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Summary

We have studied the properties of a tracking detector com-
posed of 3'J fiber scintillutors coupled to H multianode photo-
multiplier placed in a pion beam at TRIUMF. We measured
the efficiency of the detector, as well as its tracking capabilities
and double hit resolution.

Introduction

Fiber scintillators and their use as f osition sensitive de-
tectors have been developed a long time ago.1 For many years
this pioneering work remained almost unused due to the lack
of good photodetectors with spatial information. With the ad-
vent and improvement of sensitive image intensifies, there was
a corresponding renewed interest2 in scintillating fibers. For a
recent review of their properties and uses see Ref. 3.

It was recognized early on that image intensifiers intro-
duced a rate limitation in these detectors because of slow read-
out and long time constants of the phosphors used. As higher
current or higher energy accelerators came into being, the rate
problems in detectors increased and it is this aspect which is
presently one of the important challenges in detector innova-
tion.

A possible answer to this difficulty is to use as a photode-
tector another recent development in this field, the position
sensitive photomultiplier.4 These devices, which operate as nor-
mal photomultipliers have the added capability of recognizing
the position of the photons on the cathode surface by means of
segmented anodes and specially designed dynodes.

Preliminary work matching plastic scintillating fibers with
position sensitive photomultipliers started two years ago in our
laboratory5, and this paper is the continuation of this effort.
Work along similar lines is also presently pursued at other
laboratories.6

In the following sections we will describe the properties
of the fibers used, the geometry of the complete device, tests
done with the detector in a pion beam, and finally the analysis
of the data collected and the conclusions obtained from these
results.

Properties of the fibers: The plastic scintillating fibers
used here were manufactured by Kyowa7 and have square cross
section of 1 x 1 mm2 and 2 x 2 mm2. The core is rr.ade of
polystyrene with index of refraction rij = 1.59 and the cladding
is acrylic (n? = 1.48). The decay time of the scintillator is 3 ns
and the maximum of the emission spectrum is at a wavelength
of 410 nm.

We measured the attenuation of light along the fiber using
a collimated source, and as is usual in these measurements we
observed two components. The first short decay is due to bulk
self-absorbtion of photons caused by partial overlap of emmis-
sion and absorption spectra. The long tail is due to the loss
of photons along the surface caused by imperfections which de-
crease the internal reflection. The long attenuation length for
the 2 x 2mm2 fiber has A = 305 ± 20cm and the 1 x 1 mm2

fiber has A = 250 ± 20 cm.

The short cenponent in both cases is A, = 26± 8cm. The
numerical aperture of the fiber is 0.55. The number of pho-
tons produced by minimum ionizing particles after 20 cm of
attenuation is approximately 50/mm. Consequently, to reduce
statistical uncertainties we used in our tests the 2 x 2 mm fiber.
Unfortunately, due to their manufacturing procedure position
sensitive photomultipliers have a lower cathode photo-efficiency
than normal phototubes with bialkali cathodes, and therefore
require more photons to produce a reasonable number of pho-
toelectrons.

Description of the device. One area we investigated was
the ability of the device to recognize double hits. To do so. we
buiit a double layer of 1B+1G 2 mm parallel fibers and staggered
one plane with respect to the other by 1 mm to produce a
position accuracy of 1 mm. The 32 fibers then fan-out over
the photomultiplier in a square array, as illustrated in Fig. 1.
The fiber separation on the cathode of the tube wa.s S mm
in the x direction and 4 mm in the y direction. The coding
of the fiber position was such that whenever a particle passed
through 2 fibers the same x coordinate was produced, but with
2 different values of y. Figures 2 and 3 are photographs of the
fiber array by itself and mounted on the phototube. Each fiber
was about 20 cm long, and the ends were polished.

At Beam Level

At Photocathode

Fig. 1. Geometrical array of the scintillating fibers a) at
the beam level and b) after being fanned out over the pho-
tocathode. Only part of the fibers are shown.

The photomultiplier was a Hamamatsu R24S6 with 12x
and 12y anode wires with a pitch of 4 mm and described in
more detail in our previous paper.5 It was operated at 1600
volts and the signals of individual anodes, as well as the analog
sum of all x anodes and all y anodes were digitized.

No optical coupling was used between the fibers and the
photocathode to avoid spreading of the fiber image on the cath-
ode.

Tests with a pion beam. We tested the device in a pos-
itive pion beam (Mil) at TRIUMF. The momentum of the



Fig. 2. Photograph of the fibers. The black square window
holds the two planes of 16 + 16 fibers at the beam level.

Fig. 3. Photograph of the array of fibers mounted on the
photomultiplier before inserting in the container.

particles was 220 MeV/c. As the beam passed first through a
target, the beam profile was wider than the fiber plane (~ 3 x
3 cm) and therefore the fibers were hit by a uniformly dis-
tributed beam. Two scintillation detectors Si = 5 x 5 cm2 and
S2 = 3 x 3 cm2 were placed in front and behind the fibers to
define the beam.

The pion flux varied between 10" s"1 cm"2 and 106

s"1 cm""2 and these different intensities were used to measure
the rate dependence of the efficiency by taking the ratio of the
triple coincidence of Si • F • Sj and double coincidence Si • Sj,
where F was the signal obtained from thx? sum of all anodes.

The result obtained was a constant efficiency of 98± 1%
for rates ranging from 102 Hz to 2 x 106 Hz. The missing 1
or 2% may be due to particles passing through the cladding of
the fibers.

The triple coincidence SrF-Sj was also used to define a
valid event and start the read out procedure in a CAMAC crate
where the charge of the signals from all 24 anodes of the position
sensitive photomultiplier, as well as Si and Sj were digitized.
Other parameters such as time of flight of all counters were also
digitized.

A typical signal amplitude for one anode, when a pion
struck a fiber, was ~ 300 mV after a xlO amplifier (LeCroy
612A). The rise time was 3 ns and the decay time 12 ns. The
typical noise level was 15 mV.

The data collected in several runs were recorded on tape
for further analysis, although a large fraction of the events were
analysed on-line to determine which fibers were struck at each
event, using an algorithm explained in the next section.

Analysis of the events. To determine the struck fibers from
the information provided by the phototube x and y anodes, we
defined three variables

Vi™, =

where X, and Y, are the positions of the x and y ar.ode wires in
the phototube, Ci are a set of fixed coefficients used to correct
for the non uniformity of the gain of each anode and Q, are the
charge collected for each event in each anode wire.

The reason for splitting the y variable in two groups is
simply that the fibers in one plnne (1 to 16) wrre located over
y anodes 1 to 6, while the other fiber plane (17 to 32) was
located over y anodes 7 to 12. In this manner it was possible
to recognize the two struck fibers independently.

Figure 4 is a histogram of x as defined above. Each peak
corresponds to 4 possible fibers, and the small peaks occur due
to a small misalignment between the fibers and anodes. The
scale is in units of mm x 10 and the FWHM of the peaks is
approximately 2 mm. The fact that the peaks are not equally
spaced is due to a misplacement of the anode wires in the tube,
which have pitch variations of up to 8%, as well as distortions
near the edges of the cathode.
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Kij". '1. Histogram of events for the variable x defined in
til'.1 paper. Karh peak corresponds to 4 fibers with different
values of y. The variable x is expressed in millimeters xlO.
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Fig. 6. Histogram of events for the variable x with the
condition that 46fi < yh,gh < 510. The three peaks now'
correspond the fibers 3, 7 and 11.
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Tip. 5. Dotplot of events for variables x and y/,,s/, as defined
in tli'1 text. Each group of events corresponds to a single
fibre.

Figure 5 is a typical dot plot of the variables x and yh,s/,
showing the fibers location on the cathode as shown in Fig. 1.
The distortion occurring at small values of y is due to the in-
terference of signals from the other struck fiber.

Figure 6 shows a histogram of x for events with 466 <
yWs,, < 510, thereby selecting individual fibers. The three peaks
correspond to fibers 3, 7 and 11.

From these results it is clear that positive identification
of fibers can be done with practically no loss and with an algo-
rithm simple enough to determine on line the fiber hit. This is
possible for single hits and for double hits, as was the case in
our set-up.

However, some improvements should be mentioned. In
order to avoid complications in the algorithm the alignment of
fibers and phototube should be better than 1 mm. This was
not the case here, where we had a small rotation between the
fibers and the anodes.

Furthermore if two planes of fibers are used insuring dou-
ble hit conditions, it would improve results to separate both

layers by a 2 anode distance (8 mm) instead of just one as WHS
done in our geometry.

Conclusions

The combination of fiber scintillators coupled to a posi-
tion sensitive photomultiplier can operate as a fast tracking
detector with almost 100'X efficiency at rates up to the MHz
region and can easily recognize single and double hit events
with correct fiber identification. It can do this with algorithms
simple enough to run on-line identification.

Several improvements are suggested from this work. Dis-
tortions in the anode wires and in the dynodc focussing should
be reduced. Also, very accurate alignment of fibers is impor-
tant. If two planes of fibers are used in the same phototube,
the separation of these fibers on the cathode surface should be
equal or larger than 2 anode spacings.

For triple hits or higher order events, the algorithm be-
comes cumbersome and the recognition efficiency will drop sig-
nificantly. In this case another type of photomultiplier is rec-
ommended, for instance devices with pad anodes8 which have
been developed recently.
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