
271 

Microdosimetric Measurement(s on 
the Cla,tterbridge Proton Thera,py 

Beam 

A.C.A. Am’, D. Bonnd, \‘. C:osgrove’, 
s. GrN!ul, ,4. 1GLcycrc1i2, MC.Scot8t1, 

and G.C. Taylor’. 
1 School of Physics and Spacr Rewarch, 

Uniwrsity of Birmingha~m, England. 
2Douglas CJ ~clotron Cmtxe, 

Clat8terl)ridge Hospital, Engla~~d. 

Abstract 

The interprrtntion of RBE studiFs relating to pro- 
ton, neutron a:~tt ion beanls can be aided by a kno\vl- 
cdgr of the distribtltion in LET ior lintsal enerpy) 
of tlw iru~idcnt and recoil *x&c‘lrs. In o&r to 
provide such i:lforln;ttion for the: Clatterbridge pro- 
toI1 t,l~i~r;tpy beam. a progr;mmW of mi~rodosim~~i 
ric measurements is currcnt!y under way. Prclimi- 
nicy 1ti~~ilsilfelrlf~tltN using a conunrr&t 1 sin&-wire 
I)uqtcnTion:11 counter have hiWi folloWNI l)y thr d(y- 
sign antI use of a planar mi~.rotiosilrlc,tri(. detector. 
Drt ails of t.11~ 11ln11ar tirt,(~ctor drsign arc’ prrwntr~l 
lithe-. tc~~~4,hc~r kit,11 so:nc I1L~.itbl1rf’111(‘11t,S nlntk witi1 
it, ;uid cc~niparison, with rq~~ivalrni nli~a~llr~nl~‘nt S 
niixli’ wit,11 ij silicon dic)clrs ilohilm~t,~T 

1 Introduction 

It is wt.11 I;no\~r. that ch;irgc?d I)articlc5 exhibit, a riosc with dcptil 
prc’filts mr!li(.ll il iitrply ris(Y tcl?q::irl i 1 thr (~11 <of ill<% I)artii.l<s t,ritI.!h 
It is ;tlso of COI~Y+~ pos7ibilt~ to forils charged particlr bcalrls: ;lIrtl 
tllehr f;tctcr,, ti,pi,rht-r ivitli tlir, sty) slolW of the‘ disti\l 12rlgcl. 
c0111?,it1c to iI.ll~,W il much Illorc !cxAixtl dose to 11c clc>livctcYl 
than is possil)lv tvitll nc>lltroIls. For thPsc> rra.~o~l~ I>r<>tons I~z~vc’ 
l,(y>li rs;)loit.4Xl fc 11 tll<lral)y 1>ix1x++‘G at li~illlv i:<*rlt IY’S’ 

.4t Cl;it tc~r\~ridgc~, I)rc+oil tlliY;tp:i I)C~:III iast jwr usilig tl~ 
62 MC\’ poton ),c;i~ii and ~ol;cc,lltl;Itirlg. I)ecalW of the% rcla 
tivctly low pn<Q;itic!n 0’ thaw l,r~alll. on tu:11ors of tl1e eye. 70 

this date 73 patietlt,h ll;iW 1ic:c.n tre~;ttt~+l n * this c<21trc, ;k:ltl 8 racy- 
clornisrd trial of this form of t,reat,ment apainst ot,hc% is abO\lt 
to tJc,girl. 

~licrodosi*rIrtry has \,c~crl apl)lied to charpd I)artictc~ I>t’ilIliS 
1,~ many other gro\lps (2--5)\ grq~rrally using “wall-less“ dctcY?ors”. 
T”ht:se &ec?,ors arti &nost always sphrrical. a fact u;hich dr- 
rives from tllc nectl for an i-;oWopic rrsponsc to particlrs inr,i- 
d(~nl in imy dirc~ct,ion a~ld is t,ypical of neutrolk ilii~rod[)nilrif:tl.~ 
applications. For proton t,hcrapy the incident beam is un- 
&rcctior~:il ;mfl hnw wt fW1 that for rcrtain t,ypes of IllPi 
stm-rmnt: a p!almr tktector is *norc appropriate’. This will IW 
prinl;city fur ItraIns which arc niirxW,‘rr thRn tllc! dl:kt’tOr Pll- 
tra1if.r wintlow as disc-ussWl l)rloW. 

2 Init ial Measurements. 

.411 init.i;tl 4tst c,f ili(‘iLsl1rrxri(‘flts was performrtl with a standard 
Fur ‘V\‘cst, Trrhnology LET SIVi fill~ti to 2pm 1xessurl’ wit.h 
methane based tissue-equivalent gas. These were designe.d to 
give us an introduction to the general area of proton micro- 
tlosirnetry and rrvealed a frxlf problems. 

The grst of these was the simple one of detector positioning 
\yhi<.ll is important for narrow beams crossing a sphc:rical c;lvitp, 
and the second related to the level of noise iIl~thr dektor w1lir.h 
was too high to alhw adrquatcz rnea3nwned of thfs full encrg) 
(G2Me\‘) l,e;nn 

n’p wt’rr: particlll;lrly interestc,d in thr sh>LI)(l (of th<t ~.d(y) 
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Figure 1: A preliminary I~l~~ils1~r~~lx~t’~~t, of t,hc, Cla- 
trrbridgc bciun IvitA th(, sptl(.rir.iLl (‘ourltc~r. 

cii~x’s abovr the p~~ot,cm cdg:(~. Evciits 1x7~~ must corigixltt~ it. 
proton rractions wit,11 t,hr drtt~ctor ~vall materials. Figul,c* I 
shows il typical y,tl(y ) tlistril)litirn~ fcx a c!c~pt,ll c~cl~>i\*iil(7it tc* 
al)out, 15nun of per:“pex mrasurrtl with th<x Far \\‘<sst d~~:c~to~~ 
Evt,n with this \vnlted counter tht=rF RI‘C not +qnificant n:m~l~~ 
of rvrnts abovc~ thr proton <,tlF;r, from whicli wcl c~)ncliirlc~ itmt 
tlica proton enr7gy at Clat,terbritl,~c is too lox, to producc~ ttic, 
sort of high LET r\~nts S~YY~ in t~s~)rrinwut~~ OII tll~ Il:~~nr~l 
( lCOhIc’\‘) ~rr~torl 1~,;1m’ I‘lli OIWI-r ;r,ktioii tlill~- Ll(>t llo-.v~.l.~7 
pr’y’lutli- ihc. ~““‘W,,“” (If <‘I’( Ill< ii<~l\I\Y tll<a pI~“tOll tYl!y ( 1.10 
1;4‘Y,‘/!:11) which ilt’(’ ti.lis to [B;it‘tii,:( 3, <ltlirxr tll:lu prilri:lly ],*‘a, 
tons. These will mostly roii<i+t of tlclt,a ray5 ant1 sriit~t(~lcVl 
protons proth~cctl in the rvall. the. imp;tct of whirh arr i!ifFicIllt 
to RSS~~RS xitholtt, filrtll,,l, lll(‘iis111’1’111(‘1It. 

In c01~c!usioI~ to this q&ion V,.P notr t,hnt our prcliminnr) 
rsprrimcnts g;tvc 110 reason to +‘lgqc?St tllnt a WEilL-l?bs CC)llIlt<‘r 
tic+y WilS *1cTr’>wr> for i,lIi, \?Y>rl; tl1nt xvi- i:~trm&ll to cl0 011 
tl1e C:lnt,ttTl)iid@~ l~cnm. 

3 Detector Design and Testing 

TllC RCl!<‘Lill ~)IliliIl~’ of 031‘ il,.tcn.tir is &rr\vll iii fi;;llr*, I!. It 
con&is of fiv(’ ?%//::I parallel wil(,i :i:llrll apxt to :Li\‘<’ it toi :{I 
;ic.1i\rrA \vitit.li of rr~ughly 2Oninl. ‘1-h ou’t’* l)itir of mirci at-t isi 
gi~a~.tlz. ti) rlrliniit tllc, ~~ol!t’c-tiirg r.<,p,itxi with tllla ctwtriit wir!~ 
acting as an ;mottt~. It w:*h o*~i~in;~lly th~~lugllt. that, mnlt~iplt~ 
imo(trs u.oul(l Ire rcquircxl to p,ivc x it Iunitlrtn ~trlll~r.tion cfiric~ncy 
across tilt, full :ictivc rrgion and hrnrc tlic inclllhion of rln <Wr’ii 
l)iti.ir of wirer;. TlAs S<YYXS not tr, 1)~ tile c~s<’ nlthoI!~ll fi:rtli~~I , 
c-xlx*rinlc*llts 10 t.lYt tile tlrtrc-tar i~i‘r’ ilT!fl(.I. W:iy. 
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711~ wwi;~tion iI1 collection efficiency RCTOSS thr dct,ect,c-)I face 
:ws t,cdf.d nt Cli!.ttfTlXidq<* 1lSiIlg it 21um collimated beam at 3 
lati,r;rl lwsiticln:: au ws the tlc~twt or, and the res111ts are sl1own 
iu tal~le 1. NoImnlisation is t&n from tlx iutegratcd beam 
clIrrc\nt fiJlilIg on the bea~n central stopper. The d(y) distribll- 
tioli5 ~n(~i:hlIr(~(l ;it cxc.11 lat,l7al displacement w(7p i(lcntic:il. 

Relatiw close rwortlcd 

T;Il)la- 1: Detector ~IIIiforIIlity m~~as~ww~wt 

The* IIIasiII~~uII coilimator tliem~t~r us4 ST, far in our ther- 
spy IwaIrI ~~ieas~Ircm~:Its is 51nr11 and so the priIn:iry beam al- 
weys ~‘t’~+u(+ thi- tlc\tc,ctor II<x it2 c‘~Itr~: atId dist,oI,tIons ix thr 
drtrrtor *c's*,"""" dllf~ fo !Iowilnifol.ln coIla-ction will Ix: Inin 
LI11Ls~‘r 1 

A c~oIIi~~:~~~i~i~Il of the I)43rm7,n(.r of oI,r tl<sttzctor with the 
(.i)IIIIII~,r(.iikl OILER, ii hl~0w11 in fiqILrc> 3 for il 2IrIrrI collimntoI~ size. 
111 I.,otl~ cnws. thcsr were ol,tni:icYl with +9OOV 011 the ctatrnl 
?lIlOtl<~ ilIli1 ‘IS<‘<1 Ill~‘tlliilii’ IIC~SPtl 7’I?i: Ht H ~“.C+hIK<‘Of 7011~l)il~ fO1 
t!lr 1)l;uI;u tL~tc~~.to:. 21Iil 1VJmbn1 for the split-rical, to siiil:llittjc~ 
l'/"" cd tlsS,,I'. ~,I,~;\srlrc~lII,~IIt~ \\'I'L‘<' :IIarlc~ sin~lrlti~lle~lusl21lsl~ at two 
iiml)lififlI gnirl wt,ii,g. i< ;u~il (.~r~nl~jn(~<l off lint, t,o givr t,hcb dalkl 
I)r<~~c‘IIt,c*<l 1~ r15. ‘I‘liIorIglioIIt t,his *,iij,rr, tlifbc~rl~ “ckyths” in 
pc’rq~c9r iur sillillli~twl wit11 in l>Ns~ws wlI<~c-l wlIi(.lI has 5tc’ps to 
,givcs xx:iitl>l~~ tlIic-k~c-isc5 oil rc).:ItirlI~. 
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Figure 1): CoIIil~ariioII of the y.d(y) distributious 
IIIw~~II-~YI ii+ tlIr Bragg ~x%lr with two detectors 

TlI<, II1(.;1~iIr(‘II1(-Iit s11onI1 In figure 3 ;vcl’c made on th? 
[Jr;kgs pcI11i ( SY~ 11~~low) antI arc qllitrt siInil:lr. Thr diff’rwnws 
ljctn.;Bcn tl*<'jf, two c,Irvt’s iire bclicvctl to hr dur to diRertiWces iii 
till, rl(qcct<x c!l;ir;ictcristic.s (phmarily rtvxill1t,ion). rdlcr t,lla~l 
(lifi;lrt3*t uru111 rep of v&l c3mIts ill t-:1(.11 -as-. 

4 Therapy Beam Measurements 

4.1 R.elative Dose Measurements 
i2s au in:qyr41 rhrtk of 011r detector prrfnrrnancct we havr, cow 
strikctctd tIc~pth/doxc~ profiles for differcut collimator sizes to 
conIpaI~~ witlI th<)Le obt,niIIecl xvith thr Clnttrrbridgr silicon 
didt~ dcIhi~ll(~t(:r. This is R 41nn1 1,~ 4rn11I 1)~ cilfpx; Farrell 
BP\f-34 silicori diotk usrd for dosim+? purposes in t)hr Wag 
!~s~lacrtcyl in rllc- litrratl~rci’. No~]r:;tlisiltlorl is on0 again t,ilk<‘Il 
Frc;nl tlic l)c,ar.l r~cutral stopl)cr iIitc%gratcYl CtlrrClit~. A COIll~JilI- 

ison of tfus two tli:t,rctors for a colliinat,or cliamctcr of 2111111 is 
sl~own ix fi:urt* 4. \\~II correctioII is madtr for the layer of 
matc‘rial which overlays the diode, the prak and distal edge fall 
at :~l~~~I~(~~;iIII;~-rly the, same ,lrpth fo: both clctc:ct,ors to within 

O.lmm. According to thr literature” the dept,h at, 90% of thr 
distal edge correspontls to 0.996 of the usually quoted range 
value fur the eIIer:y conrerned. This gives a range of the Clat- 
trrbridgr beam in pcriiprx of 27.331rim \vllich agrees well with 
standard tables.‘” 
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FigTIre 4: Dose wit,lI drpth curve for a 2nIru colliIII:+ 
tar dinlIIf,ter a~, mei~s~Irp(I x:it,h a silicon dii-irlr alit1 
tlIc ])liltl;lr II~i~.r0~105iIiICtl.i(. d<,tc>ctOr. 

This oliscrvativn IIns IWVIL vc%rifiecl by fi:rt,hcr Iil(~i~slIrCIIiCIIts 
with a narallcl nlatr ionisatioti chxIlhrr similar to thr onr de- 
scrihetl’in referkre 11. 

The difkrenco in the r)liitc;tu hei&t in figure 4 is, WC he- 
lievr, explained by the pr&nce of pr&on scat&ring in thr col- 
limator or thr modulating perspcx wheel. The cli&lr is much 
smaller than our microdosim~ter, being roughly 4mm by 4mm 
and hence it would detect a smaller scattered component. This 
was tested by repenting the diode esIzrinIent with it, positioned 
close to the rotating wheel rather than (as above) at a fixed dis- 
tanc( from tlIe collimator. A different profile again is obt,ained 
as shown bv the dashed lint in fi,gure 4 and we conclude from 
ihesr exp&iments that there is a diverging scattered proton 
conIpont%nt emerging froIn the colliInator/wheel and that each 
dctrctor detects an amount which varies with thr solid angle 
that it slIhtends at, the collimator. 

WP ~RW uoted with both microdosimetcr and diode mea- 
sll:cmrnts, a chan~r jn the peak to pl:tkau ratio with collirrta- 
tor size. The trends that we observe arc in agreement with 
c&ulntiolls reported in the literatlwc’2 although the absolute 
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Fil?;urr, 5: l3ow \vvith dryi! curv< m~;~s~i~t~~l wit,11 
t,hr planar InirrodosiIrIetric detector for 2 and 5mm 
col1irnat~c.u diameters. 



273 

differences sceii by us are mmicli smaller than those ~portcd in 
reference 12. Figure 5 shows ollr results for 2 and 5 mm di- 
ameter collimators. Tl 1e c 1 I‘if cwnces between ous measurements 
and the published data are prohal)ly due to difbyqlrrs ilt thr 
basic paralnt+C~rs rlrsicril,iy tbacll sit,uiLtion. C%M!V tll*- drtrs-- 
tor size and posit,ion motlrllfd xvi11 IX important, ns will such 
beam paramrtc~rs as rncrgy sprpi1cI anti ang:dar diwrgcuce. At 
present wc are devc~loping a blont,r Carlo code with which we 
shall repent th? sort of calculations rcyortcvl in r&vnv~ 12. 
usin ])itZ'I3IIlt'tfTS rc~htiq io our cqxG:lic*nt s RIld tlw (Ilnttrr- 
I>rid~c~ beani transport syl;trn,. 

4.2 y.d(yj Measurements 
Initial xlleilsUT(‘*ll~‘llts h;lvv conwntratc~l OII hlnall ~~ollimiftor di 
ametcrs bccar1.v of llle need to avoit! high c‘oun-rates in th,- 
drtrctor. The y(!(y) distributions o!,tninrd for a 2111111 tliarrletct 
rolli:nator iit foi!r differvnt dcythh in lv:rsyx iir(’ s110w11 in fig- 
ure 6. Thrse curves sllc.~ clearly the rctlr~ced n&c-lcvctl in thta 
planar tbtc~ctor jmc~;~srlr!~~~lcl~ts go doivn t,r) 0,3lteV,//~nl). Ta- 
t>1c 2 SllWS ?lW chany? in “ian’l i&::3 with ilq1T11 in it pcrsp<-x 
ph”lltorl-l for tiifft-rWlt p""ltloI:s. Tlic qllotr~ct fwms coiisid(~r 
dy ~tatl-dlc;ll cc~xltlllp Illli.l’I.l.iilll:l~~s. 

As expec’ctl, illi, most rapid changrs i:l rjdo~cur iu tile laht 
frw mm of tl1c protol! tracks. Also in t,ii!)lr 2 is t,htb g,,\v!r~ 
for it “Na gamma s011rcr. m~nslirrtl with a stanclaril si>llvric;rl 
neutron lnicrotlosi!nctcr at a simulatrtl tiiamctc;r of 2/1m. This 
can IIC tal;cw a> typical of fast, giur1*,1a sp'rtm s11rl1 ilb ““CO mci 
ii can I)(* secsn ihat t Ii<, Lifer the Cll;~tivrl)ritigc~ proton ham 
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prrsyx tur~:ts~~rctl wi t,!i tlica planar Illicroilosirnc,tric 
drlm-tar. 

Position 1 Depth in Perspcx / gi Vd 
(approx. ) 

PLATEAU 
(mm) 
4.5s 

1 (keVj@m) ; (keV//mlj 
1 2.27f0.002 / 4.75f0.02 

PLATEAl 
PROXIMAL ~ 

; PEAK 
; 50% DISTAL 

19.52 3.8Sf0.003 5.79zko.01 
26.29 10.60i0.01 14.41*0.03 
27.03 17.7610.02 26.21rir0.05 
27.35 25.67f0.04 38.F5I-tO.l 

I 5% DISTAL 27.70 29.1f0.2 53.2rfro.5 
I ---- t- 

j 1 
**N& 1 0.53fO.001 1 1.92f0.01 ~- -- 

Table 2: Dose parameters 

ranges from ii valur which is roughly birr that for fast, gammns, 13. ICRU Report 36 - “Xlicrodosimrtr~” Internaiional Com- 
to a value which is roughly 25 t,irvs. mission on Radiation Units and R?easlm=ments (1953). 

It should be expected that, as reported in the literature’“, 
this change in g,Iwill bc arcompanicd by a change in R.BE with 
depth ii1 phantom 

14. Bettcga,D. and Tallone Lomha.rdi,L. “Physical and Ra- 
rliobiological Psrnmrtrrs of Proton Bez=ms up t,o 31hI1sV”. 
11 Nuovn Cimento Vol 2D Ko. 3 (1983) 907-916. 

5 Summary and Conclusions 

lV(: Il;lVC’ built ailtl t(%t<d il plnnar Iliicrvrlosirllc~~ri~ i’i)l*i:Lt-r fill 
Ill~ilsuIrIll~mts on this ClatifBi-!,ritl~f~ l)l’otolI tl1(-r:ip;i l,,l:,m. ‘rli,.- 
detector has Iwn WxYl t,o 111easuI.c clcpttl,/dosr prof& ti,:kt al’? 
collsisiriit with tliov~ mriturcti biih t,llr- Clxttc:r!.~ridgt~ silirc!Il 
diode. The y.d[y) spc)ctra mras~u~d at diffv:cnt tIq~t!lh iI1 p<:r. 
5 I(3 show clrarly thr \Yicle range’ of linen1 energies that cilll I.,,‘. I ’ 
~~l%>tlur’(id vitti this sort of !,v;r;ii. allti pl’ovitlcy. csxciting ~“,sqj 
Mitics for latlio!~iologicid st,liilir,:, ~lsink tiiis !~~:a~~,. 

It is wort,h noting that the c~qvrinlcnts r1ln.t xvc lj:ivr I>cX:‘. 
f0rmed SO far 1iiWC Ilscd collimari<.)n to gjv, prc)tull !jtq*lls \v!licll 
arc much smaller in cliametcr tllall 1 ile d,>tcxctors ri.cet!. This 
v’as done primarily to rcadllcr tllix rolmi,-rate in i!lc-, drt<.c.tc,r, 
!>llt with tllr hil:n passing tllr0\i,~!l the cavity it IIIPil*IS t!l:it 
dc~ltn-ray eve11ts RI’C Ilot rlctcY?ctl srp~irrltc~l$ from p““ti>r, t?P(‘fl(,S. 
LVc* CilIlllot t.ll~lc~fW ,’ 11% b o:n ~ll(‘i~‘l~~-(‘ll~t’iit’ 8(.) frlr io ii.fr-1, tllr. 
rPi!l d(y) tlistri!,ut,ion that, will Iv s(v’n in hl~!k t,iFsilc- from this 
IW;Uu: lioncvc~r, rq)r,ririictits tcl irlT-tlstie;;itr df~lt +r;\y &*cts :jl,. 
~hltlvtl. 
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