that protons reach a stationary

criticsli dehsityoul =onr*pestel/@f A* pagithRkhesd i~ TPve SuthdaseOmbekitp s within the
t oget her“wi t h the el ectrons. This reassures the

reachyf dlacereoertt |tmhnolbgtchbddvolmpmemtsmh®a¢r_theé rbwéi-lﬁsﬁ‘igemrdu atyl., in
Ul enOR Fasg: Bl &P By ol T 0/p 2 BBier o2 28

(1999f ThebA4ie 6§nﬂﬂg(ﬂi*étﬁinto‘f shdlPasIiee ﬂghtvyauﬁJa spa8a i¢lgeseiibddif U.S. Pat. No
, the general trend is such that the

5 235l e 10y 193D Mondonotsa, stard ispEobsied by Fderaopeheren.
US. f)&l%%(t e A5 Ry 69?%”'7 140 tfl c?p%?é,‘(’]\% An JQ{ rse%mo Bub. 1§ 19€Pdb2/0090194

stribution Cca

Al PluasBateaal;ei le RA0X FLpdep DRveS Dcﬁf:AmeﬂeratshtxMclédeah sydiém and method of
yepergetic positive ion spectrumentted from:t

accel?ra%%ton%% aelPraten g Weh a dasguiigh} soweg SXS&ﬁln=rt%@¢%*%lfwf which are
incorp&i8f Erexi%? REQh 1?1'?1%11%&1@&295' tion to the area

eyon ective Bragg peak typically arises from
t HEheIp'rglmne pemngdend o $ien fail aedycpbrdccemiedsn thecforward direction by

the oo e REch e Erertrion UbSASaRR Bt S e Gorgr oBuper details of
this Prébé8re @scribed by V. Yu. Bychenkov et al., in “High energy ion generation in
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one delivers a honogeneous dose to the tunor volune to
mnimze the dose to the surrounding healthy tissues.
wd’lmog/losmachl eved by providing an ion (e.g., prOL/OS004/017081

interc o‘fz‘rbz c{? éﬂvﬂﬁgdl%engfﬁ/ eél&ﬁnc; h Itpg? %.gg iz} efO’f—#lﬁS %2002)

esli get Ic proton-energy’d uti’on

L R N
accelgﬁf‘erdg&( relﬂi‘ﬁstlcsé}é}éyailet 5. SPRAN G €£h Fiétgg Egolttﬁge%etrgy levels

tive ions are~subsequently contro
typlcaldgaslbpmdmn seagnkfacors, irehdingliser ppbt laigtyarkidpensityg dnd plasma foil
ons, are. contro ated usjng an

abl
ricldi33, ¥ Bie B i PR adtrasl AL OB yRh s lpigprotons
reachdfsthtfchady) SiQtribREbN (RSro, ﬂ%ﬂ[ﬁ%}t drfdl thowd il aSBHAARN tB ther with the

generatlngarmgnetlcf d to elimnate the pl
electiohe cThig m@ssuras the noaﬁsenvamxt of thé @vppmtqn angittanaen smemtngsproton space

charg§P bR BT et PR i e BhusRe dhp Bpy disioution of

protoﬁ@@;ﬁﬁ@i‘td thg shridgd %icﬁ&l&ﬁérﬁl@bh@h@&fekgy VB/pi@N§; thd BEsferal trend is such
thattbq:%@etl c field is also useful for elimnating plasna

hergdhe engrgy ef the gcqql@@lpd, protouis thetrpere they are emitted in the forward

d1rec{1@"r:‘ g{r“]lé@(g{pgﬁ gl i n%ﬂﬁl#ﬁ)ltl‘l c'atéﬁla'te%% ngngé gaﬁgréacgl lgli%ge(aal}%B%n sgectrum

showp thay tlrémﬂ)lyemergétleposltwd%ﬁ eperdtmm érmtﬁeh ifiont the thrget tyi€41B cannot be
d.a series of magnetic field sources that

readlidr%a@: gg i‘a%ﬁ%%ninémf i 6 tﬁg}bﬁﬁr@f ﬁeszmoBG‘Zﬂ’@ ar eatlwé(ond the effective

Bragé : ne?ﬁchw atfi’%% RYnPHE Bf#]low &ads Fc;r tillt@ s ﬁm £ Ffl'ug%s gnd the long

sour ce es a gne
tails i@lﬂ&polybmesge&nt dose distribufionsntThupag@he embodimetlt sft thd psent invention,

om5 cmto 20 n1fr m a Iasna tar 4). | ocated
one dﬁ{lvqys allilpgqogﬁl&opﬁ OS¢ t? B]e twaqgg,vo B@ﬁﬁ? mgggpgée(tgg) ?se tpllt]éq.]surroundlng
healtl%nﬁis%(s PRhiY RNRAZSLd %ﬁ%%id‘iﬁgv S fofl Qég $99n %El%c&?[ﬁfd%ﬁﬁnaﬁon

By the interaction 'between the plasma target
devwwﬂnaﬁ genergiies this| @smlsmlqum@@c pmmn steogyndistrifubiemiTloé device separates
ener. ener tive ions
poly bR BEING 1oRe L Ao RRY PR o Beptefistotigipgnersy. The
spatlaﬂfyt ®Rpargredtregions oflhe ﬂ@ltﬁ%ﬁﬂsﬁ&@ édbsequently controlled using at least one
PCT/ US211114/11171181 an initial collimation device
magnetio §ld. e sprtéallyrrspainried ppwtire iors aiergnirpléablymnofielated using an

aperfift e{) BEH(%% gt? qg#eﬁ%os{ @@l%aﬁ#f{hé E%lééc{lggr lingglggse 1 hﬁgm t1r<]: field source
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distaZRS 3111 p{eto 54 {}S ok Oﬁlgl%]rﬁﬂa?%eq Id (ﬁlg tlo%tajceﬁ "y 0 and al%l}%tihe X a(Pmmary

coor SyS rca
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Upon exiting the secondary ['1imtion dev

as “5 E)ifsgl}t of page” 1 ashatys fiot Seemiget pat fﬁ%@ s Rlgsmiofarash 49D located at
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used to select the desired energy conponents, and the
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l'imation device, such he Tnitial
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fespeg‘h"éfﬁfémlf? elimgnatennian ﬁ loyi-SHefEY Dadieles il @ngb@hrewgrgy particles
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collimator opening (144). Typically, the collimator
exit opening (144) is not arbitrarily small, since
wenmhher7iopeni ngs typically | ower the dose rateCEDS2004/017081
i . : L. . 1. of..the ..
oenchREEE8 T} Bk RRLORBerd i Wipgfleclfient ey posie
ions gtapttissyspaas throvghi thafitsy nmpadticaidly. FovexampleAs poRdn IS low energy

an iven spatial |gcation for a_ collinator opening .
IOV 538,88, 10 S7AL0 ) ey e A A1, SR RATIRIES 18I 8 Tegietsag Reducing the
spatifl iy SHHR61BMs Q't?ﬁiédl@l%h%- outBy lil_ﬁrd?fl‘ﬁ&itn gt'pgl‘«ri]hea?%’ g&gm%ion device,

any particular Ttheory of operation,
such apthglinitinbepllimpttar daviesi$8ofke duticdiment depictetl e FIG. 1. A primary

.polyenergetic. characterj.stics of the ppsitjve jons, . ..
colli ot} 4474 i iy bieg iy Sartin Ep nase rolens g s stangplar distribution.
negeleehcHBEt firthe05eo W, Wivioh spatl dIRkMRABE IR Sically carried out by
Characteristics of these positive ions Is understood
passing thsghitive éonsithopgle p smald pollimatarmpeaeing pripy teltheiventertieg the first
1 €S Y .ons.. The fol] ow
mas QHBE 0 BE P b 808 aBRFALA LB pago e e
collirastopoygenind (44Y. alypicllentho doieitor el dbbhifs 445 ERRA affRidrily small,
to other positive ions in addition_ to protons are also

sincesppller nragnes PierlydeVerdhe Aescpnistand increpsn e tregtment tile. As a result
o SEL g ATEE st el i
Accotdinglydanydieerespatial logatibn fer2dadlZmatoBopeniig@owagstatnall) typically
oSt S VS S LIR! 5 LHS BLOUAR T SE0 BB S L et
’cheorgl Qg oﬁérlﬁﬁ@rﬂ fthd NER hOMlatidh R HiRh 93%% 9@? acc%ght\ggg g{vﬁgﬁ&geﬁc

ynpl ectic integration algorithm ope
charactenigtjcsanfdha/posRiverions entering thSiompelectiorcddvirtesg paividenthe needed depth

B PR SR T S ——
infludnice of #R)mdgneRs Geldnahd@ghabiieidthe pdliteSiond! | Pd BNoWRlg@iescription

. .. Which provided the phase-space distribution for
is dirpgtest torihe dyppsnieneit p1pions.ias ane fllushativainibodimeits Additional embodiments

to ot‘k{ei‘1 gl)%ﬁve i s Erpfddﬂfo%ttg ggﬁé% 3{23 \é’ﬁ{;lgltoﬂgcgl ected, since

oren orce cr e external magnetic

f iI'B) destrbestp rabe s dhgangicei the Agighstvidlie MmrRAScIdS is written
. greater faor the magnetic field induction used in the

Whld%%ﬁl?f‘iﬂ ?f@[?é"”?%%‘ﬂl 1R OEWEHOMD force in the region

beyond the initial collimation device. Using the

equation of bal ance b@i\/\eeqxtme Lorgmyz and the

inter-particle Coul ont¥’forces, one -19 WD 2004/ 109717

PCT/ USZé/l—l—L§|4—1117_1181 arrives at a condition for
wherg @rt #¥/ed ~3p/at i B isshpmagndtiorindlictipanesor, ar, istiheprotduerest mass and i
e sgﬂeti C. Iorce prevails over the Coul onmb force, 7 1/2
Slgm#%a g picle npmberyptjonongembedimang of the Presghfi InRIEOBfthisieguation was

neti held; j t] [ [ e

solve R e Gt K st LB e LB PE Colbaf s . b n 4
Sympéicgt dmegration digdpizhio lftraSeperhbia Homillvaiquaritrictbms 0 rGonipy, Phys. 230-

- n 1 . - . «-, . 7 7 -
239 (1991). The initial conditions [ (x;, v,) ] were obtained from the PIC simulation data, which

provided the phase-space distribution for protons. The contribution of the self-consistent fields
on the proton dynamics were neglected, since the Lorentz force created by the external magnetic
field to separate the electrons from the protons is greater for the magnetic field induction used in
the calculations than the Coulomb force in the region beyond the initial collimation device.

Using the equation of balance between the Lorentz and the inter-particle Coulomb forces, one
-19-



thus the inequality (2) can be rewitten in the form
n <[42re0OBvJ 3/2 (3) e Providin g the | onest
wo herapeut i ¢ ener gy pr otons of about 50 MeV, whiT1S2004/017081

amvér"?gart %g:?l%) ﬂ?ﬁ f(f g)artpc 8{1]%% S(Lé)%(r:z{tfg%.ldo sft.'iu}eg 'f% \)ngic]'[l }{? ﬁniz%r)eﬁc force

prevaglb‘b@érthBC‘éuE)rﬁbfb@&Q cm. The particle density in the
regi on beyond the initial collimation device can be
est i mat ed usi ng the guyrent'’$ presented by E. Fourkal
et al. in "Particle> ‘é,lSI mul at i on(f
Iaser accel erated pro ns for radiation therapy

where ‘B_ 1sdthe 229 de lﬁhwﬁ%lheulcgfe? 31%’6@5{1' ¢l g‘gf‘?ﬁ%ﬂ‘ttﬁ is by elementary
charg(eh H&e RoLdey ﬁlltéf%aﬁﬁclezdlstaﬁgpp cﬁﬁrbg’ obtaintl! Eﬁ%n?ﬁr%'{pgﬁfcfe density  =n™"?

val |dates the assunption of the insignifican

thus the meqislityi(@ncanfbetrbritel in-tboftsinst ent el ectrostatic
field on the proton dynami cs in the external nmagnetic
field. The cal cul ati ondzsyBy e proton namcs in the
magnetic field hav# 4l So,negl ected suc boundary
effects as edge focusing due to the influence of the

f rRrogiditg the Bwkspthbtapeutiz eakrgylprotetdgel out 50 MRV, Whlch corresponds to
field, These effects are expected to be small in

protop yelechy of pe &34 .cadithamagnstie field jaductiont Bz Schribe p@ndgtlon (3) gives,
<235 ! BRI R TRAPE o TR RufadGytevie can e

estimbi?@ uBRSithe ¥Buin@Ats pfdefted bP EOFQREA] o BAYE " P&wzciel in@kll simulation of
field section, the boundary fringe field can

laseriageqleratadcrra e enws (1 TAGIagpR éh,erapyfhlcé (?eqﬂfzb cln thignegien the particle

densi CC;)”lrJ P%ﬁ?? g%g? y\y s n% er?\y ﬁ%né%eé& eahold value of 2*10%° cm™

This é‘s@r'nﬁit@ Pdlidans theMikdBptii ofBd G I%?ﬂ%ﬁﬂt dMtrYioR8f fHe%E’l'f%anmtent
t heory ofmojgeratlon t he 3 Monte Carlo radiation

electrpstaiis feldtondbel proten dgethidsan titoserpalinsagnati¢ Geld. GEANT3

dSJ%I*e chmét]l%ggf) | %%]o %rgafl}a%rfrlgsnf% r%liagr?egllc éfei a%%ta 19 negfe):cted such
boun@f9 BEbLEE @S edgErrecusmgenea@ tHeliffl@dhcd of fiRraAIng el fakteEhs af\the edge of
det ai | ed description of the operation and usage of
a sectofiRlds Thsse eféacts P gg?ecw tbe pmakh insthe pplk ofjthe selection system due to

the C@Mé%@h% %@%mﬁ?%ﬁ@teh ﬂ%%tteﬁr' Y Jﬁ%ﬂp Scm.(%l?%]olute value of the

field ﬂrdﬁétmm)n tAsuB«eposete\}eaoﬁsa(ralge prwang)iledve the fims Hield sebBsie $he boundary
gﬂg more versatile than _nost Monte Carl o codes
fringe. Bpld &AR

IEPdurRsomst Bawtieg eifecht This cBRelean &8 acompit forhsusing the
h these rays. An inportant
magnﬁgéerﬁgldgig%%’l?ﬁﬁ %t@gﬁ% “for t heseyopt i ons rrips DCUTE
beéVionteBadé calovlasiensnWanily npabding beurdrbgr amy ﬁaﬂmhﬁ thedreof operation,
ontl nuo | oss t he i dent
the GRAR} £ e OR Honspf e tsaRi R doriyeal dssiopey GEANTS is
used ROQMLEADHS Eaﬁmlﬂ{@aﬁréﬂs@ Jdl@érentgﬁtﬂﬁﬁéﬁ I?aﬁitlcll‘:é"mtcﬁﬁerent

first option, the secondary particles are produced
geomeiriss. Threcadatchn smemedlg‘yrenhrigtfonnﬁ A ﬁqarlerdcdasmtlon of the operation and

usag éﬁ%&g%geérn%?ée ]IWZ rt g Pséﬁ?l{fjﬁ’ib zuecztor %’gscrwtzon and

e secon
simullitio tdot RefeRsice Mdnush(l 99'4)3 Q}EMN B liLsyuiped Meth AFBRhAle selectable
and the energy loss straggling is sanpled froma

partiole iapspoxt mestles hBeiwg anayy VFfé%téle &anfnwr Meite Caleeodsy concerning the
producBBh 8R5dcBAdaried; GEAXE3 HdSBRee options to deal with these rays. An important user

controlled variable for these options is DCUTE below which the secondary particle energy losses

are simulated as continuous energy loss by the incident particle, and above it they are explicitly
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Hf Pgm%% P &eatmlm carlistdhisitmportant &p detgmyine the
I
absolg%o&*sﬁﬁaté BpL B sl 8 BTl REPLBAIHAY sty i o
absoluteatunfber ofaccklasted protoendirom thé PHDsaintullationd itvas déRZRined that for a

Wecrn2 and pulse |lepgth of about 14 fs, the nunber of
laser mt@tsamgf aleuey er1a9t>?sl@ H’ /et pBY PRl kengthiifghewt IdHarfhepeuber of

protos B REe BPrirey AYe B AR FLADorLY NABis FBOU4 gt vhen the totl
numbRe bR fled M FACRAhHIaG R 04848780 Wlt%ut% g%bﬁd‘by Q?ﬁrtlcular

all of the protons in the plasma slab are believed
theory af epaationainetall ¢féhe Protes. in thel plasntroda e belisved thinteragtavith the

B e R -

sﬁon@ﬁﬂﬁﬁ@ﬁdmime Iaser occupi es an area of about 3/5 of
the total size of the simulation box (in a direction

pdP sEREREen $rdies therlases pepmipstanarge ofighpets/pebiie deisl size of the

s1mu].a€%%?)&(m@ ér%gts E‘p? ?:Sla&goaﬁg()f 1042061&‘%1“‘7]81’%" .eslah%ut 6.3x10°

protoﬁ§ (@@ bf Ye483968A: willl ‘RAA mﬁ &leqa@r avhR el 8dt Adue '7@ BN the
| evel s hi %her t han about On the other ha

effecwf’emtn@b@ilo nmﬁmsrar@accpktﬁt@h@ einnrga lp\r@éshmhquﬂaam atbhat 9 MeV. On the
other%ﬁﬁ% %ﬂéj td1 nﬁ{nlbgﬁﬁr Qrﬁtéh? i Cﬁl r$a slab ﬁlt %1'%; §1%§ ﬁié 1 %g 8}11%6 can be

ens

estlmﬁﬁﬁ %'sm@rtﬁ@?rgtcﬁ%n&l??of thé fcﬁf‘ﬂ €28 w@fl ak th% 1584 Focdl 5@%@ %(ﬁi the

Finally thi's gives
thlcknég of the foil d to give N = Sxn, x d ~2x10" ., Finally this gives about
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WO 2004/ 109717 PCT/ US211114/11171181 N = 0.7 *2 X
1012 =1.4 x 1012 protons that will be typically
waemeherat ed to energy | evels greater than abear/u$2004/017081
it h th a
N =Gl 13T Y Bt B I PRy Bl B fgpey sty roate
than abayt 9 Nie&. pol yener getic beans needed to cover the
target in depth direction c

t e thelaporimipamiat B ebsyate éﬁ@eéieélf'efﬁé&iﬁeﬁeetgzstwd in the
o AT iy BN A LB (E0SE 1 @GP e ARBion 0 cm

< z <rladinwillapicelty havieahn\enrg§ réngafof hhmlttlcbO{iISZ Meﬁ‘h@ﬁumber of

protofy 1 158 rtignSe GhAvER! KB MEY ot L83 MaY mosing Ttoghe AnglS of 0.01
radlariL{] P?@) frhe]}tél v0.6 8% of iRl i&aBinARDer B?f)rotérfésiﬁ FheRinbSS 1 Bﬂ%e f@queV <E<

| dence of protons at a distance of "abo
157 MW ik Qe BB UwhRh cbiréapofddib @hQ\Q%Jlr@)atl/JnﬁeﬁldQS@n ﬁeld size) per
deposi ted by protons inthe Monte Carlo sinmulations
laser Iéulsnf foatheziaifiat fudrce of plrotormlat b disemce df aiioutlh(pﬁ d18 fi®ncthesource.

g IFJQS %é})_s glgss thaag e do&e %%@%dé)érrprpigggﬁq the g}{-ro%tel-gﬁq-{% sjmulations
(normfg c@ tﬁ%ﬁﬁtﬁaﬁ :%‘El?%ceg 8€depﬁ1glgzcé{% gﬁpc? L 1t4I w aﬁa%{lteDy I_g r% 1'8*9” Gy *cm®
This gjliggs go Sﬁ&s ﬁ%e pda%a%&;ee? gas% of) ofgsga?%ﬂ }I'aes%rg S?H %%{l#g he { 0 Hz repetition
rate ykejc? ?ﬂl 98¢ %Fsg?éf?ilﬁlg@% 0 the E)Pl?mf (Ef Ix T2| }flzhl ¢id 83%&38 is typically

arget “l'oca
not onfly Aefuttdhalf lasedplasmd pirhmetedy lgﬁta]so\dlepdfndv oh lﬂmalooétloh and ¥olume of
Wil e not being bound to any_ parti cul

tho tagebo s egls bp@r b G minGT Ffase or attdr?éthdés—e%rcé’fléthe distl
t hi | |1
IRTRLLERE N L C e YR (T

of opériforl ePleuGRALFthd se eatte I@ﬁumlsé isaPparb@ily di1Rsts bRIELME ¥maller
deposited within the target (the hei ght of t he Brag

g
numbpeakprg@tns isthglenergy sange ﬂﬂéechddt) saver diredegply sqeted taspef) as well as the

less eggrgg F%?S u @%\ht%ih #E ‘fa?rgﬁéﬁg h%Prfgc%Y ﬁf t@eam% tgptg 63’12121% e proton

energgt?ﬁ‘cr%seis THE ChicBRi6Hk pfegﬁltécf SN EREHMME HBBbdoutk abﬁerrate' Br1x1 cm®
rea 1 x 1 cnk and the "effective" dose rate

penmbb@amreMowr@bicaﬂy,ahdcromﬁalb pethe dreatvsent mlum@ ny/arger onagea than 1x 1
linear accelerators. Larger targets can
cm” @y ihet Pﬁf@t]ye dessralg Egprgqsmllﬁ@a ab?k?leetﬁélﬂ"ﬁypf conventional linear
VR bR ti
accel@;g{c%f e gat | etsQrgT\g '8% Ilaﬁngcr‘%itvgﬂltt?%at r@nt 51%&611 th éner olyenergetic
positivaigebeant dnaen theherget. dasnstetniative @ﬁbddmeﬂrte‘aeatmsnt target volumes larger

irradiated b r eld size t over the
then {5p GRSs SeBopPLEbedadY ifadiated Y Tariig el S als fifer the cross
secucﬂiaf &fie%ﬁl? B th® FEIdOR LBREHENe HERES pidlor &Ry 19WaY iPiRaiEdual beams.
ti'pl e beans varying in energy, area, |ocation and
Mun@h%ll]{@msa/m'}b% mompigyeeree.docsion endrshape chebe eambjaedtd conform to the

targetgg nglg%q, ePng e?eﬁ%(]{laﬁg %F] gfegvpﬂ@mgb %{1 {t)z?r%er:}%ghsc ereti iartgg %ner&}/ tnﬁodulatlon
calcufiidhs @Ath%ggﬁzﬁingé?éloﬁé of4 %4Q5ch5 f¥fosd A% tsiéeéﬁleé B-056/16=16

econes hé same esti nations
Gy/minuThe spmveesbimbtiGyy Wmuidfgo\re 13—4 @rygmn fooe targatl lacated@p tiépth z=25 cm
z=25 cm and_a volune of 4 x 4 x 5 en?. The )
and agvaln af 4 65 p%s e salcnlagons RaFenindabotRcanslyp hegised to estimate the
treatlﬁecﬁt'tﬂ?é I?e’&tsiwforta ﬁr&%& tAﬁﬁmﬂ‘rgetﬂg dd }pl?'rea?m%t\f@%lﬁlent the time

sum n treatnment regi nent

needé@ﬁdﬁﬁvéﬁhﬂ@ﬂobé’@ra tafplebwitR 88 oli@n ot B PES cHf Udtatedvd Hbtmi of 14 cm is
of 4 x 4 x 5 en? |ocated a§7depth of 14 cmis




-27 WD 2004/109717 PCT/US211114/11171181 t=2/16=0.125
mnute. This is carried out using a |aser-accelerated
whe@hierter gy pol yenergetic positive ion beam pCEES208H017081
t=2/1 Wfﬁ mirfied )Thl§ }écéarr?e%l dult ﬁsﬁg] & lg‘é‘lsgcrcbféﬁﬁed lﬁ Eﬁ‘érg} folyenergetic
Referring to the laser-accererated high gy
positipolopdwemgedaiment ositeri (260), suchtzsdia dmeamsm:lmi in FEGL 137
(20Q) .in F 17, there is provided a main |aser
| Rrdig 5 t st e REpRbbiEh SRy DO aeptihoai iom e treatment
centeBEODED G, 1921ReFaE pRA1AMIS m#&in Taser Bdak M&%GMa’c Ridfectively
to a target and i on selection system (1
transpogfied ¥sing ﬁdem@ﬂpféa@amc@ﬂmmrs,m emirtore (904 ard), mjemgeyq @nd ion selection

N [ Ly a——

high éh‘ér ly‘én%fkeﬁ@ heRahd @ﬂidnyseﬁﬂatnﬁi §5tend, sGoll dsiebt@Bdchematically in
8 (W t hout target? roton beamexiting the
FIGSe &.(yéh taaa%t) pchl8 eathopt fapgetls yﬂxeenmoa bpag exiting the farget and ion
e
select%%sé}?tggqéﬁlbfgﬁég t%ﬂﬁrﬁtfé&tﬁgﬁ}e sﬁﬁg{r%a}?@gé%gg}g@%%%%eg%g)ogltlve ions that are
generfied ak dewaribédaboye. 0AS lshdi).eﬂ,rthepmtorﬂgsaﬁmnﬁng thetargetdind don selection
seletlo em.are djirected.in.the.direction
systerg gFey Sfireoted ip e Grestion prrelie o fhe %@ctl%%#tﬂs i35 lem%ré?ntﬂglg the target
n
and idpl\1GCAEAstort Pt ARG (008 2 ¥BhATMireCRol BRAkAT:, QRATL208),
whicH bcaeeﬁletpla‘eem and dretpatient’s taxgep atheamirtags (?é)ﬂgief) anc'r bezget and ion

setecily3f et G003 B o R B o BF B I BB Bet n o

z plar®f tHR& dibction BiRE pérpeddituld-to Zhdt-§PPane} ABuid thela®fstdf@Re main laser
P
bei ng perpendicular to the x-y plane) around the axis

beamdfeuRagmegantry. ag‘ﬁplcalbggm finah eniiyer @420 fram WblCh the laser beam is

the fi na 2 ) t .
reﬂecl%—e@ gf atbggsﬁgeft é’llld% nfﬁeec Q) dsyfst«{m 9@% %}{egg et anlaelon selection
syster € T®e disahcs potneen (heQthal hfirrbd (204] f%@nd ﬁhﬁ“rdré(lzg%te) aﬁw ionG\lection

selection_ system The di stance between the final

systemgiip ghowrpmlustable alaag Medodirqetion to permisganning efdhe pratemmbeam (206)

t
long 3424 Pl AR L AREE pEO1 ) Ll G b0 o
the x directimhito permiihcadhing afi e dretondeam aiong olie X é]}ecmtod |$urta‘tde target and

fon sl Sy NNy M50 HECHSE 1 e HEARR S Dy 2HERg i Total mass, and

less tﬁ’dnr a%%{lf Phhetepith Hﬁ@n@mh}ar% coRAAcmbQHrIR t‘?i{:ée't | ﬁ)ﬁ%@fé@ﬁon systems
00) are conpact (i.e., less than about 7100 to

permlt meumcmitlonmwﬁ]amlbotlt@bfscqntraﬁe(hMMnsxo petvade fapid scanmng of the

protof bER PG ey G (OB ¢ thel r posi t1 oni ng with

r ahe dretdiie R QT tHeHiLe en&%gs pﬁyale&get@ pRYitide 1dnawaﬂl radlatlon treatment
scanni ng of the proton beam ( up to about

centegsrfdhe pygeens tysaliorincludes thy éomp@wnéﬂrﬁé shyWp i1 EHﬁeWg along with a

suitati® fe{s&l l'fch a%rhe? | Al egptt tfrléaifﬁagw% ?&%15 %'/:s %nq ffortlﬂcﬁutonng and
present 1 nvention incluaes thé conponents as shown I n

contrélliGg tlie?theﬁb@.ﬁ@aﬂw itable Hgh élﬁ‘bﬁ}epcblmrge(ue pokitiasions. Suitable lasers

d bed t t ot d t
are typgasé {flbﬁﬁqeéml ﬁawéﬁ%agae%%sh @? i tlﬂ? PG Wéﬂerrge%afgga?s?fe‘% 4%9%

treatnié'ﬂt k@)@%ﬂe o s e}bgpﬁlra arg%eapﬁ}pl?’tg Fxfgﬁ%ﬁgﬁcstggﬂ %] b%iﬁlgbt??lscontammg the laser

beams Uithie naegn lasert teanmslimes(202) ik d)ym@IIaSrantrmrlpd shroughethie d»ml&mg rwithin
r.eat ment I _.pos

shicldALUTR GoR g oS S o (-2 0 %6 Mbeqt et Beam,202) to the

target'41R iBREéledtRRS st%é('l@(b)' e (t%?@t)anﬁioﬂ ¥ebdcEish kystem (100) is typically
transported t rough tthe buil'ding within
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shi el ded vacuum conduit using a series of mnors
(e.g., 204) to direct the |aser beam (202) to the
wo 200get97and i on sel ection system (100). The tapQEUSADL017081

moulyff o3 § G5, i eSed 1 roathentfRosin o giioe egbodiments of the
prese@@iivention)ecRain Saset Béaadl(200) A& sphie@inEbeahPRttet hio a Phlrality of laser
e

addi ti onal enbodi ments of the present invention, .
beamgempnplingfromessinglo bsgr. iBack pf the lasst bepms axeeaating fromt the beam splitter

fo did ' r 28 manak froma . .
s b0 PSR ol ok e BEABEIRIBLL R HARR S 1 s
fashibiehi gleamargyppoly érergetic positive haddibBortiedtneiht\Wetiedd ark pfdfled using

and ion selection system (100) for treating a patient. )
one lps¢r pofree andz pluglty ﬁg igh thesangysisesye Her galmalipiefinationgs. In certain

| : - |

el e 28 0 LR L L BRAH bl o
presegy Bivemigon, there rapravigddur plhraliyy of trqaghére né@Ens, kactcesduabiit room having

e L B e B0 e eSS
mom'td'iﬁfgrﬂnﬂ%entﬁ&lhﬁé By sH1. Nﬂﬁ(ﬂaﬁﬁ%ﬁre@{n&’éﬁﬂdoﬁ%& é&]lfug%gﬁ #ifRAY enables a

roons, each treatnent room having an indi ,
greaterpugaber gfigatients thall aan be dieatsy stithrthe tnvegwani affonkedighapower laser for

nat i.ent nd.a n_.beam nitori.ng and controlling
providis BekeoaSRT afeBl i iRk AHeresREoShts BB8 i o
Walyaser adteRsatéd protodcicans ALGRESicAly dablafeatrbAa v B contaminate
.treated with the investnment of one high power |aser
the iqndpeany, By caerey reerdiationinroesas lopdsstgiarlaise pottiogiofnapyynergy being
depo@&ldmﬂﬁfl %l{e&gﬁgo;ﬁefsvﬁ &e%'th&%ieﬁ@ea&%eéoﬁkﬁ%ﬁg ﬁgﬁgﬁo&e(s)gribed earlier,

eans al SO y generate rons,

N =TAR1@MpRstbs havb @ndrg{ 198RMighbh thaBRAVBY. TR Rk these protons can be
process leads to a large portion of proton energy

accelprataddy tHe roet, padiondiy H12n%4 dighe tdahpsotop peergy ssalloslel tago through the

I i G A A R K
prevedE e ‘twasteh bﬁot&%ﬂ%sél&ﬁé@gﬁﬁ@l%@&ﬁi 1h8i0 4B en P ELlr&ih aRéhg out of
by the laser, and only 0.02 % of the total proton

the tregigieglunis Bheroisedinits Ig@bébﬂitm tlagth sethe of hieeantaminant particles may pass
ron Bt AR b A B B35, a5l Bl fefitane

Detemtidingrtseheabe df paiittinidadspaticles ReypicAlBswasidant $n fie@Relding
| eaking out of the treatnment unit. There is a finite

calculgligBshi | ity that some of the contaminant particles may
p fp .S8E | omt i
oo b EYfslof o ErORin B iim: BRIl Bl Butar theory of
operalion endirefemiygtit FIGUhtieis befieedrthatrs teirotoas bo tresch the aperture (118),
typically considered.i e shiel.din cal cul ati ons.
the S‘t%g‘ﬁ?ﬁtf%%ﬁwg%ﬁa%ﬁlﬁ lawwnﬁgaﬁ#wwlﬁ%@pd BPRgh s afrondary

TlirkMtich Rde el ' 0
collirhitig c&é@ de (93&)%*&&%%(19&) foRRE Rk I&ﬁﬁﬁ%ot’bﬁggd's{l]ﬁ?%a}g X

, 1t is believed that as the protons
uncompensgisdchange, Whit®jypicailydersis bs spyeashaparteino ida niputpive force arising

T e AR TN TR Y
extraiddrengence @the proto@beadi B AditInas Mk Witfal diveFpeAdE eredhRid] divergence

) ch r%gl, which typically tends to_spread apart due to a
is Wpﬂ‘@g\&f 1dep (R the epgdarspread o the Jagsiacerdereisd pegtons, mhighds typieally

coniBB, 5 PEBEFDBw: Bl COMLBEATA L T IPLATAL i

forcealdpértds on thoprotem density &lthelexieregine Boththe thevirdtical description as well as

di.ver.gence : . .
the particle it ol simulations can be used to estimate the rate at which the given distribution of
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is typically due to the angul ar spread of the
| aser-accel erated protons, which is typically
weontnae7ied by the geonetry of the primary col P@TrE$1004017081

oA SoslB TS, g By SIS sy oG i
giventihidial d¢nisity bndigscisiapuned tasomedpbnd® the hige piad dénsite of the proton cloud

cell sinul.ations can be used t stinpte the rate at .
at the it PP FEE SV RGBT coheiEpthe pubseduent time
evolutibil bpﬁ%%%ﬂtéiﬁ/tﬁi&ﬂ@]lﬁéintaﬁ{s%s%}ﬁuﬂﬂtﬂyl TexRgaionf motion for the outer

sinmplicit a spherically symetrical distribution of
most pyos@rsnwhightcan apprexipwie thaisize af a perien elpudiigl is theaquonsrelativistic limit,
assuned to correspond to the size and density of the
proton cloud at t _jbg;fgbﬂy on. Due t he spheri cal
symmetry of the probi#m gggsidered, the’subsequent
time evolution of the systemtypically maintains its
wheres yimiethe protdinmasscamdt @ onthefchange iob thefppoton kipudufies comeaient to
_ (gkotons, whi ch can approxi mate the size of a proton
introdsice the, dilmensipmlesshaith @re o), atF RRetwhere iRgils ‘ghenmﬁa]el@dms ©6 )he proton
dt2 42csO r' where mis the proton mass and Qis the
cloudS barg eE (n@*/mt £eiskh@pRorChIRAh frbduehSy SRNY Q8 HRNAitTaPproton density. In
I nt'r oduce fhe dinensionless units a =ta, 1, r = RR
these \WARSE, @hd¥dulation Béverith il evoRsiol 9 e duke fpﬁll‘t OF e prédodthbud is,
copl = nee/npsO is the proton plasm frequency and n
is the initial protongdensiRy. In these units, the
equati on governi ng thg;gig?—Tion of (the outer part of
the proton cloud is, d2 I‘??) d2z 3R The nuneri cal
s dlgtruarerical sphition éq)théd equation withtteinitial tomalitiesRi=tli,afRYdr =0
R=1, dR/'d.r.= 0 when z = is otted i FIG. 10. .
whenTey=0g \vgqiiegﬂ%&%- 15t ponveg ﬂm%@rqSEL&ﬁf t0§5%£f@ffnaﬁ%-tlme variables, the
Value\éfgl,[ £h,% %:rcg’cg]a gfétgl,%a \H\él Jé%n%y 2691{ i trugeec% )%1%1?%121?1 lt@'n?igggﬁdf (rergq l’iﬁegctl\fe knowledge
of . I ; .
of thé_f_lﬁgi’éétl gﬂﬁfnt 4 %éal%%% ?{3% %leféé.o?%enfg&? hﬁlglbc 2 (gtgréénﬁlbagclsﬁ@% be estimated
usingeh¢ angatnedts posemgd eéréien rHhroesit siitpble selotlatiomsatieirmmber of protons
Through suitabl e cal cul ations, the nunmber of protons

accelerated|te paerey lavels dighey thap abeytd MeY e deteminedioditaboutiie 14107 . A
i Ly . ~ * ey . .

s PLBYRS G SRR el I8 s AfBblion dovie,

giving 7 AN 0N enlofé bnBbdifRht 6ME bRBer S¥chiflon dSLMbATINFTG. 4, where an

1010. In one enbodi ment of the present invention

exit poey of isauirticle fulegtion sysigraneatal) cregwey foinrthe gfured ghe volume that the
particle selectiopn systemis at .70 cm a fromthe

acoelggisd puotopheecypy ihfeterraediagdhe predutdr a Z&él‘%ﬁ offere AL, AL, and
occupy is determned as the product V = ALXAYALZ ,

AL, gdhespatial dimensiensef thy pronecloude Fopat(.2x 0.di ersn dielshszepfAL, = 0.7
the proton cloud. For a 0.7 x 0.7 cnR field size, ALY

cm, AL G- 8.7 @ AL cansbefoundeby calgulatingihe g)aftighmmjyat the exit point, between

cal cul ati t he tial,extent, at the exit, paint,
the f5fisaiihe HRwerpatis RO K LRt Rmasss(aRcally Aot 50 MeV
< E 4 @bott50NIEY 2R 4hére tEIHBBut d0Mevak B abaisoR1B)Y For these
E < about 500 MeV; and nore typically about 80 MeV'< E

energy leneds)tAL SOL M)y, /vFpe 25 leas eWithnieat gy migl élesavege protbn density and
(1-vs/v fx) 25 cm Wth that in mnd, the average

the pifiét PlasHL B8l n=N/V ~3.5x10° em™, o, ~6x107 s'. Providing a

patient location 1 meter (“m”) away from the secondary collimation device, the average time

required for a proton beam to reach a patient is ¢ ~ 7%10~ s, giving 7 = w,t=04. FIG. 10
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the proton plasma frequency are n = NV ~ 3.5 x 1010
cm' , cop, -_ 6 x 107 s-1. Providing a patient
wo ommatiooon7 1 meter ("n') away from the secondarBCT/US2004/017081
show%?lll'J[t gﬂ?tble(g?ﬁ %yc}rtég ob gg Vte1rg asetgrll ﬂ% sl / eog’lﬂ';l%ﬁgtogloclouad is expected
to arigé primgrily fronMihd electfdsthtic Eé;ﬁlsuirﬂ FI&E) 19Q1s0084w4 8 4ddults of PIC
CT/US211114/ 11171181 shows that at r = 0.4, a tw to
simujalippeoijhe Baprncytrl PEURPiapme Hrnasiisewih ﬂteﬁem\@l eanglitiaris sgrfesponding

to thégsg F?S Piri thi %ﬁf%ﬁ)tl ?ﬁ@ sﬂ&éﬁﬁéﬂe t%/lﬁlfe 9 gg&%}f Sg@!a?qﬁg}t Shoeh Fhe two

apprmchw difieaaiutatiohhshomareboeel tdpﬁésemrmt@perﬂirﬂﬁ e tHy AaebESroton
condi tj ons _correspon to those

dlverggré:& c{uﬁ ?‘? ‘i‘?fggﬁtﬂl‘b{e? 1007 YRIE rt%ﬂleteﬁgrrgé( medulation process,
the tGAGHNARLE BLPROEIPRINEER S hGn IHHPuseARRP E&%ﬁﬁﬁaﬁoﬁ?ﬁmw fany of the

cal cul ati ons shown above represent an upper
initia{ protonstvalldfe discarded), thdis\adpyenteenudivergenceige due to the electrostatic

r.0 atl repul sion. Typically, due to the energy
repul? Eypéfaﬁgr{e%ﬁtgcess the total nunber of particles

Wi I|n| onB@nibedEndnb 3ftht HdsemtSAFkention ftﬁb@e GPrGHEGL 4 Poford IRE6N system.
of the initial protons will be discarded), thus
The %1q s B@a{rrﬁeélf\?@l@ gheoethabios selgetiansystyas of &@tm@@nﬁmiv@ntlon that
f e nent
i AT LA, L5 0 SO T G v

spectszysahtﬂhhe forTiadiatiah eehtatcht MBudtoalis Bodd hﬁrgy And RPwldridddtributions of the
i on_sel SCt ion systens of the present inventiagn that
lasergeeqlergled gjlen ﬁ?l%qt@na%ﬁ@ PRpYiflesPobSIPlgRtS Pesitive ion (e.g.,
A 1 T G ST 5 g5 i
dose distrityyionsas conyakal todbestase bfimonoenendetit potons. A design of this
| aser - accel erated protons, the ion selection stem
embagimentpsaviges fpen celmpater onssingof abewsr X(lecry’ deﬁlm(%lt @hgut 100 cm SSD,
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intensity nodul ated proton therapy can significantly
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proton therapy system as provided by the present
i nvention. The present invention enables the
wowvaesm7end use of this superior beam nodal i t yp@mus2004/017081

laser-taggcrlglja%ﬁﬁ)tr&r i Bgag?#c g&és Iiesgﬁfgeﬁi a}§¥% ﬁ%s%ﬁ plirqt%%j)urciﬁs bavg be‘fﬂ dleveloped
to acwlﬁateqiretoﬁémﬁﬁg Btserllﬁdm& §il U@Pa&ﬁt A . Mo€§%/7%57,150 filed Jan. 8,

vention_ther npact exi bi e and

2001, By N R 1002 g0 S AT Fabapitedybr Lep0oth  Catsn oo
eSO BB LIS AR %ﬁzﬁ?g@?cc%ﬂ&awr
laser pight sousce sy@pme theplatils s whiznarclimsogorateibyi mferaﬁiee@tduom their
e SRS 05 S s R L LEELEY i
1ndud%@-f/yl?§@ﬂa§ér]1§1fa¥ %;67&11& 8&11d th&65&Hm &GARLES ﬁtfﬁdsnﬁcﬁ t radio-
descri bed above, | aser-proton sources havé
frequé@%éﬁdﬁe@gnet t@cmwyebaacéc)pﬂ@mnﬁ sndisynehratase r(UlIIl‘EIhdtﬁd?z‘ al. 1996).

5, OR0BBtodtngy OIS Pisde? ysplReraes kion elspti sl in which a

magnbtib Yieldlis ugd0id spreb@ 8R'1addf-lav@lerhted proféifs@h &t AfyHased on their energy
di scl oses a system and net hod of accelerating ions in

levelg andoerpisting anglis, s qurtg@g ot differeas elrapes gietusebigrselect protons within a
BRSO NRLORER) i Pt LR By for e

massml]remﬁstrmslﬁ)rtaﬁﬁmaﬁ‘d cdlimatifeeqignaai tlﬁahl & cdnftion in conventional proton
accel er at | gradient induced, by the laser is far
theragy gysteaps. 4TS RYESA AdRe o ssloptgn geegollipatingdgyice of the

el 61y SRR o BTl JOPLORH B

convérimnehdimiiaireereledtor) hefopmesemipachiveatmemtnmjly whic@an 88 installed in a
ction systemin which a nagnetic field is

jﬁgn-s IS.
convendiogat I3UOHCEARY WRENFILEIMaccel er at ed protons spatial |y
bag ¢aitbnt Btirhiz@MH AYorith&Vishio RSl tB butifige ﬁﬁ@ Qhﬁﬁ peffifbeams of
apertures of different shapes are used to sel ect
pr0t0p$ gensmaieduvithiion selectipe syaq@@m @ﬁhwm@wlmzfenemtoggbtan@onfonnal dose
at es_t he. need

d
aisBREPS fu GAD EF E1 Dolls PR Eo 1 gl Riyofiments of the

prese@tinlvEitEIN thérd ate providedBPimhNagenosRifici@ishs RF @Hs@tnproton acceleration
therapty systens. The | aser-proton source and t ion
PH

and ragthedst iPpienaakecléan audheemirgligeatione Ipthig pmbocbn@gtecvﬁthe present
mveﬂu'ayxe@c;se %ﬂu%ohy 8{; 1%9&3}5 dél%ﬁfea lplrcggrrl]ss or, antcrﬁre éaélple a({%fyplcally

deterﬁmmﬂl ‘tgfl’diise bz)lcﬁl@tldrﬂbﬂpratoﬁdbﬂmrets bptiaizaBet oftbvailetWhdighis and delivery
be.installed in a conyentiopal radiotherapy
of beFLeS VRE SHIGISH SCAN F94SRTFe feomypetcial saffwasp 1%4Vgaab1@ KPR Gagrying out
ten@tyPRo@E1N AL s %6 ¢
2SBS0 b 15 AR e8GRt e vt
laseraeesdernted lpmtenbc:ams liyotho it lkiwing stapso rambdulaing €lose needed; optimizing the

R TR A I AT TN T LY

polyenBrsefé b@ﬁtﬁé"i‘%ﬁ%eﬁﬁ@ RE Q\h&kart ORbpIR khd Bda8REnt of prostate cancer is
configurations for |aser-proton accel eration an

carriqiequy bmelﬁdrngl hmmslemémtua@ﬁ eahesed entheaterdet veltinerand fits relationship with
Lnvent | on

the el RS M ol AR pLAEARE by R Seampin diferent

shapdsy siadsmamdfor @fi&@giey Mptiadikiyig tistek eights € thdbp gk faeamlets generating a scan
cal %ﬁtl on of proton beam ets, optim zation of

sequagss ehebraz wrgherd wrifying thafinghfleseglisigbwipn by Monte Carlo
caloufioh€ bERY mBERfnS SAMENERab AT AR ELeREL t War e 1S

aval rrying

-33.-



i ntensity nodul ati on of photon beans for targeting.
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condi tions protons can be accelerated up to about 400
wokM4(Tabt e 2). It was found (Tajina 1999) thaeC1/0$2004/017081

aton—-of—+ targaet anrl | ||r~|| cl Qus r‘hnl ce_of

| Illluvull Tl A\ LI LA 3

| aser and target| par S%brs dan thgf*a a large (Fﬂﬁﬁ%er
dnergy odrvasion t h|edeywgy T evels 225,100 MeV] Beggending on

i get preparation and geonetry
ﬁfl as the puls g/ﬂ ength and §Ffape t he a%ﬁ’age and
MReoctrofiMm ener gy 1| evgd,s of protons%( and ot Nef79,01S)

i se 3! with the nnst sophjsticated target.
#ﬁ@éwg’ge pr ot onP&MEVgy i s |i AORME¥ss of 4A0WREV and
PE#k drBely B 1 S 40Q g¥§V.— The gTgIglyy CONVETtggknto—Tons

amunts to 14% of the jnconilng | aser enerqgy. This

@F?E@F’gﬁék‘?c‘?‘%l cond? ¥ednt with tdhMedet anaf t 20 Msdr
m@fageéﬁé%[H*lU"/o CYNEST ST oM ef s RfRCy T OTP{Igomns
was observed aI hough par anetlers and preparati ons
diverage @wreyiAlom Cadd0 BeVTabl e [2500¥eVi cl e i AOCHEEV (PI C)

D, 4 /11 [ 4 1 WaYaYal A e At A hnA Al AA~t
RESUT TS (UesSimiTia et dr . J.UUJ.) U!I PTOTOT o .cxu
acceleration by laser irradiation on three thin

t antbbBt beihg trmad td> mbmulﬁytlﬁérymi;elwlﬁlﬁﬂa(}ﬁgﬁ BRertigfefdty in the range
sur 2 VWO 2004/ 109717
of fr L?Pfi) iq ?'1‘1”{‘5 (\;‘X/é’gl 18 belisgedtodem impprantpprameter in the

geneféﬁﬂﬂ hé h&@le@ﬂlﬁ%f F%ﬁﬁ\/& iong R{/e‘hf%%/fé 4 %Arlgglb%?\o/f %Bleag%{c’therapy. An

% 17% Peak energy 200 Me |
otherem@pgynt,@ara:m@\is the@eN gl oEalitablecalgetsrikeat ggnerhie potyenergbtic protons.

Variof SR igr o) Gonssiig AT Snese) REVETSERS S Hy kR known.
Suita¥VelthiQels Hagé H&nbﬁbﬁ@ﬁe& Bifg PRIdub ﬁiéltéi‘falst Hf?&rn)émﬂg and geometry. Laser

eration, a high laser intensity in the rande
lrradlaf omrfashion e.g.omengity pd spot size,ls als0 Riowd tri@flinendedhs gamemnon of

posméfg é‘g se ctcm[zﬁ o%i%)apgc%l ar a?]#:e ﬁlglu{;llgg n e%f 8§ gﬁéﬁ%{:@ IPaser target interaction

(Ueslsittiatea bl. € 99D Tafiathi 1@1990}7bdrlazﬁfeﬁ@ly 200), tBS Eiffrgd s[?@fah@ﬂ&stance of a few
paraneter is the desi gn of sui tabl e targets

mlCﬂa’érY@Flh@e elestrosiatis g g the @deref 10 O@@N/mnslswpmm to develop upon the

madltdﬁ&g Sf ﬁgﬁ ?‘(r)r%%glg?ﬁé ?ilédﬁ%nmeg%are ({}eal{;gg(t al get s gﬁ lguso%eelﬂ over this
dlstaldxesp@tt&ﬂ cais be acoeRiatedi® dnefggrlewdlsgrestenbas il 003 e\aNWith proper

zeomiiig A6 Bl RS of Gekgeh LiRGWFropa PO dersoypfmay be increased by
severgﬁﬁlﬁésa&}e% sfhiple BRS! VS PGS Agﬁf?fbf 69/‘792}190 Bge%' T €130¥1, Pub. No.
d [aser "t’ar ge

PI C sinmul ations of the optl
Us. 2%%@@@&9@A1 l(’ltllei)atwrhllgﬂl,eﬂOOZ,lg%er Dirajeinrfen A@8&lerator”, is incorporated
separati.on dista

by refspétiet Bang 15 tiefieones Relaniede fHreg caur PR pe g ader-proton
accel &atle sy 9émd.OSuda ot ak S 1B PBR Gls 88l it %ﬁé’ EhOBIHRAR otf Iﬂfe , prosent

|rrad| ation of high Z materials (electron densit
invengiggut 1024/ cnB). Wth this field over this

In Table 2, Case 3, with a particular target shape, an average proton energy greater than
100 MeV and the maximum energy at 400 MeV are provided. Various target configurations are
readily tested for higher energy proton generation.

Based on these laser specifications, particle-in-cell (PIC) simulations have also been
performed to investigate the effect of target shape, material and laser pulse length on the energy
of laser-accelerated protons (Fourkal et al. 2002a). These results show that using a laser
intensity of 10*! W/cm?® and a pulse length of 50 fs, protons can be accelerated to 310 MeV.
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optim zation al gorithm has been déve
IMRT} wysier silmiloo cgratigonge tThe “poainess” béatmaigenepan ejufig@Baded on the

typi ¢ | ager ..pr.oton accel r .and actual patient =
sppearghth Gt 183 RasiRbER i BV EL FpE R G nd et hrhigiagisal indics.
A signifitahtlg enpRVBUHRA i ahvieald )
élgni ter a?i vg met Fggf (dl—ﬁlgﬂldreritgg q‘%nd gél\/ladtl:lglglé \ﬁgggfat?lg?@ %oéﬁ% 'c@ fore
uniforgén 1999 alpse withinghe tirged vkluprepinach less(aodbrate ve diigh or low vs.

' f or nat i Br ah 1988, | nes. d
moderg8HAdsE'iq B Ry af B 5O A Sulfties 45 b N ebita iepduced
exit/schifer does @yt Rcto€ 0NN EX hire)olrBmBiedir@hsPARIRY) at ﬂﬁambiﬁltlously

) iterative optimzation approach (based on a gradie
improved.dostistribytien; Famheymareo pphysiciamiypidally pakesiz oimical judgment as to

f : | i i [ I i-thns for at on .and. .

e SR ELE HALLIEREL N AL RIS Delh
ditroglinction 8f Radinixptdf29.8 Thdpresint aiveBAGDMso gloaiis letlidids of
2001%8@.. I%ov,ed al gorithns for_ energy- and L

produqin IAALAI§oJORES deing thedysr gecsioraed highanerey el veasrgetiuiontheams

idi engat ; 1 i_% e 4 s bW .

a4 R ol LGS 3 T G EL U SRS i v

by proteademb 1t of thervhegmical precirsorsieatiing t6 did radibisgtopas KBhiese processes
glﬂ t akes t%(fdbeam et .dos}i‘f i strifQuti %?s fromthe

use pro %sge%ﬁ SenpLafs .01}?11% t@a&;t}qnﬁ y(c. . NA56 FEychrqison soyrcgs Eor example, J.

Medentd)er &Jleampevww.lgﬂﬂh&ag(okda!&&%hisll%)stréc@s/ﬁé@é?ﬁhcz%t&@ﬁcagls $¢ported on

possi bl e, freatment pl.an based on the target/cr
the progdpgtipsy Qfile Fg Ehueride 12894 by Gt preparing [°F] fluoride via the '*0(p, n)

. A ; i pti t put
e e SR AR B SR8 SR BB P bRl bR
['*F]fhtoniele byéatine rfmé hetiaddng @it oryptae drdsg bRvcedie ae Pedskimahvention
sequence stuadl es.
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Treat ment plan conparison: The present invention has
been evaluated for the treatnent nodality for
w@emgtai7e7 cancer. Conpari sons are made of treapd®EU$2004/017081

: . i1 - | er at ed .
vk SRR B SNBSS IR 8L B i
radiorsotipies.t Thiss, theyrbeeasotipodesiid adrlisopdpes arhrias thers@dp@0f forming a high

bearirs and ,Ehoton | MVRT. Argt{o%% of 20 clinical cases .
energy HOLYFIGEICHE roipbeam f drserited HeredR 1A PraYide @4 ppprepriatg papticle, target

d RERuAkRt. ' ' . i
. perfor rrgtd %E]ﬁ%@%‘:ﬁi@fgﬁgg& vgiﬁﬂeﬂggdr?e ‘ngﬁ%ht%ﬁgl\’é }g)g% E Srrgetlc profon
beamcipadietesitimtalget pacwtstemdip g praselectedentegrated bagm current or time is

conyenti onal phot.opns. and proto and photon | MRT.._The
reachB YR targe oy BDia T BRRE oY B FEPBuS (s diyon Who the
integFeIBIak] @lrrdRl bt G SR fRbh&IQRY AL
e W th A?lgor 6 p%ot on fields (t hg. F]é%%%ﬁg%??é%fbx?ﬁ%ﬁ%ally
synthegipimg ] ciFAFDG- eBhenfisrl produetiis sqtongm celpdesspstémle, dndiProgen free and is
ensity nodul ated photon fields (the CORVUS

. M -9 in
Sulta%rf/tsf&ec?r]in?cahrﬁéeeSe cases are also planned wusing the

prvirivus talte@bfeamibodineité SthePbed® ihventibe afc Pdier P¥picRMin FIGS. 21-
for. conventional proton_ treatnments with 2-6 fields.

44, inryypicpthgiondraskearg tHpsiralgd to pioyideaoeasial position andtarishigtion of the

. | o . bl oni o ) .

o S, ERESE RL OLO06| L GEE D e
embodirdemaf maliorn sedestion syt (109) cdihposed € a abjli@tition device (408) capable of

collsp R GREg e APl LT O ARECES BRS LV TioE e o g acceleraied
i Sy hSESTR 5) 8FfADB0ESS ] PRRRAAL i
ions; o fikst magudtizdfiaddbourerdimagaet 208) sapghlefdfspattally sepapatingettle high energy-

poly e PREEVS oS A Putie RRSH e Tvel aptire 418 renals of
modul@frpethe YSdtHAITP sepibd hieh %nér%?ﬁ@]’y@ﬁ&gé’cﬁ:-po@itﬁ*@ idHs; ilrlRi"é seeond

noderate) dose to the inme adj acent norma

| at el
* magnstie figld soarce (Tgpnest 44 2)gapable Qﬁtdcyn%' ingthd maglatydstogh crargy

. . or of two or nore) to renote organs,
'pdyegl%%%?é?g%ﬁvéﬁ%bi guously inproved dose distribution.

FUFIchedrdepRis SschbysiiCofuh dnididanbdtbf bR kSsehecibn g}sfe% similar to that
gnment as to  whet her atﬁigrtlcul ar_plan woul d be

d
proviﬁéie@l Blet 23 rtheti fgheranededes ajthisd mragnetis fighd sougescimagset, 420), the third
Pr. i Lo _ _ . . .
G ORUEL LR BACL A AR 16580 20Tl AL P i
energyyiolyeneipetit pedtivaionetosvaatsahle pegture@dByy pol yenergetic

[ . provided. herein. The praqduction of o
T R T
provi@ét in PG.R4GhANKERTRR JERAE (918) %@ﬁlgéﬁ‘%@ﬁ %kdegﬁgﬁlﬁg%&fcsﬁeld of the

~ leading to the radioi Sotopes. "The rocesses
third pragnesiv fixldseurge(mageetRO)si ng traditi onal cycl otron and

s r,atyon sources. For exanple .. Med ,_ et al. .
G 2P T R BB TS ] A By h S i to hat
provitiéd in IFG.24BRAhORS tHé%lgeﬂtLH@ (P19) Bl it e@ butsiHB ok the magnetic field of
Fl uoride and [ 18F] F bé first preparing [18F _
the thind maagngtic fickl sonece (BoLyPt 449), ani@Ftﬁe thir)| raagnetie feldi sonrce is separated
S arj.ched water, and producing the [ 8F] FDG by
o tgvgg)g\%qshg the [18F]fluoride via the resin nethod and

t G 2fplepices dichiematipofamedsbodithent pIf as &t selebi@néystsi iGhich the

004/ 109717 PCT/ UUS211114/11171181
magn\é\‘t?c %eld of the t%}rd magnetLlJc 1213131 source (magnet 420) is capable of bending the
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provi des hi gh energy pol yenergetic ion beans suitable
for use in this process of preparing radioisotopes.
waboeg/1097ie process of produci ng radi oi sot opes PamUsmes017081
ner.
traj e&&%esé(%?@éoaf?nﬁ% é‘lgglgé%rg Ih%él déng%y é)%weetngéép bgsgt Ve ﬁﬁ‘:} togvards the second
magmpplﬁemswt@ (paghdtelle). target and beamcurrent. A

cursor is filled with H2180. The hi gh energy
p?)\’“ﬁi@&%@m t2 $Hhgatic ofrmsmbadimentof ag lqufélqcawgefstem m which the
secoer Iﬁﬁgﬁeﬁe rﬁe!H"r;du}ce&(nﬁ ah F1s 8epdbid @i%eﬁ& &Hﬁéﬁe(%& of the

tine is reached he tar get pressur
modtrhind higheuhetgy mlsmlelgsun posmwnenhm:wardsWthmcﬁdnethat is not parallel to the

nt e ed bea t or t tinme eached the
direc)idts SR 151 St LR bnty hofetesirie ioa bitkost 21 ng
[ Lidie]. ﬁQ@plCﬂ@S(ﬂlbﬁﬁﬁc Of RBodifekt 26 'iBIPselééﬁbﬁ) §Js88%in which the

sterile, and pyrogen free and is suitab
secong) mpgnetic ﬂsrkbsoumr(mgset 4 2)is wapableofisddimg rhhestragectom (428) of the
I nvent i on are furt her de ed,.i n.Fl
mod % flth snBeS Bl e L8 poid B o ESR el itsBuen Bt isPaigto the
duecﬁoxgeﬂmeaéseﬂ@@eteraéum nle@dsr pbth&petRfioh BEam.i ONs. For
exa le, FIGS. 21, 2 ematic Cross sections) and

S0seicts w@e@éﬁm @ aé,l @pbodemmf gRian s&iecmn $ystem that further
showg glsg&ﬁﬂ%ﬁb@ pion c}]egg% {E’ﬂg@? a%?e é)i.f ﬂlﬁdi%gl ¢d ﬁI?lQatlng a portion of

evi ce
the rdcasbined high meaqumblyar@fgeem pbaguvepmhy &feﬁdtmetlglf. positive
[ t he | aser - accelerated gh energ
g‘lrkigﬁir%aﬁtw SROERERL L o0 1y Ssleﬁrlala sysieny tle%/sw@r@ secondary
I f
co R et 33 oMl h g Biocdim bt RO RRbbincd high
energygedyearigetic pbetive ighs.ener gy polyenergetlc p03|t|ve

( 485 2 BaistourR crgavpub ey ek ALt anep SBER L baving o
pluraﬁty@ﬂf o%@ﬁﬂh?y (420) ¥£N5BR bE theRP &hh%é’ SaphBBDE ﬂﬁﬂﬁ’caﬁy L6mfhicating high
gnetic field source (magnet 4 capabl

energwq@éﬁrmmehgpomvmawhate@uomtgh ener gy poI yener getic

N NS ¥ T ——

(444, gy ihdesteicapdblof phtsih Riw Endi gy ®ihs,IHIgH eHéeSy idnd %éb@ctlvely, ora
magnetic field source (magnet 420), the third

com Etﬂil“i?e(?rel d source capabl e of bending the

t rﬂ(? %L;Q{ f&%s }(o%gﬁ% 109 eltef:]tf3 n hlallnla\(, &ﬁﬁﬁr %\;ﬁﬁhe nglentlon

ener gy po yenergetic posi |ons tonard

manipyletes umebe@ﬁﬁS ThisHigare @éim(demedbﬁmﬁg o€ b tayart- dceelefatélhigh energy
enbodi ment n_jon selection systemsimlar totﬁ
DolySHESEERR HeATH NS AES RS REA HETE RIS SR GYIVE Jons (110), the
: I
i 5 IS 4 g
levels chienallimatpig efithe labcrehcndmtatedﬁombearm (il 192 Isgerfonned ysin@arollimation

devich (et BT LR R Eioen it Ehdte iy sy oording to their
energlyil@els @ing & Hest blilsh&liRId Ghaghef 46)d THE UhARILY IBHBAE high energy

420), where the third magnetic field source is
polyegeigstiapedtivg innsateweedubated wing almr@rgmlqﬁepm @pe;::tuep (418) and the

St em
modlﬁé’cg(aﬁ%h eﬁ?r%& p%%ﬁ&%?@c ﬁﬂ}e\ieggnsfaa[}? F]eco?ili)meg %{%83 @ second
magnkiie fidldyaagne 4(1&)igIImEth1s 42Bpdinsent, ablich of th@pditﬁlﬂl‘mloh@ﬁe transmitted
throu_gﬁr t7he aperture, e.g., having energy levels in the range of from about 50 MeV to about 250

MeV, and other portions are blocked by the energy selection aperture (418).
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WO 2004/ 109717 PCT/US211114/11171181 trajectories
(428) of the nodul ated high energy pol yenergetic
wWEomitioare7 i ons towards the second nagnetic fimBdTUS2004/017081

. hemal Le o :
orfee 3 s diBihe dfatng GFf% QAR 81 e B SIROR Lipl4tha
direcs@canay fragrtké beani axib df the lasewadcoonat higlh 2hert g polgp@drbetic ion beam
of , bendi.ng the trajectories (428) of the nodul at.ed
(110)misipg tgﬁ@ﬁg@%?%ﬁ‘lé&g‘@?wtﬁ itive ions towards a
© e St PRpiclithe bindih ofe Reioltbribof P spuftalif Chlaifed Positive fons
(140,d43)mn Hictidd tatepicipertaresdhdnmeingthe thisihmagretidifiekininaghet 420).
an.-on,sel i,on tem.in whi t.he econd. magneti.c
£ " 32 e 88 (e ol s A en R SC BRSO ing modulated
by en%i;g?ﬂ 18¥d1 Plokesnet AZ@ N0 Pandthigh eﬂEPg%U(!lag)? gesbécgﬂegr?‘ Q&Y a location-

pol yenergetic positive ions towards a direction that
contrplableppaning intagertire(44di 44481 i on of the | aser-accel erat ed

< G DB AR T B SRR el i B Ui magnetc

field {m@dnet 420)HeEapablR@iShending CsbidcyedGsitiveadrsabwaay tHeSecond magnetic
&30) capabl e of fluidically comrunicating a portion

field gpagnehdl Detsdndileddhi gh energy pol yenergetic positive
! qfﬁ}.wa%e?fcty’ a‘ﬁ%odﬁh&ﬁ o?a:n %péefétcﬁo@%rsﬁ%?ﬂld\kfﬁgﬁ{he%gl‘?gnergy
i on selection systemthat shows a secondary

polyenetgetiorpbsitve ey ieapf{tEB)sepdratd bseraigiatebeupio dbodus@emng

o158 A Bt SR B AR ormipesapah s et Solidens faser targeting
systel%f 11 15t-ahralte dlﬁﬁﬁ)sﬂs%l%‘!ﬂ%er Whd B ta?%b}%g%%%t%?l(gﬁ (::Eﬁ]}%)fle of producing

_having a pluralit openi ngs
a high trecrgy polyengsgempab beano (1 10),thelhighlehgrgy polyandérgetid ing bharg linlcuding

righ GRS A R R PR R o e LA A v, moe isn

energ§PolyeiBiigetic p4iBe DAY ir8 GpARERIsBSFated UP4) b4dd bn haky ¥vR1 (140, 142),
capabl e of passing | ow energy ions, high ener ?y rons,

and ap égfpesdeation syster capebleefimpdieiiontheripeuishlly Fui@blcigh energy

poty IFRLBE Bl 20 v 55} EBUIR sRUBUTILLr G RRGe obhve fosis

provideépi Als6 pedvadddois aidiffereritiah chaasiis (443) ah bidirgshritichchaRBEBK46).

. pol.yenergetic ion beamincluding a plurality of high )
Positivg é@t@pfﬁ%ﬁf@t@pﬁn@@qsylgdgplgarll‘yd)qsg,ﬂgong@t}f@re@tr@rts 9f §i¢ differential
iy tive i c 4

ham O30 B0 NELSESILSTTL N0 WA SOAAGASHAPA: crcrsy
of thecselldetadabns gl yficdlyethk dsfErerdat ehamtzr ¢4648) doesyed vorftidl @e drergy

erforned, ysing a.collinmatjon .device (collimatar .
selecligrgpertyty T afien Q}@n}%ghg p(faVztg?d tfzﬁf)léfaﬁeea %&i fha jsypnalyzed (e.g.
R L A A
(418)swd dnenzpesaituid gfeninger gy pol yenergetic positive ions are

a sjng.an enerqy..sel ection aperture (418 nd
A R bR S BhEPyBRY bl G brobiedluen enerey
polyeREf@eti® 6N d1RH bedrd Soatifenh Genders EXVON Ahat BN Hitably ih€1Ldk at least one of
(magnet 412). In this enbodi ment, a portion of the

the ioggBerapy; &ysteshsdapicted indH6. 214 and plonagin forsceipmetapagiont (ie., a
couclE 8@%\}@?}(%8%??£€%4£(§)V&ﬁcté Qs&iﬁglert?quﬁen?];er{téro@tﬁ‘g %@ described

above with respect to FIG. 17 in which the laser beam (202) is reflectively transported to the

target assembly (100) using a plurality of mirrors (204). FIG. 42(b) depicts a suitable treatment

center that includes an optical monitoring and control system (450) for the laser beam (202).
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MeV, and other portions are bl ocked by the energy
sel ection aperture (418). -48 WO 2004/ 109717
worabAUB2171114/ 11171181 FI G 35 depi cts the bepdi/mseood/ 017081
: | bR Sre@im h WHYéh 4t st dokHRam pRiter &t rirror (452
FIG %@%?%%%ﬂm%?ﬁﬁeom%gaﬁ%gm axi s of the am]sfy : (452)
is proviidesleto splitcthb dasert edmh26?) ietoaaply opoflyaedklagathicems 464 treeash of at least

110) usj.n e fir eti.c field et 402).. ..
two tafgpigooambet o Korh itsalThE Eotfeatrh & e S REIGeC8dbtias 41000
Depicte@® 4 &lilayle3RABhGH QEntBIORALsh¥ s iR 18ser-{akdQinglsy8ml Hhvihg two target
direction towards aperture (444{ using the third

assembliagrand itwo fioreselectinn gystamsigol. capableqd individually produeipg at
t he atially separated high. energy. 1] [
therapﬂ,ﬂpﬁﬁ? ﬁ%l&ai):lea%gﬁ € iyg%ﬁglya@ergeel\g éqoskt]l% &v&gt?]eg}rng%&e f%%f()f éc%led individual
high eRérgf pS@@ﬁ&Fet(clﬁe%iﬁveﬁ@?ﬁ@ﬁis'l vl inflividuiangolgedepgaticiiombeam monitoring
control'l abl'e opening in aperture(442, 444). FlIG _ 39
and cogtsp] systennis aéq@ﬁ@qwd@gfor stchf thethempputicp]ly suitahle agh paersy
whi ch _t h i r g [ ' . [ -
polyerfSsig ok 3yt Ll RaROTRL ol TBOATAPB12) Mt i cppable of

being pbeitiGiRdan dndragitthemaihiladerbéamagnditectth oeamso bme & tie ion therapy
28. FIG 40 d

. pi cts.an enpodi t of A sel ect|on :
systemsy AligatiY ol ORRITBIGH GH B 810 MioHg) LA o or il 1426k beam s
. ‘ i
provi S B B oy Syelems.
For providirtgyatiapypropsy,eypitdlaeon thampy degers bavingtwe gt giets ieg therapy

system the |l.aser-ta [ i Si.ng.
e LR S e L
embo&RRHBY R WNLEBEMISIurée ik AMtBOAICAtdd B a sdﬁbﬁtéﬂogﬂl @ilgig. FIG.
ol yenergetic ion beaminlcuding hi ener

P y . .
42(d) pepiyte nercgdboidingns of the yrsatimsnt covderithay fé‘%ﬁrwhﬂ%@énﬂ)‘é?al Aonitoring

| bout 50 MeV., The hi .
s, B, AL o
know S@rc@Mtrbe Wlich(ok4ks iod 4i2rapy HB@nIs being aaivartli on system

capabl e of producing a therapeutically suitable high .
e FgGg% ot t}@ﬁ@hgé&sp& ?f@sm%thvgof BerLBE AEHE AR accs&?apgﬁwﬂh the

of the hi . aoT T onT & pt
e 1 S SRR LSS A0S B ot e
regior #4B)atiany deterthinirgghetreaimentwirgy of AkGprgeteRosgion, ke ireatment
stateg STRPIASE GEPPGE IR0 dosg Hiskiiiigs o 4 BRIt thpAfgicall suitable
high e\tﬂ%l W Rfic bbﬁti\%’ oh BERACRY ilir%liéﬁg%{tﬁé 88oéd feBni (BBS

nitors the energy of the ected ions. _
deterriinpigrthk leyergy distribuitions ietensity anchdirdotion ¢Ziplyratitieef thenapeutically

st e BRSEte RES S P BeiRF Gy gfsrapticaly
suitabgélﬁitghieﬁe@ BokzRegbtRo ShsitiveRdn Bead fRsth Qphanlitywf hidhl eergy

ata proceéssor, not shown) to determne the [tJ)o_si tion
polyenérgetiepesitiverions the higigyneagitpeliencsgriic PaFiEve pip bpigs spatially separated

FI Gs. 42(a-d i Cct [ [ g .
vased g iy 71 e PRy AERRRARY oY Relp BN it polyencrgeti
positipeiEsanEes ik tpgsict rygon atohitegmd the atarmeht ttdggr S

(200), that each suitably inpclude at l east one of .the . .

| G iretipgs GBS gEpiEne e PpERgC S e icRpitye ion Tadiation
theralbgﬁa%telb%gn &r\/ic%?%wgé%g?p%géﬂt G¥enfibn Bas bedn dEQHEBA irk@Bhection with

I exanpte, picts a suitable treatnent
the expanilaty enfbotdimertty pithe esrtous fgdres, it is to be understood that other similar

embodiments may be used or modifications and additions may be made to the described

embodiment for performing the same function of the present invention without deviating
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above with respect to FIG 17 in which the | aser beam
(202) is reflectively transported to the target
w@s®emntsl7y7 (100) using a plurality of mrrors (2OBYS2004/017081

therejg&gi:‘ Sﬁ? {e@mnﬂg p(%n%tsﬁ 124 ?ﬂ" h%,%ﬂl v%lltrgce %}nﬁ%ﬁlﬁat Bl‘l?ee}grte ep%mqgﬁtlon as

I ncl udes™ a ori ng an

descr{béﬂ(ihi tH reéehﬁaﬂp&ﬁﬁfonbﬁ@m;{plz}ﬂﬂ))any coﬂﬁgﬂf@lcﬂﬂﬂziﬁﬂg&%%;lgpertures and

PCT/ U82004/ 017081  FIG 42(c) depicts a suitable
collipatens;thai selegis RPEHVE jongAtse oatenvrg&&onbﬁ 8OUBe0h 1agsr-apqedqrated high

d
cnerg pOReRERL fixfive i PRKORE th braBht frvcrtin gB3R0 pBE Amited to any
s1ng1®émb¢d1imea’s but mther stmnlyte emstewddl indseald)l soopd io acedriiawt with the
La?ser beamto one of the target assenblies (100).

aPPeI’Ssg is a suitable treatment center that shows the

| FeFerdndéget i ng system having two target assenblies

and two ion selection systens each capabl e of

i i AustuaSmnmofd@é; hgoraiderdrémapefitictiahbtyd SvotomBudiotherapy:

t f h
Clnicgy FOuGE e Rl RIS PGy 0P RROBet ¢ posi ¢ ve
I oV, p%i@er (Pm)3|) n‘dvrwowabm@@javmﬁdngﬁéﬁ BrdgPhim PRI, NISTIR 5113

noni t ori ng nd contr ol systemis al so provided fo

(Galt@W&fMﬂaNSﬁbflgﬁéhtl caliy suitable hi gh ener gy
gn}gefn étzlﬁzgaf(é{%tdtnﬁg?r@esggnéovg eeaé %gatzon %ei ‘apy techniques”,
Rad1q:hh:ahpy amle@nmio@ndl%lsy 121129-h40.mai n | aser beam to direct

n ion therapy st ens.

A P BAR : A BEHAS B LIS e bR e Galigano, ..
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pulsey Whtub’rderdpysegyssmm Pladfos PloysoRepli2sg 7@iu¢lioenr privacy,

e SRancl S AT e ah ) RlaTins defes dug gy assurance of

mten!zﬂﬁ%cfzﬂ&z‘eﬁ ?&Doﬂl@ a%ob Qsih® DA dWEE ARV RN 0B Rator: U SHEEy or lasge-scale
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lmplemnmtlgepfar the éreatzmw of capeinoriq nfythe pr@tate A2¢) Retbai ch@l Biol Phys 39:
863-7%;@?%} ment of the treatnent center that further
[ c?es an optical nonitoring system (450). In this

e @HIAEA! Loth e aPR | MahlbeDNT REh 1 1 &Iy@}fﬁzﬁ@n@ﬁﬁ%dulated proton
permts the operator to know and control, ch of

beams FrepRostete epscapipdiofharams » 1. bdladiptiae Qngalosy Big) Elys4$9 i2d 7-223
(20012 fl owchart(500) of a nethod of treating a patient in
ccordance with the invention. This nethod includes
t e IstGiag, K5Kﬂtsﬁ€lﬁl)ckpM reeiFi NyBag M Eat@alist A MacHacék, M. I. K.
targwted |on|napat|ent deternining the

Santalg, daVaHhE- v NarEys 28 A Fe Dpagdetateraedisi &y depand Proton
Genei&r{t%%@ltrﬁhfﬁz%@ﬂé’se - PR aslhf}gcrlcqz%h.@m Woﬂgs A Pﬁyﬁd R®IF. Lett. 85 :

tions o urality o erapeutlca
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pol yenergetic positive ions gives rise to a portion of

t megpdisifisldie i ons being transmitted through the

aperture, said portion of the positive ions having

energy levels in the range of from about 50 MeV to .

abbemefisd avpording4o clpine 1fevherdingbe snatinihgsaparatiddiigh gpergy positive

wher ei n_sai.d ajectories of t igh. e o

o arrepg et B3R f Ieveudte ) Bl PO Ao fihis ononineg p seid

ag$§u@¢ sai d | aser-accel erated high energy

pol yenergetic ion beamusing said first magnetic

field. 15. The nethod according to claim 14, wherein

t e McRiRACIE61URS 10 L1atha 55RAdkil thy the@RAigkad fiBlddtrther bends said

energy polyenergetic positive ions are further bent

t tajgeigsies tmvaactsetg@ afrcengmaﬁgetw fidddrd nmagnetic field.

16. The nmethod according to claim 15, wherein the

spatially separated high energy positive ions are B

ndte hethed degordingrtgylaimid) whereimnghe sgsiond slagasticdield bends said

mERITGr e BT E S ear BrTao G SFelibh B bfepabierated high encrey
NBERehérgeild BhBedr t her bends said trajectories
towards the second nagnetic field. 18. The nethod

according to claim 17, wherein the second magnetic

f i@k ¢hest c8@iinth 1ol EIQ! ¥hbRE 4 SWWBOAIS fhedbdoabihedrhigh energy
parallel to the direction of a |laser-accel erated high

epelygyerggitd asittegens ie fluisticably sammunicated through a secondary collimation

device.

The method according to claim 12, wherein a plurality of high energy polyenergetic
positive ion beamlets are fluidically communicated through a plurality of controllable

openings in said aperture to modulate the spatially separated high energy positive ions.

The method according to claim 12, wherein the high energy polyenergetic positive ions
are spatially separated over distances up to about 50 cm according to an energy

distribution of the high energy polyenergetic positive ions, said distances being measured
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19. The nmethod according to claim 12, wherein a
portion of the reconbined high energy polyenergetic

w@omitoore7 i ons is fluidically comruni cated threambismo4/017081

22.

23.

24,

se LY 1C [ . ON. vi.ce. 20.  The.,met.hod .
2SR iRl GiRbiaiRier 2siliSy PR smtin the fist
enaagnetiodleyktner getic positive ion beanlets are

fluidically communi cated through a plurality of

controll able openings in said aperture to nodul ate

t MEhesipdthoalok Ylai@ N MitBe dohhisBIB e8RS fadiBsoteSpredksor with the
The nmethod according to claimI2, wherein the high

enf@FpLived satiaty senagatesblipk enesgy pplyeneigaicaesitiva iong.

separated over distances up to about 50 cm according

to an energy distribution of the high energy

pof yassepepsiareted bightencrgy ipelysnergetiapagittieden therapy ispgjem, comprising:
measured -58 WD 2004/109717 PCT/ US2004/ 017081

perpendicul arly to a beam axis of said

| aislaperdergeting sitstan,iseid lassntargetingroonprising aflases tind a targeting system
magnetic.field. 22. The nethod of .claim 12, .further

conBRvs ShbhRiPing Afisn s madror st thle wd Hehirerey

t hlydrREpib iidiebbafPInhitsing 1EEIP Bhcby foléritie o Posi¥ive jons having
pol yenergetic positive ions. 23. A |laser-accel erated

hi GRrENEYYy ob¥llashehaye §0 Meyo the higle enasgy polyengsgeticyosisive ions being
c L1Rd 04, - ' system said
I gs?g{rlél agrbg;élialteﬁgdag%ﬁ%nréln%f%%ga?asgr and a targeting

system capable of producing a high energy

pol v rgetic._iaon bhe ai d_high_ener . .

ol Y/ERSHaGldrioviEh BRI oBRitlralny PG ieally gyiable high enerey
PalotRsher et pesifeSiohibéemi s a BarioADS sAA i dheneR Y otydbraetic positive
at, | east about 50 MeV, the high energy pol yenergetic

pd8n%iaPd i ons being spatially separated based on

energy level; an ion selection system capabl e of

produci ng a therapeutically suitable high energy

pciyien Sege maniteysg end,eonitiohsysteam from a portion of said

hi gh energy pol yenergetic positive ions; and an ion

beam nonitoring and control system 24. The

| abterlases-@etaderated digh aplargyrpelypperzotiy positigeibn thepapyi system of claim 23,

[ t her. system of claim?23,  wherein the ion
ng'éeg?lilel5@9%)?38%%%1%%?%%%@%e%oI i mati on device
capabl e of collimating said |aser-accel erated high
ener ol yenergeti.c jon.beam a. first neti.c field
s Bmal R ARG o e a st crrocdPalainigh encrey
enpi@herdelt YG®agLt i ¢ positive ions according to their
energy levels; an aperture capable of nodul ating the

spatially separated high energy pol yenergetic

PQSfirst MBehde el Rl SHAAEHf SRUMY bdpafatifh daid ALC
capabl e %ﬂfl r e%:eorrbi ni ngﬁt he n%%u?lz}'t; e@a{?i lg%ggﬁ%y&ergy
polyenergetic positive ions according to their energy levels;

an aperture capable of modulating the spatially separated high energy polyenergetic

positive ions; and

a second magnetic field source capable of recombining the modulated high energy

polyenergetic positive ions.
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pol yenergetic positive ions. -59 WO 2004/ 109717
PCT/ US2004/ 017081 25. The | aser-accel erated high

we@omray7pol yenergetic positive ion therapy syseenusfoos/017081

25.

26.

27.

28.

29.

30.

31.

Cl fhdadd-acciib@feal Hi‘%ﬁ Qfr e ’gE .gggtifgﬁﬁweaapgssystem of claim 24,

polzengrgetlc F03|_|ve ns ar racterize

hawherginghe mpdulateddiigh énergyhmlyamerpetiobofitivsrioab atstchaRcivaNed as
t o _about 25 V. 26. The_l.aser-acce ted high

oS Snsercb ity in B8 rasbeof 1108 oA, 1MEH) SBoBCSMNEY.
claim 24, wherein said first magnetic field source
pravides a first ghetic field, said first nmagnetic

f

| E1datEpanterasf! hishehersy RoheneTesfie BowHYoion dferuityesydienhof claim 24,
ENgh&Yi i ; n : .
oG RALOOERGRLE ARkt B8R TRl i s magncce

| diad canpbld effhending iafejedtoriasgy thedliyke BT gE holgencdgetidgadBitive ions,

27, er-accel.erat ed hi gh energy pol yenergetic )
posal }l%\‘]:;1 éﬁnl%gor? n%gnlgraa(lb °§%?“éﬁ¥ %‘?m@iq’fﬂ%ﬁ  of sgyddpseraoqefegated high
| GemeR8l Rtydnerzcly fdntiBainlir t her conprises a third

magnetic field source, said third magnetic field

source capabl e of bending the trajectories of the

S Petel 1adedracEtitatca enbd i | i
positive ions tO\}\h/gé?lds t 2) o?&%?%ﬁ@?&%@&%#ﬂ@{e&ﬁgy system of claim 26,
| ehgrein dleionsaleetipriiygtemefugherycopyirisene thiydtrhaznptis fitld\seurce, said

i Q. r temof cl.aim?27,. rein the _aperture

B T AN —
naggteenetgy pellehergali@ podiite loas &Swads kb apated hi gh energy

pol yenergetic positive ion therapy systemof claim 27,
wherein the magnetic field of said third nagnetic

f i fedaseput @terhted BRPARLEy POLREAGENI difve ibh ] LS of clai

of said portion _oght hel%%,%at}?afl%yﬂg%;ar gtledaﬁ%k%g%tglﬁgof claim 27,
pIYReEsiB thgeanertugsas placedoutsidn of thoweagrstic field 96 sxid third magnetic field.
magnetic field source. 30. The | aser-accel erated high

enerﬁﬁ)ll pol yenergetic positive ion therapy system of

c [Tdiedaso-acceldnaed hightehergy olyedergeigmedsitivefiow thdrapg 4y semics claim 27,
c l.e .of bendi t trajectories said portion )

o PIERGE i aprdieny Pl Sat B Rafteefionel bt abiegia glcbending the
pasjdcioties 0@ BEd homin @S thd spRlidlRCehRBteR M A dngloytRd] iti
axis of the |aser- accel_epat e%%ﬁ?gheenegrﬂgy By'fd fen@%@{ﬁposuwe
p&PiFdpwaKs thecseper mpgnetic fighl somres. | aser - accel er at ed

hi gh energy pol yenergetic positive ion therapy system

of claim24, further conprising a secondary
c dbpilasat-peselemicd bigh capap belyefiergétia mhisitivielign therapy system of claim 29,

O 0 BB D e GG P B A ot
2 @0kichQF THe/spatidil érhﬂeli‘lﬁélﬂéﬂe%o PehergBiB positive ions towards a

1
| aser:accel erated high energy pol yenergetic positive
i gHeetEyRa3llel {53 bepmpixig pithpaaser-acoplerated gh heergy polyeizargetic ion
c@Lifmation device is capable of nodulating a beam
shape of the reconbined high energy pol yenergetic
positive ions.

The laser-accelerated high energy polyenergetic positive ion therapy system of claim 24,
further comprising a secondary collimation device capable of fluidically communicating

a portion of the recombined high energy polyenergetic positive ions therethrough.
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33.

34.

35.

36.

33. The | aser-accel erated high energy pol yenergetic
positive ion therapy systemof claim 24, wherein said

w@pmntien7e7 conprises a plurality of openings, eechusfoo4/017081
32.

TR SRR SR TR B Wt 21,

pavhezeih the $doomdarpealimatioe e et ie dagpubihofanatulating a beam shape of the
pol yener i ositive iaon therapy system
caﬁ%qr@ P%gﬁlgﬁ&ﬁ?rsmb’ﬁ@ergﬁ@ ROSUVELHN- of a targeted

region in a patient; determ ning the treatnent
st rate of the rgeted region, said. treatnent
Stih&lé%%«-ac%q{ﬁt,eﬁ gl}aghgena@yé}o&%ﬁpqg’@tiq p,(és?tggsign therapy system of claim 24,
Ul T SRS BBl L ol PERBS MRt opcpings capable of
f dhuidicallydénimmgicating ivabeptlets thergthoough. f or ni ng sai d
plurality of therapeutically suitable high energy
pol yenergetic positive ion beans froma plurality of
hi Ay methnel afitreptihy & patisgetvith ajaset-heoeteratod highteherghipglyenergetic positive
ener pol yenergeti.¢ positive ions being spatially
séﬁ%ﬂéf@é’ Sﬁg@’é‘dcﬁﬂp%:gy | evel ; and delivering the
plurality of therapeutically suitable polyenergetic
pasitjve ion beans to the targeted region according
t ddemidying dhg prstionafiadpiggipd region inpebaigntiod of treating
a patient according to claim34, wherein determning
the dose distributions conFrises determ ning the

1

erfisfegpuinng thei tigtmesyi strategieeisine (aragierl wisione said easment strategy

ol . . _ "t abl Y - ‘
e e G R R T
t regh enyg@plgtteegticpositne iontheams Eoeiaiiddng Mo @argtBd Seplich;
therapeutically suitable polyenergetic positive ion

beans are prepared by: formng a | aser-accel erated
hifghmi@getdyblpelityerTelidagicutcd Hrubasshihrgelesipdlyche@btic positive ion
energy . pol yenergetjc positive ions; col|limting said

| dsams Fogp EW&%@% ofhigh %@1‘481’ §9lypeirgeiiraragiive donspthehigihgnergy

23T e S PR Rps 96 TS SN Sised it oy tovel; and

separating said high energy polyenergetic positive

i 0 : i f . . i o first

PO IR PP AR b osms o e
hitgfgerdeegyn pedoyding toolt treatpRat §tfalezyl ons usi ng an

aperture; and reconbining the nodul ated hi gh energy

pol yenergetic positive ions using a second nagnetic

f IfetnetBdd offfheutimgtaliater@facédréiaitd glatin Baf wedttindetemdiindihe dose
to_claim 36, wherein the nodul ated_ hi gh energy o
polistahationstcpmppises defeyminiphthe wagigy disbilioneipiansity and ¢jgsction of a

r elﬂ&%li%f of tﬁ%éﬁﬁgﬂiy Qﬁ)tal,;@\{ight &e?g%%ﬁy&@%e{‘@ }fositive ion beams.

The method of treating a patient according to claim 34, wherein said therapeutically

suitable polyenergetic positive ion beams are prepared by:

forming a laser-accelerated high energy polyenergetic ion beam comprising high energy

polyenergetic positive ions;

collimating said laser-accelerated high energy polyenergetic ion beam using at least one

collimation device;
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38. The nethod of treating, a patient according to
claim 36, wherein the trajectories of the high energy

w@adoyeosigeti ¢ positive ions are bent away froPCEUS®aN17081

37.

38.

39.

40.

41.

42.

axd Sy .d.. .accel erated high energ . .
potratfly SBpiauhe SE LS e e p &St sceraing to their energy
f i levels uSfg a The manbtclfigitl; t reati ng a patient according

to claim38, wherein the trajectories of the

spatially separated high energy pol yenergetic positive

| anedulatinge %pdtﬁmrséi&ritb&hi%ﬁ%ﬁél‘g‘? BolyeddrB&icpdsitiveJons using an
magnetic field. 40. The nethod of treating a patient
acPEFHIeg4 0 cl ai m 39, wherein the spatially separated

hi gh energy pol yenergetic positive ions are nodul at ed

by energy |l evel using a plurality of controllable
og&fAmAREingthe H‘;Odu’dfﬁéﬁligh energyipolsnergetic hostivd ions vsing agecond
a ' cording to claimd40, wherein the

t I‘Igj o8 B Ot L he ' modu at ed hi gh ener gy

pol yenergetic positive ions are further bent towards

t tic,field [ id thjrd. t,i .
o R TR P B i
t Genetgyi polychergatie peiitivd 08s hiwd] c@elo9MewrSs iafthd BRge of from agout 50 MeV

nodul at ed hi gh energy pol yenergetic positive ions ar
beARbeYWRPdeY: direction paraliel to the direction of

a beam axis of the |aser-accel erated high energy

pol yenergetic i on beam using said second nmagnetic

f i iegnethed ofrrating 4/ prtiont prc@dNE USRI B4/ Whadin 18 trajdGories of the

T reating.a patient accordi ng . to clai ]
R e R R RN CICIL T
palcyslaatdditiceos) polyeet s icH Beahl &Hiﬁ Sad vkt magneti_c field.

communi cated through a secondary collimation device.
44, The nmethod of treating a patient according to

C I RerthéBod vh@ERing alpaBelt@8EBraingRE cRim @E‘,ewhé'rﬁﬁ%@tirﬂ 8Yories of the
hi gh _ener gy golyenergetlc positive ions is nodul tedrl

byPetirdlyssepaatd yeh ensrayi nedydnergetie ppsidve i08s ara bent towards the aperture

| a8 'a%ﬁ?ln%{g?%t?cd Qidgh ener gy pol yenergetic positive
ion Beamtre men{i Center, conprising: a location for
securing a patient; and a | aser-accel erated high

e ergetic..pQsitiye ion therapy system .

g R S R R A e —
enegloshepsy yelpategfiic posifiss Iony ard B8dlIRBAbyY bRerdy R3EI @M a plurality of
at said |location, the ion therapy system conprising: a

| &euirolable,enaningsdy stdaperiiEe-d | aser-targeting system
conprising a |aser and a target assenbly capabl e of

produci ng a_high energy polyenergetic ion beam said

hilds restbedy9f tienlipe apatiettiaccarding beelring dfpvieséin ghatrgbctories of the

Fgl\%cgecﬁxlsfatgf inéﬁ %ﬁéxggﬁabglggﬁgagc&oéﬁ&e?&% al%ea ﬁlllﬁl%r ger}l% Eo%’ards the second
magnetic field using said third magnetic field.

The method of treating a patient according to claim 41, wherein the trajectories of the
modulated high energy polyenergetic positive ions are bent towards a direction parallel to
the direction of a beam axis of the laser-accelerated high energy polyenergetic ion beam

using said second magnetic field.
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44.

45.

46.

an ion selection system capable of producing a
t herapeutical ly suitable high energy polyenergetic

wEo®itioare7 i on beam usi ng said high energy pol ystieUS®O/€17081
43.

Pa%ktbhheiod %atihgﬁlpgﬁéﬂﬂ a@d&?&iﬁ%tooﬁlli}’r?@&rv@f‘&éiﬁagygﬁiotni ofthe
i ons being spati y separate ased ‘on energy level;
ameboambimi High emygnpolyengatiolposiyist wms faer fhadically communicated

t herapeutically suitable high energy polyenergetic
pggpPQ%%S?@Hd%éé PPONRECY-aser - accel erat ed hi gh
energy polyenergetic positive ion beamtreatnent

center of | ai.m 45, wherein the ion selection system

c g"ﬁlﬁmeé%%d Oérreeapg P REESIS ACCIENE B Jaighhi. avhsreip Hhe hegen shape of the
S . . )

2 B e b i onR fAb vy B sgaondary
f icellishagionrdevice.apabl e of spatially separating said high
energy polyenergetic positive ions according to their
energy |l evels; an aperture capable of nodul ating the

s palasetdeyelsmrariaghe ehehgygpolpaerggyic positienimndetmdreatment center,
positi.ve ions; and a second magnetic field source
c&PEBIE8F reconbi ning the nodul ated hi gh energy

pol yenergetic positive ions into said therapeutically

sui.t abl e hi gh energy. pol yenergetic positive ion beam
4?J°qﬁ@nm%§€Pﬂgﬁﬁ%F%Wﬁ$éﬂfhigh ener gy pol yenergetic
positive ion beamtreatnment center of claim 46,

wherein the nodul ated hi gh energy pol yenergetic
padaser-peceiaspiad high engngy paliereeticpesiiviedon thyrapssygigm capable of

| evel s 4.8 f J \i t. 250 .

Ve SRS L 0AB Ry AR ARG AR AR on e
pol yenes gettiant posid lovatidnpthe hemthetapgaystentcom@ritiag: of

clai m 46, wherein said first magnetic field source is

capabl e of bending the trajectories of the high

ener gy afsdey-engstggtsystepsiid iav@-th@Bin@uvaient caibisiReaMser and a
axis of said |laser- accel erated palyenergetic ion beam )
ent er i fgeetfessmbly canshlspd predueing adugly energypolyenergetic ion beam, said

| aser - [ : r ner ' i b .

| on Doy T AR ERA R R G ol fRrecic

i on selpesitivoions hstingredargy leels of afdeass alsowd 5O MNeE

magnetic field source capable of bending the
trajectories of the spatially separated high energy

pgl ylenen@@t s'ed:ecltipm sjfsltegu ﬁapaﬁrea)ﬂpwmrcﬂtgl d therapgaichlly uitabld high
The | aser-accel erate i gh.energy pol yenergetic .
posi t i FBCIBYROBERTTSEHR0s ﬁﬂmb‘éwgwﬁ%s Sal%hlggﬁn@rgy polyenergetic

\M] . . H 1 . . . i
fi'el o Brige RSy fEn ekl PORRREME AEIRROREBERAR scpuated

| aser - desxd|omreatmmy leneftandner gy pol yenergetic positive
i on beam treat nent center of

a monitoring and control system for said therapeutically suitable high energy

polyenergetic positive ion beam.

The laser-accelerated high energy polyenergetic positive ion beam treatment center of

claim 45, wherein the ion selection system comprises:

a collimation device capable of collimating said high energy polyenergetic ion beam;
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claim49, wherein the magnetic field of said third
magnetic field source is capable of bending the

wo eajeai7or i es of the nodul ated hi gh energy posP¢T/Us2004/017081

47.

48.

49.

50.

51.

i O [ on magnet.i ¢ field source. -64 WO
20031 BRI eBEE 00T R afly esBrtingizela i neray

| aedyerregstic positiedidnk gbroedifs gytheR @B 1@Rlsi C posi tive

ion beamtreatnent center of claimb51l, wherein the
second magnetic field source is capable of bending the

t ra geitard capablobf iodulatieiiiha sPatially GBp@aed Bikh energy polyenergetic
pol yepergetic_positive ions towards a dlrect|o§
pRBIVEIona8d  peam axis of the |aser-accel erated high
ener gy polyenergetic ion beam 53. The

| aser-accel erated high energy pol yenergetic positive

i dhseseatinegealicriield saiesetaapalié of rslcambindig; the mradiniated high energy

c | S| ondary col Li mation.devi apabl e of )
F RSty BoRBFE AP e g e il BeP EBem Prbgnersetc
hipRiteeesgyedpnl yenergeti c positive ions therethrough.

54. The | aser-accel erated hi gh energy pol yenergetic
positive ion beamtreatnment center of claim 46,
WHEteShdtr 218 dleraee high dc9 Rl ehZefc Phiv ibh lﬁ?ﬁfl .trgatmefl‘f center of
openi ngs, each of the openi'ngs ~ capable of fluidically

c cﬁ]fﬂm#% atherrin thennesbdaiehigh ehergp phiyousgpetici®sitivh dons are

I - AC i nergy. pol yen etic itive

| S ROR) R0 B A8l SO P LPLEDERSS S RIS o 25
t avig€ét assenbly and the ion selection systemare

pl aced on a rotating gantry. 56. The

| aser-accel erated hi gh energy pol yenergetic positive

i Ofhellesematdcbabier h%h‘bﬁ@ig‘?&)_oﬁfeneﬂgke@é ?Bsft?ve i¥h 8E8h Reftment center of
beam of said |aser is reflectively transporteg

|
t g?%e% Jrhgesin sad Sestrglagnetisi firld soystais ghpadje ofbenilingdhestrajectories of
57 - . i | i

b L

whecdtntetipelyenergsid patean eatesing Mhd Hrst @BSId6 Feld/

mounted to give permt scanning of the
therapeutically suitable high energy pol yenergetic

pAdietlasee-accaferite@Righ@Bergy olyleAsr@Eti Asdsatverian Bshnd ir8fiment center of
ener. gy 8(20| yenergetic_positive Ion beam treat ment

c SRS Frhereiythgrionpselqoipn Rystene Sirher somprises althind magnrsic field source

B TS T L TR LRV —

hipghitige emgyopally teaepgeirec positive i on beam treat nent
center of claim45, wherein the |aser-targeting
system conprises a plurality of target assenblies,

edtie lokr-aadettrited Bigh casgs pblyersceanlltRe9bn AU thAEnGeenter of
hi gh energy pol yenergetic positive ion beam said
h 'Cgﬁlaﬂ eW§9reBb“|h9 apEfugeisinlacsd opisideeotithmmpenetic disldof ssidird

hh&@ngmgﬁgﬁ pol yenergetic positive ions conprising

energy levels of at |east about 50 MeV; -65
The laser-accelerated high energy polyenergetic positive ion beam treatment center of
claim 49, wherein the magnetic field of said third magnetic field source is capable of
bending the trajectories of the modulated high energy positive ions towards the second

magnetic field source.
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WO 2004/109717 PCT/ US2004/017081 a plurality of ion
sel ection systens each capable of individually

w@emdaei7ng a therapeutically suitable high enstmys2004/017081

o2 ngﬂd?{esggédgﬁ%%ﬂ%ﬁ}% i é%f%%ﬁgﬁg%&% ?’g]s@géﬁ%m f @%%i@gunent center of

53.

54.

55.

56.

57.

38.

59.

beclaidi 5BRehedéin iiickbriilahoiRAt Yislieod R i€ cdpahle BF ggﬁding the trajectories
monjtoring and control systemfor each of sai 7
t tﬂetlrta?) Bediletad highs energipadyaniergetie pesitye joos yovredsgedirestion parallel to a

POS,L] j 1 . hod of. produci.n
PO 46 bR WA e B ML, B LOSHEIN
pol yenergetic positive ion beam conprising: formng a

I - . Rl gh ene ol.yenergetic ion beam

conr P g Uil S o BPS) e et Rkt center of
padaiti 48 findis comptising b geconay@BIIRRAON déPick BiFble of fluidically
characterized as having an energéﬂflstrlbutlon;_ o

c APHHEIPHIeSnaionidhe reembicd hegh dnsrgytredyenagetigparitive ions

| efsbpegrcol | i mation device; spatially separating

sai d hi gif energy pol yenergetic positive ions accordi ng

to energy using a first magnetic field; nodul ating

' i ah . | yenergetic
e BT R I T T ——
s padimedd, wisepasHd eperhirgCorefteicd pRRAMS RE bERinds, BRAI0E Mopenings
i ons l.iSi @ ﬁecond magnetic field; and irradiating
a PBRh %Pgﬂ\t“éﬁé P FBBISALNG toR bepralotcibereirorah. spati al |y

separated high energy polyenergetic positive ions.

§ : . e
The laser-accelerated high energy polyenergetic positive ion beam treatment center of
claim 45, wherein the target assembly and the ion selection system are placed on a

rotating gantry.

The laser-accelerated high energy polyenergetic positive ion beam treatment center of
claim 45, wherein a laser beam of said laser is reflectively transported to the target

assembly using a plurality of mirrors.

The laser-accelerated high energy polyenergetic positive ion beam treatment center of
claim 56, wherein the ion selection system is robotically mounted to give permit scanning

of the therapeutically suitable high energy polyenergetic positive ion beam.

The laser-accelerated high energy polyenergetic positive ion beam treatment center of
claim 56, further comprising at least one beam splitter to split the laser beam to each of at

least two target assemblies.

The laser-accelerated high energy polyenergetic positive ion beam treatment center of
claim 45, wherein the laser-targeting system comprises a plurality of target assemblies,
each of said target assemblies capable of producing a high energy polyenergetic positive
ion beam, said high energy polyenergetic positive jon beam comprising high energy

polyenergetic positive ions comprising energy levels of at least about 50 MeV;
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a plurality of ion selection systems each capable of individually producing a
therapeutically suitable high energy polyenergetic positive ion beam from each of said

individual high energy polyenergetic positive ion beams; and

an individual polyenergetic ion beam monitoring and control system for each of said

therapeutically suitable high energy polyenergetic positive ion beams.
60. A method of producing radioisotopes, comprising:
forming a high energy polyenergetic positive ion beam, comprising:

forming a laser-accelerated high energy polyenergetic ion beam comprising a
plurality of high energy polyenergetic positive ions, said high energy positive ions

characterized as having an energy distribution;
collimating said laser-accelerated ion beam using at least one collimation device;

spatially separating said high energy polyenergetic positive ions according to

energy using a first magnetic field;

modulating the spatially separated high energy polyenergetic positive ions using

an aperture; and

recombining the spatially separated high energy polyenergetic positive ions using

a second magnetic field;
and

irradiating a radioisotope precursor with the recombined spatially separated high energy

polyenergetic positive ions.
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