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MICRODUZ THLITRLC DATA

I HIGH TETRNSTTY Beelis

M. Znider, J.F. Dicello, and R.D. Hiehert
University of Calliornia
Lon Alamos Scientific Laboratory
Loy Alamos, New Mexico #7545

The use of heavy particle acculerators for radia-
tion therapy raquires high intensity beams in order to
produce useful dosa ratos. Conventional microdorimetric
techniquus aro not applicable under these conditionm
because oxceedingly high count rates result in detector
damage, gns breakdown, and saturation effects in the
e¢lectronics. We describe a new microdugimetric system
developed at the Pion Biomadical Channel of LAMPF. Tha
accelerator provides a variuble luw intcnmity pulse
once every ten high intensity macropulsvs. The volrtage
on the detector is pulsed in coincidence with the low
intensity puise so that we wara able to oporate the do-
tector under optimum data-taking conditions. A low
noise two-staga precamplifier was built in connection
with the pulsed mode operatiovn. A comparison is made
batween data obtainad in pulged (high intensity beam)
and unpulased (low intensity beam) modes. The spectra

obtained by tha tuo methuds agree within the experimen- °

tal uncertainties.
Introduction

Microdusimatry is the study of the statisticul var-
iations in absorbed encrgy within amnll biological vol-
uzes axposed to radiation. The need for considering mi-
crodosimetry is a direct consequence of the fact that
biological cffects depend not only on the mean energy
per unit muss absorbed by the irradiated medium (dose),
but also on the distribution of discrete encrgy daposi-
tions in microscopic mites such as the cecll nucleus,
chromosomes, or DNA., Usually microdosimetric data are
obtained by the usc of proportional countors filled with

a gas at low Ptlll“!l.l'z The gas volume simulates the
size of a biological sito of uolid material, i.e., it
hos the same composition and the same mass. Varlous

|tud1e13‘4 scem to indicate Lhat volumes cquivalent to
spheres of 1 to 2 um diameter in terms of unit density
tissuc arec particularly relevant. Onv can use detectors
vith large lincar Jimensions (o few cm) but with corre-
spondingly low gas densitles if tue radiacion fleld ims
sufficlently uniform and homoguncous. Experimental
techniques for microdosimetry have been dascribed in de-

tail in liternture.5

In recent yoars, scveral particle acceleratora have
been built with special facilities for investigatin:; the

use of heavy particles [or radiation thcrnpy.6 Anong the
heavy particlas, ploas arc recognized as having unique

combinations of proporties suitable for rudiothernpy."s
One of the roquirements necessary for the practical ap-
plication of a plon boam to therapy 1is that the beam in-
tensity should bu high ennugh to produce useful dane-
rates. The Clinton P. Anderwon Meron Physics Faclility
(LAMPF), vhere the present work was performed, Is wre-

sently the only accelerator vhich satinfien thin require-

.Thulu investigations were supported by Contrace #7405-
ENG-36 from the U.S, Enerry Ruscarch and Development Ad-
ministration to the University of Calirtornia and by
USPHS Grant No. CA=1405! from the HatLmil Cancer Inatl-
tute, Divislon of Rescarch Resources anl Geaters toe tiwe
Univernity of New Mexleo Cancer Research and Treatment
Center.

The immediato conmequence of the high intenuitry
boama is that microdoalcetric data must be obtained un-~
der cxceecinglv high counLing rates. Cunventional ni-
crodosim:try tochniques are not applicuble under theso
conditiona Lucause of detector damuge, gas breakdown,
pile-up and doad-time cffects, and saturation of the
clectronics.

The prescnt paper describes & new syastem developed
at LAMPF in order to ovaronme theac problenms.

Experinent
Beam Description

The 800-McV proton beam at LAHPFIO parses through
different production targets to gencrate sccondary plon
beamu. The time profile of the beam 18 characterizxd
by a macrostructura of 120 pulses pcr second, each on?
500 us long. Presently, the proton current is 250 44,
average, and the instantancous pion rate at the Biome-

11
dical channel is about 2 x 107 plons/ece cuz. Clei-
mately, the proton current will ba 1 mA, averags.

Any attempt to reduce the beam intensity should
comply with two conditions: a) tha phame-space of the
pion benm as umed for therapeutrical studies should be
preserved; and b) LAMPF has many experiments running
simultancously and no substantial interfarence with
othar ongouing experiments ig poamsible. The soluti-n
adopted is the following: A low intensity bean pulre
(called tho 1 in 10 pulmre) im gencrated In the injector
once evory 10 macropulscs. The intensity of this low
intensity pulse can be controlled through an electro-
static deflector (chopper platesn) placed in the pr.tun
beam line at tha Alvarcz drift-tube atage. The average
proton intcneity is kept comstant by dnercvasing the
intensity of the resmuining high intensity pulmes.

Tho microdosimetric measurements were taken Juring
the 1 in 10 pulnes.

The Proportional Counter

The detector conaists of a modificd Russi-type

apherical proportional eounl:er.12 The sensitive volume
is delimited by a tissuc-equivalent plastic shell.
Elrceron multiplication occurs between a helix and the
center wire (enode) which is dc-coupled to the preampli-

fier. The first stage of a low noise pronupllflur13 in
encascd in the chamher bare and is connected directly
to the ancde of the detector \sec Fig. 1). The counter
gas is a tlssue-equivalent propane-bassd nlxture.l4

As ment loned before, ene of the problems which
could have developed was electronic breakdown during
the high intensity pulses. The consequences ol this
would be detector deterforation and malfunctioning of
the system durlng the 1 in 10 low Intensity pulse be-
cause of paturation effects. The followiny modif Lea-
tions were miade: The voltage on the ahell was pulsed
uslng a fast high voltage reed relay auch that during
the high inteaslty pulses the same voltage was en the
shell and the helix.  In this wav, the aceive volume of
the chamber was reduced during the high Intensity
pulnen. During data collectlon (approximately 500 uui



] 2 a - [
Tun Al vmp= % waiife 1 sl alary
- @ e LRIl e g gAY En N
s 4 B m A 8 F m S B E W =W

Figure 1

The spherical proportional counter used in the present
work. Tha first and second stage of the low nolsc
presmplificr are also shown.

the shell to Lelix voltaige wis kept at a ratio 5 to 4.
The rhoamhor was activated imnediately after the end o.
the last high intensity pulse preceding the 1 in 1y
pulse, allowing a complete stabilization of the sholl-
helix voltages during the measurcment.

The tranaient offcct from pulsed hipgh voltaga, as
well as the requircment for lowest poasible electronic
noise and wide dynamic amplitude runge, placcs scvers
limitations on tho preamplifiur demign. The solution
has becn found in a modiflod version of a charge-sensi-
tive prepmplificr designed at Brookhaven Notional La-
boratory . A circuit dingrom of thia preamplifier ig
shovwn in Fig. 2. To minimize input shunt caparitance,
the ficld effact tronsistor and csitical feedback com-
ponenta are placed on a miniarure circuit module as
clove as possible to the proportional counter. The de-
cay timu of the feedback nutwork is kapt short to nini-
mizo pulse pile-up (50 us). The input to the preaopli-
fier ls capacitivaly coupled in such a vay to transmit
more than 90% of *he desired charge pulse but still re-
cover from the pulacd high voltage transicnt. in 5 ms or
less. FNoiso performance is somcwhat dagraded but re-

mains quite good at less than 4 x 10™}7 € rms measured

- with an amplifier with 1 us shaping constant.

"The Model III700, denigned by V. Radeka
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Figure 2

Circult diagrrm of the preamplifler used in the present work.



Renulis

The system has been tested with a pulser and with
5.5-McV alpha particles fur lincarliy of vesponse and
sensitivity over a wide dynaule raicc, botn vut of
beam and in beam. A microdocimetric specirum for 80
MeV 1™ obtained with the prement system in displayed
in Fig. 3. The detector was placed in alr at the focal
plane of the biomodical channel. For cunpurhmg we
also displsy a spectrum obtainved by Amols gt al” using
a conventional microdosimetry aystenm and a similar beun
tunc (but a very low bean current). The two spectra
ara similar. The smal] differences are a result of
the earlier data being takem in o large warer phantom
vith a slightly diffc¢rent baam tune. In conclusion,
the results of extenaive testing show that the accura-
cy, scnsltivity and reliability of this method are
comparable to previous systems used at lower beam
intensitias.
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Figure 3

Microdosimetric diatributions obtained in the present

axperiment and by Amols et _ni.’ The abscissa repre-

sents the lineal enargy y which is defined:‘ as the en~-
ergy of an cvent divided by the mear chord length of
the active volume (2/3 the simulated diameter). The
ordinate is the product of y and the dosu distribution
yF(y), wvhere F(y) is the frequuncy distribution in v.
This represcniation la frequeaLly used because the
area under the curve in a range of y is proportional
to tho fraction of the dosa in that range of y (aec
Raf. J).
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