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SUMMARY

An important aspect of pion radiotherapy is the ability to visualize
the spatial distribution of Qtopping pions. The proposed experiment will
evaluate the suitability of using selected vy rays resulting from the pion
capture process for routine on-line monitoring of the stopping distribution.
The equipment to be used consists of multiwire proportional chambers with
electromagnetic delay line readouts, honeycomb structures to convert the
Y rays into charged particles, and, in some cases, Pb collimators. This
equipment has been successfully used in a variety of imaging applications
in nuclear medicine,
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PROPOSAL INFORMAY [ON

Experimental Area: Biomed channel
Beam Requirements:
Particle type: Negative pions
Beam quality: Standard channel tune
Primary Beam Requirements: None
Running Time Required:
Installation: 8 hours
Tuneup and system checkout: 16 hours

Data collection: 80 hours

Scheduling: All experimental apparatus available by 1 July 1975.

Experiment can be scheduled as soon as convenient,

Shielding and enclosures: No special requirements
Special service: None

Space required: as available at biomed channel

)
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I. INTRODUCTION

An important aspect of pion radiotherapy is the ability to visualize the
spatial distribution of stoppiﬁg pions. Monitoring the depth distribution
is especially important in view of the uncertainties associated with density
inhomogeneities within the patient. Several methods for mapping the pion
spatial distribution have been discussed! and tested.’’> Improved detection
techniques are now available which should be cvaluated for use in routine on-
line monitoring of the pion stopping distribution in the LAMPF radiotherapy
program. This monitoring should be performed throughout the patient treat-
ment; if possible the technique should allow rcasonable spatial resolution
to be obtained with 1-5% of the total dose so that an initial check of the
distribution can be performed with subsequent modification of the beam paran-
eters if necessary.

The proposed experiment involves using multiwire proportional chambers
(MWPC) to detect electrons produced by v rays in two energy ranges emitted as
a result of T capture in tissue nuclei. The first energy range, S5 to 100 MeV,
contains Y rays resulting from pion radiative capture (~ 2% of the capture
events), decay of some excited rcsidual nuclei, and decay of neutral pions
formed as a result of charge exchange. The second energy range, near 0.5 MeV,
contains gammas resulting from the annihilation of positrons emitted by some
of the unstable residual nuclei following pion capture. This annihilation proc-

ess results in two 0.5-MeV vy rays emitted back-to-back.

I1. APPARATUS

The experiment involves using one or more MWPC's with electromagnetic

delay linec rcadouts to vstablish the coordinatcs of the v ravs by their

o~ -
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interaction with thin lead converters placed on the faces of the chamber.

In order to obtain reasonable efficiencies the lcad converters are made in

a square honeycomb-like structure which incrcases the affective surface area
and also permits the applicatioh of a drift field to extract the electrons
into the active area of the MWPC. These chambers and honcycomb converters
have been used in several physics and nuclear medicine applications.4's The
Y-ray direction is determined using a collimator or coordinate information
from two MWPC. Using this digitized information the two dimensional projec-
tion of the spatial distribution of the stopping pions can be obtained using
straightforward numerical techniques. This can be done on-line with a small
computer; reconstruction of the stopping region using only hardware also
appears possible. Two types of MWPC will be employed in the measurements:

a linear MWPC which will provide the stopping distribution in depth (this
Telatively simple system may be sufficient for static beams applied to small
deep-seated tumors) and a rectangular MWPC with dimensions 50 x 25 cm which
will eventuslly be Tequired for large volume irradiations requiring beam and

patient scanning.

III. EXPERIMENTAL APPROACH

The specific experimental approaches to be evaluated include:

1. Detection of Y rays in the 5-100 MeV range using one MWPC and a
lead collimator-converter system to define the vy direction.

2. Detection of y rays in the 50-140 MeV range using a honeycomb

converter and two MWPC's to define the v direction.

i

3. Detection of the two 0.5 MeV vy rays from positron annihilation in
coincidence using two MWPC-honeycomb converter combinations lociuted on
oppostte sides of the stopping volume,

4. Detection of onc 0.5 MeV vy ray using one MRPC-honeycomb converter
and a Pb collimator to define the Jdircction. C.. . 'op
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The Y's detected in 1) and 2) originate from a variety of processes. It
is likely that the background can be reduced and spatial resclution increased
if a low energy cutoff for the.y's is established. This will be done by
detection of the conversion electrons, after their traversal of the MWPC and
an Al absorber, in scintillators. Using a scintillator - MWPC coincidence,
one can vary the cutoff energy of the electrons, and thus the cutoff energy
of the Y rays, by changing the thickness of the Al absorber.

For methods 3) and 4) it is possible to decrease the background of charged
particles by gating the detectors and counting only during the off periods of
the beam cycle (since the unstable nuclei have lifetimes ranging from a few
msec to 20 minutes), These methods have the potential disadvantage of a long
time lag in response if the bean characteristics should change during the
irradiation. However, unplanned changes are expected to be rapidly detected

by other monitoring systems in the biomedical channel.

IV. SENSITIVITY ESTIMATES AND BEAM REQUIREMENTS

Using available apparatus, placed about 40 cm from the stopping volume
it is estimated that the count rate per stopped pion will range from 3 x 10'6
to 5 x 10-S for the methods described above. These estimates are based on
the use of converters thin enough (40 um) to permit a theoretical spatial
resol;tion of < 1 cm. At 10 uA proton current the biomed channel delivers a
therapeutically useful beam of about - 10’ pions se:.:’1 which would result
in at least 30 counts per second. Sufficient recorded events to determine
the spatial resolution of each of the various approaches should be obtained
in several hours of beam time. About three shifts will be required to assess
the effects of different Al absorbers in methods | and 2. Setup timc and

system checkout is estimated to require two shifrs.
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V. TIME SCHEDULE

All necessary equipment will be available by July 1975. Since a
practical visualization system' for routinc use in the LAMPF radiotherapy
progran would be highly desirable by January 1976 it is important to per-
form the preliminary experiments for defining the most appropriate techniques

as soon as possible after experimental bcam is available.

V1. RELATED LAMPF PROPOSALS
Experiments #83 and #7196 also involve evaluating visualization methods
with MWPC's. However, neither experiment involves the use of collimators

or honeycomb converters which have proved to be very effective in other

applications.
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