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INTRODUCTION 

Preliminary publications (1,2,3) have described the principle and 
first results of Nuclear Scattering Radiography (NSR) as a method provi
ding three dimer.sional information on the density distribution of matter 
in some structures : phantoms and spinal cord. 

We will report on a further step achieved by applying the method to 
a human head conserved in formol. 

Principle of the method and experimental set-up 

A beams of protons of I GeV, from CERN Protonsynchrotron, of 20 cm 
diameter, impinges on a human head, placed on a low density styrofoam 
support. 

The position of each incident proton is" measured by 2 proportional 
wire chambers with a 1.27 mm wire spacing (Fig.I). 

Most of the protons traverse the head with a smaller angular deflec
tion due to coulomb scatteting (a few tenth of a degree), and with an 
energy loss of about 2 MeV per cm. A small fraction of these protons, less 
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than 10 Z, experiences a nuclear scattering on the nucléons : bound neu
trons and protons, and free protons- from water and the various organic 
matter. Two large wire chambers of surface 1 m 2, with 2 mm wire spacing, 
determine the coordinates of the outgoing charged particles. The last 
chamber is at 65 cm from the centre of the target and can detect parti
cles scattered up to an angle of 40*. Some fast scintillation counters 
serve as triggers to reject particles scattered by less than 15*. The ra
diography relies on two types of events : 

1. One charged particle only is emerging from the target. The reconstruc
tion of the tiajector'ng of the incident and outgoing proton gives the 
three dimensional position of the interaction vertex. We call these 
"simple" events. They represent 6 Z of the incoming beam intensity. 

2. Two charged particles are emerging from the target. This corresponds 
to a scattering with enough momentum communicated to the bound or free 
proton to eject it from the target and bring it to the chambers. 

One important feature of the method is that scattering on free pro
tons can easily be recognized by very strict kinematical criteria : the 
in-going and out-going protons are in a same plane and the angles 8j and 
8 2, of the two outgoing protons with the incoming direction obey the an
gular relation tgOj.tgS. nearly a constant. We will call these events 
obeying these criteria "hydrogen events". They represent, in our geome
try 1/20 of the preceding events. They could under ideal conditions re
present 1/6 of the events. 

He had to adapt the intensity of the incoming beam to the data rate 
capability of our system which permitted only to acquire 1500 good events 
per machine burst. It took us several days to obtain data corresponding 
to an irradiation of 0.3 rad. 

We considered these results, which we partly present to this meeting, 
as encouraging enough to build a new detector system which should permit 
us, by the end of this year, to acquire in 20 minutes a radiography of a 
substantical fraction of a head with the maximum tolerable irradiation of 
2 rad. 

Data Treatment 

The four informations X, Y, Z, tg6j.tg62 are written on tape in a 
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time of 260 usee for a single event and 970 ysec for an hydrogen event. 
The events are stored in a matrix made of 96 layers of 124 * 124 cells of 
1.4 mm in X and Y, 2.8 mm in Z, i.e 1.5 x 10' cells of an elementary vo
lume of 5.5 ran3. The first treatment applied to the raw data corrects 
for the beam inhomogeneity, the beam attenuation and the variation in 
the acceptance solid angles. This is done simply by fitting second degree 
functions to the event rate in soft tissue cells of 8.4 mm side. The ma
ximum correction is 20 Z with a maximum r.m.s. deviation of 4 Z between 
the functions and the real values. 

The second treatment consists in a two-dimensional smoothing of the 
raw data. After these treatments the density variation of the soft tis
sues is at most 5.5 Z while the statistical variation is 2.5 Z. 

The total number of events is 130 x I0C, i.e. about 20 per mm3. Fig. 
2a shows the density distribution in three slices XY, of 11.2 mm thick
ness to be compared with the scanner images b, at about the same depth. 

They show clearly correlated density variations. Same statistically 
significant density variations in NSR are not visible on the scanner. At 
this stage, their meaning cannot be interpreted. 

The rather unique three dimensional quality of the method is illus
trated by the density distributions in frontal (XZ) and sagittal (YZ) 
slices. Fig. 3 illustrates its capability to display the distribution in 
any chosen direction. 

Fig. 4a shows the density distribution of hydrogen events together 
with the "single event" distribution in the same slice. The binning of 
the hydrogen event is different to accommodate a smaller number of events. 
However, a good correspondence between the two views is visible. The bone 
appears as an hypodensity of 15 Z instead of being an hyperdensity of 
20 Z. 

In a more quantitative way Fig. 4b shows the density distribution in 
the distribution of single and hydrogen events. We observe that the in
homogeneity of the hydrogen content seems 3 times larger. 

The contrast in the brain hypodensity varies from 6 Z for the simple 
events to 17 % for the hydrogen events. This is a promising feature. 



Conclusion 

Some more work has still to be.done to attain the best images from 
this preliminary data. It is clear.however, that some unique features of 
the method like its full three dimensionality and its selective sensiti
vity to hydrogen can be exploited. The new equipment in preparation should 
permit soon a realistic comparison with the best X-ray imaging methods. 
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Figure Captions • 

Fig. I - Principle and experimental method. Protons of I GeV impinge on 
a target where they can be scattered by quasi-elastic scatte
ring on the nucléons. One or two protons emerge from the tar
get. Proportional chambers CHj CH2 CH, CH^ measure the coordi
nates of every proton and allow tb- comp.'Nation of the interaction 
point coordinates X, Y, Z. The density distribution of the ver
tices reflects the density of matter. The scintillation coun
ters SC are used for a fast triggering selecting scattering 
angles between IS* and 40*. 

Fig. 2 - Distribution in transverse slices, a) Display of the vertex 
density in 3 slices of 11.2 mm thickness. Pixel of 1.4 mm * 
1.4 mm. Volume element 22 mm3. Dose 0.3 rad. Level of 400. Steps 
of 16 ; b) X-ray scans at about the same depth. 

Fig. 3 - Illustration of the three dimensional quality of the me thed. 
a) Sagittal slice ZY. Pixel of 1.4 mm x 2.8 mm. Thickness 1.4 mm. 
Vel 5.5 mm3 ; b) frontal slice ZX. Pixel of 1.4 mm * 2.8 mm. 
Thickness 1.4 mm. Vel 5.5 mm3. 

Fig. 4 - "Simple" and "hydrogen" events, a) Density distribution of 
"simple" events in the brain with the corresponding density dis
tribution on horizontal lines ; b) Same distributions of hydro
gen events. The bone appears as an hypodensity and the contrast 
is three times bigger. 
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