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HEAVY-ION-BEAM STUDIES AND IMAGING 
WITH A MULTIPLANE MULTIWIRE PROPORTIONAL CHAMBER* 

W. T. Chu, J . R. Alonfo , and C A. Tobias 
Lawrence Berke ley Labora tory 

U n i v e r s i t y of C a l i f o r n i a , Be rke l ey , CA 94720 

A b s t r a c t 

A 16-plane multiwire proportional chamber is used 
to accurately measure intensity profiles of heavy ion 
beams at the Bevalac. An imaging capability has now 
been developed for the system, allowing for 
reconstruction of 3-dimensional representation of 
radiological objects using heavy ion beams. 

Introduction 

MEDUSA (MEdical Dose Uniformity SAmpler), a 
16-plane multiwire proportional chamber has been 
constructed and used at the Biomedical beam area of 
Che Bevalacl. The 16 chamber planes, each of which 
has 64 parallel wires placed 4 mm apart, are stacked 
with their wire directions staggered in such a way 
that they cover the lbO degree space (Figure 1). 
When ionizing radiation passes through the chamber, 
the resulting ionization electrons are collected in 
each signal wire and stored in the integrating 
capacitor connected to the wire. The voltage on the 
capacitor is therefore proportional to the beam 
intensity over the area of a strip which is centered 
on the particular wire and extends midway toward the 
adjacent two wires. 

The data collected on the 64 wires of a plane are 
the line integrals along the yires of the beam 
intensity. In other words, the data represent the 
one-dimensional projection of the 2-dimensional beam 
intensity profile along the Hfrection of the wires of 
the particular plsuc. Based on the 16 projections, 
each at a different angle, the beam intensity profile 
can be readily reconstructed. At the end of each 
data collecting cycle, usually one or a few Bevalac 
pulses, the capac itor voltages are sequentially 
sampled, digitized, and stored in a buffer memory 
under the control of an LS1-11 microprocessor. Upon 
command, the data in the buffer are serially 
transmitted to the host computer, a PDP U/J4 
computer. The 1024 uata points <16 planes of b4 
wires) are used to reconstruct the beam profile, 
usually in a 64 x 64 array with 4 mm pixel size. The 
software developed for the reconstruction is based on 
the technique of rack-projection with Fourier 
convolution-. The reconstructed image is color 
coded according to the intensities and displayed on a 
RAMTEK system which has a 512 x 512 pixel matrix with 
each pixel of 12-bit refreshable memory. 

Beam Profile Studies 

Uniform dose distributions of heavy ions in large 
volumes are required for the radiotherapy and 
radiobiology programs at the BevalacJ. For 
example, radiotherapy often requires a unifomity of 
doses with fluctuations less than a few percent over 
a 20 cm aiameter field size. This lateral uniformity 
tnust persist over the full thickness of the treatment 
volume, which often spans 12 cm or more. Therefore 
accelerated heavy ion beam must be spread out 
both in its particle ranges as well as in lateral 

*Th.is work was supported by the Assistant Secretary 
for Health and Environmental Research Division of the 
U,S, JJepaTttnent -of Energy under Contract 
No. W-f«tOS-ENi:-AS and by the National Institute of 
Health Grant CA151S4. 
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Some examples ol the heavy- ion beam p r o f i l e s a r e 
shown i n F igure 2. The beam used i o r t h e s e examples 
in neon-20 with a k i n e t i c energy of b7U MeV/amu. 
F igure 2a shows a wide and uniform beam gene ra t ed 
ising 1.11 cm ot lead f i r s t s c a t t e r e r , t he s p i r a l 

r i d g e 1 i l t e r tor a lu cm spread Bragg peak, and an 
occ l iding r i n g and pos t sys tem. The s p i r a l r i d g e 
f i l t e r and the copper p l a t e th^ t In.Ids the occ lud ing 
r i n g se rve as tlie second s c a t t e r e r . The beam, 
measured at tlie midpoint of the spread Bragg peak, i s 
20 cm in d i a m e t c - and i t s un i fo rmi ty i s w i t h i n +2X. 
The beam p r o f i l e d e p i c t e d m F igu re 2b shows ai: 
overcompensated beam. The o c c l u d i n g r i n g and the 
post were too l a r ^ e , so t h a t t h e i r "shadow" i s not 
smoothed out by the m u l t i p l e s c a t t e r i n g . I n c r e a s i n g 
the t h i c k n e s s of the second s c a t t e r e r and d e c r e a s i n g 
the s i z e s of t h e occ lud ing r i n £ and pos t may produce 
core uniform dose d i s t r i b u t i o n . An example of an 
a c t u a l t h e r a p y beam snape* by an i r r e g u l a r l y shaped 
c o l l i m a t o r t o conform t o t he shape *t t he t r ea tmen t 
vc'.uisi i s shown in F igure 2c . The range of the beam 
i s jdiub.**d t o a l i g n t he d i s t a l peak wi th t he d i s t a l 
edge- of t h t t r e a t m e n t volume by va ry ing the t h i c k n e s s 
oi a water a b s o r b e r in t he bean l i n e . F i n a l l y t he 
beam goes through the i r r e g u l a r c o l l i m a t o r , which in 
t h i s case i s ^Jlaced in f ron t o£ M1U3SA l o c a t e d at t h e 
beam-del iverv o o c e n t e r . 
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Figure 2a. The intensity profile of 
a 670 MeV/amu neon-20 beam. 

Figure 2b. An overcompensated beam. Figure 2c. An example of the 
radiotherapy beam shaped 
by an irregular collimator. 

MEDUSA is used in the Biomedical facility of the 
Bevalac for routine beam profile measurements and for 
new beam developuent. It produces satisfactory 
images of beam profiles using one Bevalac beam 
pulse. In practice, however, three or more beam 
pulses with reduced intensities are used to average 
out the excursion of Ihe beam from pulse to pulse. 

Imaging With MLUUSA 

MEDUSA was constructed primarily tor measuring 
the intensity profiles of heavy-ion beams. As seen 
above, it perfurms these functions quite we 11, 
providing good images where spat ia 1 intensity 
variations are slow. However, the sharpness of the 
edges of the co 11 imated-beaiti image (Figure 2c) 
indicates that this chamber might also be «pplied tor 
the imaging of complex ubjecLs. Tests to be 
described below have borne this out. 

By adjusting the thickness ol an absorber, the 
unmodified Bragg peak can be placed slightly 
downstream of MEDUSA. When a wide, flat beam is sent 
into the device, it wilL reconstruct a wide, flat 
beam profile. If an object is introduced in the h.-ain 
upstream of tne chamber, the part of the beam 
impinging on the object will stop within the object 
and fail to go through the chamber, thus casting a 
"shadow" ot the object. The images of such shadows 
are readily reconstructed. Figure 3 is an image of 
two laboratory tools reconstructed in MEDUSA using a 
t>70 MrV/amu neon-20 beam (range in water is about 
32 cm). The image is reconstructed in 3&4 x J8A 
pixels, or t> pixels per 4 mm wire spacing. In the 
reconstructed image of an ea^e, the transition from 
10* to SO* of pixel values from background to fu!l 
"shadow" takes about 2 cm. A straight edge is 
reconstructed to an accuracy of about 1.4 mm, which 
is about one-third the wire spacing. 

Figure 3. A projection 
radiograph of laboratory 
tools produced by MtDUSA 
using t>70 MeV/amu neon--0 

Heterogeneous 3-cl j mens ional objects can be imaged 
using MEDUSA in the following way. li a heavy ion 
beam with a modified Hragg peak (spread by a spiral 
ridge filter, for example) is transmitted through a 
radiological object, only the particles in the 
port ion of the peak that have excess energy a fter 
passing through the object will enter the chamber. 
If modified Bragg peak is shaped in such a way that 
the dose is a function of the position in the spread 
peak, then the measured d.jse downstream of an object 
in the beam can be translated into the i ntegra ted 
stopping power of the object along the path of the 
beam (Figure 4). In other words, the reconstructed 
image of a 3-dimensiona1 object using a heavy ion 
beam with a suitable modified Bragg peak is n 
2-d intensions L projection radiograph of the object, 
each pixel of which gives the integrated election 
density seen by the beam particles arriving at this 
pixel's coord inates. 

tIKE II 1*111 » • ! 

Figure U. The r e l a t i o n s h i p of i n t e g r a t e d eL^ctron 
d e n s i t i e s seen *>>• the heavy ions and the dose on 
the spread Brag}', peal- in imaging oy MEDUSA. 

The s imple phantom shown in F i g u r e 5a r e p r e s e n t s 
the human body ( l u c i t e , d e n s i t y = 1) with lungs l a i r 
space c u t out in t h e i u c i t e ) , and a s p i n a l column 
( t e f l o n , d e n s i t y = 1".2). Imaging exper iments were 
per£or*iec wi th t he > tandard neon rad i o therapy beam 
us ing a 12 cm spread Bra^g peak. The phantom was 
r o t a t e d by an »qual angu la r increment between 
exposures and lb pro j e t t ions d i s t r i b u t e d uni t'ormly 
over iHV d e c r e e s were o b t a i n e d . The r e c o n s t r u c t e d 
image ol t he p r o j e c t i o n a t one of t he a n g l e s i s shown 
i n Figure 5b- Based on t he se lt> p r o j e c t i o n s , a 
3-diraemsaonal r e c o n s t r u c t i o n of t he phantom i s 
c a r r i e d o u t . Figure fca shows a x i a l tomographic 
s l i c e s o l t he phar.tow. The r e c o n s t r u c t e d 
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F i g u r e 5a . A l u c i t e phantom 
wi th two a i r spaces and a 
t e f l o n r o d . 

F igure 5b. An image 
of t he phantom made 
i n MEDUSA u s i n g 
a Bragg peak. 
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Figure 6a. Reconstructed tomographic sections of the 
phantom. 
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Figure 6b. Reconstruction of the phantom in coronal 
planes. 

slices of the phantom in coronal planes are shown in 
Figure 6b. An attempt to reconstruct a 3-dimsnsional 
representation ot the phantom is shown in Figure 6c, 
which show the teflon column and the two air spaces 
in the lucite. In these tests, the radiation dose 
required to produce the 3-dimensiona I reconstruction 
using 16 projections is estimated to have been about 
2 rad. 

These preliminary tests oi imaging by MEDUSA were 
performed using a ridge filter designed for 
radiotherapy applications. "Hie dose differential 
obtained using this filter over Uw spread Bragg peak 
is less than 40i of the dose at the proximal peak 
(.Figure 4). Since the detection oi the integrated 
electron density depends on the transmitted dose, the 
larger is the dose differential the better is the 
density resolution of the image. A filter vjth -more 
suitable Bragg peak spreading for MtDUSA imaging is. 
being developed. The sensitive area oi Mfc.lW.1iA is a 
circle o*" a radios of iS.ti cm, which is loo small for 
Tnost human patients- A larger chamber, and probably 
with finer vire spacungs than tfce current -i mm, Ttiay 

Figure 6c. A 3-dimensional representatin of the air 
spaces and the teflon rod of the phantom produced 
by MEDUSA. 

be useful for clinical applications. It will provide 
a 3-dimensional assessment of the patient anatomy 
with respect to the treatment beam when the patient 
is in the treatment position immediately before the 
treatment. Such information will be very valuable 
for therapy planning, verification of the plan, 
patient positioning, and the localization of the 
treatment volume. 

Conclusions 

MEDUSA has proven to be a highLy u s e f u l t o o l for 
heavy- ion beam tun ing and v e r i f i c a t i o n . I t s a b i l i t y 
t o image 3-d imens iona l o b j e c t s i s i n v e s t i g a t e d for 
use i n v e r i f i c a t i o n o i r a d i o t h e r a p y p a t i e n t s e t u p s 
and thevapy p l a n n i n g s . Such a system w i l l make i t 
p o s s i b l e t o a s s e s s t he p a t i e n t anatomy in r e l a t i o n t o 
heavy ion beams with the p a t i e n t in the t r ea tmen t 
p o s i t i o n a t t he time of t r e a t m e n t . 
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