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BEAM CHAIUCTERISTICS IN THE LA!@ F. BIOflEDICAL CHANNEL*

H. Paciotti, J. Bradbury, H. Tncue, O. ~vera and S. Sendford
Los A.lamoa National Laboratory

LOS ..Uamoa, t4ew USXIC087545

summa r-y

Us? report on techniques to determine the mon

coqonent in the pion therapy beams at the Clinton P.

Anderson t’feaon Phyaica Facility hiomdical channel.
The objective ia to provide input to the project’s

treatment planning code PIPLAN which uaea meanured

beam data to generate done dlstributiona, In these

data it la importiint to iden’:ify the particlea

●mnating from the channel by type, i.e., pion, muon,
or electron. Muons from decays in t:le latter portion

of the channel form a large “h~lo” around tht, plon
bean. As our pion field ~izea hnve increaaed, ti.!a

“halo” has become an increasingly larger fractlcn of

the beam. Results from beam meaaurementa and co~vtcr

aimlations are presented.

~ann?l and Measuring Equipment— .

The channel has 11 mtsgnetlc elemcnt~ in a

threebend ayat.em (FiR. l)l. The first section

collerta piona and acta aa a bred-band npectrrmeter.

It focunes a disprraed beam with larRF ❑ nmentrsn qpread
on a Be wedge deRrader which reduces the aprrtd to 1.6

percent rrm Apfp. Following the ric~rader ,. 60[’ wed}w

focusing bend direct~ the beam vl,rticallv dwnward

intn the beam-ahapin~ section of five 35-cm horr

quadruple nlgnrts. Multiwire proportional cham)rrs

are locnted hcf,)re thr lasit hcnd and abnve the

henmshnplng aecrinn. ‘t?te last !rrnri nerves aa a

maRnctic ~prr[uo~r.cr, allowinR mnmentlsn meanuremrrtt

of eiich partlrlc. Chamhcr planes al the chnnnel exit
rorrqlrrr thr svstrm tr)nqlrislnR n totnl of 10 plnnrs in
coincldrnrr along with tlmr-of-fll~ht r.t.lntlllutoru.

nl P lmpnrLnnt fenrure iq thsrt tllo particle

tlajrctory in drturmlncd llhrlvc an!! helrw the

qunrlrupolr ncrti[)!l. fblt~ is coil-cLed at reducrd
prfmnrv hcnm currrnf to prrml t prqrr chtimtrrr

prrfornmllcr.

Ttmr-nf-Fllght Ffenmuremrrttn

Flmlre 2 nhc+rs ti)o tlms.-o~-fllght dlMtrlhwtton

tllrou~ll tllr I 1.7 m rhanncl u~ln~ n ch[,pp.d proton hrnm

f(.r Ullicll Lht, mlrropulnp ncparatinrr in 40 nn inntefrrf

Or thr IInllnl 5 Iln. ‘lhc arrelerator rndlo frequrnrv

K I p.nal pruvidrm thr tfm[n~ rrfrrrwro lllc width of

* ho el.~rtrt,n prnk illdlrnton that 1110 ovprall

rewolutinn i~ ahr-rut 0.5 nn rm WhI c h rontnlnri

c,lntrlhwtinnn from 1110 mlrroplllnr lrnRlh nn tnrKot,

r3.Mnlul ion of I 110 ~lrrttt)nlrn, nr~nlll,ntnr Nlrr

rffrrlm, and prrlh I-llgt h .llflr~’rncru thTOllRh thr-

rhalwtrl. A 10% rrdurl ion ,n wldlh in nhrsorvrd when

I 11P rhnnl)vl nrrrplnnrr in mltqlptwl rf[r..rll and Ilt
r{ IIinlnle Ill wfth {,+tlr~tlnlrd pnlll lrng!h Alffnrrnrrm.

nl~ tntrlnm!r 0.$ IIn Width ~~f LItr I)inu pttak tn
filr!lwr lnrrrnmril hv !hr lar~i. m,,mrntlrn nprr-nd nt 1Ilr

henm In the 4.7 m 1)-furr ‘hr drRrsdrr. Thr m,)mvuttsn

of enrlt part Irlr frefolr rntrrltl~ ihr wrd Rt. In mr.nn,lred
I ,Im{ led 111 nr~llr~l’Y lb’

hy Ita fl)t,al plallr ponlll(vl,

wrdRr mr-alterln~. nlc. m,mrol~ttml of ?nc;i parllr]r in

dlrrrtlv ❑rnnurrd aftrr lhr’ urdKr ,lnln~ lhr Ian! hrnd.
and thrrr[l)rv nn arrurdle t lmr r.)rrrrt Ion in pnnnlhlm

111s’ lhr 7 m regi,)ll to the rlld t)f tl,r clln,lnrl. Aflrr

both corrections, the time width of the pions alone
can be reduced to the electron width.

Prior to the availability of chopped beams ,
tire-of-flight was measured between two aclntillatora,

one 4.3 ❑ upstream in the channel and one at the exit.
In addition, the 201 HHz referance signal was used to
get total fligiit time in the channel as fnd{~ated

earlier. lhis mpectrwn alone cannot resolve plons and
muons eince it ia not kntanr which micropulse initiated
the ●~ent. ‘IhiB ambiguity ia approxiimtely resolved
by taking into account the fllght time between the two
acintlllatora. Figure 3 la the pion-munn region HO
obtain~d. The chopfmd beam data ia preferred, and is
used for follming results.

Reh.llts of Tim~Of-Flight Dat~—— —._

Electr n
$’

contamination h~ts been discussed
Prev!S~~~Y.” Pion decays In she target region produce
ucrcalled “cloud” none which are also seen as a ncak
in FiR. 2. Oecaya along the charnel fil,
between the cloud mon and pion peaks
pion peak are msona from deci+ya in the la’
the channel.

After momontun correction, tho p
Cnussiarrfitted, and a cut is msdc at 2.5

—r-—
ttlc v~lley

Within the
trr parl of

m pcnk Is
o Lownrd tht,

muon region Repnrating out plans and imlonH from Inlt,
decnyfi from the identifiable msons. The fr,qrtinns of
the to~nl beam for cnch crwq)oncnt are given In Tnhlr 1
fnr threu momenta. ‘ill P plon-munn rflvlslnll [h
drpcndcnt on resolution for a pnr Llctll,lr rul] H() therir
ntenhrr~ are nnt excartly the namt. for uvrry run ~)1 tl]e

namt, ml)mrnttma.

Iktcctt.qn of D-rnyn in Lntter Pnrt of Chnnnt,l

Ari p~trticlm trajr.-trrrles arr mlu~urrd he fort, and
aftrr Lhc bonm Rrctirsn vhcrr drctsyH nru nnt l.le!ll Ifiril
by 1 lmc, it la Pnny in prlnclplt. t,) ldentifv l;ILI.

drravu. nle mntrix trnnnfornmrion from thv upl)vr wlrc
rhnmhur~ [o thr lower wire rhamhor prrdlcl~ 111!. ,NIL put
Lr{ljvrtory from the mr,nriur~tf t,rn Jrctory SII t 111, 111111[,1
rhamlmru. Wt. form LI){.Nu dlfferrncen for e:IrlI I,vt, III:

‘X - ‘menN!lrrd - ‘prcdfrted

AO-O -omrnntirvd prrrflrtod

Ay = Ym,,nn,,r,,,l - Y
prrrllrtr.d

‘$ - ‘mrnnllrrd - ‘l~rl’dlrlr{l

T:\I. “Irrtrlhllllnnn of tllr tI’n nrr (;nllri~lnl) willl
II IIR t.tl IK that rrrr Id,. tll If It.(1 nH mtIml:( fr(;m tit. c.,4vn III

I ho rv~ i nn hrtwrrl} the cllnmhrr~. ‘n)!, brldllls Ill IIlt.
pl[)u trill rnl rr~!~)nM nro lyplrnllv ]_;! ,.~ t-~q n,,,l

1[)-2(1 mr rnwt. %llliplr nrnttr.rlll~ ihio l,) rmtert},l 111
t 110 hrnm nil, h am I Ilr wlrr cl)nmtri,rH I hvmnv 1vo~
romt rlhtltr t II tllr Wldlhm. nlr CIMIIIWI hnu 111, v:lrtltun

nynlmn mId IIISV Ile hn~rl milml {1f t hr Irllglh 01 t 111,
(.llnnnp:.



identified aB mona. A similar acatterploc can be
made for a pion beam with a small apot size if X la

plotted directly againat time. The usual rmon halo is

then evident. Using the A’a juac wzkee this halo
vialble for wide beams. The mons identified by kinks
have the name momentwn distribution as Lhel r

predecease- pions for which the mow~ntuu waa meanured
through the laat bend.

ti~uter Sitmlation

The mlon decay problem haa b~en aimlated with
the ray-t),acing code DECAY TURTLE3 which was ❑edified
for thi~ particular problem. Quantltlesi ●xactly

equiw~lent to the A’a were calculated lnclud’.ng

appropriate mltlplracattering in the channe 1

provided by TURTLE in the usual way. The A’a observed

in the channe 1 are fitted by a Cauaaiarwelghted
❑ oment calculation. lhe mon taila are effectively

ignored. The widths of these f~ts qrc largely

explained by the mltipleacattering in the TURTLE

calculntlona.

bother question annwered by TURTLE rcfe?s to the
❑ uons unseen within the pion tim~of-flipl : peak,

i.e. , tho.sc particles within 2.5 0 of the P1,N peak.
Specifically, hw ❑ any of these mons origtr.a’e Frior

[o the upper wire ck.amhera? In these inet~r, ea the

kink method is not applicable. Depending or, momentmn,

only 3-5% of the ❑ lona inaeparaole by tir~e, orixlnate

between the wedge degrader and Lhw upper wire

chnrnhers.

With drcnvs turned on, the 6’s calculatt,d in
TIIRTLF ~Ont~~n the long tails from the rnton evt=.nts.

The snme Gatlsslnrrwrlglltrd fitting in done to obtain

chc widths of enrh A. Events outn!de *2.5 c on any of

tn. four A’ts are flagupd as mons. The kidtl)~ of thr

experimental A’s cnrt AISO hc used without nuhstnntlal
rhnnRr in the t’e~ult. Ibw many monn wuuld % minoed

hv thirt proccdwrc? Erttrrmc hnckwrd cr forward dec~vn

frill into thifi r,lanri. ‘lhc rwmult itr that 3-52 of the
munnn rlrtertrd In the wlrr chnmhrr~ hut not nrparahlr

from P1OIIII hv tlmr-of-fllght will nut exhlhlt

nufficlrnt kinks tn hc flNgRcd an mlorm.

il,r!iwlt~ of T1!RTI,E Cnlculntinnn

Tnhlr 11 Rlvrn thr TIII(TLE renultm for mnnn thstt

1111 11)(. fI[l x 40 cm lirnr-of-fllRhl rountrr hl( art. not
nrpnrnhlo from pionn hv llmo-of-fliRht. Cnluctn 5
RIVpR Itlr ii/n rmtio for thnnr pnrtlrl-n for ❑rv~ral

LylIrn nf tunets. mim informtiort c(wq’llPtrm the

p!rturr of barn r[)y!onit ton. For rxnmple, thr 71% m +
II at I$f) tl,, V/,1 III Tnl,lr 1 hrrmm-m 60% n and I 12 u
IIF!llR n/W - ().18.

111 nddlt lono a lnr~o n~nnhrr of rnlonn mfnn the

t lmrnf-fllRht rt)l)nt~r rrtl lrrly. Ill thr 150 tfrv/c
rxnrqIlr, thtn r{mq)onrn! [n rqIIal tn thr nmnhrr glvrn
111 rnlllmu ‘i, lvnv!llR tht, t!}!al rnrq,{~nltinu hnr~ly ov~r
;OZ plnlln Ill [hit! I-lln@, nb~m~ rxl rrmely wldr mlnnm

nhtnlld h- n[npped prior 1(, “hr pat l-lit hu! arr nut
o! l)erwl m- any prnhlrm.

The last two tune types chow reduced mon
fraction in the center cf the field. The patient ie
acann d beneath euch beams in

5
the dynrmic treatment

❑ode. With }roper collimation, a large fraction of

the mon halo ctn be eliminated.

Rtperimental Situation on K’ntl)etectlon.— . .

The experimental situation for kink ietection ia
not aa clean aa the TURTLE result. The problem la

that a algnificant nmber of plonn can be incorrectly

flagRed aa mona. l?tat ia, significant ::uihera of

pions fall outaide the 22.5 0 cuts on the A’n. Direct

teets can be ~de for e- ●nd cloud l!- where kinks are
not expected. A 150 HeV/c only about 3% of che e and

cloud ~ would bc flagged aa having a kink using the

same procedure. Ibwever, at the higher ❑omenta, the

fraction is up to k% for e- a~d ]0% for cloud b-.

The situation is Iqroved by making the cuts on
the A*B at i3 o. Twice aa =nv rmons will be mlsaerl

but fewer plona will bc mlaidentified as mons. With

*3 a the partlclea flagged aa late decays are

approi!-=?<iy the came as predicted by TURTLE in

ntmnbe, a,id phase space distribution.

fbnclusion— .—.

UC hsve Identified contamination fractions in our

benms but are not yet satisfied with correct

identification of wons within the pion tlmr-of-flig+t
penk. Forward decaya are the most difficult t u

hsndlc, and an mddltional signature for them such ati
range dincriminntlon 1s needed. Ibwcver, tile added

drift for nuch a meanwrerncnt introduccfi ❑ ore mons.

-mr methods deRrrlbed here arc prwhably

sufficient to experimentally rejuct ttlr lntt, drcnv

roqtonpnt rmther thnn to ltientlfy a pure aamplc. Th 1!

late decnyfi vrmlrl be then entirely c~lcwlntrd fw:.

PIPLAN input, WI th the added adkantnuc nf l(lv!llR

properly correlated ❑ omenta ni~d polarlzstiorts.
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TABLE II

TfJRTLE Results for Muons Within the Pion Tim-Of-Flight Peak and
Hitting 40 x 40 Ctn Scintillalor

Beam TypeTreutment t4, de7 Piun Beam Ffomcntun ~
Size F’dHPt(cm) HeV/c

n

x Y

Broad-Static

B-oa&5tatic

Broa&Static
Broa&Static

Broad-Static
Broa&Static

Fan-Dynamic

Spot-Dynamic

16 15 15n 0.18
17 20 150 0.10
16 15 167 0.19
20 23 167 0.10
18 16 190 0,:0
22 22 190 0.20
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Fig. 3 Tim@-Of-flight distribution 167 FfcV/c bcnm.
Shows n-p rkgion only. tJneH unchoppcd prIII~III

beam ●nd (Ime-of-fllght throu~h 11.7 ❑ chnnnel,

AlnrI unea time between two ncinlillatnrs WILII
4.3 m reparation to reanll,c mmhl~uity dur t(,
5 nn cpartd micropulars. Widtll of pion rr~ii,ll
fit 10 0.75 nn rmn.

Fig. 1 Chmnnel lnVINIt ahowinn ln(at:n!lm of ❑ulLiwirr
prq),mt ltpl)til (-lwmlm=rn.

Fin. 4 SI. nllrl plot of ●v@llln In ,1 lRr I Ilrl-wllv hrmm.

Fig. 2 llm~-t)f-fligllt diutrllnltlon fnr 167 H?V/r
nrgal !vr IIFWLW Iinlna 4( I nn rtw)pprd frrotwn hpam.
Widlll Uf pl(m rrRlnn fll In 0.75 na.


