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Abstract. The dosirnetry of both »T and Tr—vhearns. with" |
use of sem1conductor detectors and p1ast1c sc1nt1llators,
is descr1bed Depthb dose dlstrlbutmns, 1sodose distribu-
t1ons, and 1ntegra1 and dlfferentlal range curves are pr.e—

' sented By use ofa tlme-of—fhght system the dosimetric
1nforrnation for a.ptu'e pion beam is obtained. The mﬁ.oh
and electron contaminatien reduce the 'p-..eak-t,o-plateau
ratto-. | Pion beams of low ehergy"giVe better d.epth— dose |
'dii.st'rihutions ‘Nearly 50% of the dose at the peak of the

depth dose d1str1but1on ofam beam is found to be due to

"nuclear events.

1. Introduc‘tion

The dose delivered by a n-e-'mesorx heam increases slowly with '_
depth, givtng rise to a sharp maximum, (known as thev Bragg peak),.v ‘
near the end of the range. This is like the behavior of ether'he.avy. :
charged particies. _Whevn the mesens stop in the medium, they.are
captu‘.redk'b.y the constituent nuclei. The captured nuc1e1 explode into

short range and heavily ionizing fragments, which enhance the dose at

the peak. This may have a radiotherapeutic application because these,
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highly ioniZing fragrrients' are effective in decreasing radiOresAistance
of»hypox‘i‘c eelle in a' tur'nourv. This ‘ide_a was infq.rmal.ly suggested .by a
few people, including one of the authers (C.R.); as early as 1952, ‘but
detalled calculat1ons by Fowler and Perklns (1961) generated helghtened
interest in the use of 7. . mesons for rad1otherapy Biophysical exper-
1rnents have' been carﬁed out in Athls Labor.atory over the last si.xf years.
'(RaJu, Aceto, and R1chman 1965 R1chman, Aceto, Raju, and Schwartz |
1966, Raju, Lampo, Curtis, Sper1nde, and Rlchrnan 1967a, R.a3u,_ |
: Rlchman,v and Curt1s 1967b, Curtis and Ra_]u 1968 Rlcbman, RaJu, and
Schwartz 1967 Loughman, Feola, RaJu, and W1nche11 1968, Feola,
R1chrnan,'RaJu, Curtis, and Lawrence 1968 Raju, Amer, Gnanapuram, '
and Rlch‘man‘v 1969). Sorne_ phys1ca1 r_neasurements were also made at
CERN, Sw:itzerland, and at B_rookhaven Naiional Laboratersr ‘(Goebel
- 4966, Baarii'1967, ‘Sullivan and Baarli »1968, T-isljarf'l_f_envtulis 1966). .
This paper d:escvribe':s the ’techni’qne‘ nsfed in'pion d.ovsimetr'y -and the re“-‘
sults ob_tain_ed by using semiconducton detectoi;e and:plas’tic scintill‘ators.
2. Prodnetio_n of Pion Beams A' |

_ F‘Pie"ns ean be produeed in a nuclear int_era.ction by any strongly
‘interacting particle if its energy is great enough.- Tney_are g'enerally pro-
duced byaprimary beam of protons. Our experiments at Berkeley arecar-
riedout at the 184-inch synchrocyclotron. This machine previldes an ac.cve'l-_
erated beam of 732-MeV protons that strike a 5- c'r,n-t'h'ick ber}.r'.ll_inunu. target
in their o_nter orbit and produce neutral, positive, and negative pions.
~ The experimentai arrangement is shown in Fig. 1. The 1}‘- are deflected

out of the cyclotron by the cyclotron fringe field, and after 1eairi'ng the
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cyclotron tank thro.ugh a wi_ndovv,f. enter-_a small quadrupole focusing )
magnet (meson quad), then .t»ravel valo‘ng archanneli(dashed line in fig; 1)
through thve main cyclotron shielding l(hatched areab).» The pions then _. .
enter the meson cave,. where varlous arrangements of magnets are -
used for energy selection and for focus1ng the beam A bendlng mag-
net is used for momentum selection. The cyclotron produces pions 1n
a range of energ1es from 0 to about 450 MeV (the upper limit be1ng de-
termined by the energy of the primary proton beam).' In the change
from a m beam to a nt - beam, all the magnetlc flelds, 1nc1ud1ng that of
the cyclotron, are reversed. The magnet1c ~-lens system rema1ns un— '
changed for plons of the same energy, regardless of charge |

Neutral pions have a very short l1fet1me, = 10-1'6 sec, and vdecayv
v1nto two y rays in the target T.he Y rays are converted into electron-
'pos1tron pa1rs that go malnly in the forward d1rect1on The electrons.
with the same momentum as pions selected by the bendlng magnet con-
stitute electron background in the beam -

Charged pions have a mean life of 2:54)( 10;8 sec. Hence some
of them decay in flight into muons, and this constitutes the muon back-
ground in a pion beam. |

The presently available beams are too low in-intenSity for ther-
ap'eutic ap:p_lications.*’_The pion beam at the 184-inch synchrocy.clotron;'
at Berkeley is the most intense, being 106 particles/sec. In terms of |

dose rate, 1t is=0.5 rad/mm over an area of 3)(5 cmz'.' With such a

"Machines that will produce pion intensities nearly two orders of mag-
nitude higher than the one presently available are under construction
at Los Alamos Scientific Laboratory, Vancouver, Canada, and Zirich,

Switzerland.
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beam, hov?rever, physical rneasurer'nente can be carri'ed out qulite’w’ell.
3. Experimental Technique |

The 'characte'ristics of the pion beam as it passes through an |
absorbing medium of Lucite, and the energy distribution of TI'— Astars in
silicon'ohtai'ned by using lithium-drifted silicon detectOrs, have been
reported (Raju, Aceto, and Richman ‘1965) ' The energies depos1ted in
‘the detector where pions: stop and produce stars have been found to ex-
tend beyond 60 MeV. . The s111con nucleus w1th 1ts mass number 28 has
- partlcle structure, and hence the nuclear 1nteraet10n when o mesone
stop in s111con may not be 51gn1f1cant1y d1fferent from that in other alpha-
~ structure nuclei, such as carbon and oxygen, the main constituents of
tissue. The depth-dose distribution, as measured by a eilicon de‘rector,v-
is in good aéreement_ with the calcula_ted depth dose based on st0pping
T meson.interactions in oxygen (Curtis and Raju 1968)

The dose depos1ted in the detector can be measured by integra-
ting the charge hberated in the detector by 1on1z1ng radlatxons such as
X and Y rays if the leakage current of the detector is annulled by usmg
a balanc1ng circuit (see Balley and Kramer 1964). With energetic N

charged particles, however, radiation damage prevents their use at ’

levels above that produced by the leakage current. In the present ap-

plication these difficulties are alleviated by accepﬁng'only the ac oulses, V

and the pion beam intensity is not high enough to cause significant radi-
ation damage.

The charge liberated in the lithium-drifted silicon 'detector is

directily proportional to the energy deposii.ed by the radiation. A charge-

sensitive preamplifier yields a voltage pulse proportionai to the energy
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deposited.in _"t‘he detector, and these pulees are.further amplified by a
mainaméiifier.‘ The leakage current of the ‘lithium?drifted detectors
is va few microamperes ('d.eper.ldirig on their t'hick.nes_st), and this current ‘
1s quite corrii)afable to the current generated in the detector due tu pidns'

passing through it. (The total pion intensity. seen by the detector is

about 5){'1104/sec).  The detector leakage current is.blqeked by the ac

amplification.
In our previous work, the amplifier output was integrated by

uS1ng an analogue 1ntegrator (Ra_]u, Lampo, Curtls, Spe rmde, and

"Richman 1967a) The ac character of the 51gna1 necess1tated the use

of a pola'rity-clipplr_lg ‘¢circuit (i.e., correcting the negatlve overshoot)

before integration. This system had a linear energy range of 100 to 1.

. Pion beams are always produced with muon and electron contamination.

For a beam”of momentum 190 MeV/c, the most probabie ehergy losses--
in'a 3-mm detector, for example--are 1 MeV by the electx"o,ns'and 12

MeV by the pions; the enefg.y lost by.the muons is intermediate between .

, these values (Ra]u, Aceto, and R1chman 1965). There is considerable _

spread in energy losses due to Landau fluctuations (Landau 1944 Mac-
abee, Raju, and Tobias 1968). At the end of the range the pions stop
and produ»c.e stars, thereby depositing energies in the detector some-
times exceeding 60 MeV'(Raju,_ Acveto, and Rdchman 1965). .These higl;l‘v
energy stars can be observed even with thin lithi'urn-dri"fted silicon de-
tectors (e. g., 1 mm) beca.use a considera.ble portion of fc_he star energy
is deposited locally. .However, in the region whe.re‘the pion beam enters

the rhediufri (usually called the plateauv region), the e-hergy deposition in

the dete,étori is proportional to the thickness of the detector. The use of
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a thin detector is advantageous for dose measurements, especially in

"'the'pion—s_topp_ing region, since this region could be small, for a narrow.

rrioméntum spread é.f the‘prix;lary m beam. This thin détéctor necessi._-‘f
tates linearity over a wider energy range of the overall systefn in' oﬁr
previous work the linear range was only of the order of 100- fold we
were restru;.ted to u51ng a 3 -mm- thlck 11th1um drifted silicon detector,"
and it was cx_'ltlcal. | | |

The linearity of the system has been improved .considérabl.)r by |
changing to digital procesmng,v usmg al 4096- channel analog ~to- d1g1’cal
converter (ADC). The output of the hnear gated amphfler is stretched
for éomﬁa‘tiﬁiiity before be;ng fed to the ADC. The ADC translates the '
" signal arnpl:itude‘to a channel number of a 12-bit binary nurhber.' This -
cvode is fed ;ﬁb-a digital én-line computer, which procefs_'sés aﬁd vstorbes’
' the total number of particles and thetotal energy. Inr additi‘on, ' the“corn_—

puter is also progr'animed to print out the pulse-height spectrum. The

block diagram of the overall system and a photograph are shown in figs'._ :

2 and 3 bre'spectively. A pulse generator is used to calibrate fcher éystem
and to check system linearity. | | |

Our primary Béam is contaminated'with.ZS% eiect'rohs and
10% mu_o_'ns. Since theﬁ semiconductor detector system is fast and mea-
sures the dose due to each parficle, -it is;‘po:s')sa;.ble to measure the dbse
due to pions only, if the'mtons and electrc‘mS are reéOIVed from the
pions by'ﬁsing a time~of-flight system and gating the‘semiconducto‘r
~dete»ctovr.,sby'stem with the signa_l due to pions only.

The time-of-flight system (TOF) mea‘sures‘ the’,tirrvlé'each beam

particle takes to travel a fixed distance. Because of space restrictions
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this leng.t"h was ,olnly"leeet in oﬁr systerﬁ; increasi;lg'thc pa;ch lengt.h
would imp‘rovvve the resblu’tion of the systerﬁ. A plastic s_cintiﬂation
counter is placed at each end of t‘hev flight path. "In a contar(nin‘e:rted-pic_)‘n
beam of a giVen momentum, rnubns ‘bancli elec_troné f.ravel faner thavn‘ ;
pions. The V\félocity_‘ spectrum of the particle's,v as expressed by th>e'
time déléy bv'(:'atvween_ fhe two s‘cintillat.io.n coun_tér pulses, is vpro'ce‘s's'ed?

via a time-to-pulse-height converter. The TOF pulse spectra.which.

' gat'e'th'e seémiconductor system for the contaminated and pure beams of

T mesons, and the TOF pion signal, are shown in fig. 4.
'I‘h_e li.thi_urn-dvriftéd silicon detector, housed in an electrically

shielded ,.Lu'cite box, can be remotely positioned in three aXeé'in a water

- phanto"m.'- The data frorn the éemiconduétor detector are accumulated in

the compuftél; durivng_the' time it takes the monitor scintillator system to
acéumulate-a fixed numb.er of couﬁts. -Data‘ are thus collected for each
position of the detector in the wa'ge.r phantom. |

In addition to the semiconductor defeétor system, pia»st‘:'ic scin-
tillatorsvpro.vide fast-c‘oincide_nce and anticoincideﬁcé gating in cohjuhc-
tion with the TOF systéin furnivsh‘ing gating signals for ébta'in.ing integral
range curves (number-distance curves) .and differential range curves
(numbers of particles: stop.ped'a's avfuncti_on of absorber thickness). The
block diagré.m of éuch a setup is shown in fig. 5. Tr%ple coincidence__‘ |
counts bébtwe‘en plastic séintillatofs 1, 2 and 3 as a function:of abs_oi'bér "
thickness (norrnalizt-a'dby the number of coincidence between 1 and 2)
yield the nunﬁbér-IVersus-distance’ curve. ,Normalized.tfiple coinci_dvence '
between 1, 2 aﬁd.,3 but wit‘hbcount‘er'é} in anticoiﬁcidéncé, pijduce. thév_ :

differential range curve. Integral and differential range information
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for "pure'’ p‘iorn beams was obtained by empioying the TOF system.

The cyclotron is pulsed 64 times per second thus producmg-
64 co_arse groups of pmns per second. The mode of cyclotron oper-’
ation can be ‘controlled so that these g.roups of p1ohs are Spread out
over either of two periods. The ,”short-spill” mode spill’sethe beam
over a peri.od..of ai)proximetel_y 400 usec. It is also possible (by use
of the au-égilie,ry dee mechanism of the cyclotron) to spree.deach‘ group. .‘
of pions over a longer period of 8 to 10 msec. EVeu in this r’node,'“-‘, -
_roughly half of the total beam arrives durlng the first 400 usec, pro- .‘
:duc1ng a spike of beam intensity, and the remalnder is stretched over
8 to 10 msec (Vale 1969). We use the stretched beam and gate off the_ :
system‘du'r-i'ng the spike to pre\?ent overloading of the: elect‘rovnic:vsy,s'-l'
tem, and thereby avoid the noniiueerities that would occur frorh sate
uration. | |

- Because of heam-'-iritens-ity- fluctuat’iohs, two plastic sci-ntillators
connected 1n c01nc1dence are used to momtor the beam (see fig. 2) 'I‘he
‘various 1ntegra1 and d1fferent1al counts are collected durmg a preset _'
number of monltor counts, thereby normal1z1ng all measurements so
that beam 1nten31ty fluctuatmns ‘are unimportant.,
4. Results and Discussion
4.1. Dose and nurnher of p'articles as a function .
of depth in water

The linearity of the semiconductor detector system (iucluding

ADC) is checked with a calibrated pulser, and the system is found to be

~ linear from 0.18 to 50 MeV. The energy threshold is set at 0.415 MeV,
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thereby l1m1t1ng measurement to energy depos1t1ons above thlS value
The range of 11near1ty can be shlfted by adjusting the gam in the main
amphﬁer._ This linear range is adequate for the detector th1cknesses
(1 to«3 mm) used in the 1nv‘est1gat10‘n_r_e_ported here.
| | By.m_.easuring the dose vin‘a water '_container without 'Qater in it
the beam"used is .found‘ to be sllghtly divergent. The 1ntens1ty of the
beam in air at a position where pions stop and produce stars in water’-
is found to be 15% less than at the point of entrance, due to thlS dlver- :
gence in the initial beam. |

| The depth-dose distribution of m~ mesons is measured by using
vl1th1um—dr1fted silicon detectors 1 2, and 3 mm thick to determ1ne
Whlch detecto_r 1s most sultable for such.measurementvs. ' Thve ratios _of'
the dose at .the peak to that at Ithe ve_n-_trance for the three:detectors are |
found to be the same w1th1n the experimental accuracy. In addition, the
energy depositied per 'rr- at the peak region is also found to be propor-
tional to the thickness of the detec’cor These results. i‘ndi‘catethat the
pion stars depomt energy over a’ f1n1te range comparable to the th1ck-
nesses of the detectors used.

For'the rest of the measurements, a lithlum—drlfte'd silicon de- -
tector 2 mm thick is used. As mentioned earlier, the. com'puter print-
out grves the total number of partlcles passing through the detector as .
well as the total energy dep081ted by them. When the sem1conductor
detector system is gated by the TOF p1on ‘signal, _data.for essenti’ally ’
pure T mesons (without the muon and electron contamination) are. ob— ’
tained The plots of the. total number of part1cles passmg through the |

» detector and the total energy dep051ted by them as a functmn of depth .
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in absorber (water) give the integral range (also called number-divstance‘)’

and the depth dose curves respectively. Figure 6 shows such curves, both .

for co-ntaminated and for pure T meson beams of energy 65 MeV for the
" semiconductor detecfori - ‘ | |
Measurements are taken for a n' beam forucomparlson with the 7

results P_931t1ve pions with the same momentum‘ as m mesons‘can be
pro‘d_uced’»‘by fever_sing the polarity of the whole magnetivc- system7 in-- '

| cluding t-he field 6_‘f the cyclotron. |
| The characteristic difference in intex_‘aetion_between nt and ™
mesons is' at the en’ds. of their ranges. When the n+'me5'on comes to |
rest ina medlum, the Coulomb repulsmn keeps it from belng captured .
in an atomlc orblt Instead, it decays into a muon w1th an energy of 4 :
MeV, wbiéh'then decays into .a positron with an er.ler‘gy diStribution peak'.-'
1ng arour'lc..l'v3(.) MeV. Hence at the end of.trhe range; the "% does_n>ot add
much to the dose except for a small ‘contribution. .'d‘ue to the muon and
positron. |

The electron contamination in a 1r+-meson beam is only around 10%,

: compared w1th 25% fora w -meson beam, whereas the muon contamlnatlon :

is the - same for both the beams - If a-depth-dose d1stribution of pure beam_s
of w' and' T mesons, obtained by using the TOF gating of the semiconduc-

tor detector system, are compared, the difference can be a;ttributed to the

star events from m_ capture, except for the small contribution due ;.,to'muens

- e ) L+
and positrons resulting from the w-:decay.

In order to evaluate the dose contribution due to ©~ stars, the
depth-dose distributions of pure w - and m'-meson beams of energy 65

‘MeV in water are measured; they are shown in fig. 7.
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. 4.2, Differential and int'egral dose distribution

The d1fferent1a1 and 1ntegral dose d1str1but10ns can be computed

'from the measured pulse he1ght d1str1but1on at any pomt The differ—

ential dose dlstrlbutlon g1ves the dlstrlbutlon of energy depos1t10ns in
the detector, whe reas the 1ntegra1 dose d1str1but10n glvesthc total energy

dep031ted m depos1t1ons greater than a part1cu1ar energy The dlff'er-

.entlal and norrnahzed integral dose dlstrlbutmns at the peak of the

depth—do_se-curve are shown in fig. 8. The energy of a pion that has a

range of 2 mm of silicon, the detector th1ckn_e-ss used, ‘is ‘about 8 MeV.

‘Hence ener‘gy‘depositions greaterthan 8 MeV are due to star events.

‘As can be seen from the differential dose dis_tribution',' the area under

tHe curve over an energy range of 0 to 8 MeV approidmates the area
under the curve above 8 MeV. Hence the dose contr1but10n due to star

events is about half of the total dose at the peak reglon of a depth dose

'dlstrlbutwn for am contam1nated beam. The peak at’ 50 MeV in differ-

ential dose dlstrlbutlon is a saturation effect any event depos1t1ng ener-
g1es greater than 50 MeV is counted as 50 MeV.

S1rn11arly, from the plot of the normalized integral dose d1str1-
bution it is seen that the fraction of the dose due to energy depos1t10ns
greater than 8 MeV--i.e., from the stars--is about 45% of the total

'I‘he norrnallzed 1ntegra1 dose d1str1but1on for plon beams at var-
ious depths are shown in f1g 9. The two curves for the .3 bearndcorre-
spondlng to the peak and halfway down the falling po rtion (tra111ng edge)
of the depth dose dlstrlbutlon are s1m11ar, thereby show1ng that the ion-

ization den81ty at the peak and thereafter is about the same On the other

v.hand, the curve"-correspondlng to the point. halfwayjup the rising portion
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(leading edge) of the depth-dose curve falls below the other two curves.

The ionization density at this point is considerably less. This is ex-

pegtéd because the 7 mesons making stars at and beyond the peak ofv' .

the depth.-:dvose curve have to pass this point and hence deposit dose of
lower ion_izafién dénsity. The dose fractions due 1;'0 the star eve_nts' in
pure and "cé"ntarﬁinat.ed © beam are 55 and 45 percent respectively. In
the ‘1T+. beam at.th_e peak of the d(%pth— dose curve, the dose fractior}[ '
greater. th;n_ 10 .MeV'iS very sfngil. Th_é contribution abo{re‘ 8 Me}V 1s
due to the additional énergy- .'deposition frém p+ andve+ érising from the

decay of_-‘1'rJr near the e__hd of the rahge.

4.3 ‘I‘so,dosévcontours :
I'so,'dc')se contours give a much clearer picture of the spatial dose
distribult_iOn,.- Such curves can be constructed from a series of beam pro-

.file‘stakbe-n in water at various depth‘s.' Figures 10 through 13 show such

: o ' . + - v
isodose contours for contaminated as well as for pure m and m beams of

se contours is due to
S . .

energy 65 MeV in_\&ater. The distortion of the isodo
a slight nonunifofmity in particlé momentum‘late‘ral“ly acro’s s the ‘b’e.am,.
4.4 D'e/lslt-ﬁ-'d:ése distribution of 90 MeV and 65-MeV ~

' bearhé in Lmcite | -

To mi.nifnize the effect of the divergence of the beam on the

depth dose distri_b_uﬁon, the detector position was fixed and the fhick'-
ness of the Lucite absorbef varied.  With the same setup, the data
for inte'g_r;l and differential range curves when plastic scintillators
are used was also obtained and are presented in the next section. F_igu;:e
14 shows.’the depth-.do se distribution of contaminated as well as pu‘.re L

b.eam.s of energies 65 and 90 MeV. It can be seen that for the

&
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p1.1r.e 90-MeV ﬁ; beam, thedoée at 'the peak i-s rdot‘s‘ig‘.ni.ﬁcantlly differ- |
ent from the contaminated beam when eompared with 65-MeV beam.
This is beeause of less contamination in the 90—MeV‘1r_ beam.’ The
lower value of the peak ~-to-plateau ratio for the hlgh energy beam is
mainly due to loss of part1c1es by nuclear attenuatmn and multiple scat—
tering before reaching the end of the Vrange | |
4.5. Meashremen’cs of'differential and integral range curves
with plastic scintillators

Diffei-enti'al and integral range cﬁx_'ves were obtained With the
| v'sc'vintillatqr counter array. The bloek diagr‘avnll of the"seintillation coun-
ter Systeme fo r obtainihg iheee_ eui'ves simultaneously with the 'senﬁ-
conductor detector system is shown in fig. 5. The integral range c‘urves
obtaihed'with both the s';rsterns are found to be the same. The differen-
‘tial range curves--i.e., the number of particles stopping in the Counter
3asa fu‘n’c»tion of Lucite absorber thickness for pure and contaminated |
90-MeV kand 65-MeV ® beams--are shown in fig. 15. Such curves are
very useful in 'determihing the depth at which most of the particies
stop. - 1., o | |
5. Conclusions

Thie eeries of experiments demonstratethe cornplexivties in
providing adequate dosimetric 1nformat10n for plon beams In addition
to the variation of dose w1th depth there are s1gn1f1cant dlfferences in
the quahty of dose. antam1nat1on not only reduces t_he peak-to-plateau
ratio, but also increases the relative contribution of dose due to ,low- LET

radiation. Low-energy m  beams give higher peak-to-plateau ratios.
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FIGURE LEGENDS

Expe'rimental setup for producing a m beam.

Block diagram of the semiconductor setup,

Photograph of the overall 'sy'rstem.

Time-of-flight spectrum of = beam:

0 contamined beam, :

© o pion spectrum used to gate the semiconductor detector

and plastic scintillators.

Block diagram of the plastic scintillator setup used to mea-

sure integral and differential range curves.

‘Nur'nb_er- distance (integral range) curves and depth-dose

distribution of 65-MeV 7 beam in water:

o0 pure pion beam,

A contaminated beam.

- Depth-dose distribution of 65-MeV 7 and w' pure beams in

water.

Differential and inteng'avl.dose di-stribution at the peak of the
65-MeV contaminated m~ beam: | |

o kintegral dose distribution,

A differential dose distr.ibuti.o_n.

The integral dose distribﬁti‘on for pion beams at different

| ~points of the depth dose distribution:

° at the peak of the depth dose distribution for a pure

T beam,

"o at the peak of the depth dose distribution for a con-

taminated w beam,

a halfway up the 1ead1ng edge of the Bragg peak for a -
contaminated m beam, -
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-0 halfway down the tra111ng edge of the Bragg peak for

10..

11.
12.
13.

. 14,

15.

“a contamlnatedv .beam,

A -vat the peak of the depth-dose dlstrlbutlon for a

y contamlnated ™ beam.
Isodose dlstmbutmn of a 65 MeV ‘IT beazn (contammated)
Isodose dlstnbutwn of a 65-MeV 1r beam (pure)
Isodose dlstrlbutlon of a 65~ MeV T beam (contam1nated);
Ieodose dlstr1but10n of a 65 MeV ™ beam (pure) |

Depth dose dlstrlbutlon of 67-MeV and 9‘1 MeV TT beams

in Lucite:

- o .pure,

A contan’nnated _
D1fferent1a1 range curves for 67-MeV and 91-MeV. 1r

bearns, obta1ned by using. plastlc sc1nt111ators
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, éxpressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or

. process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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