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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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1. Introduction
When a fast pa1t1c1e passes through tlssue, there is a certain

probablllty that a nuclear 1nteractlon W111 occur with a nucleus of the

- medlum,‘ and that the product nueleus will be rad1oact1_ve.~_ ~Tissue actl.—

2 et sl

vation u/as first di's_c_us‘sed- by Tobias (l947) and Tobias and Dunn (1949)..
Nuclear reactions initiated by positively C.harged particles .ofte._h leave a
nucleusb whieh has'too'mahgr protons.vfor -s_.tavbijlity,._anditherefore tend_s_'to_
. .devea.y by po’v‘sitvron'emission_..‘ E‘xamples of such f_eactions ivnclu.de .(p, Y)»
(p, d), (p.n) s_.‘ (ps 2n), . (d,n), (d,t), (a',n).',. “_‘(a:;Zn),- and (@, on). Charged
‘particle aethatlon has beeh :_r.evi'e'We,d by Tilbury.'ahd.. Wahl (1 965) ah_d

Tilbury (1 966); “Since many such activation reactions are ehdoergic,

o the.ihcoming particle must have not only ehough kinetic energy .to pene-

trate the Coulomb barrier (2 to 5 MeV in light elements), but also enough

to meet the Q- value for the reactlon° For alpha partlcles of energy

greater than 25 MeV, total-cross sectlons- for such ~react10ns in carbon,
n1trogen, and OXygen may be as large as. 500 mb. Thus when an energetic

alpha part1cle beam passes through t1ssue, as in mechcal 1rrad1at1on, it

' ‘leaves behind a weak trail of rad10act1ve nuclel, mostly short-lived posi-
tron and Y-ray emi-tters_-. o
Some of the important alpha particle activation r.eactions in tis sue

are'shown'in Table:'l, along with the modes of decay of the radioactive

p_xi-o'duc't nuclei, ‘The maximum energy' of the emitted particle spectrum
is given _above th__e‘ arrow, and the decay hal‘f-—‘life is given belowthe arrow. -
Data are taken from Ledere'f, Hollander,_ and P.erlman ¢! 96'_7).‘ |

The‘v‘. most important c_:h_a.ra‘cteristic of_the positro_n. decay process,

for our purposes, is the fact that when the positroh reaches the end of
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its range; it annihilates “v'vith a'ne'gative electron to form a y—i'ay‘ pair
with equal energies (0. 51 MeV each) ‘and nearly opposite momenta Simple
commdence methods may be ‘used to locate the pomt of anmhilation by
sunultaneous detection of the y-ray pair. This is the ba51s of the activa-
:,tion studies to be dis cu.s‘s ed in the'f:ollo‘\x"'rin'g' sectlons‘._
2. "Posit_to’n d‘ec‘ay curyes ‘A
. .; Our fir‘st} ap'p'roach'"'to” 'the alpha'patticle' activvati.on‘ 'phen’omenon
was to 1rrad1ate tissue and its components in 1 the 53 MeV alpha beam of
the Berkeley 88-inch sector- focussed cyclotron, and measure the decay
curves of the pos1tron—em1tt1ng activated spec1es. In a.typical experi-
ment the sample was 1rrad1ated for 3 minutes in the cyclotron beam,
v w1th a beam current of 0.1 rmllimicroampere, then removed and placed
in an a_utotn’atic connting system. The detection syst‘em cons1sts-‘o.f a
pai.r of Nal (T1) scmuuaf&é aligned.opposite to one another, WithasSo-
ciated'electronics. -~ When hoth'scinvtillators simulta‘.neoiisly detect a
0. 511 MeV Y-ray pair from pos1tron anmhilation, the resultlng c01n01dence
pulse 1s fed to a scaler and a pulse height analyser in the t1me dwell mode,
so that the‘ time.-dependent positron decay rate'may be automatically re-
corded. | |
The simplest tissue component examined in this: m__anner 'yvas car-
bon, in the form of a'. graphite slug-; the results of this experinnent are
shown in fig. _ 1. The decay curve has two main components. After
' ab.olit 20 rn'inutes, the 'pr'edorninant decay mode has a h'alf-life ofv 20.3
fninute's, cofresponding well to the isotopeiic, which has a known
half-life of 20.3 ;minut'e_sv, :and indicating the reaction 612C (a a, « )6 Cﬁ—t)igB

The earlier decay fate, after siibt.raction of the extfapolat_ed 20.3-minute
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-aotivdty, yieids a'half-life of 2 nlinutes. This corres’ponds'to the iso-
tope1580 whoee known half-life is 123 ‘seconds,‘ and indicates fhe reaction
12 _L) 15N. | |
v ‘The” res_ults vo:f the irfadiation o'f’soft tissue (beef mué cle) are
shown in f1g ‘2. Note that after the 416 act1v1ty d1es away, the pri-
mary act1V1ty is that of 8F correspondmg to the reaction
1'60( ,pn) 9 —E’i) 8180' The measured half—hfe of '115 m1nutes is in
fa1r1y good agreement with the known figure of 140 minutes. .Th'is ob-
»served a.ct1v1’ty is the ma1n result of the fact that tissue contai.ns"oxygen‘
and oth'.e.r 'eiemenfs, in addition to carbon.' Other activities were not ob-
s-e.rve‘d Be'cauée of their s‘ho‘rter half-lives (they "decay'avway.befor'e they
.W"e'fe'placed in the _de'tec.to:r), 'smaller reaction'ci‘oSS-sections, and lower
abnndanee of -the target ’is.otope 1n tissue.

We have noted that the 20. 3 minute activity of 1'C is predominant
‘at t1mes from 1.0 minutes to 1 hour after 1rrad1at10n. For reasons which
become eVident in the next s__ecti‘on, this time period is of nrimary ifn-_
po_rtan'ce, and t:he;'efore thej reaction 1ZC(‘ar, ba'n)12'C merits eloser exarni-
natio_n. “The cross section for this reacinn has been meaeured by Lindner
anle_sborne, (1953)'and foandall; Millburn, Pyle and Birnhaum (1956). |

The ‘energy‘ dependence of thev Cross section is plotted in fig. 3.
The cross section r1ses steeply from the threshold at 22 MeV, and is
relatlvely constant at around 50 mb over a wide energy range up to 380
MeV.v Thls behav1our l;s typ1‘ea1,of many charged-particle act1vat1on re-
‘actionv_s,'_ that is, rising quickly frorn a threshold to a broad plateau and
then gradnally falling off dne to cornpetition ffoﬁ other r.eactions° Thus

the activation behavionr ofa charged monoenergetic heavy particle beam
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in“m‘at‘ter'is likely"'to be a relatively uniform distribution along the track,

h.lCh drops abruptly to noth1ng when the residual range of the part1cles
decreases to that correspondmg to the threshold energy of the reaction. -
In the case of f_ast alpha particles in tlssue,v all 12 C (as an) C reactlons
_Cease at 0.5 mim (0. 021 in. ) from the end of t‘he't'rack ’I:‘he‘sharp'ness of
this’ effect is tempered however, by the 1mt1a1 energy spread of the beam
'as well as by energy stragghng in the absorblng mater1al
3. Phantom.»stud1es

e, A. Tobias has suggested that it might be possible to visualize

.and"locate the VB'rag’g ‘ioni"‘z'.ation‘_peaklo‘f a _pos‘itively charged particle
beam by obs.e""‘rv.iﬁng the variation in positron activation at the end .of the
beamn tra'ck. With th1s idea.in mind, we i.rrad‘iatbed several plastic
phantoms with 910 MeV alpha partlcles from the 184-inch Berkeley
synchrocyclotron, and then observed the activation pattern in the p051tr.on
scrnt111at10n camera, as developed by H. O Anger (Anger and Rosenthal
1959 and Anger 1963) The positron camera uses an image detector and
a focal detector a'_.li'gned on opposite sides of the subject, al'ong with co-
lncidence. circuitry“ and'"'“ele’ctronic -c'oordinate computation techniques, to
produce an image 'o'f the positrOn annihilations within a Subject. The
1mage is in the form of dots on a cathode -ray tube, and may be photo-
graphed to y1e1d a p1cture of the activation pattern.

Fig. 4 shows a schematic d1agram of an experiment in which fast -
alphas were 'stopped in a Lucite phantom, and a p.ictur.qevof the re‘sultlng
activation pat-tern The 910 MeV beam was collimated through a 1/2-inch
round aperture and then passed through a 1.34-inch- th1ck copper absorber,

reducmg the re51dua1 beam energy to approximately 510 MeV, and then ab-

sorbed in the plastic block. After 20000 rads (air dose at entry) were

i
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delivered the block was rerriov'ed from the cyclotron area and trans-
ported to the positron camera. Because of time lost in tranéportation,

the p1c’cure ShOWn (1 mlnute exposure) was taken 20 minutes after the end

.of 1rrad1at1on, thus, the predomlnant positron act1v1ty is due to the 1'ZC
(oz, arn)iic ——-2%—3—51—) 1"j‘B 'reection. .The initial coihcidence count rate

was 10500 'p_er minute, and‘t'he estimatedha.ctivityvo.f the block after 30
minutee ‘was 20 'p.Cir.

By taking scintiphotos of reference sources separated by a known
distanée, calibration of vthev le'ngth in the positron. oamera‘}::)i'ctures' is
poes‘ible'.' Us‘ingv this calibration, the length of the activation track due

to 510 MeV‘alphas in Lucite was measured to be 3.98:!_:0.,08 inches. This

eompareé well with the calculated length, 3.98 inches (4.00 in, range '

rriirius OOZ in.) The transireree "fuzzing' out”l.o’f the beam track is due
to multiple scattering and the longitudinal variation is due to range band
energy‘ etraggling of the beam;. even if these effects were not .present, :
the pictxirlefw'ould be blurred by the inherent’r.esol.ution of the positron
camera 1tse1f ‘which we discuss in a following sectlon The beckground
dots in the portion of the Lucite block not assomated ‘with the beam track
are beheved to be due to 1?‘C (n, 2n )“C ——B—é - reactions caused by
background neut_r'ons emanating from (oz; n) reactions. |

On the basis of a further experiment in which the alpha beam was -

‘completely stopped and the positron activity due to the (putatively) neu-

‘tron baCkgrourid was observed alone, it was found that the background

activity amounted to roughly 10% of the activity due to the charged parti-

cles. If one assumes that the (n, 2n) cross section is approxirriately equal

to the (@, on) cross section in our situation, the conclusion is that the
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total neutron 1ntens1ty 1nc1dent on the phantom is roughly 10% of the alpha :

part1cle 1ntens1ty Most of these neutrons, however, are believed to be

due to nuclear: reactions in the brass collimator and copper absorber,

and are not believed tov‘be'associated with the cyclotron alpha beam itself,

i bespite 'th':'e.se s'ide' effects, it is clear that this'technique makes
| 1t p0551b1e to V1sua11ze and locate the end of the track of a pos1t1vely
charged partlcle beam in matter. At the penetrat1on correspond1ng to
the Bragg 1on1zat1on peak of a 910 MeV alpha beam, ‘the modal energy of
the alpha‘ part1‘cles ‘is’ apprommately' 85 MeV. (RaJu, 1967). The range-
' ‘.energy ‘relation can then be used to pred1ct that the Bragg peak is ex-'
pected to occur about 4mm "upstream" of the end of the act1vat1on track
In the next expemment we attempted to d1scern the act1vat1on pat-
tern resultmg from the transm1ss1on of 910 MeV alpha beams in a situa-
tion similar to that of a pat1ent 1rrad1at1on. We'used a paraff1n head
phantom 1rrad1ated w1th 2000 rads in each of three ports, separated by
1.3 1nches caudally and staggered by 1 cm in the A-P d1rect1on. The
coll1mator aperture was 1 cm by 4 cm square, and the phantom was
- rotated 70° about only one axis transverse to the beam. Fig. 5 shows
the 1rrad1at1on scheme and the photographic results of the exper1ment.
The nonumformlty of the activation images in 1ntens1ty and lateral extent
is due to the fact that the phantom was: placed in the sc1nt111at10n camera
w1th the Lucite holder mask and aluminum rotator adaptor still attached,
and these parts added an extra activation pattern of the1-r own (super-
1mposed upon and colhnear with that of the paraffln) It is apparent that
the actlvatlon pattern glves enough separatlon and geometric resolutlon

to provide good_xnformatlon as to the course of the beam in tissue-like
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mat'_’er'ial.: The width of the ".'hot spots" in the originalv photo v:tas rneasured
to be 1.1 cm, wh;ich corresponds well with the collimator opening of 1 cm,
4 ,Patient studies |

-The final experiments‘ in this bseries were desiéned to de‘teﬂrmine
the act1vat10n pattern resultmg from the actual 1.rrad1at10n reglrne of a
patlent being treated’ by the Donner Laboratory method of pituitary abla-

tlon_ by rotat10na1 superp051t1on of transmltted 910 MeV alpha beams.,

_ Flg 6 illustrates the method of the rotational irradiation;the head is

held in a plastic mask molded to the shape of the face 'and rotated by a

. 5ystem of automatlcally controlled servo- mechamsms, 70° about the

x- axis and 66° ‘about the y-axis, w1th the beam axis ahgned roentgeno-
graph1ca11y to pass through the p1tu1tary at all times.
‘Ina typlcal 31ng1e'51tt1ng of an acromegalic case (A. L), 760

rads were administered through a 3/4-inch circular aperture. After

~ the end of irradiation the patient was transported from the cyclotron

medical cave to Donner Laboratory and positioned in the positron camera,
takin'g 14 minutes. Fig. 7 illustrates the irradiation schemé used in this

caee, and gives an A-P view of the positron decays recorded in 8 minutes,

yleldlnga total of 2320 counts. The edges of the expected''butterfly"

'actwatlon pattern are moderately well de11neated but the "hot spot" ex-

p_ected at the vertex (corresponding to the pituitary) is not clearly evident,

~ probably due to biologi_cal "washout', i. e. transport of 11,C

away from the site. . It is c_lear, however, that this technique can be used.

to visiia]ize th_e' activation pattern (and, therefore, the dose distribution)

of a positively charged particle beam in an irradiated patient. A similar-

/

picture has been obtained by Malcolm Powell (private communication,
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Umver51ty of Cahforma Medacal Center, San Francisco, 1968).
5. Pos 51ble apphcatmns |

| We envision several possible apphcat1ons of the techmque of trs-
sue 'actrvatmn w1th rad1at1on.beams. - Perhaps. the most natural appl1cat1on
would :b»e the ﬁ‘sé of the‘po‘._svi'tro‘n‘ camera as an on-line alignment tool for
pat:ieent v‘th'erapy‘ svith the'Bragg‘ p'eak 'of'positivelyf charged heavy"par'ticle“
beams.‘ (See, for example, KJellberg, Koehler, Preston, and Sweet,

1963 or Gottschalk 1963) Smce al1gnment 1n the (x-y) plane trans-
ve_rse to the beam axis is alr:eady very good with conventlonal 'me‘thods,
the 1mportant parameter'to be cont'r.olle'dis pevne.’tratio'n of the beam along

the beamaxi.s’" '(the "E;l ‘coordinate)." “In other words,‘ because 'ofv'variation_
of denslty a‘nd""com‘positi»on“of tissue, bone, ’:sinuses,'"etc. ,' it is"clifficult

to’ pred1ct exactly at what depth the Bragg peak will occur. Koehler,

D1ck1nson, and Preston (1 965) g1ve a different solut1on to the problem.

| Usmg the act1vat10n techmque, however, it rmght be possible to V1sua11ze
the end of the bea.m track (and, therefore, determine the Bragg peak depth)

‘w1th the adm1n1strat1on of a few rads, and adJust the beam energy so that
the peak would c01nC1de exactly with the volume to be irradiated (e. g.,
tumour, p1tu1tary, etc ) The rest of the treatment dose could then be ‘
completed ThJs method 1mposes three requ1rements on the act1vat1on
V1Svuahzat1on system. 1) ‘the activation camera must_be "on-l_me, "i.e.,

: IWith detectors in the treat.nent cave, and with fast readout; 2) the»spatial
resolution of the actiVation camera must be such that it could be used to
allgn the beam end w1th suff1c1ent accuracy (e. g., » £3 mm)in a small

| target, 3) the sens1t1v1ty of the activation camera must be such that it
produces a usable picture with a small al1gnment dose (e.g., 30 rads or
less).v '

The first r:equirement is not difficult: the only problem envisioned

is that of sh1eld1ng the detectors or dlscr1m1nat1ng in some way agamst



€

-9- UCRL-17929

the ba:ckg'r“oun'd l;adiation.'presén.t in the treatment cave. The second and
thii‘d questions, _resélution and sens.itivity, have been examined in detail
‘by A;ng‘.er(1966 a), and we 6n1y make a few c_orﬁmenté on the subjéct. " One
of the inherént 1i’mif;at'ioné. on the positron activation camera is thevfact-.
that a‘i MeV ‘povsit'rc')n’ has va‘, r_ang'é. of about 4.3 mmin soft tissue before

it is‘é.nnihivlé.t_ed to form the y—ra&r pair which is detected. There are.two
factors which mitiga;te fhis éffect, however. First, the positrdns are
emitted with a continuous ”béta" energy distribﬁtion, whose maximum
energy is‘bg-ive'n by fhé values shown in Table 1; the mean energy of the
cl"is:tr_i"bution‘is' about 1/3 of the maximum; éﬁd, theréforé,vthe_r_r_x_e_a_rl'range .
of the’ pOéit'fqﬁ's is less than '1/3 of fhe maximum.’ The second factor is
that the positrons are emitted isotropically in the three spatiavlb dimensions:
X, y’, z; 1f wé let équa.i ‘fhe radial penetration of .the positron; ré = x?

+ 'Y.Z + zz,':' and b;Ir isotropy, 2% (mean) = 1/3 re (mean). Since dispers&on
iﬁ the x and 'y dix.'.ectiOns are unifnportant when we are c_onsidering penetra-

tion in the z-direction, ‘we are left with the conclusion that the root-mean-.

square pentration of the positron in the x-direction before annihilation is .

given by z (rms) % 0.58 r (mean). The net result is that a .1 MeV (max)
p051tron spectrum contr1butes less than 1 mm to the resolutlon of the
1mage in the.dlrectmn of the beam axis. This contribution is thus small

compa.red with the contribution of the Nal crystal and phototube detection

array (about 5 mm), but there are several p0551b111t1es of 1mprov1ng the

inherent detector resolution (Anger 1966b ),
In light of the fact that 760 rads in a patiént' s head produced a

picture with 2320 dots in 8 minutes exposure after about 18 minutes de-

lay from beam shut-off, one might surmise that it would be impossible
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to get a useful 'p_icture with only 30 rads. This is not so, however; if
“the positron camera were "on-line'l in the irradiation cave, and could be '

. 1
‘turned on 1mmed1ately after beam shut-off, the much h1gher activity due

150 (Ti/Z = '123 sec) could be detected and a much smaller dose would

{
produ-ce a useful p1cture. One can calculate, for example that 30 rads of

\
stoppmg alpha part1c1es would leave an initial pos1tron act1v1ty of about
0.15 p.C1.. S1nce the ex1st1ng p051tren camera-»sens1t1v1ty is adequate_ to
produce ZOQO pictdre dots per minute from 1 pCi (Angerk196:6f ’av),‘ 30 rads
cdﬁld"pr’oduce 300 dots per minute initially, and estimatlng that 600 dots
can make a useful p1cture for z-direction al1gnment purposes, th1s could -
- be accompllshed w1th a 2 minute exposure. Thus, an "on-line" p051tron
camera w1th sl1ght 1mprovement in sens1t1v1ty and a factor of 2 1mprove-
ments in resolut1on could be a useful alignment and d1agnost1c tool for
vchar_ged particle radiation therapy.
5.4 Other applications

A natural extens1on of the idea of v1sual1s1ng the act1vat1on due to

!

heavy charged particle beams is the poss1b111ty of v1sua11Z1ngw other beams.
Recently there has been much discussion of .using other heavy particle
beams for therapy, including pi meSOns, neutrons, ahd very heavy ions,
fcr'_reasﬂons of higher LET, lower OER, and better depth-dcse distribution.
It is likely that the (n, 2n) reactions occurring from neutrorl beams will
leave a good amount of pcsitron activity in tissue. Unquestionably,_ |
heavy ion beams will leave activity very similar to that cf the alpha
particle beams discussed above.

It might even be pessible to visualise the activity from existing

therapeutic electron accelerators, such as betatrons and linacs, with
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'beam energies greé,ter than 20 MeV. The y-ray bremsstrahlung can

cause activation in tissue; for example, the cross section for the

12‘(;' '(Y"n)iic reaction in carbon is 10 mb at 20 MeV (Tilbury 1965).

| Tixere';haVé"béen several other interesting suggéstions for the
use _of tis.,sue actiyatién"tec:hn’i'qﬁes‘.(Safgent 1962 and Biomedical Studies .
1967). If a.micr'ob'e'a.'rri'iof pé.rticleé were incident on a parf of an organism
of'é.é'ell"org.ane'ilve (e. g, ‘a’chloroplast), 'acti\}ation analysis techniques

might be used to determine the location and amount of trace nietals, etc,

In vivo activation analysis with charged particles ‘might prove useful for

: Qﬁaﬁtitative' détermination of tissue constituent_s. Also, tracer studies

with é,hbrtflii}ed i'adionuclideé ‘might be expedited by genefaﬁing the radio--
nu(:.lides' within an organ of the body, using a particle beam, or even by
impla.ntih:gi_radi'oactibve ions in the body. |
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. SUMMARY
We .'.h'ave stﬁdiéd fhev posifron-emitting acti\)atic;-ri of tissue by
alpha:pai'ticlfé Béams, By using the annihilation Y-ray coincidence de-.
tection téChniqqe , aq& the Anger positron car’ne'ra;‘ We have measured
th‘e'dezc_a.'y' spectrum in tissue following irré.diatiqn by :53'MeV alphas

“from thé Berkeley 88-inch cyclotron, and visualized the activation pat-

I3 :
}

‘t'ei'rhf'fe'”s'ultijn'g'frorh a 910 MeV alpha ‘particlé ‘be'ar'ﬁ.. sfdppihg‘ in a tissue-
like plastlc 'phanfém; at the Berkeley 184-inch synchrbocyclotron. Also
studied ‘\'zve‘re the activation patterns resulting from t_rarismission of.v 910
MeV alpha béams through‘a wax heqd phantom, and the aé:‘tivativon pat-”
tern in patients' heads rgsglting from one sitting of the pituitary ablétion
theirapy technique. |

With slight improvements in resvolutiOnva,nd sensitivity, an '"on- -
line'! positrdn camera technique could be useful for aligﬁment of the end
of the beam track'in Bifagg peak therapy with heavy charged particles.
There are othér novel applications which might be pos.sible, using tissue

activation techniques,
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Irriporta_,nt alpha particle activation reactions in tissue.

1 1 gt 0.97 Mev 11

ZC(a, cn)

12 ' 15 1. 74 MeV 15
C (@, n) O B '12.3 sec. > 7

2 14 1.81 - 14
C( ’2 ) p 81 MeV'

i
8 O 71 sec > 7

N

J§ 0.635 MeV . 18

1
110 min = 8

6O (a, pn) o]

160'(0[’ , 150E 1.74 MeV >1§N‘

87 @-) 8 123 sec
16 ' [3 2.22 MeV 19,
O (a, n) 1ON 17 2 sec — 9F
14 [3 1,20 MeV 13
N (@ arn) 9.96 min = 6C_
14 ' 17 p 1,74 MeV 17

7N (av,n) 9 Fi= 6 sec — 80

€T 203 min =& 50
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FIGURE LEGENDS = -

1, Positron decay spectrumn of carbon after irradiation by 53-MeV

Alpha particles.

2. Positron decay spectrum of soft tis sﬁé after irradiation by

53 MeV alpha pé.rticle’s. v ‘\

3, ‘Energy-depen‘de.nt cross secﬁén f&)fithfe r‘eactio‘n""'iZC ('_a/, an)
11 c. ' '

4. "Diég'ram of method and scintiphotograph of aétiva.tti‘on pé,tte rn
re"sﬁltihg from 910 MeV alpha particle beam stopping in Lﬁcite
phé.ntom,

5. ‘Diagram of method and scintiphotos of activation pa;,tte'i"n re-.

: sultiﬁg from 910 MeV alpha beams transmitted through rétating
pa'raffin wax head phantom. |

6. Photograph of subject in head holder-rotator used 1n pituitary
ablation technique, illustrating rotation axes and béam axis.

Te Dia.éram of rotation technique and scintiphot_c; of positron
activation resulting from one sitting (760 rads) of:pituitary'

ablation therapy.
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~ ENERGY DEPENDENCE OF CROSS —
SECTION FOR REACTION "C(a,an)"C |-
] . 1 | |

100 . 200 7 300 400
Alpha-parti_cl_e energy MeV

Fig.3 o DBL 6711-1868



-20~ UCRL-17929
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" Positron scintillation' camera picture §
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Fig, 4
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A-P VIEW
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representatlon, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa--
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, 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 Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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