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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
California, nor any of their employees, makes any warranty, express or implied, or
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 neccssarily 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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A METHOD FOR MAPPING THE  SPATTAL DISERIBUTION
OF STOPPING T MESONS IN TISSUE *

A, J. Miller, M. R. RaJu, A. Rindi, V. Perez-Mendez, and J. Sperlnde

Stdppinglwf beams have been proposedl’2’3 for radiotherapeutic appli-
cations in view of the_fact.tﬁét the 'star' formation in the capture reaction
produces a-highly localized dense ionization region. This is of interest as
a possible ﬁéthodffor the treatment of deep-seated tumérs containing anoxic
cells. | R |

Due td-inhomogeheities in thelaveragé density of bone and tissue
layers in each patlent, it may be difficult to locate the exact position of

the capture star formation region 1n the patient's tumor. This dlfflculty

. also exists in other methods of radiation treatment using Bragg peak ioniza-

+tion effects; Pi minus mesons have an advantage in this respect ih view of
~the fact that 7-rays are emltted in the capture process. In thisvpaper we
describe the ‘use of the capture 7-rays for the purpose of mapping the »
stopping region.'

In addition‘to theieﬁission of charged particles from star events,
about 2% of ‘stopping pions produce high energy 7’s, peaking in the energy
region of 100 MeV.lL Calculations of the capture of negative pions b;

Guthrie et al~,5,indicate an average excitation energy of about 5 MeV, that

will be emitted as y-rays. In addition to these pi-mesic X-rays will also

‘be emitted.

In the present invesfigation y-rays of energy greater than ~ 15 MeV
were detected using the appartus shown in Figure 1. A Pb collimator is used
in order to specify the direction from which the y's are coming. The colli-

mator consists of 3 .mm sheets of Pb separated by 3 mm gaps, and has a
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thickness of 25 cm. After passing through the colliméfor the y-rays are
converted into electrons-by a8 3 mm thick lead coﬁverter. Ihesé electrons
travefse the chamber and are deteéte& by a pair of scintillators separated
by a 2.5 cm aluminuﬁ absorber which requires thaﬁ fhe électrons have an
energy of at least 15 MeV to traverse the fullkdistance. The coincidence
signal from thgse two.scintillatofs and frdm a béam ménitor écintillato?
triggers the wire spark chamber. The posifion of the spark 1s.detérmined by
the magnefostrictive readouﬁ technique. The chamber consists of two grids
of wires ﬁith_a'wire separation 1 mm and a grid.separation of 1 em ﬁhich
gives a spatiéi'resolutioh for particles normal to fhe chaﬁbef of aboﬁt

.25 mm. In the present applicatidn, the spatial resolution_bf the syétem is

~ 6 mm and is determined by the spacing of the lead plateé in'the_collimatar.

The measured distributions are shown below in Figure 2. ' The three
peaks are thosé produced by the successivé addition of 6 mm élabs of iucife |
absorber which'displace the stopping region by thé samé améﬁnt. Thé y=ray
distributions shown on the upstream side of thé étopped mesdn peaks afe
presumably due to:captufes in flight. ”

The.qverall senéitivity of the system‘can be gaugéd from the measured
.ratio S 6f detected y-rays to stopping pions. In our experimental arrange-
ment S =5 xv10-6. Hence, it would be possible to locate the stopping pion
region in a patient with a dose much smaller than the treatment dose.

In addition to the capture y-rays that we have used in this measure-
ment, it is also possible to use the pi-mesic X-rays emitted in the cascade
process prior to nﬁclear capture. For this purpose we propose to use
Silicon detectors. A further intriguing possibility is also available; a

small fraction of the T~ (~ 1%) will produce T° mesons by charge exchange

s
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on protons. The two 65 MeV y-rays emitted at 180° to each other can be
used~~without collimators--to locate the stopping region by using two spark

chambers in a similar fashion to that used for positron annihilation y-rays.
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Figure 2. DNumber of gammas detected as a function of luéite absorber. The dashed
curves are obtained by alternately adding or removing 6 mm of lucite.
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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, expressed 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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