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Abstract

Limitations placed on wire chambera by radiation damage and rate requirements in
the 8SC environment are reviewed. Possible conceptual designs for wire chamber tracking
systems that meet these requirements are discussed. Computer simulation studics of
tracking in such systems are presented. Simulations of events from intercsting physics at
the §SC, including hits from minimum bias background events, are examined. Results
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1. Introduction

The primary motivation for the 55C is the exprctation that it will lead to new
discoveries, such as Higgs bosons, supersymmetric particles, heavy W's or Z', new heavy
fermions, or compasite parlicies with masses in the TeV region. Such particles would he
produced in the central rapidity region, that is, aver £ 3 units of rapidity, and would decay
to high-pr electrons, muons, or jets, often with large missing transverse energy { Ep) dur
to undetectable neutrinos, In order to fully investigate the physics opportunities in this
regime, a general-purpose detector which includes charged particle tracking is neededl.

Some of the most important functions of charged particle tracking include:

]. ldentification of electrons.

2. Separation of multiple interactions within the same bunch crossing,

3. Matching electrons, muons, and jets to the correct vertex.

4. Electron charge sign determination.

5. Improving «/» separation.

6. Identification of secondary vertices.

7. ldentification of 7 leptons.

8. lavariant mass or momentum cuts.

9. Impraving the missing Er measurement and verifying calorimeter data.

10. Establishing the credibility of new physics and providing redundancy.

Many of these functions require momentum measurement in & magnetic fekl,

Tracking at the $SC at the full design luminosity of 103 cin™?s-} js expueted to

be a difficult problem, The limitations imposed by rates and radiation damage are
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sovere. However, the dominant conslraint is the combination of occupancy and donble-
hit resolution. Single events from new physics at the S8C have many (several hnadred)
charged particle tracks and are further complicated by curling tracks in a maguctic field,
photon conversions, hits from events from out-of-time bunch crossings, and multiple
interactions within the same bunch crossing {1]. It has not been established how well
one cap find tracks in complex SSC events. We report here on an ongoing computer

simulation study which addresses these problems.

2. Wire chamber requirements

2.1. The S5C environment

The design luminosity, £, of the SSC is 10* em™?s~! with an energy of 40 TeV in
the center of mass. The inclastic cross section, o, at 40 TeV is expected to be about
100 mb, which gives 10° interactions per second at the design luminosity. The bunch
separation is 4.8 m, so the time between bunch crossings, tg, is 16 ns, which leads to an
average number of interactions per bunch <rossing, n}, of 1.6 at the design luminasity.
Most of these interactions are minimum bias events or low-p;- hard scattering processes
in whirh particle production is expected to be uniform in rapidity. The average charged
particle multiplicity per unit of rapidity, n,, is expected to be 7.5 over the rapdity range
In] < 6 [2]. Figure 1 (from ref. [2]) shows the resulting charged particle flux and annual

dose as a function of perpendicular distance from the beam for standard 55C operating

conditions.

2.2, Rates and radiation damage

Radiation damage and rate limitations impose severe constraints on charged patticle

tracking detectors at the SSC, as described in several references {1,3]. These constraints
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are summatized here sinee they ae necessary considerations for e design of any 5S¢

tracking system,

A tracking system for the SSC is assumed to be made up of wires running (neacly)
parallel to the beam line. The width, w, of a cell is assumed to be equal to the height.
h, and the doft distance, d, i halfl the cell width, The ionization rate, o, in the gas

is assumed 1o be 100 electronsfem. The gas gain, &, is assumed to be 2x10Y, which is

rather low.

The flux of particles per unit length (£} of wire in a cell at radius r is given by

dn_ n.waLsind |
ddt - " 2aed (1)

where 2 is the angle relative to the beam direction. The ionization produced by a charged
particle at angle 8 is ha/sin @, so the ionization per unit length of wire is independent of
8. Thus the current draw per wire, I, for a layer of wires of length L at radius r is given
by

nwholLGeal
- 2xr? ' @)

where e is the electron charge. A layer of 4 mm wide cells at a radius of 50 em covering

In] < 1.5 (L = 213 cm) will draw 0.52 pA/wire. The limit of acceptable current draw

before breakdown will occur is about 1 pA/wire.

Wire chamber lifetimes are measured in deposited charge per unit length of wire he-
fore a decrease in gain occurs due to the buildup of material on the wires. For Lhe above
example, the collected charge over a chamber hifetime of five years {5 x 107 5) would be
0.12 C/cm. Chamber lifetimes of 1.0 C/cm have been measured under very clean labo-
ratory conditions [4). For the purposes of a realistic experiment, it is probably best to

assume a chamber lifetime about an order of magnitude below this.



DISCLAIMER

This repert was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor ary of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy. completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its usc would nat inflringe privately owned rights. Reference herein to any spe-
cific commercial product. process. or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors cxpressed herein do not necessarily state or
reflect those of the United States Government nr any agency thereof.




Changes in gain for wire chambers have been observed at the level of 10° particles/cm-
s al a gas gain of ~ 4 x 10% due to space charge buildup [5]. The particle flux is given
by eq. (1). For the above example, the flux would be 1.9 x 10* particles/cm-s al 8 = 90°
where the flux is maximum. Since the gas gain must be much smaller than 4 x 163 becanse
of curtenl draw and lifetime considerations, space charge should not be an hnportam

limitation.

The hit rate per wire, R, for SSC tracking chambers is quite latge and is given by

R s Ne Nz € L
mr

(3

for chambers covering 7] < fmos. For the above example, the hit rate per wire would he

2.9 Mhz. Existing electronies can probably handle rates of ~ 10 Mhz.

A very serious limitation for tracking systems at the SSC is occupancy. Since
the time between bunch crossings al the SJC is shorter than the resolving time
of a typical drift chamber cell, the cell is sensitive to several bunch crossings.

The oceupancy, O, is given by

2n.y ningd
O = ¢ tmar N} Bc . (1

Tr
where ng is the number of bunch ¢rossings during the resolving time of the cell. np is

given by

ng = 1 + int{tgf/tg)| 2 ~ tp/tp — (taltn)int(4p/ty)] . {5)

where tg is the resolving time of the cell, dfep, for drift velocity vp. and int (r) is the
largest integer < z. Actually, n g is very close to {pfty = df{rptg). A4 mm wide cell

(2 mm drift) bas a resolving time of 40 ns for a typical drift velocity of 50 amfns aud




is therefore sensitive to 2.6 bunch crossings. A layer of such cells at a radius of 50 e
and covering a rapidity range [y| < 1.5 would have an ucenpancy of 12% per cell. It is
guessed Lhat an occupaney of ~ 10% is reasonable, but a realistic answer depends on
the effects on pallern recognition and track finding, which are discussed in more detail
in sec. 3. The veal limitation to occupancy is due Lo the double-hit resolution bernnse of

the less of information.

The rates given above are based only on particles produced in an interaction and must
he increased by a factor of 2-4 because of curling tracks in a magnetic field, ennverted
photons, and albedo particles leaking ot of the front face of the calorimeler. Regardless
of pattery recognition considerations, the effects on curtemt draw and chamber lifelime
must be carelully considered in the design of any 85C tracking system based on wire

chambers.

2.3, Tracking system considerations

2,91 Cell aize and shape.  For the tcasons discussed in the previous section, ool
widths are constrained to a few mui. Straw tube chambees are a natural candidate for
a small cell design. Construction possibilities for a tracking system made of straw tubes
are discussed in refs. [1] and [6]. The straws are typically made of aluminized polyester
filin (Mylar) or palycarbonate (Lexan) with wall thicknesses of about 30 pgm. Several
layers of straw tubes can be glued together to form supeslayers which would be rigid,
mochanically stable structures. Within vach superlayer the layers can be staggered by
hall the cell width in order te allow hits from ont-of-time huncl crossings to be rejected
and resolve Jeft-right ambiguities, as jllustrated in fig. 2. By dividing the chamber inla
superlayers, locally identifiable track segments can be obtained at the patiern recognition
stape. The track segmoents can then be linked to form travks, There must be a sufficien

number of lavers in the superlayers to provide redunsdancy.
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2.2.2 z-reconstruction.  The wires are assomed to run parallel, or nearly parallel, to the
beam direction. or z-axis. The three conventional methods for measuring the coordinate
along a wire are charge division, small-angle stereo, and cathode strips (or pads) running
perpendicular to the wires, A fourth, less conventional, method is the time-difference
method which probably has similar resolution to charge division, but may be warth

further consideration.

Charge division, at best (high gas gain ~ 10%), gives z-coordinate resolution of about
1% of the length of the wire, Since the wires in an SSC tracking system would be quite
long (3-6 m) in order to cover the required rapidity range, the resolution would be only
3.6 cm. Since low gas gain is needed to reduce current draw and increase chamber life-
time, the resolution in an SSC tracking system would be even worse. Also, charge division
requires electronics readout at both ends of the wire which increases the complexity of a
system with a larye number of wires, For these reasons charge division does not appear

to be a practical method for measuring the z-coordinate in an SSC tracking system.

Small-angle stereo (~ 3°) wires typically give :-coordinate resolution of a few mm
(the drift distance resolution divided by the sterco angle). The same clecironics for time
measurement can be used for all wires. In a system of superlayers of straw tubes, every
other superlayer might be small-angle stereo. However, in complex SSC events it may be

difficult to associale the hits on stereo wires with the correct tracks.

Cathod» sitips or pads perpendicular to the wire direclion can give a z resolution of
better than 1 mm. They might be included on the onter surfaces of the superlayers to
aid in bunch assigniment and reducing stereo ambiguities. However, they present added

electrical and mechanical difficulties, as well as increasing the number of readout channels.

2.9.3. Momentum raeasuremeni. At the 1987 Berkeley Workshop [7] an examination

of the requirements for momentum resolution based on the physics led to the criterion




that the sign of the charge Tor electrons should be nweasured for pp € 0.5 1.0 ToeV fe,

The motientmm resolution is given by

Opr 720 as ]

;;;-i - 1 +5/N (0.3qBD2ﬁ) ’ (6
whete pr is the transverse momentum of the pasticle in GeV/c, g is the charge in units
of the electron charge. a, is the spatial resolution in m, B is the magnetic field in Tesla,
D is the track length in m, and N is the number of measurements, assumed to be equally
spaced [8]. Momentum resolution of ~ 30% is needed for charge sign determination.
As an example, charge sign determination for pr- £ 450 GeV/c could be obtained with
a spatial resolution of 150 pm, 2 Tesla magnetic field, track length of 1 m, and 100

mcasurerments.

2.3.4. Ezamples of S5C iracking systems. A large solenoid deteclor based on more-
or-less “conventional” technology was discussed at the 1987 Berkeley Workshop [9].
Calorimetry and tracking are located inside a large Ruperconducting solenoid with 2 Tesla

ficld. A schematic view of the Large Solenoid Detector is shown in fig. 3.

The tracking detecior design for the Large Solenoid Detector iz divided into central
tracking {|n] £ 1.2) and intermediate tracking (1.2 § 9| < 2.5). The central track-
ing system is assumed to be built of straw tubes of radii from 2 to 3.5 mm paralld or
nearly patallel to the beam direction. The straws are assumed to be at atmospheric pres-
sure. Eight layers of straws are glued together to form superlayers. Within each super-
layer the layers are staggered by half the coll widlh, as illustrated in fig. 2. Every other
superlayer is small-angle stereo (~ 3°) in order to measure the coordinate along the wire.
Azimuikal eathode pads or strips are included on the outer surfaces of the superlaysrs.

The central tracking system extends radially from 40 cm to 160 cm with 15 superlayers



in all. Ounly the superlayers at radii greater than 50 cm are expecied to be operable at
the full design luminosity, Assuming a spatial resolution of 150 um, the momentum res-
olution which can be obtained with such a system is 0.54pr (TeV/c) using only wires
at radii larger than 50 cm. If the particles are constrained to come from the interaction
region, the momentumn resolution would improve to 0.26pr. The total nuwmber of cells is
122,368. The tolal number of radialion lengths is 8% for a particle traversing the central
tracking chambers at 90°. The Large Solenoid Detector central tracking system geometry

is summarized in table 1.

In order to provide momentutn measurement for 1.2 £ |3| < 2.5, the Large Solenoicl
Detector includes tracking in the intermediate region to take over where the central
teacking ends. Two options are considered: planes of parallel wires and radial chambers.
The options for intermediate tracking are not worked out in as much detail as the central

tracking.

The central and iatermediate tracking systems for the Large Salenoid Detector are
shown in fig. 4(a}, and the momentum resolution as a function of polar angle and rapidity
is shown in fig. 4(b). When designing a rea) tracking sysiem, however, one should keep
in mind that oxisting tracking systems have not achieved momentum resolutions as good

as given by eq. (6).

In a solenoidal! detector with geometry as in the Large Solencid Detector, the
momentum resolution becomes very large ncar Jy| ~ 2, so in reality one can hopr
lo measure only track positions at the entrance to the ralorimeters for larger |p).
On the other hand, one can use the outer superlayers to measure pr, for example, for the
trigger, for [p) £ 2. This leads to the idea of extending the axial wires to cover this area.
Also, position measurement for 2 < |g| < 3 can be accomplished with planar superlayvers

of straw tubes. Track segments can ke found in the superlayers in a manner similar to




the central tracking. The wires in these superlayers would run alternately at + 45° to

each other (u,z,v). A tracking system incorporating these ideas is shown in fig. 5.

3. Tracking simulation

3.1. Simulation of a central tracking system for the SSC

The SSC central tracking aystem desiga used for this simulation was based on that for
the Large Salenoid Detector [9], described in sec. 2.3.4, although it is quite general and
can be used for any system of eylindrically oriented sensing clements. All the parameters
of the detector, such as number of superlayers, number of layers in each superlayer,
niinitnum and maximum radius and length of cach superlayer, and azimuthal spacing
hetween sensc wires, can be specified independently. The parameters used are as shown
in table I, except that we included only the outer thirteen superlayers. We used a
solenoidal magnetic field of 2 Tesla. The spatial resolution was taken to be 150 pm,

5o far, we have simulated only axial wires, that is, wirea parallel to the cylinder axis.

We used ISAJET [10] to generate evenls from interesting physics processes, such as
high-pr two-jct events or Higgs boson production, and from inelastic seattering back-
ground, for which we used minimnnm bias events. We used the GEANT3 [11} general-
purpose detector simulation package running on the SLAC IBM 3081 to simmlate the

interactiona of the particles with the detector.

Using GEANT, the particles interact in the 8% of a radiation length of material due
to straw tube walls, wires, and gas (the material was assumed to be distributed uniformly
throughout the tracking volume), including photon conversion and multiple Coulomb
scattering. The digitizations consist of a wire number and a drift time, calculated from

the: distance of closest approach of a track to a wire using a drift velocity of 50 um/ns, fur
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each track in cacl laver. Background from inelastic scatterings in the same and out -of
time bunch crossings is included by superituposing the digitizations from minicu bias
events. The aumber of bunch crossings is determined by the resolving Lime of the straw
tube cell. At each bunch crossing the number of events to be mcluded is determined from
a Poisson distribution with a mean of 1.6 interactions per bunch crossing, Drift times
from background events are ithen corrected for the time difference between the buach
crossing of the background cvent and the bunch crossing of the event of interest. The
double-hit resolution is equal to Lhe cell width, that is, only the eacliest hit on a wire is

kept. The simulation program is described in more detail v ref. [12].

3.2. Results of the simulation

We uced the simulation described above to study tracking in SSC events. First we
examined high-pr (pr > 1 TeV/e) two-jet evenis, Figure G(a) shows such an event in
the Large Solenoid Detector, described in sec. 2.3.4. Figure 6{b) showa an enlargement
of the same event in the onter two superiayers in the area of the dense jet. Figure 6(c)
shows the carliest hils in the cella for the tracks shown in fig. 6(b). Hits from background

evenis and converted photons are not shown in fig. 6.

We can make the following observations, which still need to be quantified with high-

statistics studies:

1. Although these events have very dense jets which scem at first to be impossible
Lo resolve, when viewed on Lhe scale of the wire spacings most aof the hits appear
to lie on identifiable tracks with a 2-Tesla magnetic field, particularly in the outer

superlayers.

2. Eight layers iu 8 superlayer is peabably close ta the optimum number Lecause two

tracks waich are as close as the wire spacings produce hits only on every other layer
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because of (he stapgering, Some of these hits may be lost due o nearls aurling
tracks ar backgroumd hits. Three tracks within the wire spacing distanee wanll

not be resolvable,

3. Although a 2-Tesla magnetir field produces curling tracks which obscure the high
pr tracks to some extemt, particularly in the inner superlayers, the effect i the

outer superlayers is Lo spread out Lhe tracks and, of course, remove the low.py

tracks from consideration,

We aext turned our altention to events from Iliggs boson proeduction, pp — H X,
with the Higgs decaying to Z°2° and each Z° decaying to ¢*e™ or g*u™. We used a
Higgs mass of 400 GeV/e2. Such events allowed us to focus on the measurement of the
high-pr particles from the Higge decay. Leptons frotn heavy liggs decay typically have
pr > 20 GeV/c. Any iarge solid augle SSC detector nust be able to measure such events.
Also, these cvenls are not as trivial to deal with as might have beep naively puessed,
There are many tracks from the underlying event and from the particles recoiling against
the Higgs boson, even before adding the hits from background interactions. For these
events we used the full simulation as described in the previvus section. An example of
a Higgs event in the simulated central tracking system is shown in fig. 7. We generated

~ 200 such events.

The fully-simulated events, including adding digitizations from minismum bias back-
ground events and removing digitizations within the double-hit resolution, had
12,000—30,000 digitizations, as shown in fig. 8. On the average 57% of the digitiza
tions were duc to minitnum bias background events, Fer all teacks (11.6 £ 0.75% of the
digitizations were lost becanse of the double-hit resolution, and the loss was about the
same in all superloyers. For the leptons from the Higgs decay an average of (7.3 £ 0.6)%

of the digitizations were lost with the worst losses heing in the inner superlayers.
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We are now beginning to include intermediate tracking in the simulation. Figure 9
shows a projection in the direction along the beam line of & simulated Higge event in a
detector similar to that shown in fig. 5. We will examine track finding n such a system

in future wark.

3.3. Pattern recognition

\We began working on patic.a recognition algorithms in order to examine our original
design goals of finding track segments in superlayers and removing hits from out-of-time
bunch crossings. We also wanted to make the algorithm simple with the hope of using it

in the trigger. The algorithm for finding track segments was the following:

1. In each superlayer we ideatified “roads™ containing hits, There are two parameters
which can be varied: the width of the road and the number of hits required on the
road. We used a width of five wires and required three or more hits out of eight
possible. For isolated tracks one could require more hits; however, if two tracks are
claze together, as in fig. 6, they will produce hits only on alternate layers and if
one is lost due to the double-hit resolution there will be only three hits. The road

requirement discniminates against low-pr tracks.

2. We required that at least one of the hits be in a layer with the opposite wire stagger
from the others so that the left-right ambiguities could be resolved and hits from

out-of-time bunch crossings rejected.

4. We required that the liits he consistent with a straight line te within an error awd in
the process resvivea the left-right ambiguities. Of course. the tracks approximate

straight lines only locally within tae superlayer. and the spatial resolution must

also be taken inte account,

13




Figure 10(a) shows all of the digitizations [1J] for the event shown in fig. 7, including
those from minimum bias background cvents. Figure 10(b) shows only those digitiza-
tions which are included in segments. Keeping only those digitizations which form seg-
mente cleans up the events considerably, Figure 10(c) shows the tracks from the original
event in the outer five superlayers in the region aronnd the muon at the lower right.
Figare 10(d} shows alt of the digitizations in the eveat in Lhe enlacged region (the dig-
itizations are displayed at the lorations of the hit wires). Finally, ig. 10(¢) shows only
those digitizations which form track segmenls; bere, the left-right ambiguities have bheen
resolved, the drift times have been converled to distances, and the digitizations are dis-
played at the positions of closest approach of the tracks Lo the wircs. One can cleardy

identify the muon track, and most of the extra hits have been removed.

Next, we applied our segment-finding algorithm to the € and g tracks from Higes
hoson decays. We defined two classes of segiments: a “good™ seginent was one with al
lcast five hits from & lepton track and no other hits, and an *OK" segment was one with
al luast five hits from the lepton track and one hit from another track. The effects of hits
from other tracks remain to be studicd; we plan to compare measured momenta with
produced momenta in future work, With these definitians, we connted the number of

seginents found for each lepton track.

The distribution of the number of good scgments for the ¢'s and p's in the Higgs
events is shown in fig. 11{a). The corresponding distribution of 1atal {good or OK)
segments is shown iu fig, 11(b). We sce that the lepton tracks from Higgs decay have an
average of about 8 good segments and 10 total segments out of 13 possible. Typueally
30 50% of segments were good i the inner superlayers, increasing 10 almost 80% for
the outer superlayers. When OR segments are counted as well, 50 -60% of segments ave

acrepted for inner superlayers and over 50% for outer superlayvers.
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3.1 Future work

We are planning to continue our teacking simulation studies asing the sofiware we
have developed. Future work will include simulation of small-angle stereo wires and
cathode pads or strips for reconstruction of the direction along the wires; linking of reg-
ments, both axial and stereo. to form tracks; studying how much additional infurmation
is needed from cathode pads or strips Lo link the stereo segments properly; a more re.
alistic simulation of eleciron drift in smali-cell or straw tube drift chambers, including
the effects of E x B; and detailed study of intermediate tracking, as described briefly
in sec. 2.3.4. In addition, we will study tracking for different physics processes, such as
new heavy fermions, supersymmetric particles, and high-pr two-jet events, and begin to
develop a realistic design for a tracking systen; for a complete SSC detector, including

other detector components.

4. Conclusiens

We have shown that an SSC tracking aystem design based on a pattern recognition
strategy of finding track segments in superlayers ap[;ears to provide a powerful means
of finding tracks in complex SSC events, even in an environment of multiple events from
several bunch crossings. So far, detailed simulations have verified the concepts developed
over several years for 8SC tracking detectors. An algorithm for finding track segments
such as that described here could be used in the trigger for high-pr tracks. Depending
on the effects on the physics analyses, we might envision making this vequirement at

the processor level, reading out only the hits that form track segments or even just the

segments themselves.
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Although a great deal of work remains 1o be dune, we are optimistic that an S50’
tracking system based on finding local track segments in wire chambers will enable us o

explore the new physies which awaits us in the S5C regime,
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Table 1

Summary of Large Solenvid Detector Central Tracking System (from ref. [9]).

Inner Module Half Stiraw Cell
Superiayer  Radius  Thickuess  Length  Diameter  Rapidity Occupancy
Number (cm) {cm) (cm) (mm) Range (%)
1 40 2.7 85.2 3.92 1.50 121
2 18 2.7 85.2 .92 .34 9.1
3 56 2.7 119.0 3.92 1.50 B.B
q 64 2.7 119.0 3.92 1.38 7.0
5 72 4.1 119.0 5.89 1.28 13.0
6 80 42 170.0 6.04 1.50 14.5
7 88 4.2 170.0 6.17 141 12.9
8 96 4.3 170.0 6.28 1.34 1.6
9 104 414 170.0 6.38 1.27 105
10 112 4.5 238.5 6.47 1.50 11.9
11 120 4.5 238.5 6.55 1.44 10.9
12 128 4.6 218.5 6.6 1.38 10.0
13 136 4.6 2085 6.68 1.33 9.3
14 144 4.6 238.5 6.73 1.28 85

15 152 4.7 238.5 6.78 1.23 .9
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Figure Captions

Fig. 1.

Fig.

. G.

The charged particle flux and annual radiation dose as a funetion of perpendicnli

distance from 1he bean under standard 58¢ operating conditions (from ref. [2]).

. Lavers of straw tubes in a superlayer with every other layer staggered by the straw

tube radius. A single in-time track will appear as a series of hits on the wires on
alternate sides of the track. The left-right ambiguity is easily resolved locally. A
track from an out-of-titne bunch crossing will produce hits which are displaced from

possible tracks by at least 16 ns in drift time.

. Schematic view of the Large Solenoid Detector from the 1987 Berkeley Workshop

19).

. (a) Schematic view of central and intermediate tracking systems in the Large

Solenoid Delector. (b) Momentum resolution as a function of polar angle and
rapidity in the Large Salenoid Detector for the 13 superlayera at radii > 50 cm in

the central tracking system and including intermediate tracking (from refl. [9)).

. Fig 3. Schematic view of a solencidal detector teacking system capable of measur-

ing pr in the outer superlayers for |p] £ 2. The tracking aystem for 2 < || < 3

consists of planar superlayers of straw tubes,

(a) Two-jet event from ISAJET with pr > 1 TeV/e in a 2 Tesla magnetic field in
a detector of the grometry of the Large Solenoid Detector. There are 223 particles
with pr > 200 MeV/e and [p] < 1.5, Converted photons and background from
minimum bias events are pot shown. (b) Enlargement of the event in the onter two

supetlavers i the area of the dense jet at the top of the detertor. (o) Earlivst bt

in cach cell far the tracks shown in (b).




IMig. T.

Fig. 8.

Fig. 9.

Fig. 10.

Fig. 11.

Fxample of a Higgs event in the sicnlated contral tracking system. The Jepton.
from the Miggs decay are indicated by the heavier Jines. Converted photons anl

other itleractions with the material are wcluded.

‘Total nmraber of digitizations in Higgs eveats, inclading digitizations from maainmm
bias background events. The fraction of digitizations from backgruund events was

0.57 = 0.01.

Example of a Higgs event in a projection along the beam direction. ‘Fhe contral
tracking system is the same as that shown in fig. 4 und the intermediate tracking
system is that shown in fig. 5. The leptons from the Higgs decay are indicated
by the heavier lines, Converted photons and other interactions with the material

are included.

(a) Al of 1he digitizations for the Higgs event shown in fig. 6. including those
from minimum bias background events. (b) Digitizations for this event which are
included in track segments, as defined in the text. {c) Tracks from the original
event in an enlarged region in the outer five superlayers in the regian around the
muon at the lower right.. (d) All of the digitizatians in the event in the enlarged
regiou of (c) [the digitizations ave displayed at the locations of the hit wires],
{e) Only those digitizations in the enlarged region which furin track segments.
Hete, the left-right ambiguities have been restlved, the drift times have been con-
verted (o distances, and the digitizations are displayed at 1he positions of closest

approach of the tracks to the wires,

(a) Distribution of the number of good segments out of 13 possible for the s atd
p's Trom the Higgs decays. {(b) Distribution of the number of total segment: {gom)

or OK) for the leptons lrom the Higgs decays
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