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The proposal for the SDC experiment has placed substantial emphasis on charged particle tracking. 
This paper will describe event simulation and track reconstruction studies, focussing on three topics: 
measurement of isolated leptons from the decay of a Higgs boson~ track reconstruction inside QeD 
jet.s; and identifying b quark jets with secondary vertices in top quark events. 

1. INTRODUCTION 

The proposal for the SDC experiment (lJ at 
the SSC includes a large central charged particle 
tracking system in a 2 Tesla solenoidal magnetic 
field. The tracking system will contribute sub
st.ant.ially to a number of physics measurements, 
including: 

* lepton identification in conjunction with 
calorimeter or muon system 

* electron charge 
* muon momentum measurement 
* jet muitipllcity, fragmentation properties 
* secondary vertexing to identify tau leptons 

and b quark jets 
* calorimeter cross calibration. 

The system performance goals [2J include: 
• fully hermetic coverage within I~I < 2.5 
* Transverse momentum resolution: 

u{p.)/p, < 20% at 1 TeV 
• Efficiency > 98% for isolated tracks and 

> 90% for tracks ill jets with p, ~ 500 GeV 
• Capabilit.y to tag b quark jets from t decay 

with> 25% efficlency and high purity uSlng 
st'conda.ry vertices. 

Achieving these goals will require a system 
with higher precision and granularity than pre
vious HEP experiments, over a large angular 
region. In a.ddition, the system needs to be 
robust to radiation damage in the sse environ
ment, consist of a minimum amount of material 
(to minimize electron bremstrahlung and pho
ton cOllversions), and the total cost cannot be 
excessive. 

1.1. Event Simulation 
Considerable effort has been devoted to event 

simulation and track reconstruction, in order to 
demonstrate that the system options considered 
can meet these goals. Simulation has also been 
useful for optimizing certain design parameters 
such as the number and placement of layers and 
studying the effect of material. 

The slmulations have been performed using 
the SDCSIM program, which combines several 
Monte-Carlo generators (ISAJET, PYTHIA, 
HERWIG and a single particle generator), de
tector simulation using the GEANT 3.14 frame
work, and event reconstruction (discussed be
low). The GEANT routines transport particles 
through t.he detect.or, si mulating decays and 
interactions with the material. The detailed 
simulation of the individual subsystems is han
dled by user-written routines, which convert the 
deposited energy into raw data banks. 

Since the 16 ns beam crossing int.erval is less 
than the response times of some detector el
ements, it is import(,l,Ilt to simulate additional 
beam cros.c;ings, as well as additional inelas
tic events in the same crossing. We simulate 
the standard SSC Inminosity (L=1033/cm'/sec) 
with a Poisson dist.rihution of mean 1.0 back
ground ev(>nts for four previous alld two cross
ings after t.he event. of interest, and scale the 
HUIll_ber of background events to study perfor
mance at other luminosities. Note that the 
GEANT simulation is rather slow, taking more 
than an hour per event on a 25 MIP proces."or 
at 10 times the design luminosity. 
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Figure 1. GEANT representation of the SDC tracking system in a x-z cut view. The system shown is 
the silicon/straw tube/gas microstrip option described in the text. 

1.2. Tracking System Design 
The SDC tracking system will consist of an 

inner silicon system and one of two options 
at larger radii. The baseline outer system in 
the technic.at proposal is straw tubes covering 
the range I'll < 1.8 and gas micro-strip tiles 
at intermediat.e angles (1.8 < I'll < 2.8). this 
option ill shown in Figure 1. Alternatively, 
the outer system may consist of scintillating 
fibers covering the range I'll < 2.3. The choice 
between these alternatives will be made early 
next year. 

The silicon system [3J will use double sided 
detectors with small angle stereo. It is divided 
into two sections: au 8 layer barrel from 9 to 
36 em radius with a length of 60 cm; and on ei
ther end an array of 13 disk layers extending to 
Iz I = 260. The barrel detectors will be rectan
gular with 50 pm strip pitch, bonded in pairs 
to make 12 em units. The disk detectors will 
be trapezoids with tapered strips with 50 pm 
maximum pitch, also bonded in pairs. With 
a 10 mrad stereo angle, the expected resolu-
tion of a 'coordinate' made from an axial/stereo 
pairing is -10 pm in r</J and ........ 1.4 mm ill Z 

(or r). The GEANT simulation for the sys
tem uses a dt~t.ailcd del,ect.or geometry including 
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dead areas, and a simplified hit model which 
ignores diffusion and magnetic field effects. 

The straw tube system [4J will be arranged 
in 3 axial superlayers with 8 layers and two 
3-degree stereo superlayers with 6 layers, from 
80 to 160 em radius. The 2 mm tube radius 
gives a maximum drift t.ime of under 40 ns (3 
beam crossings), with a predicted r4> resolution 
of ~ 120 I'm per layer, or ~ 80 I'm for a super
layer segment. The simulation has somewhat 
simplified geometry which models the st.raw lay
ers as cylinders, but it uses a detailed response 
model including dead time and propagat.ion de
lays. 

The gas microstrip system [5J will have 3 
superlayers fronl 290 em < Izl < 425 cm, each 
consisting of 2 axial and 2 small angle stereo 
layers. The tiles will be arranged in projective 
rings, simplifying t.heir use in the trigger, and 
will have an anode pitch of 200 pm. The 
GEANT simulation for the system was rf'cent.iy 
completed, and was lIot used in t.he st.udies 
described below. 

The scintillating fiber option [6J would lise 
4 superlayers of 1 mill diameter fibers bet,ween 
60 and 170 cm radius. The smaller fiber diam-
eter and fast signals giv(' a factor of 5 to 10 lower 
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Figure 2. Definitions of the track helix parameters in the r-·4> view (a) and the r-z view (b). The 
parameters are: the impact parameter bo, the azimuth angle <Po the curvature p = -q/rC1 the z 
intercept zo, a.nd the slope tan A, where q LS the particle charge (±1) and Tc is the radius of curvature. 

occupancy than the straw tubes, with compara
ble resolution. Also, with this option a separate 
intermediate angle detector may not be needed. 

1.3. Track Reconstruction 
Figure 2 shows a hypothetical track helix in 

two views, to define the five track parameters: 
impact parall1eter (bo), azimuth (4)0), curvature 
(p = -q/r,), z intercept (zo) and slope (tan A). 
Raw data are first reconstructed locally in each 
subsystem to form "coordinates" and/or "seg
ments" (coordinates with direction), which are 
then combined to reconstruct tracks. 

To avoid algorithm dependent conclusions, 
three different track reconstruction algorithms 
have beell used. One, a segment clustering al
gorithm, reconstruds tracks in the silicon inner 
tracker, and extends to other subsystems in the 
fitting stage. This will be discussed further be
low. A second uses a road following algorithm 
starting with the outer silicon layers to extend 
tracks inwards and outwards, refitting each time 
a hit is added. A third segment binning al-. 
gorithm divides segments from all systems into 
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curvature, <P and tan A bins, and fits all combi
nations of segments in each bin to form tracks. 
The first two rely heavily on the pattern recog
nition capability of the silicon system. AU 
three make some implicit vertex constraint in 
the track reconstruction, so observing particles 
(such as K, and A) which decay within the sys
tem will be quite difficult. Note that none of the 
algorithms are fully optimized for the complex 
sse events. 

As an example) in the segment clustering 
algorithm, pairs of segments (each composed of 
a pair of coordinates in adjacent sLlicon layers) 
are compared separately in two 2-dimensional 
spaces. In the barrel section) these are the 
(p,4>o) and (zo, tanA) views shown in Figure 
2) whereas in the forward detectors, a different 
linear combinat.ion of parameters is used {7]. 
Pairs of segment.s which match in both views. 
based on a \2 test. which includes multiple 
scattering, are clustered together to form a 
track candidate. For very close track!.; (as 
within a jet.)) dusters which merge caLi either 
be broken apart after clustering or sorted out 



during clustering. The five helix parameters 
are obtained for each track candidate with an 
iterated least squares fit. The track is then 
extended to pick up missing hits or segments in 
the other systems and refit. 

2. PHYSICS PERFORMANCE 

The tracking simulation studies have fo
cussed primarily on three physics processes: 
the four lepton decay of a Higgs boson, QCD 
jets, and high p, b-quark jets from top decays. 
These studies are summarized in the following 
sections. 

2.1. Higgs decays to four leptons 
The capability to efficiently detect a final 

state with four leptons (electrons or muons) 
will be crucial to discover an ultra-rare particle 
such as the Higgs boson, in a relatively back-
ground free channel. As well as observing a 
signal, it will be important to measure proper-
ties accurately such as the width and angular 
distribution. This process emphasizes strongly 
the importance of a very high isolated track ef
ficiency over a large angular range, and also 
the rejection of backgrounds such as misrecon-
struded tracks, hadrons faking electrons, and 
photon conversions. Elect.rons present a chal-
lenge, since they can undergo bremsstrahlung 
within the system, changing their momenta. 
Since we would require the momentum to match 
the energy measured in the calorimeter to re-
jcct pions, it is quite important to be able to 
measure the momentum with the inner silicon 
system and a beam constraint, before most 
of the brelllllstrahlung has taken place [8J. 
The resulting efficiency for the standard cut 
(0.8 < E/p < 1.4) is just above 95%. 

The simulation study reported here [9} as-
sumed a Higgs mass of 300 GeV and used 
the dccay modes H O __ ZOZO - e+e-JJ+JJ
and JJ+ JJ-Il'+ JJ-, with all four leptons within 
Iryl < 2.5. The ISAJET Monte-Carlo was used 
t.o generat.e the Higgs events and the back-
ground ('vents corresponded to various luminos-
ity were generated with PYTHIA. The efficiency 
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for tracks with p, > 10 GeV (mainly the lep
tons) is above 99% averaged over I'll < 2.5, with 
about 0.03 false tracks with p, > 5 GeV per 
event. To achieve this, it has been important 
to optimize layer positions, minimize dead area, 
and maintain enough layers for robust track 
finding. 

In this study, a pair ZO bosons were required 
to be reconstructed to make a Higgs candidate. 
All pairs of opposite sign tracks from same type 
leptons were used to calculate an invariant mass, 
which was required to be within 10 GeV of the 
zO mass. The muon pair masses, shown in Fig-
ure 3a, do not include the muon system in the 
track fit. The resolution from the simulation 
is approximately that obtained by parametric 
calculations, and the ZO peak is reconstructed 
with close to its natural width. The electron 
pair masses are better measured with the elec.-
tromagnetic calorimeter, so the study used the 
calorimeter resolution to smear t.he generated 
energies, but used the directions and efficiency 
from tracking. The capability to make a tight 
cut on the ZO masses, though not essential for 
the 300 Ge V Higgs, could be very important in 
more background dominated scenarios such as 
a lower mass Higgs decay where one of the ZOs 
would be virtual. 

For events with two ZO candidates, the recon-
structed four-lepton invariant mass distribution 
is shown in Figure 3b, at standard (1033) lu
minosity and 6 times higher. The resolution of 
the Higgs peak was unchanged at the higher lu
minosity. The overall reconstruction efficiency 
from tracking is approximately 84% at nominal 
luminosity and falls to about 75% at 6 times 
nominal. 

2.2. Tracking within jets 
Reliable track finding inside jets will be im

portant for identifying heavy quark jets with 
secondary vertices, for identifying leptons near 
or inside jets, and for measuring the properties 
of jets at the sse. The latter is crucial since the 
fluctuations in the fragmentation process pose 
the main backgrounds to rarer objects such as 
photons, electrons, muons and taus. 

Due to the high track density in the core of 
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Figure 3. a) Oi-muon invariant mass in H O _ zO zO _ e+ e-I"+ 1'- events with MHO = 300 GeV at 
nominal SSC luminosity. b) Four lepton invariant mass distribution for events with two ZO candidates 
(see text). The histogram and circles are for 1033 and 6. 1033 luminosity, respectively. 

jets, the demands are higher compared with 
isolated leptons both on the system (the granu
larity for multi-track separation) and the recon
struction algorithm. The efficiency within jets 
has been studied with the segment clustering 
algoril.hm for the silicon and straw tube op
tion and with the road following algorithm for 
the silicon and scintillating fiber option. Two 
jet events were generated using ISAJET with 
minimum transverse momenta of 50, 100, 200 
and 500 GeV. The jet kinematics for each event 
were reconstructed by clustering stable Monte
Carlo particles within an 'f/-</> cone with radius 

R '" J(!!.'f/2 + !!.</>2) ::; 0.5. The reconstruction 
eflkiency for tracks inside jets is shown for the 
two cases in Figure 4. The segment clustering 
algorit.hm has a somewhat higher efficiency at 
modest. p, but falls off at higher values of jet 
p, when compared with the road following al-
gorithm, though the comparison is complicated 
since both the systems and algorithms were 
different.. 

2.3. b-jet tagging ill top quark events 
Identifying "'quark jets may be quite import

ant for studying the properties of the top 
quark, by reducing the non-top background sub-
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stantially, and also reducing combinatoric back
ground in measuring the top quark mass [9]. 
This can be done with non-isolat.ed leptons 
with of order 5- 10% efficiency; in this case the 
b-quark charge is measured, but the semilep
tonic decay is not as useful for directly measur
ing the top mass. Alternatively, the t.racking 
system can be used to search for secondary ver
tices from the band c decay cascade. This 
requires high efficiency and little confusion for 
track finding in jets of typically 100 GeV, and 
resolution on the transverse impact parameter 
substantially less than CT '" 350 I" m for t.he B 
mesons. The impact parameter resolution (O'b o ) 

for t.he proposed syst.em is about_ 100 I"m at 
p, =1 GeV and 10 I"m at high p,. 

The efficiency for 'tagging' a b quark jet 
with secondary vertices was studied with the 
GEANT simulation and full event. reconst.ruc
tion using a simple algorithm, which was to 
count the number of reconstructed tracks in 
a jet which have significant impact parame
ters. [SAJET was used to generat.e band 
"generic" jet.s separat.ely, and tracks were re
constructed with the combined sili('oll and straw 
system. Tracks with measured Pt > 0.8 GeV 
and \ 2/00F < 5 which were within !!.R < 0.5 
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Figure 4. Overall track finding efficiency within 
jets as a function of the jet transverse momen
tum, for two detector configurations. Two 
different algorithms were used (see text). 

to a jet axis were considered. 
A typical tagging criterion is to require 3 

or more tracks in a jet to have 60 > 30"60 , 

where (Tho is the impact parameter error from 
the fit, and the sign of 60 is defined to be 
positive for tracks originating from a vertex 
displaced along the jet direction. Figure 5 shows 
the efficiency for tagging b-quark and non-b
quark jets with this requirement. The tagging 
efficiency is typically 25-30% for the 6 jets, and 
below 1% for the non-6 jets. The use of this 
requirement has been illvestigated for top quark 
mass and branching ratio measurements [IOJ. 
Wit.h rather simple event selection requiring 
a high Po isolated lepton and at least 3 jets, 
requiring that One of them is identified as a 
b-quark jet reduces the nOll-top background to 
a negligible level. Also, knowing which jet is the 
b ill these eV('nt enhances the ability to look for 
non-st.andard decays of the top via a charged 
Higgs boson. 
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Figure 5. Efficiency for identifying b-quark jets 
compared with non-b-quark jets using sec
ondary vertices, with the algorithm described 
in the text. The background rejection ratio is 
about 30:!. 

3. SUMMARY 

In summary, the GEANT simulations have 
been quite useful for studying design issues 
for the SDe tracking system. The pattern 
recognition capability has been shown to be 
quite robust, even in complicated sse events 
at higher than the design luminosity. Two 
factors which make this possible are a reliance 
on local pattern recognition for reconstructing 
coordinates and segments; and a heavy reliance 
on the precision and low occupancy of the silicon 
inner tracker. 
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