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INTRODUCTION

The decade of the 1990s will see the construction and
commissioning of the Superconducting Super Collider as the
one of the World's premier scientific instruments. To meet the
challenges of experiment at this new machine, it is essential to
have successful development of technologies capable of
providing charged-particle tracking and fast triggering on high
pT tracks (o the highest luminosities, L = 1034 cm"2 sec-l.
Tracking detectors based on scintillating fibers represent one of
these important initiatives, particularly for large volume,
general-purpase detectors.

The Fiber Tracking Group (FTG) is developing a high-rate
tracking subsysiem appropriate for SSC applications in
general and for the SDC experiment in particular, based on
scintitlating fiber technology. Typical SSC detector designs
contain 108 fibers and associated readout channels,
Additionally, the group is actively pursuing the development
of a 107 fiber central tracker for the upgrade of the DO detector

*Work Supported by the US Depariment of Energy, the S5C
Laboratory, the Texas National Research Laboratory
Commission, and pasticipating Universities and Labs.

for operation at the Fermilab Main Injector. The use of
scintillating fibers as a detection medium affords the prospeat
for tracking charged particles with high resolution, low
occupancy, and very shost resolving time, and for providing
first-level triggering based on the transverse momentum of
charged particles.

PHYSICS CHALLENGE: THE DETECTION OF
RARE PROCESSES

An important challenge for any SSC experiment is e
provision of an effective tracking detector. Because of i ugh
luminosity environment and the short bunch separation & te
SSC, any tracking detector must have fast response. kv
occupancy, good spatial resolution, and good resisance B
radiation damage. :

A central tracking sysiem should be capable ‘°"
reconstructing low-mass swates such as the Z° with a precsis
of 1-2%, and should enable cross-checks of the eiectromagoese
and hadronic calorimeter calibration over a wide m
range. Further, expected topologies such as the Higgs oo
detected via the decay H-»ZOZ°—qgll and the des??
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H-—2%2%— 4 leptons, should be identifiable, with at least a
3@ charge sign deterinination for racks of pr < | TeV/e.

At an SSC detector operating at machine luminosities L =
1034 em-2sec-!, any viable wracking device must operate
reliably in a high radiation environment (typically < 10% rads
in 10 years at a radius r = 60 cm from the interaction region
due 1o beam interactions and neutron albedo). The wacking
system, which must have low malertal thickness, should be
capable of reconstructng all racks, have good rejection against
spurious tracks, and should be capable of separating tracks
resulting from muitiple interactions in a bunch crossing. A
number of tracking opuons are being considered, but so far no
technique has been proven. At small radii (typically r < 50
c¢m) siticon detectors (strips and/or pixels) are being considered
for track reconstruction. At larger radii, the possibility of a
siand-alone scintillating fiber tracker is potentially very
awractive. It shouid be noted that the advanages of these two
detector Lypes are complementary.

Since the first successful use of fiber racking in a collider
environment (1], significant progress has been made [2]. Fiber
rackers have the following attractive features.

1. Good tracking precision: multilayer structures of
750um diameter fibers can result in a measurement resolution
of 60um per layer (3,4] and provide good 1wo track resolution.

2. Fine granularity: for fibers of 750um diameter and 4m
length placed at radii r = 60cm, the worst case occupancy from
all sources is expected 0 be < 3.2% (< 21%) per fiber, per
bunch crossing, at a luminosity L = 1033 (10%4) cm2 sec!,
(5] For fibers placed at larger radii, the occupancies are
substantially lower,

3. Good time resolution: an intrinsically prompt response;

Scintil1ating Fiber
Super Layers

4. Insensitivity to magneuc fields and to RF noise:

5. Simple electronics: binary (yes/no) readout 15 used:

Sl o

6. No power dissipation in the tracking volume: and

7. The possibility to develop a level | trigger based on
transverse momentum of individual charged particle wacks
(4,6.7].

However, several technological developments are required
before a realistic scintillating fiber central tracker for SSC
detectors can be claimed. Figure | shows a hypothetical
central tracking system [8] which covers the kinematic range
i € 2.5. Forin| < 1.6 the geometry is cylindrical. Tracking
in this region is accomplished with four superlayers, each
comprised of four sublayers of fibers of 750um diameter and
lengths < 4m. Two of these sublayers conuwin axial fibers {x)
which measure r¢ coordinate, and two provide narrow angle
stereo (u,v) measurements (refer to Figure 2). As shown in
Figure 3, the placement of component fiber layers within a
sublayer can be adjusted to provide optimal spatial resolution.
Four layers of fibers of 750um diameter each offset by l/4ofa
diameter, lead to a position resolution of 60pm per
sublayer[3]. Because of the flexibitity of the fibers, stereo
layers can be wrapped in a helical fashion, and different stereo
angles can be chosen for each superlayer 0 avoid ghosts in
pattern recognition. Typical choices are angles in the 4°-1(Q°
range, with larger stereo angles at smaller radii o improve the
resolution in longitudinal coordinate.  For the intermediate

region 1.6 <m| < 2.5, the flexibility and ficld immunity of

scintillating fibers permits novel arrangements of detection
clements. Figure 4 shows one possibility in which sublayers
of spiral right and left coordinates are combined with a
sublayer of fibers positioned azimuthally {8]. With this
particular configuration, development of a fast trigger on stiff
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Figure 1.

Schematic of a central tracker based on

scintillating fibers.

91



Wacks o$ suhighuoreard, Arough (he use of 100Kk Jp abies. For the {iber tracker, ihe nasic 2elecuon femeznt o, a
acuve scinullator fiber of € +m ength. coupled <1 <maim
long, clear fiber waveguide 10 a high-rate phowodetector. The
performance goals are: the detection of minimum 10Mmzing
particles resulting from a beam-beam collision with an
efficiency exceeding 95% per layer: the determinauon of the

tongitudinal coordinate and impact parameter 10 lmm for each

/ track; unambiguous assignment of each track 10 a beam
0.30cm  ax-layers ‘é crossing {16 nsec time interval); momentum resoiution

sufficient to reconstruct the mass of the Z% 10 < 2% iy 4
leptonic decay: momentum resolution sufficient w make 3 1
determination of the charge of a 1 TeV/c panticle; and radiation

2 L)
cm ade uate Lor all com nents Lo surviy Qr 3¢ € al

years of beam without significant degradation of capabuiities,

__/ EXPERIMENTAL CHALLENGE: THE
4u-layers & / DETECTION OF SCINTILLATION LIGHT
4v-layers

/ The challenge of scintillating fiber wracking is the efficient
and effective detection of scintillation photons created by
minimum ionizing particles in a large volume detector. A
schemalic of a fiber wracking element is shown in Figure 5. |y
Figure 2. Schematic of a Scintillating Fiber Superlayer includes: a scintillating fiber: a “clear” fiber-optic waveguide
which is opucally coupled (spticed) to the scintillating fibes:
and optical coupling of the waveguide fiber 10 a photodetecigr,
Of these, the scintillating fiber is the acuive detection clemeny.
The clear fiber waveguide acls as a convenient means of
propagating the scintillation information to the location of 3
photodetector whose posilion may be remote (typically several
meters) from the actual detector region.

4x-layers

scintillating fiber
waveguide

Figure 3. Placement of component [iber layers within a “clear” waveguide
sublayer for optimal spatial resolution. The effective
spacing of the layers is 1/4 of a diameter, by shifting [

the lower doublet relative to the upper doublet.

1

| SSPM
Interaction Beam Line ionizing in
Point particle cryostat

Figure §. Schematic of a single fiber wracker channel.

High P
Track
2< /2-0 \2 Layers The nature of the pholodetection problem is indicated
R = constant numerically in the Equations 1-3 below [9,10,111:
Layery Layers
lzs+zw) = Io F A(zs.2w) Gpm Qpm O
with: .
lo = (dE/dx) Axeff Voff (Qse/AEerr) Cuv 2
Figure 4. Possible fiber superlayer structures for and:
intermediate tracking, 1.6 < ml < 2.5, A(zs,zw) = exp (-2s/A¢) T1 exp (-zw/Aw) T2 3
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where:

I(zs+2w) is the detected number of photoelectrons detected
at the photodetector located at a total distance zg+z from the
scintillation site, where zg Is the effective path length in
scintillation fiber material and zy is the effective path length
it the waveguide fiber material.

I, i1s the average vield of scinullation photons produced by
a minimum ionizing particle in the scinuilating f{iber, and
averaged over the effecuve cross sectional area of the fiber.

The various quantities which contribute to Ig include:

JE/dx the mean energy loss per unit length.

"Axqgris the effective path length of scintillaior through
which the particle passes.

V.rr s the fraction of the fiber volume occupied by the
core, hence active scintillation matenal.

Qsc is the quantum efficiency of the scindillator.

AEafris Lthe effective deposited energy (o generate a
scintillation photon, {AEaff ~ 1239.8/A(nm) in eV).

Ayy is the mean free path for waveshifting between
primary and secondary dyes.

Cyv is the efficiency of UV light conversion between
primary and secondary dyes.

F is the [raction of light emiued from the secondary dye
(i.e. the resultant scintillation light) which is trapped by total
intemal reflection in the fiber waveguide material (9],

A(zs.Zw) is the overall attenuation factor for light
propagating in the waveguide from the scintllation site to the
photodetector. [t includes separate exponential terms for
alticnuation in the scintillaton and waveguide libers which
depend in part on the reflection coefficients between core and
¢cladding and in part on optical absorption. The attenuation
lengths A and the glass capillary and plastic fiber cool, the
plastic, having greater thermal contraction, pulls away from
the glass wall, allowing it to be withdrawn. may themselves
be functions of path length, in which case the attcnuation is
not a single exponential. Additionally, there are wo
ransimission cocflicients: Ty is the optical transmission at the
splice between scintillator and waveguide fibers; and T is the
opucal transmission through the cryosiat boundary.

Gpm is the the geometric efficicncy for light collection at
the photodelecior.

Qpm is the quantum efficiency of the pholodetector.

A summary of numerical values for these paramalers are.

given in Table | for a Imm diameter scintillaling fiber
camposed of polystyrene and the dyes PTP and 3HF. Where
possible, measured vatucs are listed. Otherwise the parameter
values have been calcutated or estimated from Monte Carlo
simulation,
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Photoelectron Yield

Insertng these values inw Equation 1, and assuming fiber
scintillators and waveguides each of 4 meter length, z; = z,, =
4m, we expect to detect an average of [(Zs+2w) = [(d+4) = 4.5
photoelectrons from such a fiber wacking element of Imm
diameter using currenuly available fiber technology. For
750um diameter fibers, we expect 2 3 photoelecurons. While
these yields represent a major achievement already, they are
marginal for a large scale system. For implementation in an
SSC cenural tracker composed of 108 fiber elements as
discussed above, it is desireable (0 have a safety margin of a
factor of ~ 2 in light yield, recognizing that additional light
losses will be incurred when an actual detector is constructed,
We now discuss the key issues involved, to achieve this goal.

Table [, Values of parameters used in Equations 1 - 3.

Parameter Value Status Ref
dE/dx 2 MeV/cm Mecas

Axeff (norm. inc) 3.78mm Cale

Vefr 0.94 Cale

Qsc 0.04 Meas {nuci
AEqff 4.77eV Meas [16]
Ayy 1.3mm Cale

Cuv Q.7 Calc [Fig.7]
F (min.max) 0.031,0.048 Calc (9]

Ag &m Mcas (10}
Aw 10m Meas (14.15]
Ti 0.95 Mecas [18}
T2 0.9 Est

GPm 0.96 Cale [Fig.11}
me(min) .6 Meas (19]

Values are based on a Imm diameter scinullating fiber. The
fiber is assumed to be composed of a polystyrene core of

970um diameter containing PTP and 3HF primary and secondary
dyes. The cladding wall is assumed o _be 15um thick PMMA,

The status column indicates whether the value is measured,
calculated, or estimaied.

Discussion of Fiber Detector Characteristics

For a scintillating fiber tracking eiement to provide high
detection efficiency, hence I(zg+zy) large, the following
rcquuements must be satisficd:

1. The effective quantum efficiency of Lhe active fiber
element must be high, with tocal light emission within the
fiber. As shown in Table I taken from rcferences [12,13], 2
numbcer of new promising candidate scintillation materials
have been developed. Many of these have fluorescence
efficiency which exceeds that of standard scintillators such as
polystyrene/PTP/DMPOPOP. Even more impressive is the
combination of high efficiecncy with long wavclenglh
fluorescence, a feature which is essential for good optical
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ransmission in polystyrene as indicated in Figure 6 [1,14,15].
Atcnuation lengths in excess of Ag 2 3m are desircable.

Tabie IT. Light outgut before and after 10 Mrad radiation

dose from a ®9Co source in arbitrary units.
-,_—_——_'—'——__——'."'——‘_'_‘-"—-—_
Scintillator* Ab Light output
(nm) Before After Afler
13 4¢
MOPOM 420 079 04 .42
MOPOM+.01%BBQ 470 0.95 .13 .63
MOPOM+.02%BBQ 470 0.96 .16 .69
MOPOM+.01%K27 $00 0.95 .27 .18
MOPOM+.02%K27 500 0.95 27 15
O415A 415 0.92 .49 .79
O415A+.01%BBQ 470 1.01 42 .86
C415A+.02%BBQ 470 1.02 4 .89
O415A+.01%K2T S00 0.97 57 87
O415A+.02% K27 500 0.99 .53 .88
0408 410 0.88 48 .76
0408+.02%BBQ 470 1.02 34 .87
0408+ .02% K27 $00 0.97 .57 .89
DAT 315 0.73 .16 .46
DAT+DMPOPOP 430 0.86 a1 .70
DAT+.01%JHF 520 0.85 .40 .63
pT 360 084 .21 .4
pT+DMPOPOP 430 0.88

"Fluotr concentrations are by weiiﬁt, the concentzaticns
of primaties are 1% (1.25% for DAT). Wavelength of pesk
emission. *Annecaled 10 days in oxygen snd 3 days in air.

Figure 6. Optical attenuation in 500um clear polystyrene
waveguide as a function of wavelength [1,14,15].

There are several important contributions to this high
efficiency. First is the energy level overlap between primary
dye and the solvent polystyrene. As indicated in the references
{12,13], the efficiency reaches a maximum when the primary
concentration is 1% by weight in the maierial as expected from
a non-radialive energy wransfer mechanism (Forster Transfer)
between Lhe solvent and primary [16,17]. Second is energy
overlap between the primary and secondary dyes, for efficient

wa_weshifung (following Beer's Law)(16]. The efficiency of
this waveshift is a function of the fiber waveguide maer
{here assumed to be a polystyrene core with acrylic ¢ladg;
and the mean-free-path Ay of photons emitted by the primary
and absorbed by the secondary. Numerically, Ayy is nverse|
proportionai to the product of the molar concentation anz
wavelength-dependent, molar extinction coefficient of the
secondary dye. The fiber efficiency is displayed as a funciion
of Ayy in Figure 7 based on a Monte Carlo simulation
program discussed in reference (9], assuming 3 uniform
distribution of dyes in the fiber. For a standard scintillaigr n
which DMPOPOP is the secondary, Ayy~200um. Hence
~92% of the light would be effectively waveshifted in a ltmm
diameter scintillating fiber of this material, hence Cy,=( 91
(18]. By contrast, the mean-free-path for a fiber incorporaun;
3HF as the secondary is Ayy~1300pm, which leads (g
Cuv=0.70. Note that there is a minimum of etficiency
Cuv~0.55. which is determined by total intemal retleciion of
light at the cladding/air interface, i.e. the exterior wall of the
fiber. (This minimum efficiency level may well be influenceq
(lowered) through uv absorption by the Polystyrene
particularly in the presence of radiation damage.)
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Figure 7. Fiber Efficiency (Cyy) as a function of Ayy (See
text)

2. In general the fluorescence decay time of a scintillator is
usually determined by the secondary dye and should be as fast
as possible., Under SSC conditions, this would require reium
1o baseline in a time of order 16ns. Scintilialors conwining
secondaries such as K27, BBQ, and their variants have
fluorescence decay times in the range 10St<12 ns, whiclke
others such as G1 and 3HF are in the 3S1t<6 ns range.

3. The chemical properties of the scintillator should be¢
selected 5o that the material is radiation-resistant and has good
optical transparency to the produced scintillation light (i.e. low
self-absorption). Radiation resistance in polystyrene based
scintillators depends, in part, upon emission wavelengih. AS



shown in Figure 8, the opucal transparency of bulk polysurene
has a marked cutoff at a wavelength A ~ 500 nm tor an apptied
dose of 10 Mrad of ®9Co ga.nma radiation. The expected
integrated radiation dose from all sources for an inner fiber
superlayer at r = 60cm is expected to be ~ 1 Mrad in 10 years
of operation at luminosities L = 1034 cm2 sec’l, based on
calculations using information from the LBL Report on
Radiation Damage [19]. As indicated in Table I, many of the
newly developed scinullation materials have the potential to
survive in such a hostle environment, but additional radiation
Junage measurements will be performed o confirm this.

TRANSMITTANCE

§%8 8 3 3 3% 8§ % 2 3
WAVELENGTH (nm)

Figure 8. Optical ransmission in undoped polystyrene as a
function of wavelength, prior to irradiation {(upper),
immedialely after irradiation (lower), and after annealing
(intermediate).

4. The mechanical properties of the scintillating fiber
materials and the effects of the fiber drawing process must be
optimized so that a high reflection coefficient (R ~ 1) can be
maintained at the interface between the core and cladding of the
fiber waveguide. The characteristics of this interface become
yel more important as the ratio of refractive indices of the core
and cladding is increased. As discussed in reference [9], the
fraction of scintillation light trapped by total intemnal reflection
(F in Equation 1) depends sensitively on this ratio, since a
targer ratio of refractive indices implies a larger critical angle.
Increasing the critical angle means more boundary encounters
(internal refiections) per unit distance along the fiber. Hence
higher reflection coefficients R are required to realize a net
increase in overall detected light yield.

To date, our studies have been focussed principally on
fibers with polystyrene cores and acrylic (PMMA) claddings,
becausc of Lhe considerable experience in drawing such
malerials by private industry. Refractive indices of the core
and clad are n=1.59, n=1.49 repectively at A=580nm, and the
cladding wall thickness is typicaily i5um for a lmm diameter
fiber. Tt should be noted that there are a number of important
new initiatives in the area of core and cladding for fibers,
particularly low index claddings, and these are being pursued.

5. Optical splicing between scintillation and waveguide
libers should be physically robust and provide a very high

transmission coefficient (T > 0.95, where T 15 the coupling
coefficient utilized in Equation (3) above). Spticing of
scinullation fibers to waveguide fibers has been accompiished
by a thermal fusion method [20]. Highly reproducibte, robust
splices have been produced by this method, with typical
optical transmission in excess of 95% integrated over all
wavelengths of interest (see Figure 9).
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Figure 9. Opucal transmission as a function of wavelength
for spliced fibers. Solid Lines indicate measurements on
the near (detector) side of the splice, doued lines indicate
measurements on the far side of the splice.

6. Clear (non-scintillating} optical fiber waveguides should
have long attenuation length for scintillation light (Aw~10m).
As discussed in Sections 1 and 3 above and illustrated in
Figure 6, such transmission is possible in clear polystrene at
wavelengths in the visible region of the optical spectrum,
480<A <700nm, and depends critically on the purity of the
materials used to make the core and cladding, as weil as the
mechanical preparation of geforms and the quality of the fiber
drawing.

7. Coupling of the waveguide fiber to the photodetector
must be straightforward. For devices which operaie at room
temperature such as phototubes, this poses no problem. For
cryogenically operated solid-state photodeteciors such as Solid
State Photomultipliers (SSPMs) [21,22] and Visible Light
Photon Counters (VLPCs) [23], this requires extra care in the
design and maintenance of cryogenics, the fiber-optic link
between ambient temperature and the cryogenic environment in
which the photodetectors reside, and mechanical infraswructure.
Polystyrene fibers, both scintillating and non-scintillating,
have been found 10 provide reliable optical interconnection
between room temperature and 7K where the SSPMs and
VLPCs operate efficiently. Such fibers have been cycled many
times between these temperature exuremes without mechanical
failure in laboratory tests.

An assessment of the coupling efficiency beiween fiber
waveguide and photodetector, T2 in Equation (3) above, has
been provided by waveguide simulation (9]. Figure 10 shows
light rays emergent from the end of a scintillating fiber of
500um diameter, having polystyrene core and acrylic cladding,
assuming uniform illumination by scintillation light over the
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cross sectional area of the fiber, generated several meters from
the end of the fiber. Figure 11 shows the fraction of emergent
rays from a Imm diameter fiber which strike a photodetector
facing the end of the fiber, as a function of separation distance
between fiber and detector, and for various detector sizes. As
long as the photodetector is positioned within 1/4 diameter
fram the end of the fiber, geometric efficiency is excellent
{Gpm~96%) and crosstalk to adjacent photodetector elements is
minimal.

T ()
W“lw'ﬂ"“‘m

Figure 10. Monte Carlo simulation of light rays emerger
from the end of a fiber sciniillator of polystyrene core
and PMMA cladding.
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Figure 11. Fraction of light emergent from a fiber

waveguide, detected by an VLPC/SSPM as a function of
geometry.

8. It is essential that the quantum efficiency of the
photodetector be as high as possible at the waveiengths of
interest (Qpm> 50%) and, additionally, that the photodetector
have fast response. The Solid State Photomultilplier (SSPM)
developed by Rockwell [21] incorporates both of these

features. Figure 12 shows a schematic of the SSPM. A
variant of this structure, VLPC, which is sensitive 10 visible
light only, is under contraciual development with Rockwell
International Science Center as part of the FTG Subsystem
program for SSC applications. As shown in Figure 3, the
quantum efficiency of the SSPM structure is Qpm~60% at all
visible wavelengths A>400nm. For the VLPC structure, Qpr,
is expected 10 reach 80%. These values are 10 be contrasted
with typical quantum efficiencies of photomultiplier ubes
utilizing bialkali or multialkali transmission photocathodes
which are at least a order of magnitude lower at wavelengths
A>5300m.

F, = ulg
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Figure 12. Schematic of the SSPM device.
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Figure 13. Quantum Efficiency of the SSPM as a function
of wavelength.

For operation with high gain, good gain dispersion, and
good signal to noise characteristics, the SSPM must be
cryogenically cooled to ~7K. Typical gain is § x 104, and as
shown in Figure 14, the device is a marvelous single photon
counter. Peaks corresponding to 1-10 simultaneously detected



photoelectrons are easily recognizable in these disuributions
123}, Such spectra are obtained routinely when light yields
are measured for scinullating fibers which fluoresce at
wavelengths in the visible region, and illustrate graphically the
capability of the SSPM, and its significance for fiber tracking.

Figure 14.
electrons observed using an SSPM to detect light from a
500um diameter scintillating fiber with emission at

Specuyum of simultanecusly detected photo-

530nm. Up to 10 distinct photo- electron peaks are
discernable.  Vertical scale is logarithmic.

An additional important feature of the SSPM/VLPC
structure is that devices can be prepared as discrete detectors or
in linear arrays and mosaics of detection elements of arbitrary
size and complexity. For SSC applications, a linear array of
detector elements has been selected as the architecture for
initial development {23]. A number of preamplifier options
are under consideration for use with the VLPC/SSPM devices,
some of which operate cryogenically [24].

Cryogenic heat loads for SSPM/VLPC operation have been
estimated (25]. A wacking sysiem of 108 scintillating fibers,
each coupled (o its own VLPC channel, cryogenically cooled
preamp, driver and signal cable, constitutes a 150W load for a
helium refrigeration system, under high luminosity conditions
(L =103 cm-2 sec'!). This is to be compared to a Tevaron
ring magnet which requires ~10W of refrigeration.

9. Lasty, the key components of a fiber tracking
clements: fiber scintillator, fiber wavguide, photodetector, and
ancitlary readout slectronics must be swdied for radiation
sensitivity. [mportant sources of damage are gamma, charged
Mclc and neutron fluences. Such measurements are planned
during the next year. However it should be noted that the
Dh019deleczion elements will be situated outside of the
Glorimetry where radiation levels are expected o be low.

Improvements to Detected Photoelectron Yield

Possible improvements in overall photoelectron det

efficiency are summarized in Table 3. These INClUdE (TP ™t

quantum efficiency of the VLPC devices, improved
scinuillation materials and fiber manufacture. and carerul study
and implementation of new cladding materials. While it 15
uniikely that each of the listed benefits will be realized in full
measure, nevertheless it is expected that a combination of
these will lead (o sufficient improvement that an overall factor
of two in detected photoelectrons can be realized..

Table [II. Potential Improvements 10 Detected
Photoelectron Yield

Item

Facior
Improved QE of VLPC over SSPM 14
Improvement in dye C 1.3
Improvement in fiber manufacture L3
Improvement in light wapping using
low refracuve index claddings. (Must
be accompanied by simuitaneous
improvement in reflection coefficient
in order 1o be realized.) 1.5-3

TRACKING SYSTEM PERFORMANCE

Online Implementation

As discussed in above, the strengths of a fiber tracker are
its intrinsic speed and high granularity. These features are
being exploited in the development of a Level 1 urigger
capability. The principal requirement at this level is to
identify charged particle trajectories with a minimum
transverse momentum pp 210 GeV/c. Such a wigger must
correctly identify high pr wacks from interesting physics
processes, while having excellent rejection power against fake
high py tracks created by chance correlations (pileup) of
minimum bias events.

One possible trigger scheme is: first to select a hit in the
tracking superlayer at largest radial distance from the
interaction point, then pick a second hit at the intermediate
rracking layer affording the maximum sagiutia, and finally
search for hits in other layers as a redundancy check. This
procedure has been studied in simulation [7]. Figure 15
shows the probability per beam crossing for detecting a fake
high pr track based on fiber tracking information only. Ata
luminosity of 1033, requiring the participation of 3/4 of the
tracking clements in the identification of a wajeciory leads 10 a
probability of wiggering on a fake high pr tack at u )
level; at higher luminosity, 1034, one must requirc .
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available tracking clements to achieve a probability of 10-1.
(26) Such identified trajectories can be simultaneously
assaciated with deposited energy in calorimetry Lowers, again
at the uming of Level 1, leading to powerful discrimination
for electrons at the earliest stages of the trigger chain.
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Figure 15. Simulated acceptance for fake tracks in a 650um

scintillating fiber iracker. Vertical scale is probability

per beam crossing.

As discussed in references 4,61, a level 1 hardware trigger
architecture is being developed which provides rapid
determination of the sagitta of a particte track. Initial
prototyping is based on discrete technology, whereas uitimate
impicmentation will incorporate ASIC technology. The
iechnique involves identifying clusters of hits in fiber
sublayers, then correlating pairs of sublayer clusters within 2
superiayer, and finally connecting track segments between
superlayers. Figure 16 taken from reference [4] indicates
schematically the appearance of a low momentum track and a
high Pt track, as they would appear in the two sublayers
which form a superlayer. The illustrated condition is 3%
occupancy.

Figure 16. Scintillating fiber superlayer with a radial wack
(solid line) and a low momentum track (dashed line).
Occupancy is 3%. Clusters are shown in the subiayers.

Funcuionally, the trigger starts from the outer superiave
and linking proceeds toward the origin, assuming a bea
constraint. The search road for a 10 GeV/c wack is high
restrictive, since the sagitta for such a trajectory is 2cm over
radial distance of 1.6m. Reconstructed tracks and associalc
quality factors (whether found in three or four superlayers) a.
then sent to trigger decision logic. For a track, the azimuth
coordinate is partly encoded by the physical cable and partly ¢
data. The momentum is encoded as the sagitia in units of fib
diameter. The resolution in momentum is better than 0.00<4[
at the rigger level, and will be implemented with pipeline
AND/OR logic. Figure 17 shows a schematic of the trigg:
architecture.
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Figure 17. Functional block disgram for digital AS

combining pipeline delay with track segment finding
the trigger.

Offline Implementation

A substantial effort is underway to develop a detai
simulation and analysis code for fiber tracking based
GEANT [5,27]. Momentum resolution for central tracking
found to be excellent - particularly when incorporating a ver
constraint or tracking information from a vertex or microver
tracking system. The expecied performance for the rapic
interval Ink<l.6 is: dpr/pr~0.2pt (TeV/c) with no be
constraint, and dpy/pp~0.1py (TeV/c) with beam constr:
(28).



CONCLUSIONS

Scintillating Fibers can provide a powerful means for
tracking charged particles in SSC experiments. Substantial
Research and Development work still remains, particularly in
the areas of scintillation materials and waveguides, and the
incorporation and interfacing of these structures with solid
state photodetectors. A subsystem program is being carried
out by the Fiber Tracking Group directed at these important
issues, and substanuve beam tesis are planned as part of this
program, beginning early in 1991 at Fermilab.
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