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TECHNIQUES FOR VISUALIZING PION TREATMENT PORTS AT LAMPF •

by

J. E. Barnes and R. L. Hutson

ABSTRACT

One can determine useful information about the size and stopping distribu-
tion of a therapeutic negative pion beam within a patient if one measures the
spatial distribution of the beam in a plane above the patient and at right an-
gles to the beam axis and combines the results of this measurement with pre-
viously measured divergence properties of the beam. This paper proposes a
film technique for performing this determination.

I. INTRODUCTION

Pion irradiations of patients with cancer will

require special techniques for visualizing the

boundaries of the tissue volume treated. A perma-

nent record of the treatment should be made so that

tissue reactions can be correlated with dose deliv-

ered. In conventional therapy this is done with a

treatment portal film, a "fast" (sensitive) film ax-

posed to the exiting photons. The film is usually

exposed twice, once with the collimator set to the

field size to be treated and once with the colli-

mator opened. This gives a record of the field to

be treated superimposed on the surrounding bony ana-

tomical features. Another film that can be made is

a treatment verification film. This is a very slow

film exposed for the entire time of the actual treat-

ment to make a permanent record of what was treated.
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With pions there is no exiting beam (except for

contaminants) to record on film. This paper des-

cribes a method to record the anatomy of the patient

in a way that can be correlated with an image of the

pions recorded on film at the entrance portal.

II. CHARACTERISTICS OF THE PION BEAM AT LAMPF

A vertical, almost monoenergetic pion beam will

be used for radiotherapy treatments at LAMPF. The

LAMPF biomedical channel consists of magnets which

will be used to focus the pions at a specific depth

within the volume to be treated. A plane located at

this depth and perpendicular to the beam will be re-

ferred to as the focal plane. The momentum of the

pions transported through the channel will be selec-

ted so that the pions stop within the volume to be

treated. The stopping region within the patient will

approximate a horizontally oriented cylindrical re-

gion at or near the focal plane. The depth of the

stopping region will be controlled with a variable-

thickness energy degrader, the motion of which will

rapidly move this stopping region vertically within

the patient. Simultaneously, the patient will be

moved slowly in a horizontal plane to distribute the

stopping pions throughout the treatment volume. The

treatment procedure can be considered as "fan beam"

scanning. Figure 1 illustrates schematically the
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orientation of the patient with respect to the beam.

Rogers has described the vertical scan velocity

distributions required to obtain a uniform depth-

dose distribution with these scanning motions.

Figure 2 defines a Cartesian coordinate system

for the cylindrically shaped pion stopping region.

The X coordinate is in the direction of the length

of the cylinder. This length can be as great as 15

cm. The near-Gaussian dose distribution in the Z

direction typically has its root-mean square (rms)

value at a radius of 0.5 to 1.0 cm. The vertical

scan of the cylinder in the Z direction can extend

to a maximum depth of 25 to 30 cm in soft tissue.

Figure 3 illustrates the angular convergence of

pions in the Y-Z plane. The rms value for the Y

distribution typically occurs at a radius of 1.0 to

X.S cm. The difference in rms values for the Y and

Z dimensions actually causes the stopping region to

have the shape of an elliptical cylinder. For a

typical tuning of the LAMPF biomedical channel, the

pions will have an approximately Gaussian angular

distribution. The rms angle of the tuning considered

here is 113-m radians (6.5°).

Figure 4 illustrates schematically the adjacent

cross sections of the stopping regions as they cross

the focal plane during successive vertical scans.

The horizontal scan of the patient is equivalent to

a movement of the cylinder in the Y direction.

The angular distribution of pions in the X-Z

plane will be dependent on the channel tuning. Those

pions which form the edges of the beam in the X-Z

plane may be diverging, converging, or nearly paral-

lel, depending on the tuning. Various tradeoffs of

intensity, uniformity, and sharpness result from

these various tunings; and an optimum configuration

will be selected, based on physical measurements.
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Fig. 2. Coordinate system for cylindrical pion
stopping region.
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Fig. 3. Schematic representation of a cross section
of the pion beam in the Y-Z plane. Four
representative rays are shown along with
their extrapolation beyond the point where
the pions stop.
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Fig. 1. Pion irradiation of patients at LAMPF
biomedical facility.
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Fig. 4. Overlapping of cylindrical pion stopping
regions at the focal plane.

III. IMAGING THE PION BEAM

Since the pions stop within the patient, it

will be necessary to obtain an image of the beam

above the patient (Fig. 4). If an x-ray tube were

placed below the patient, an image of the anatomy

could also be recorded on a film placed above the

patient. If the two images thus obtained had equal

magnifications, they could be superimposed to provide

the desired correlation between beam location and

anatomy.

The pion distribution is approximately Gaussian

in the Y dimension as the beam converges at the focus.

In the focal plane, and in all horizontal planes

within that treatment volume, the cylindrical stop-

ping regions will be overlapped in adjacent vertical

scans so that the Gaussian distributions combine to

produce a relatively uniform dose distribution. If

the separation, S, of individual components is l.S

times the rms value of a component, the ripple in

the resultant composite distribution is less than

± 5 percent. The distribution of pions in planes

above and below the focal plane will also be Gaussian,

but because of convergence above and divergence below

the focal plane, the Y distribution of each component

beam will have a larger rms value in these planes.

This will result in a greater overlap of the Gaussian

distributions in planes above and below the focal

plane and will result in a broader edge to the beam.

At the edge of a beam formed by overlapping Gaussian

components, the distance from the 90 percent to the

10 percent level will be approximately 2.5 times the

rms values of an individual component.

Figure 5 shows the Gaussian distributions at the

focal plane for adjacent vertical scans of pions and

the resulting dose profile. The distributions are

also shown in a plane above the patient. The sum of

these overlapping distributions wi3l produce an op-

tical density on a film placed in this plane above

the patient corresponding to the line shown in Fig.

5 referred to as the composite pion distribution.

The composite pion distributions will have dissimilar

shapes at the focal plane and the film plane; how-

ever, the « 60% levels of both profiles are aligned

vertically. The film image of the dose falloff near

the edge of the beam is broader than the actual fall-

off at the focal plane. However, the film image of

the anatomy in a posterior-anterior radiograph will

be magnified. It is desirable to choose an optical

density level in the pion beam film image such that

the relationship between that level and the image of

the anatomical structures is the same as the rela-

tionship between the "edge" (e.g., 50% isodose level)

of the pion beam at the focal plane and the anatomy.

The essential information to be obtained from

this film technique is the relative positions of the

beam edge and the anatomical structures at any depth

of interest. Knowledge of the geometry of the x-ray

source-patient-film configuration enables one to de-

termine the position of an anatomical structure rela-

tive to the irradiated volume if the depth of that

structure in the body is known.

In the X-Z plane, the pions forming the edge of

the beam may be converging, diverging, or parallel

near the ends of the cylinder depending on the tuning

of the channel. The width of the image of the beam

recorded on a film above the patient will be depend-

ent on this tuning. An equally magnified radiograph

of the anatomy in the X dimension can be made if the

pions are converging. In this case the x-ray focal

spot should be located at a distance from the pion

focal plane within the patient such that the diver-

gence angle of the x rays imaging that plane is equal

to the convergence angle of the pions at the edges

of the beam in the X-Z plane. If the pions are paral-

lel, anatomy and beam images with approximately equal

magnification will result if the x-ray tube is placed

as far away from the patient as possible and the

film as close to the patient as possible. If the

pions are diverging, comparable images of the pions

and the anatomy can be produced only if the radio-

graph is taken in an anterior-posterior direction.



Single scan
distribution

I cm

Pions

4 4 4 4 4 4 Composite
distribution

Patient
contour

Fig. 5. Pion composite distributions at the focal
and film planes from a converging pion beam
scanned vertically and horizontally during
irradiation.

IV. VOLUME CONSIDERATIONS

Thus far, portal films representing only a

single horizontal plane through the treatment vol-

ume have been considered. However, in the patient

the beam will be scanned vertically by means of a

variable-thickness energy dsgradcr placed above the

patient while the focal plane of the beam is fixed

at a given depth in the volume to be treated. Vary-

ing the thickness of the energy degrader results in

a displacement of the stopping region of each pion

along its path. The energy degrader will cause some

scattering of the pions, but will not change the con-

vergence angle significantly. Therefore, the image

of the beam edges recorded on film will not change

position significantly during a scan in depth. The

cylindrical stopping region, however, will have a

wider Y distribution when the pions are stopped

either above or below the focal plane than when stop-

ped in the focal plane. If the focal plane is placed

at the proximal or distal margins of the volume to be

treated and the collimators are not moved during the

treatment, a tapered treatment volume will be formed.

If the focus is placed at mid-depth, a dual-tapered

treatment volume will result. These volumes are

illustrated in Fig. 6. (The shape of the sides of

the dual-tapered treatment volume will be very simi-

lar to that obtained from two parallel opposed diver-

ging photon beams, like those used for conventional

radiation treatments.) In most cases, however, a

' treatment volume with more complex boundaries than

those illustrated in Fig. 6 will be desired. This

will be accoigplished by varying the position of the

beam collimators during the vertical scan. As the

cylinder is moved either above or below the focal

plane, a collimator will be moved into the edge of

the beam to prevent irradiation outside the desired

treatment volume. This will vary the position where

the edge of the beam strikes the film and produce

an unshaxp image of the beam edge on the film. The

greatest width in the image, however, will coincide

with the widest bean longitudinal scan.

V. DISCUSSION

The technique just described can be used for

making "port" films on patients to be treated with

pions at LAMPF. The beam flux can be reduced to pro-

duce an image, on a fast film placed above the pa-

tient, of the pion beam as it is planned for treat-

ment. OR the same film a aagnified image of the

anatomy will be made by .exposure of the patient to

an x-ray beam from below the treatment couch.
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Fig. 6. Effect of placing pion focal plane at distal
nargin of treatment volune or at aid-depth.



A record of the actual pion treatment can also

be made if two films are used. One, a fast film to

record the anatomy prior to treatment, and the other

a very slow film to record the pion beam during

treatment. These two films are then superimposed

with the aid of alignment marks to show the port

treated. This type of record will be an important

aid in the analysis of the biological responses ob-

served in the patient. It will also be extremely

valuable if the treatment is interrupted for any

reason before the scan is completed. It will give a

basis for prescribing a supplementary field for sub-

sequent treatment.

The technique described above for making films

of pion treatment ports would complement the tech-

niques that have been proposed for visualization of

the stopping region in depth within the patient
2

during treatment. Dean and co-workers have proposed
the use of an Anger camera to look at the mesic x

rays or high-energy gamma ray,s emitted as the pions

are captured. Sperinde et_ al_. advocate the use of

multiwire proportional counters for this purpose.
A

Taylor ejt aK have proposed detection of residual

positron emitters for defining the pion stopping re-

gion. These techniques also face the problem of

correlating the observed stopping region with the

patient's anatomy. Portal films together with the

image of the stopping region in depth provide infor-

mation about all three dimensions of the pion treat-

ment volume. This information will give the radia-

tion oncologist valuable assurance that the appro-

priate volume of tumor-bearing tissue is being

treated.
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