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Abstract

Work on scintillating fiber tracking using recently developed Solid State PhOlO'

multipliers (SSPM) is presented. Recent tests show that more than 4 phOl~le~.

trans are obtainable from a 0.5 mm thick 3HF·PTP doped and PMMA clad SCIntIl

lating plastic fiber using I MeV electrons of a .c~lti~ced 9i. 2~7 source. at a
distance of 60 em. Possible development of a ViSible light optimIzed version of
the SSPM is presented; some test results and future plans are summarized.

Introduction

High luminosity operation of collider detectors
create the need for fast tracking systems. The SSC is
designed for a luminosity of lOB cm' z 5eC"I and is
considered to be increased to 103 4

• The COF and
DO experiments at Ferrnilab may be upgraded to
operateat luminosities approaching S·toJl cm·l sec·l.
LHC at CERN is being advertised to run at 1034 and
beyond. If tracking is to work well at these
Iurn inosuies, it needs to produce a signal faster than
any previous tracking teChnology. We believe that
the future collider detectors should utilize light
transmission speeds within the tracking volume. The
tracker should also be finely segmenred to minimize
occupancy rates per tracking elemel\L All or this can
be achieved using scintillating fibers connected to
Visible Light Photon Counters (VLPCs). recently
developed by Rockwellincemational Science Center.

The first suggestion to use scintillating fibers for
charged particle tracking [lJ were made in 1980. but
to dale results have not been totally successful. The
problem has been the lack of an adequate photon
detector having single photon sensitivity. Until now
avalanche photodiodes (APDs) were the most
promising candidates but their operation tends to be
unstable. Gain variations when operated in the

·Talk given at !he Dallas sse DetectorR&D Workshop.
October 13·15. 1990. This work is supported by lhe U.S.
DOE under Contrae:t No. DE·AM03·76SFOOOlO. Project
Agreement No. DE·AT03·883440384 wilh UCLA.
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avalanche mode are large. Typical gains for 200
300 in this mode made single photon counting
impractical. Operating the ADP in the Geiger mode
generates gains as large as 107

• but the deadtimc of
the device is too long for nigh rate applications. The
problem occurs because there are uappcd charges that
can take up to a second to remove [2l.

One successful application of scintillating libers
to charged panicle tracking was achieved by the UA2
experiment at CERN [31. The success of the tracker
was somewhat limited by the quantum efficiency of
their photon detectors. Typically bialcali photo
cathodes have quantum efficiencies of - 15%- 20%.
Nonetheless. using fibers of lmrn diameter. tracking
efficiencies of 80~ were obtained for detecting
minimum ionizing particles.

Collaborative work. between Rockwell lnter
national Science Center (M. Petroff) and UCLA (M.
Arac) has produced very encouraging experimental
results using the newly developed Solid State
Photomultipliers (SSPMs) [4]. These devices over
come the past shoncomings of other pnotodctectors,
They have a quantum efficiency of between 60% and
80% and can be operated up to a gain of 5·10" .
FurthetJn()l'e, they have a rate capabiHly of several
times to' p.otoelectrons per cm1 per second.

Presenlly Rockwell and UCLA are working on
visible light-optimized version of the SSPMs. These
are !he Visible Light Photon Counters (VLPCs). In
this operation. dark pulse count rate will be reduced.
the count ra~ capability will be increased, time rcso-
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luuon and the quantum efficiency will be improved.
The VLPCs and SSPMs need to be cryogenically

cooled. The operating temperature is between 7°K
and IO'K, otherwise the thermal electron pulse rate
would be intolerably high. Repeated tests have shown
that thermal cycling is not a problem for the thin
plastic fibers that transmit the photons 10 the VLPCs.

The success of the work at UCLA and Rockwell
led to a larger collaborative effon: the Fiber
Tracking Group (FrO) [6]. Its focus is 10 fully
develop the fiber traC~g concept for the sse. The
work reponed here is the result of this research and
development effort which is supported by SSCL and
DOE.

Central Tracking tor the SDC

The SOC is designed to be a general purpose
large solenoidal detector to do physics at the sse
(see SOC Eol). It is designed to identify and
measure momenta precisely for isolated leptons, to
use in first level trigger, to determine transverse
momenta for electrons and muons, and to identify
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secondary and multiple vertices. especially for mulu,
lepton events. To do this physics at the sse, we

need a tracking system with low occupancy for each
track element, with very good time resolution « iti
nsec), providing a powerful trigger to select high
momentum tracks. and that can operate up 10 a lurru.
nosityof 103 4

. The tracking system should have an
uncomplicated readout. We are convinced thaI scin.
tillating fiber tracking using VLPC readout will
satisfy the above requirements. A simple latch to
identify a hit fiber is sufficient for the readout.

Figure 1 shows a cross section view of the SDC.
The !racking for the SOC needs to be an integrated
system for obtaining excellent momentum resolulion
with triggering capability to point charged particle
tracks to calorimeters with precision. The best com.
binauon is to use silicon-strip tracking around the
beam pipe up to a radius of 50 cm and follow up
with scintillating fiber tracker up to the solenoid using
superlayers of fibers. An enlarged view of the cen
tral tracking system is shown in Fig. 2. Since Our
subject is mainly the readout of the scintillating fiber
system, we will not go into great detail abOUI the
Sb'Ucture of the superlayers here.

Fig. 1. Schematic view of quarter cross section of central pan of the SOC.
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Fig. 2. An enlarged view of the inner tracking of the SDC.

In general each scintillating fiber is spliced to a
nonscintillating optical tiberguide to carry the photons
onto a VLPC element. This is schematically shown
in Fig. 3.

Studies 01 Fibers with VLPC Readout

First experiments using scintillating fibers and
SSPMs were carried out at Rockwell International
Science Center, Anaheim [4]. Figure 4 shows the
experimental arrangement.Photonsproduced fromtwo
180 micron thick scintillating fibers with square cross
section were detected by two SSPMs in coincidence.
One of the fibers was used for triggering a pulse
heightanalyzer for obtaining the spectra in Fig. 5. A
collimated beta source was held at two different posi
tions. resulting in an attenuation length of 180 em in
the thin scintillating fiber. This was the first time
the SSPMs were used in rhe Visible Photon Counting
(VLPC) mode using scintillating fibers.

Later more tests were done at UCLA and Ferml
lab. Recent results obtained from 0.5 mm diameter
scintiUating fiber, polystyrene core doped with
3HF+PTP and PMMA clad (produced by BICRON
Corp.) show photoelectron yield using a collimated
Bi2 D7-I MeV electrons at distance of 60 em from the
SSPM. The averagenwnber of pholOClectrons is - 4.
Figure 6 shows the incredible resolutionobtainable up

......-.tP 10 photoelectron peaks. They are well resolved.
orresponding oscilloscopepicture is shown in Fig. 7.

i'hepulse shape is mainly determined by an integrat
ing FET preamplifier. Faster rise time. about 20 ns,
is obtainable from a faster preamplifier (Fig. 8).

OAr. OUT

Fig. 3.

For the above results, a simple dipstick cryostat
was used (Fig. 9). The temperature of the SSPM
housing was monitored and corurolled by simple
Allen.Bradley carbon resistors. The temperature
needs to be controlled within 10K around 70 K. It
was controUed by a simple operational amplifier
feedback circuit
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Fig. 6. Frequency distribution of simultaneous
multiple photoelectronsdetected by the SSPM from a
0.5 mm 3HF fiber.

Fig. 7. Oscilloscope picture of the multiple
photoelectron pulses in well resolved bands detected
by the SSPM.

Visible Ligbt Photon Counters (VLPC)
aDd Future Experiments

Rockwell International Science Center under a
contract from UCLA is working jointly to produce
VLPCs.: The work is supported by Superconducting
Supercollider, Depanmcnt of Energy. This is a part
of the Derector Subsystem R&D for the sse. The
VLPC differs from the SSPM in specuaJ response,
rate capability, and the risetime. We expect high
quantum efficiency (around 80%) for visible photons,
wavelengths between SOO to 600 nanometers, higher
rate capability than that is obtainable from the SSPM.
and the pulse risetime better than 10 ns. We believe
that the quantum efficiency of the VLPCs for
wavelengths about 1 micron will be very poor.

The Fiber Tracking Group is preparing a beam
lest using 256 channel VLPC-fiber system to study
operation characteristics of Ihe VLPCs together with
fibers. In this we plan to have four groups of 64
fibers which are spaced apart to study tracking. We
hope to determine photon yield per fiber as a function
of the fiber length. uack angle, and Irackingaccuracy,
double uaek resolution, and tracking efficiency.

Fig. 8. Oscilloscope picture of the multiple pnoio
electron pulses with a FET charge integrating
amplifier showing that a risetime of about 20 ns is
obtainable.

TOll FIer9t

Fig. 9. The dipstick cryostat thaI is used 10 obtain
the above resuhs,

Figure 10 shows VLPC socket assembly. With
this prototype arrangement each VLPC element is
wire microbonded to a socket pin to carry the signa!
out individually. Groups of fiber ribbons arc dircclly
held across the VLPCs at a distance of about 75 mi
crons with a precision of 25 microns. The optical
fiber ribbons are clamped and potted in their precise
positions. The VLPC socket assembly with the non
scintillating optical fiber ribbon is kept in a liquid
helium flow cryostat at helium atmosphere.
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Fig. 10. The VLPC'.socket assembly with fiber ribbon position arrangement
for multiple fibers and the VLPCs.
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Fig. 11. Describes a simple method for splicing plastic scintillating fibers.
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Summary

For the beam test each scintillating fiber of a
ribbon is spliced to a nonscinultaung optical fiber
using a simple technique that was developed by M.
Alae and W. Foster at Fennilab (5]. Figure 11 de
scribes how the splicing is accomplished. Using this
technique, 95-98% optical transmission efficiencycan
be accomplished through the spliced junction. Figure
IZ shows thal the transmission loss is within Ibe
experimental error.

The Fiber Tracking Group is planning to do the
beam tests in conjunction with the scintillating tile
calorimeter tests prepared by J. Freeman and W.
Foster of the CDF using the pipelined trigger system
(see W. Foster's contribution to this conference).

The scintillating fiber tracking with VLPC
readout looks very promising for the high luminosity
operationof the ssedue to high rate capability. very
small occupancy per fiber (less man 0.5%) at the
design luminosity of loJ 3, simplicity of the digital
readout, fast triggering capability, the liber and the
readout being immuned to magnetic fields, present
availability of radiation hard scintillating fibers around
500-600 mm wavelength of pholOns where the
quantum efficiency of the VLPCs expected to peak
around 80'%.

We believe that we have some hard work ahead
of us to prove the capability of the scintillating fiber
uacking with the VLPC readout, rca1izi.ng the need
and imponance of it.

Fig. 12. Shows the transmission efficiency through a
spliced joint. Dotted curves are before and solid
curves are after the spliced joint when the fiber was
excited by a UV-light source.
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