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The unc of heavy particle ucculcratorm for radia-
tion thrrapy raquires high inLun~lty bunrm in order LIJ
produce us~ful dono ratoa. Convontimnnl ❑icrodrwlwtric
techniques mro not opplicnblo under thoee condition
because oxcaedingly high count racea rewlt in dctcctmr
damage, gnu braakdwn, and ■aturation ●ffects in the
electronic. Ma deecribc a now mlcroduulmctric eyetem
dcvrlmpul at the Pion Bi~ical Chnnnol of LWIFF. Tho
accelerator providcn ● variuble lW intcnnlty pulee
once evary ten high intcnaity ~cropulevs. The voltn~u
on the deLector ie puleod in coincidcnre with the lim
inteneity puise ao that we wero ablo to oporatc thm LIo-
tector under optimm data-takll:g condlLimne. A 10U
mime tw-etage prcnmplifier wae built in concoction
with the pulecd mods operatiun. A compurieun ie rndo
bmtwaen dmte obtained in puleed (high intenelty beam)
●d unpuleed (1w Intcmity beam) modce. The ●pcctre
obteined by the two ~Lhode asree within the ●xpurlwn- “
tal uncertelntioe.

~truduction

?licrodtie-try 10 thu ULudy of th~ uLaLimticul vur-
iatlone in abeorbod mcr~ withlm emcll biological vol-
umee ●xpoeed to radiation. The need for coneidoring ❑i-
crdoeimetry ie a direct crmscquenca of the feet that
biological rffecte depend not only on thu wan mergy
per unit mace mbeorbcd by the irradiated medium ~doae),
but aleo pm tha dietrlbution of diacr~tc mcrgy dapoei-
tiona in mlcroacopic ■itee ●uuh na the CCI1 nucleus,
chrcmoeomva, or MA. Ueually ❑lcrodoeimetric data arc
obtained by Lh@ ueo of proportional crmntore filled with

1,2
a gaa at low praeaure. The we volumo aimlatce tt.e
size of ● biological ●iLo nf eolid motcrial, i.e., it
haa tho aamo c~poaition md the enmc mnaa. Vnrloun

etudiee3’4 acem to indicate Lhmt volumca equivalent to
●plnxea of 1 to 2 #m dimuter in tcrma of unjt dvnsity
tiaauc arc particularly relevant. OnLI ran utIe dctcctoru
with large linear Jlmvnuiona (n fw CU) but with corra-
●pondingly lW gan dmbitlea if the radiation field la
●ufficlcnLly uniform and horngdnuoun. Exprrimontal
techniquca for ❑lcrodoaimutry havu been doacribad in de-

tail in literature. 5

In recent yoara, aoveral particle nccclcraturn huvc
been built with ●pcclal facilltiem For inveatigatin:; thr

uae of honvy partlclca [m radiation therapy. 6
Amcng the

haavy pnrticloa, ploaa arc recngnlzud aa having unlquo

combination of proportlea ■uitablc fer radiotherapy. 7,8

me of thr rCqUir~~nta nccceaary fOr thr pracLiW.11 ap-
plication @f a plan baam to thvrapy la that LIMJbu.lm Ln-
tenaitv should bti hlRh vnnugh to pruducv uecful drmc-
rat$2a. The CliMtOn ~. AMdMhOII Hcnon phyt!lca Faclllty
(WPF), where the praaent wrkwm pwrformrd, In urc-
●ently the un]y aweltmILor which untiaflcn chiM ruqulrc-

ment. 9
----- ------ ----
●

Theau invcatiEatlonti wure auppnrlud by Cuntrart I17Jt15-
ESG-36 from the U.S. Ifncrrkv Runvnrch tind Lkwc,lopmmt A.l-
■inintrnlton LO the L%ivL,rH[Ly nf C,qll~,srmL,I iInd hv
1%1’HSGranl St!. C,\-lW52 rrom thv !I.ltl,vlll t’,lnr:r ln,.tl-
tutu, Dlvlnlon d’ R~,~~.nrch Rcsuurrv:l .1:,,1 [:t,!lL!~rM to Lilt.
l’nfvcrHity or SW N(IXILWIttilllr~r RLI:JI!SIII.11nnd Trvntwnt
Cwntcr.

The imodiato connequcnce of Lhc high lnten~iLy
ioa- ie that■icrodmslmctrlc data must bc obtained un-
ier cxceecinglv hlfJl cuunling ratem. CunVantiOMal nL-
:rodoei-try tachniquus arc not applicable under theao
mndltiona bc..auaa of detector dawge, gaa breakdown,
pile-up nnd dnad-time cffccta, and saturation of the
dectronica.

The preacnt papa duacribeh a new ●yatem davaloped
nL LW’F in order to ovwmm theac pmblana.

~crihent

Beam DencrittLion—.

Tim! BOO-HOV proton beam at LAHPF
10

pnhaaa thrOUUh
difforcnt prediction targeta to gancrata ●ccondary pion
baama. The time profile of the beam ie characteriz.’d
by a -croatructurm of 120 pulaca pcr second. cac!l onn
500wa long. Presently, the proton current la 250AA,
❑veraga, and tho inatantnnuuua pion raLC at the Bicwu-

2 11
dical channel In abc!uL 2 x 107 piona/ecc cn . ulti-
mately, the proton currant will ba 1 d, average.

Any attempt to rcducc the bamm intentiity should
comply with two condiLione: a) tha phamc-epaca of the
pion beam aa uncd fnr thorapcurical ●tudi~a should br ‘
preserved; and b) LMfPF hme many cxporlwnta running
a~ltaneoualy and no aubatantial intorftirenca with
othor onguing experiments ia poaaiblo. Tha aoluti’n
adopted iu the followlng: A low intcnnity bean Fulr.c
(callad tho 1 in 10 pulnr) in genrratvd Ln tho in~~ctor
once cvory 10 Mcropulaca. Thu intcnnity of this low
intensity pulse can bo controlled thrmgh nn ●lectro-
●Lutic dcflectrw (rhoppcr plaLt~H) plmawl in the pr.,ton
beam line at tho Alvarez drift-tube ntngc. The W’raRc
proton intcnaity is kupt run~tant hy incruu~lng th.,
Intensity.of the remuinlng IliHh Intrnaity pulnum.

Tho ❑icrodoaimotric ❑eaaurcmcntu waro taken during
the 1 in 10 pulnea.

The Pro~rtional Count=—..

The detector consinta of a modified Ro#~i-type
12

aphrrlral proportional countor. The ❑cneitive volumv
ie delimilod by a tiaauc-equlvalmt plamtic uhell.
Elrrtron mltlplluntion mccura butwuon a helix and the
cuntcr wire (mode) which ie de-coupled tcI the prunmpll-

fier. The firat atag~ of a low noieu prvamp]lfier
13 ~e

oncmcd in the chamher bane and in crmncvL*d dirkwtly
tu thu nntwic of thu detvctur tam’ Fig. l). The cuunLrr

14
~aa la a tianuo-quivalvnt prnpanu-bamnd mixture.

Aa mentionrd bcforu, onc of the prohloma which
could hme dw”vlopcd wau ulucLroniL: brvakduun durin~:
tha hl}:h inLenwity pulacn. Thu ummqumrua UC thl~
would be dcturlur dvlvrloration and malfunttlonin~ of
tlm nyNLCMduring the 1 in 10 la Lntunnlty pulac bc-
cuunc uf n~lturation ~rfuctti. TIIC Collowin& mndlficn-
tinnn wrv wdv: TIIC vmliagu on tlw nhcll w~ln pulucd
uning n fawt high vnltnxd rmi relny mull tlmt durin~
thr hifih Intcaelty PUIWVSthv FUIIWvoltage waM m the
Mhvll nnd thu hrllx. in thiM W.IV, the nrtlvvVOIUMV of
Lhv rhnmhur warn rv!iwvd durinr, Lho hlI#I lht.vwitV
pulmcR. [hiring dntu Collvctl,!ll(ilpphtK1-ltVly 5001AH)
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The Cranmicnt t~fr~ct [ron pulwd hi~h volta~o, an
well an the rcquircmunc for lowegL pcvwible elcccronit
woiaa znd wldc dynamic amplitudv rungu, placcu acvcru
limltatlonm on tho pruampllfiur d,,nign. The ■olution
ham been Cound in a udiflad varnion of a chargc-sennl-

1

tivr prs#mplificr dcaigned ●t Bruokhavmn National La-
boratory . A circuit dingram Of Lhin preamplifier in
●m In Fig. 2. To ❑inimizu input mhunt capacitance,
tho field ●ffact Lrnnuintor ●nd aitical feedback c-
pmentn aro placed on ● miniacur~ circuit ~dule ●n
C1OMC●n poaalble to th., proportional counter. The da-
C8Y Limu of the feedback network iu kept ●hort tn mini-
■izo IMJlaC PI1O-UP (504s). The input to the preampli-
fier la capncltivmly coupled in such a way to tranamit
zmrc than 902 of rhc demired chartc pulao but otill re-

Mgura 1 cover from the pulaod high voltage tranairnt, in 5 ~ or
lens. Hoiso pcrfor-nce ia ■omwhat degraded but ra-

Tba ●pherital proportional tountnr uned in the present MIM quite good ●t laao than 4 x 10-17
work. The firnt and ●econd stage of the low nolmo C rmt mt4aeurad

. with an ●qdifier with 1 W- ●hapinE comatant.
promqlifkr are also mhwo. ,.---- ---- ---- -- “-
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Pigurc 2

CircuLt dto~rrm uf thu prunmpllrlur unwl In thr prunrnt work.

2



&-pll 11 Ii. -.

T’lw nyolcm ham bticn tc~Lrd h-lLll ~1 pul~..r imd with
5.5-HeV alphn partlclcs fur lln,mrlLy of l.wpl,nsu and
WWnilivity Ovtrr J wldv d)’llilLliu r.,;.:;L, holll LSIIL u~

beam ad in beam. A microdol;imuLrLr MpctLrum for HO
MJn- obtai~d with tho prLWMIt HyiiL,.m in dlnp]ayed
in Fig. 3. The detector wan plactid in uir ❑t thu focal
plane of the bi~dicml chnnncl.

‘or co~”r’”’? walao dimplay ● ●pectrum obcainrd by Awlm titi uninR
● conventional mlcrodosi~try nyntm and a ulmllar beum
tuna (but ● very 10U bran current).. The two opoctra
●rm aimilmr. fic ●-l] diffcrencco arc-a rwult of
the earlier data bring taktss in a Irirge wacur phantom
with a nlightly di[[crvnt beam Lund. In conclusion,
the rwaultc of ●xtensive t~.stfnm ❑hw that thu accura-
cy, ●cnsltivity and reliability of this mathmd =re
caparable to previous ayntams used at lower beam
intanaitima.

Figure 3

Hicrodoaimetrir diatribuciona obLained in thr prehent
9

emper-nt amd by Amola -~.a~. The abecleaa reprc-
“

canta the linenl ●oray y which la dcfinad’ ae thu cm-
●rgy of ●n event dividtid by the menn chord length of
the ●ctlvu volume (2/3 the aimulatcd dia=tcr). Tha
ordinate ie the product of y nnd Lhc rioec di~tributium
yF(y), +ew F(y) ia Lhm fruquuncy distribution in Y.
Thie rcpreacn:nLiom lM fruquenLly uMud bocausu the
●rea under the curve in ● range of y la propurcional
to tho fracLiom of the doaa in thnt ransa of y (net
2af. 3).
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