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Using a position sensitive photomultiplier we have realized and tested 

a protatype of high, resolution scintillation hodoscope. A space resolution 

of 'v 1 mm (îTîHM) has been obtained by a.single block of NE1Û2A scintillator, 

10 mm thicis., with 10 GeV/c ir particles. An off-line analysis based on the 

moment method has confirmed the fact that suitable cuts in the second-order 

moments provides a powerful criterion for improving the image quality. 
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I. 

INTRODUCTION. 
Since the advent of the new type of position sensitive photomultiplier 

in 1979 , a number of tests on the prototypes have been performed in our 
laboratory, and have revealed its excellent characteristics, not only in the 
position-sensitive features, but also in the basic performances such as gain, 
time response, noise level and so on 

As an example of practical uses of this new device, we have built a pro
totype of scintillation hodoscope for detecting the position of high energy 
particles with a space resolution better than 1 mm in both directions. 

This paper describes some aspects of such a new type of hodoscope and 

the experimental results obtained with a 10 GeV/c ir beam from the CERK PS. 

I. TYPICAL FEATURES OF THE H0P0SC0PE. 
The Fig.I shows schematics]ly the structure of the prototype. A single 

block of scintillator NE102A is employed for a two-dimensional sur ŷ in contrast 
to a classical one-dimensional hodoscope made of an array of scintillator 
strips ; the image of the scintillation is focused onto the photocathode of 
the position sensitive photomultiplier through a simple optical syst-^a consis
ting of a flat mirror and a large apperture Fresnel lens. The seconda-y elec
trons, inside the tube, are laterally localized by an axial magnetic - 2ld. The 
flux, after multiplication by a series of specially designed dynodes ' is 
collected by an array of 4 x 4 anode cells. For each event, the pulse heights 
of the anode cells are registered in ADCs. 

The whole analysis was performed by using the so-called moment method. 
Denoting the number of the anode cells by i = 1 to 4 in X, and j = 1 to 4 
in Y direction, the moments are defined by : 

M 0 = Z Aij, 
ij 

M ] X
 = 5 L i Aij, M | Y = L j Aij, 

ij ij 
•— 2 \T" -2 

M2X = X-- * A l J ' M2Y ~ ̂ — J A i j ' ij' ij 

where Aij are the signal amplitudes from anode cells (i,j). The reconstructed 
coordinates of the events are then given by the zero - and the 1st - order 
moments, 

X/A = M i x / M Q , Y/A = M 1 Y / A , 

where A is the size of the anode cells. 



On the other hand, the second-order moments provide an estimate on the 

lateral spreads of secondary electrons at the level of the anode by : 

h Z M 2 X M i x 2 

2) 3) As shovn in our previous papers , the space resolution proper to the 

phocomultiplier can be expressed empirically by 

AX Q (FWHM) - — - , 

the anode cells, 4 to 6 mm (FWHM), and N the number of photoelectrons . Taking 

into account the finite spot size of the scintillation image due to optical 

aberrations the final resolution of the hodoscope can be given by : 

AJE (FWHM) = — with w„ - Vw2. + w 2 , 
t JÛ t 0 s 

where w denotes the spot size (FWHM). From this relation one can guess 

easily that the optical system should be designed by making a compromise 

between the luminosity (proportional to N) and the angular aberration, which 

is mainly responsible to the spot size in such a large apperture opcical system. 

After a preliminary study on an optical system consisting of spherical mirrors, 

we have finally adopted a commercial double-layer Fresnel lens 270 mm in dia, 

and 125 mm in focal length. 

Another interesting feature of the hodoscope, compared to a classical one, 

is the possibility of zooming up (or down) the effective field by adjusting 

the magnification factor of the optical system without any important change 

in the mechanical parts. 

•For example, in order to obtain a space resolution of ^ 1 mm for a point like 
image on the photocathode, one needs <v 30 photoelectrons, requiring a very high 
luminosity of the associated optical system. 



Multiplicity events can be reconstructed, in principle, by means of the 

second-order moments as far as the distance between the impact points is greater 
2 

than v . However, for the reason of a small sensitive area (9 * 9 ram ) of the 

tube used for the present test, we have rejected these events by means of 

suitable cuts on the lateral spread 

Note that this quantity is directly related to w , when the A., ampli-

tudes follow a Gaussianlike distribution. 

II, TEST AND RESULTS. 

In order to minimize the effect of the beam divergence on the image quality 

a definition counter T. was raonted closely to the hodoscope scintillator as 

illustrated in the Fig.1, 

The trigger is defined by : 

Trigger = Tj.CSA^).^ , 

with a suitable threshold on the sum of all the anode cells, £A^. . The Fig.3 

presents a typical energy spectrum obtained with a hodoscope scintillator 

NE102A, 10 mm thick, for 10 GeV/c ir~ beam. The threshold V has been chosen 

low enough tc accept ^ 99 % of the passing-through particles. 

Scintillation images thus obtained, for defining scintillators of diffe

rent shapes, are shown in the Figs. 4 to 7. 

Tor example, the Figs.4-b and 5-b present images of two scintillator strips 

0.5 mm wide aligned with a gap of 4 mm. 

The distribution of events in Y (Fig.4-c) and in X (Fig.5-c) show a FWHM 

of ^ 1.I mm in both directions. Subtracting the scintillator width by means of 

an unfolding calculation this corresponds to a space resolution of 

AX = AY = 1 ram (FWHM). 

The excellent quality of these images has been achieved mainly by putting 

suitable cuts in the second-order moment E. . The Fig.8 presents a typical 

example of the Z„ distributions corresponding to the scintillation image 

shown in the Fig.4. The tail in high E„-region can be interpreted by multi

plicity events giving simultaneously more than 2-hits in the sensitive area. 

On the other hand, the lower tail seems to be an edge-effect due to the spread 

of secondary electrons w which is not négligeable compared to the size of 

the sensitive area. Another source of backgrounc is a contamination from 



unsuccessfully registered events due to an intermittent trouble of the ADC 

system which has been found out posteriorly. In spite of this accidental 

contamination, the narrow distribution of che good evencs in 

2 2(AZ 2 = 10 % (FWHM) of ÊT) allowed us to reject clearly the background 

without a significant loss of events. The Fig.9 demonstrates a greac improve

ment of the image quality by such cuts rejecting ^ 25 Z of Che total events, 

corresponding to a loss of good events less than 5 %, assuming a Gaussianlike 

distribution for these events. 

III. DISCUSSIONS. 

From the present results a precise estimation of the imaging efficiency 

of che hodoscope (for single-particle events) is not straightforward due to 

the ambiguities on the backgrounds described above. However, a rough estimate 

can be given from the trigger effeciency which is close Co 99 Z thanks to the 

clear separation of the signals from the low energy backgrounds. 

An important improvement in the luminosity has recently been achieved by 

a sCudy on a new optical system comprising high precision plastic lenses, and 

on Che surface condition of the scintillator. A total gain of a facCor ^ 4 cones 

from a larger angular acceptance of the new optics (a gain of ^ 2), and a 

sanding of the output surface of the scintillator giving further a factor of 
4) 

^ 2. Note that the latcer effecC has been reporced also by several authors 

in connection with special scintillation counters. This important gain will 

largely improve, not only the imaging efficiency, but also the space resolution 

for example, for the same scintillator thickness, this will improve che reso

lution by a factor i* 2, or, for che same resolution this will allow to reduce 

the scintillator thickness down to 2.5 mm instead of 10 mm, standard thickness 

adopted for the present tesc. 

Concerning che associated eleccronics, ic is worthwhile to mention that a 

fast analog processor giving the 2ero* 1 st and 2 nd order moments in real 

time is actually under study . These quantities can Chen he 

created by a microprocessor through a flash ADC system with only 5 chainels, or 

by a log-antilog amplifiers giving directly the position and the second-order 

moments in a time interval less than ^ 100 ns. 

The treacment of events in such an analog or semi-analog mode would be an 

interesting solution for the reason of its fast and economical features, unless 

one needs the treatmenC of multiplicity events. 



CONCLUSION. 

Compared to other types of detectors such as gaseous or solid state ones, 

our device can be characterized by the following merits : 

- technical simplicity, thanks to the simple mechanical structure and the 
conventional well-established photomultiplier technique, 

- high time-resolution due to the proper merit of the photomultiplier, 

- simplicity of the readout system, thanks to the moment method (for example, 
only 16 readouts for up to ^ 900 pixels depending on the luminosity), and 

- versatility of the survey field by means of a simple optical zooming. 

With the aid of a fast analog processor actually under development, we 
are expecting to realize a dependable and compact scintillation hodoscope, at 
a low cost, which will be useful in a wide range of particles and nuclear 
physics. 
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FIGURE CAPTIONS. 

Fig.1 T Schematical view of the hodoscope using a position sensitive 

photomultiplier. 

Fig.2 : Vertical view of set-up. 

Fig.3 : Typical energy spectrum ZA.. obtained with NE1Û2A 10 mm thick 

for 10 GeV/c pions. 

Fig.4 : Scintillation image obtained with two horizontal defining scintillator 

strips : 

a) geometric configuration of defining scintillators, 

b) scintillation image, 

c) projection of events on Y direction. 

Fig.5 : Scintillation image obtained with two vertical defining scintillator 

strips : 

a) geometric configuration of defining scintillators, 

b) scintillation image, 

c) projection of events on X direction. 

Fig.6 : Scintillation image obtained with two cylindrical defining scintilla

tors : 

a) geometric configuration of defining scintillators, 

b) scintillation image. 

Fig,7 : Images obtained with defining scintillators in shape of letters. 

Fig.8 : Distribution of events in second-order moment Z„ ; the dotted 

curve presents a contribution of good events assuming a Gaussianlike 

distribution. Arrows indicate the cut positions for rejecting back

grounds. 

Fig.9 : Effect of cuts in 2 : 

a) image before cuts, 

b) image after cuts. 
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