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A position-sensitive photomultiplier with 256 anode pixels has been used to read out scintillating fibers excited by light
emitting diodes, electrons from a ß-source and a 5 GeV electron beam. Measurements have been done within a magnetic field
up to 0 .6 T . Tracking and electromagnetic shower detection capabilities of a simple fiber detector have been studied .

1, Introduction

Scintillating fiber detectors are of great interest for
future particle physics experiments because of their
short response time, good spatial resolution and flex-
ible detector geometry [1-3] . However, a still un-
solved problem is the fast opto-electronical conver-
sion of the scinttllator light pulses for a large number
of detector channels within reasonable costs . Today
one concept is to use image intensifiers in connection
with CCDs [4-6] . Several thousand detector chan-
nels can be handled within one opto-electronic chain
in this way. For low rate fixed target experiments first
large scale detectors are in preparation [ 7 ] . The read-
out time is however in the order of some milliseconds
and too large for future hadron-collider applications .

Several techniques are under development to re-
alize short read-out times of some ten nanoseconds
for scintillating fiber detectors [8-11 ] . Most of these
studies aim for LHC and SSC applications and large
scale development programmes have been set up .
Our own studies are initiated by discussions about a
possible application of fiber detectors at the HERA
electron-proton collider within the next few years .
Therefore we decided to investigate in detail the prop-
erties of position-sensitive photomultipliers already
available since several years and used or proposed for
special fiber detector arrangements [ 12-14 ] .

In the following sections we describe the test of the
position-sensitive photomultiplier (PSPM) Hama-
matsu H4140-01 #t with 256 anode pixels . The de-
vice was used in connection with a four layer fiber
detector of 1 mm diameter fibers allowing track re-
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construction for minimum ionizing particles . In sec-
tion 2 we describe the properties of the PSPM, the
fiber detector and the geometrical arrangement of
our testbeam setup . Results about measured spatial
resolution and efficiencies of the PSPM are given in
section 3 . Here also the influence of a magnetic field
to the PSPM response is discussed . The fiber detector
efficiency is studied in detail in section 4 whereas
track reconstruction data are presented in section 5 .
Particle shower detection possibilities of the fiber
detector are discussed in section 6 . In section 7 our
conclusions are summarized .

2 . Experimental setup

2.1 . The position-sensim ,e photomulttpher (PSPM)

#t

Several types of position-sensitive photomultipli-
ers are offered by different producers . For a few of
them first results of fiber read-out applications have
been published [ 15-17] . We decided to use a device
with maximum number of pixels able to work in a
high magnetic field . Therefore our choice was to test
the Hamamatsu PSPM H4140-01 .

The PSPM has an uniform photocathode with a
quantum efficiency of about 20% at 400 nm, The an-
ode is devided in 256 pixels arranged in 16 columns
and 16 rows with a pitch of 2.54 mm and a sensitive
area of 2.34x2 .34 mm2 (see fig . 1) . These columns
and rows define the x-y-coordinate system which we
will use in the further analysis . With 16 dynode stages
a gain of 1 .5 x 106 is reached for a voltage of 2700 V
decreasing with increasing magnetic field . The cross-
talk between different anode pixels is rather large . It
decreases in a magnetic field and leads to a three times
better spatial resolution to this case as can be seen in
fig . 2 .
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To couple 256 fibers of 1 mm diameter to the
PSPM entrance window we built a suitable mask
where the fibers could be glued to . The mask has 256
holes with the same pitch as the anode pixels . It could
be moved at the PSPM surface within a frame in x
and y direction with a precision better than 10 um .
With lower precision also a rotation was possible .

The pulse rise time of the anode signals of the
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Fig. 1 . Top and bottom view of the position-sensitive photomultiplier HAMAMATSU H4140-01 and the corresponding
coordinate system used throughout the paper (rows of anode pixels with index 1 give the y-coordinate, columns with index

J give the x-coordinate) .
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PSPM is 2.7 ns. Therefore restrictions of the time
behaviour of a future fiber detector of this type are
mainly due to the read-out electronics. This problem
has to be solved for every collider detector component
and will not be treated in our studies . For our tests we
borrowed the complete read-out boards developed for
the L3-fiber detector [ 12 ] . The serial output of these
boards was digitised by a SIROCCO-II flash ADC us-
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Fig. 2 . Spatial resolution and cross talk for the HAMAMATSU H4140-01 in dependence of the magnetic field strength as
given by the producer.



ing a VME-OS9 on-line data taking system with a CA-
MAC interface . Sometimes the amplified sum signal
of the last PSPM dynode stage was included in the
trigger scheme to increase the PSPM efficiency .
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Fig . 4 . Precision of the fiber coordinate measurement for the
OPTECTRON detector . The fiber diameter is 1 mm.
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Fig . 3 . Transverse view of the four fiber layers of the OPTECTRON fiber detector for the detector part used .

o = 90pm

2.2 . Thefiber detector
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The fiber detector was delivered by industry #2 .

We had ordered two planes of double layers consist-
ing of 1 mm fibers staggered by half a diameter. The
length of the scintillating fibers varied between 22 and
32 cm . Plastic light guides of 2 m length and 1 mm
diameter were spliced to them [ 18 ] to transport the
scintillation light to the PSPM. Each double layer con-
sists of 2x200 fibers coherently arranged .

Unfortunately our geometrical demands could not
be fulfilled by the producer . Fig . 3 shows the endface
of the illuminated fibers of the detector part used.
Large irregularities are visible . We find an average
deviation from the expected fiber position of about
500 urn with large fluctuations in different detector
parts .

Because the main purpose of our investigations
was the study ofthe PSPM properties, the results pre-
sented in the following are only marginally influenced
by this situation . Nevertheless we measured the coor-
dinate ofeach fiber and used in the following these co-
ordinates to determine the position ofparticles cross-
ing the detector layers . The precision of our coordi-
nate measurement is about 100 km (see fig . 4) .

The light guides of 64 fibers of each layer were
glued to the PSPM mask . For this purpose the mask
was devided in four quadrants, one for each layer .
Inside one quadrant the arrangement of fibers to the
mask was done randomly to avoid optical cross talk .

#z Optectron S.A ., B .P . 535, F-91946 Les Ulis, France .
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The two detector planes got separate frames which
allowed to use them in arbitrary distance and angle to
each other .

At the mask positions (4, 4), (4, 13), (13, 4), and
(13, 13), i .e . at the center ofeach quadrant, green light
emitting diodes have been glued to the light guides for
calibration purposes .
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Fig. 5 . Scetch of the fiber detector arrangement m the DESY 5 GeV electron beam .
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Fig. 6 . Maximum amplitude per event for a single fiber
placed on the PSPM photocathode exposed to a ß-source .

magnet

T2

trigger-system TS

detector

2.3. The testrun setup

T5

scanner-table

beam

At the beginning of our investigations we coupled
single scintillating fibers to different positions of the
PSPM mask . These fibers were excited by a 9° Sr ß-
source . The trigger signal was formed in this case by
a coincidence of the signals from a small scintillator
below the fiber and the sum signal of the PSPM.
A more complex setup was used during a testrun

in a 5 GeV electron beam at DESY in Hamburg (see
fig . 5) . To test the PSPM response in dependence
of a magnetic field the multiplier was placed inside
a solenoid allowing fields up to about 1 T . To work
properly the PSPM axis should be parallel to the direc-
tion of the field. Therefore the PSPM support could
be fully rotated to allow correct alignment .

In front of the magnet a support for the two fiber
detector planes and the trigger system was installed
which allowed again two independent rotations for
adjustment to the beam line . The two detector planes
are installed transverse to the beam with a minimum
distance of2 cm . They could be moved independently
of each other in vertical and horizontal direction . The
connection to the PSPM was done by the 2 m long
flexible light guides .

The trigger for beam particles was formed by de-
manding a coincidence of four scintillation counter
signals covering a transverse space region of 1 x 1 cmZ
at the detector surface . In a second part of the run a
special halo-counter with a 5 mm hole was used in
addition .
To test the preshower properties of the fiber detec-

tor a 1 cm thick lead-plate could be installed between
the fiber detector planes .



3.1 . Singlefiber response

Fig 7. Same arrangement as in fig . 6 : (a) average ampli-
tude distribution for 1000 events, (b) position of maximum
amplitude per event for the same data . x-y coordinates are

given in PSPM-units .

3. PSPM spatial resolution and efficiency

In a first step of our investigation we coupled one
1 mm scintillating fiber to a certain position of the
otherwise empty PSPM mask to avoid problems with
optical cross talk or double hits caused by other phe-
nomena . The mask was roughly adjusted to the corre-
sponding PSPM anode pixels . The fiber was exited by
electrons from a ß-source as described in section 2 .3 .
The PSPM high voltage was set to 2500 V. It had to
be increased later on to the maximum value of 2700
V to increase the efficiency for the detection of mini-
mum ionizing particles .

In the following we give only a qualitative discus-
sion of the PSPM response to a single fiber light signal
to demonstrate the main problems for a detector ap-
plication . A quantitative calculation of the most im-
portant parameters will be given in sections 3.3 and
3.4 . The anode pixel amplitude is measured as the con-
tent of the corresponding flash ADC-channel where a
previously measured pedestal for this channel is sub-
tracted. The pedestal appears to be very stable for long
periods with a full width at half maximum of about
10 ADC-counts .

In fig . 6 we show the distribution of amplitude
maxima for 4540 single fiber events . The amplitudes
fit well in the ADC range up to 1024 counts . Two
peaks are visible . Events without fiber signals concen-
trate in the region below 50 counts and can be clearly
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separated from real signals which give a peak at about
170 ADC counts .

After a general amplitude cut of 50 counts 3886
events remain . For these events we show the average
amplitude distribution per anode pixel in fig. 7a . As
can be seen this is a rather broad distribution . The
pixel (8, 14), where the fiber is adjusted to, clearly
gives the maximum response which is however only
about 10% of the total signal . This effect is due to two
different sources. At first the cross talk between the
anode pixels in one events is large, at second the max-
imum position of the amplitude varies from event to
event. This is demonstrated in fig . 7b where one can
see that only for 60% of all events the maximum is
at the right position (8, 14) . The nearly 20% contri-
bution of the neighbouring fiber (9, 14) could be pos-
sibly diminished by more careful adjustment of the
fiber mask . Nevertheless even a small percentage of
far away hits is observed .

It is assumed up to now that the relative anode sen-
sitivity is the same for every anode pixel. As will be
shown in the next section this is not true . To mea-
sure the anode pixel sensitivity is however very com-
plicated because ofthe large cross talk between all an-
odes .

As a consequence of the large cross-talk, the mea-
sured amplitude of one anode pixel is due to contri-
butions from light in a large neighbouring region at
the PSPM surface if the whole PSPM is illuminated .
Therefore pixels at the boundary can not have the
same amplitude as those in the center ofthe PSPM be-
cause their neighbouring region is restricted . To take
into account this effect, Hamamatsu provided a table
which corrects also for local non-uniformities . The ta-
ble content is distributed in fig . 8a . It was measured
at 2000 V using a tungsten-lamp to illuminate the
PSPM . Since the gain ofthe PSPM increases consider-
ably with increasing high voltage, we measured a cor-
rection table at a high voltage of 2700 V where most
of our data are taken (see fig . 8b). To do that, we illu-
minated the photocathode of the PSPM with a pulsed
green LED at a distance of 60 cm . Our result is not
directly comparable with that given by Hamamatsu
because our measurement also corrects for variations
in the efficiency of the read-out electronics of differ-
ent pixels . This explains the larger fluctuations of the
data shown in fig . 8b compared to fig 8a .

The influence of the different correction tables
was studied using cosmic particles . The two detector
planes, with two fiber layers each, are placed between
two trigger counters which covered an area of about
6x6 cmz . We analyzed about 2000 events . The mea-
sured amplitudes were corrected for uniformity . For
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3.3. Hit determination
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each event we used the maximum amplitude per de-
tector layer as the position, where the cosmics parti-
cle hits the layer (a threshold cut of 30 counts was
applied for the corrected amplitudes) . Applying the
different correction tables the resulting distributions
of maxima are shown in figs . 8c and 8d . The events
should be equally distributed over all PSPM anode
pixels . This is only approximately true for our lim-
ited statistics . Nevertheless both distributions look
similar to each other .

The use of a PSPM for the read-out of a fiber
track detector demands for the identification ofa fiber
which was hit by a particle with high efficiency. To
measure this efficiency in our configuration we use
the four LED-fibers mentioned in section 2.2 . We ad-
justed the mask containing 256 fibers to the photo-
cathode ofthe PSPM demanding for LED-fiber (4,4)
a maximum amplitude at the right position and a
symmetrical cross talk. For the remaining LED-fibers
these parameters were also optimized. However even
with a mask accuracy of about 100 um with respect
to the anode pixel array it was impossible to adjuste
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Fig. 8 . Results for different anode pixel efficiency tables : (a) HAMAMATSU efficiency table measured at a high voltage of
2000 V, (b) own measured table at a high voltage of 2700 V, (c) and (d) show the corresponding corrected data of a cosmic

particle run where a flat distribution is expected . x-y coordinates are given m PSPM-units .

all four LED-fibers with the same precision . This can
be explained by geometrical distortions caused by the
opto-electronic scheme used .

To reconstruct the LED-fiber coordinates we used
the position of the maximum amplitude in the given
quadrant of the PSPM. A typical event and the fit re-
sult of a two-dimensional Gaussian distribution for
this event are shown in figs . 9a and 9b, respectively .
It is easy to see that the maximum amplitude of the
event is at the wrong position (3, 4 ), which means
that we will loose this event . For the sum of thousand
events the predicted position (4, 4) is reproduced very
well, as can be seen from fig . 9c and 9d . The two-
dimensional Gaussian ft to the distribution in fig . 9d
yields a standard deviation of 1 .1 PSPM-units . This
corresponds to a total width of 5.6 mm which roughly
agrees with the design value of 6 .0 mm given by Hama-
matsu .

The PSPM-efficiency is defined as the number of
correctly identified hits to the total number of hits in
this quadrant . For the four LED-fibers it is summa-
rized in table 1 for a high voltage of 2700 V. There
we present also the percentage of events which are
misidentified by one or more anode pixels . As can
be seen the largest effiency is measured for the most
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carefully adjusted LED-fiber (4,4) . Theaverage pixel
efficiency comes out to be about 46%, however one
should keep in mind that it varies over the PSPM-
plane from 30-70% .

Table 1 shows also that there are long range effects
of the order of 10%. The column denoted by "rest"
gives the number of hits displaced into another quad-
rant ofthe PSPM. About 2% ofthe hits in one detector
layer appear as hits in one of the three other layers .

As already mentioned in section 3 .2, the PSPM-
response changes with varying high voltage. Fig. 10

Table 1
PSPM anode pixel displacement for four fibers excited by
light emitting diodes (magnetic field B = 0.0 T) (3,4 =
long range)

160
140
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60
40
20

Fig. 9. Fiber at photocatode in front of anode pixel (4, 4) illuminated by a light emitting diode: (a) amplitude distribution
of a single event, (b) same distribution fitted by a two-dimensional Gaussian, (c) and (d) same as (a) and (b) for the sum

of thousand events . x-y coordinates are given in PSPM-units .

shows the reconstruction efficiency of hits in depen-
dence of the PSPM voltage for all four LED-fibers .
With increasing high voltage this efficiency increases

2200 2400 2600 2800 3000
PSPM high voltage in V

Fig. 10 . Hit reconstruction efficiency for four fibers illumi-
nated by light emitting diodes in dependence of PSPM high

voltage.

LED-fiber
position

# Anode pixels
0 1

displaced
2

[%]
3,4 Rest

(4,4) 63.9 24 .4 5.0 4.6 2.1
(13,4) 35.4 47 .6 6.1 6.3 4.6
(4,13) 44 .5 41 .5 6.0 6.8 1 .2
(13,13) 41 .2 38 .5 7.1 11 .1 2.1

Average 46 .2 38 .0 6.1 7.2 2.5
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Fig. 11 . Magnetic field dependence of some PSPM parameters: (a) amplitude distribution for sum of events for a magnetic
field of B = 0.1 T fitted by a two-dimensional Gaussian, x-j, coordinates are given in PSPM-units, (b) half width of event
amplitude distributions in dependence of the magnetic field strength, (c) hit detection efficiency for the same LED- fibers as

in fig . 10 in dependence of the magnetic field strength .

considerably . Therefore we used the maximum al-
lowed value of 2700 V for data taking .

3.4. Influence ofa magnetic field

To use the PSPM in a magnetic field we first
aligned the multiplier axis parallel to the field direc-
tion . Afterwards we made measurements in this po-
sition and with an angle of about 30° between these
directions and found no big differences for the results
ofboth data . The field strength was measured directly
at the PSPM position .

In fig . l la we show the amplitude distribution for
the sum of thousand events for LED-fiber (4, 4) ob-
served in a magnetic field of 0.1 T. As could be ex-
pected from the producers data (fig. 2) the spread of
the distribution is smaller than without a magnetic
field shown in fig. 9d . The average half width of the
single event amplitude distributions of LED-fibers is
given in fig . l lb for different magnetic fields . Start-
ing with a total amplitude width of 5.6 mm without a
magnetic field a value of about 1 .8 mm is reached for
a field of 0 .6 T. Our measurements confirm the data
given in fig . 2.

J. Bähr et al. / Test ofa positron-sensitive photomultcplier

E
E
ç
0
E.°'

3.2

2.8

2.4

2
1 .6

1 .2

0.8

0.4

0
0 0.2 0.4 0.6 0.8

6 in Teslo

O detector 1
detector 2
detector 3

0

	

detector 4

Unfortunately one can not profit from the lower
cross talk and improved spatial resolution . In fig . 11 c
we show the measured hit efficiency in dependence
of the magnetic field strength for the four LED-fibers .
More detailed data are presented in table 2 for a field
of 0.1 T. As can be seen the number of correctly deter-
mined hit positions decreases dramatically for fields
of a few hundred Gauss and increases above 0.1 T to
a plateau value . Obviously this is due to global dis-
tortions introduced by the magnetic field which are

Table 2
PSPM anode pixel displacement for the same fibers as m
table 1 but for a magnetic field of B = 0.1 T (3,4 = long
range)

LED-fiber
position

.t Anode
0

pixels
1

displaced
2

[%]
3,4 Rest

(4,4) 57 .5 31 .6 4 .2 6 .2 0 .2
(13,4) 13 .6 71 .1 5 .4 8 .2 1 .7
(4, 13) 23.3 61 .1 5 .4 9 .7 0 .5
(13,13) 13 .3 55.0 14 .3 15 .9 1 .5

Average 26.9 54.7 7 .3 10 .0 1 .1
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probably compensated at higher field values by a fo-
cussing effect of the field. This seems to be confirmed
by the results given in figs . 12a-12d where the average
hit position of all four LED fibers is shown for differ-
ent magnetic fields . At low values of the field the dif-
ference to the position without field is largest coming
back in smaller and smaller steps with increasing field
value .

The detection efficiency of a fiber detector for
minimum ionizing particles was measured using the
testrun setup described in section 2.3 in a 5 GeV
e- -beam at DESY. The data were taken without
magnetic field.

The PSPM delivers in addition to the pixel-
response the sum signal of the last dynode . It allows
to cut empty events without any fiber signal . Table 3
summarizes the calculated efficiencies for two data
samples . In sample 1 we excluded the sum signal
ftom the trigger scheme, whereas for sample 2 it was
used . The comparison of the two columns shows the
increase of efficiency . For each detector layer we os-
erve the sharp beam profile . In table 3 we counted
for each event in all four PSPM-quadrants (layers)
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Fig. 12 . Average measured LED-fiber position for four LED-fibers in dependence of the magnetic field strength .

hits above an amplitude threshold of 30 ADC counts .
The corresponding numbers are given normalized to
the total number of about 15000 events in both data
samples described . The efficiency for sample 1 comes
out to be in average JIB = 0.64 for each of the four
detectors . The expected efficiency to see a hit in all
of the four fiber layers is consequently eotB = 0.18 in
agreement with the measured value given in the last
row oftable 3 . For the enriched data sample 2 the sin-
gle fiber efficiency is larger by a factor of 1 .2 in com-
parison to the unbiased data . This results in about
twice as much events with hits in all four fiber layers .

Table 3
Fiber efficiencies for all detector layers measured for sample
1 without PSPM sum signal in the event trigger scheme . In
sample 2 the signal is included in the trigger condition with
a threshold cut of 50 mV

Fiber detector
efficiency [%] Sample 1 Sample 2

I
EFIB 64 78

z
EFIB 57 71
EFIB
3 68 81

E FIB
4 66 81
EFIB
coi 18 34



Due to inhomogenities in the fibers, differences in
the optical coupling etc . the fiber efficiency is expected
to vary for different regions of the detector. This is
shown in fig . 13a for data taken under the same condi-
tion as for sample 2 above . It shows that the fiber effi-
ciency varies in the order of 10% across the detector .
The quality of the four layers differs considerably .

Due to light attenuation in the fibers their response
changes in dependence of the excitation point . The
corresponding results are given in fig . 13b for all four
fiber layers . They agree with an attenuation lenght of
about 25 cm measured for single fibers of the same
type .

5 . Track reconstruction

To measure an unbiased track resolution for a
straight line ft to the data we need four hits per par-
ticle crossing our detector arrangement . The number
of four hit events was found to be 4% of the total data
sample . This efficiency can also be calculated as the
product of the fiber efficiency EFIB and the efficiency
to get the right PSPM-hit . The values given in tables 1
and 3 lead to a calculated 4-hit efficiency of about
2% in rough agreement with the measured value .

The track resolution for a straight line fit to four
hit events is shown in fig . 14a. The average track
point precision comes out to be about 600 um . The
result is explained by the large irregularities of the
fiber arrangement in the corresponding layers (see
section 2.2) . That we measure beam tracks is proven

-4 -2 0 2 4
y-position of beam center in cm

Fig . 13 . Dependence offiber efficiency on (a) different beam
positions across the detector layers, (b) different beam po-

sitions along the fibers .
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Fig . 14 . Track reconstruction parameters for four-hit tracks :
(a) measured resolution, (b) fitted track slope.

by the narrow distribution for the track slope param-
eter shown in fig . 14b .

6 . Pre-shower detection
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The use of scintillating fibers for pre-shower detec-
tion was already successfully tested [4] . To study the
shower detection possibility of our setup we inserted a
1 cm thick lead plate (1 .8 radiation lengths) between
the two fiber detector planes . In this configuration the
first two fiber layers are used for track identification
and layers 3 and 4 for shower detection .

The detector was exposed to a 5 GeV electron beam
using the same trigger conditions as those described
for data sample 2 in section 4 . The corresponding re-
sults are summarized in table 4 . The fiber detector ef-
ficiency for layers 1 and 2 is about the same as mea-
sured in the previous runs (compare table 3) . In con-
trast the efficiency for layers 3 and 4 is much larger
than measured without the lead plate and comes al-

Table 4
Fiber efficiency, average number of hits, average maximum
amplitude and amplitude sum for all detector layers for a
data run where a lead plate is inserted between layers 2 and
3

Detector EFIB [o/U] (Nit) (Am ) EA r

1 78 1 .74 185 3653
2 69 1 .59 175 4011
3 98 2.44 536 10440
4 99 2.86 617 12350
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AMPLITUDE SUM DET.3

ready close to 100% . This is probably due to low en-
ergetic electrons produced in the electromagnetic cas-
cade within the lead . This conclusion is confirmed by
the other results shown in table 4 which are derived
from events where all four detector layers give signals .

The average number ofhits (Nh) increases consid-
erably for the layers behind the shower material . That
this value is larger than one for the first two layers is
due to an overlap of the PSPM response between lay-
ers 2 and 3 and layers 1 and 4 due to the large cross talk
between neighbouring anode pixels . This influences
all following results but could be avoided for a real
detector application where only one fiber layer should
be coupled to one PSPM. The average maximum am-
plitude per detector (A,n) is about a factor three larger
for the shower detection layers due to the higher ion-
ization loss of low energetic particles . The total am-
plitude sum per detector layer EA, is influenced both
by the larger number ofhits and the higher energy de-
posit . The corresponding result is given in table 4 and
shown in more detail in fig . 15 . The slightly larger sig-
nals in layer 4 compared to layer 3 may be a reflection
of the transverse shower development .

The pre-shower detection capability for our simple
detector configuration is already rather large . This is
illustrated in fig . 16, where the event distribution of

t
0

Fig . 15 . Amplitude sum per detector layer : (a) and (b) for layers in front of a I cm thick lead plate, (c) and (d) for layers
behind this plate .

the ratio of amplitude sums for the layers in front of
the lead plate and behind it is shown . As can be seen
only for about 2.5% of all events one would fail to
identify the electromagnetic cascade . More efficient
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Fig . 16 . Ratio of amplitude sums of layers in front and be-
hind 1 cm of lead .

800
D
LG .

212
.M7
2941

700

700
MR 3f-4

(a)
600

600 500
500

400
400

300
300

200200

100 100

0
1

I
1

I 0
0 10000 20000 30000 40000

AMPLITUDE SUM DETA
280 [.Yn. . 7O

4213 200
240 s wv.

(c) 175
200 150

160 125

100120
75

80
50

40 25
I- . I

1

. I .
1

I I . -1 4-0- . , , I0
0 10000 20000 30000 40000

280 10 200
Entries 4293
Mean 3 357
RMS 1.579240

200

160

120

80

40



fibers and more layers on both sides of the shower
material would diminish this number further. Unfor-
tunately we were not able to investigate the detector
response for incoming photons and pions of similar
energies as the electrons used in this study because no
particle beams of this type where available to us .

7. Summary and conclusions

We tested a 256 multianode pixel photomultiplier
for its applicability as read-out device for a scintillat-
ing fiber tracking detector . Our measurements con-
firm published data about cross-talk and spatial reso-
lution of this device. We found however that the effi-
ciency to detect a fiber emitting light at a certain po-
sition of the photocathode at the right PSPM anode
pixel is smaller than 50%. This is still much too low
for a real fiber detector application .

The use ofthe same photomultiplier within a mag-
netic field decreases the cross talk and improves the
spatial resolution . It leads however to image distor-
sions which decrease the fiber detection efficiency fur-
ther .

An electromagnetic shower produced by 5 GeV
electrons in I cm of lead is detected in a single fiber
layer with nearly 100% efficiency .

In the near future an improved version of the pho-
tomultiplier investigated here is available and will be
tested .
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