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A silicon and scintillating fiber design for the SOC tracking system has been simulaled at 
luminosities up 10 lOX the SSC design value. Res~ are presented for occu~ ~fficiencies 
and resolutions of isolated muons and electrons. LiUle or no performance degradation IS found at 
the higbest luminosities. 

Introduction 

One of the most basic requirements for an SSC 
lJaCking system is the ability 10 find and reconstruct is0-
lated tracks especially electrons and muons. Ideally the 
system will retain this capability over the full luminosity 
range of the supercollider. One is naturally led 10 a 
design incorporating detection elements that are both 
fast and fine-grained. Consequently. we have simulated 
a system which uses silicon strips near the interactioo 
point and scinlillating fibers outside. We report results 
for a study involving leptonic decays of a 300 GeV 
Higgs boson. This work is an extension of that reported 
in an earlier SOC note [l]. Here we have performed runs 
with higher luminosities, have generated three times as 
many interesting leptons in each run and have made 
minor improvements 10 the tmck-finding algoritbnJS. 

Detector 
The simulated detector includes the silicon and scin

tillating fiber detectors, the beam pipe and the solenoid. 
The material outside the lJaCking system such as the cal
orimeter is not included. Tracks are stopped when they 
reach a radius of 225 em or l = ±450 em. The solenoid 
is the standard default for the SOC simulalion package 
SDCSIM. The silicon and fiber tracking systems are 
very similar 10 those described in the first-round concep-
ulal design reports [2.3]. The silicon geometry and 
response is defined by the SDCSIM package ST and the 
geometry selllp file is SLdescope3.kumac which is listed 
in appendix C of reference 1. Note that this geometry 
corresponds 10 design #2 in the draft silicon CDR [2] 
with the harrel-disk transilion at 45°. The scintillating 
fiber geometry and response are defined by the SOCSIM 
package SF with geometry input file sCoptc8.dat which 
is included here as appendix A. In this geometry. all 
three outer cylindrical superlayers include stereo layers 
while in the previous slOdy. this was true ooly for the 

outermost superlayer. The active parts of the silicon and 
scintillating fiber systems are shown in figure 1. 

The relevant part of the detector is the region 
1111 < 0.9 which is covered by barrels only (no disks) by 
both tracking systems. We have concentrated on this 
region because our track-finding software is not yet 
working for disks. In this region, there are eight double
sided layers of silicon: one side with strips 
measuring rep and the other with 5 mrad stereo. The 
inuermost layer is at 9 em and the outermost at 36 em. 
The layers have a few small gaps in z: between wafers. 
The fiber system includes five superlayers with Cl at the 
outermost radius of 165 an and C5 innermost at 75 an. 
All superlayers include four adjacent layers of axial 
fibers with quarter-fiber offsets between them. The outer 
three superlayers (Cl. C2 and C3) also each include two 
double layers of stereo fibers with opposite orientalioo 
and a stereo angle of 15°. 

The light in the scintillating fibers is assumed 10 
move at a constant speed (20 cmIns) down the fiber and 
if it reaches the readout end of the fiber inside a speci
fied time gate. then a digilization may be produced. For 
this study and the previous one, the time gate extends 
from 9 10 31 os. This gate could be narrowed and still 
accept all prompt tracks for any given layer especially 
the shorta" ooes but the software (SF) presently uses the 
same gate for all superlayers. On the other band, SF also 
does not include dispersion in the speed of propapIion 
down the scintillating and optical fibers and this may 
require us 10 increase the gate by as much as 5 ns. Our 
choice for the width of this gate is probably within 30% 
of the value that will finally be used for the centtal bar
rels. 

There are a series of parameters read in from the SF 
geometry file (appendix A) that determine the response 
of the fibers and electronics. These are set so that 6.4 
photoelectrons are produced if a mininum ionizing pat-
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Figure 1. The SOC 1la<:ldng system used in this study. The dotted Jines show the boundary betweeu the silicon ODd scintillating 
fille< systems. This study ooly maka use of lb. banel detectors. 

tiele crosses the center of the fiber near the readout fiber 
and 2.9 are produced if it crosses 400 em away. The 
actual number of photelectons produced is randomly 
selected from a Poisson disttibution and a fiber is digi
tized (i.e. recorded as being bit) if this number is at least 
one. 

Event Generation 
We generated a series of runs each containing 100 

primary events with varying numbers of background 
events to simulate different SSC luminosities. The pri-
mary events were 300 Ge V Higgs decaying into two z. 
bosons with one Z decaying into two muons and the 
other into two electrons. These were generated using 
lsajet with the control file listed in Appendix B. The 
events were filtered to select only those for which all 
four leptons bad 1111 < 0.85. 

Background was generated using Pythia QCD 
inelastic events in all crossings from four before the 
interesting event tbrou~h two after. The sse design 
luminosity of 10"/em /sec was simulated with an 
average of 1.6 such events per crossing where the actual 
number of generated events was selecled from a Poisson 
disttibution. Other luminosities were obtained by scal
ing this average. The vertex position of each generated 
event was independently selected from a disttibution 
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Gaussian in z with (J = 5em and in x and y with 
(J = 5l'1li. 

Occupancies 
After generating events and tracking them through 

the detector, the occupancy was measured separately for 

Average Occupancy from One Background Event 
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Figure 2. 0cc;up0Dcy contribution from one background event 
in diff ...... t beom croosings. 
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rlBure 3. Sili<:oo occupoDCies .. a t\mction of luminosity. 

layer l=O l=Lo l=3lo l=6Lo l=10Lo 
1 0.00140 0.00194 0.00309 0.00458 0.00887 
2 0.00089 0.00126 0.00203 0.00299 0.00454 
3 0.00088 0.00130 0.00214 0.00313 0.00480 
4 0.00079 0.00118 0.00196 0.00287 0.00445 
5 0.00053 0.00080 0.00135 0.00200 0.00310 
6 0.00048 0.00074 0.00126 0.00186 0.00288 
7 0.00031 0.00048 0.00085 0.00127 0.00198 
8 0.00023 0.00037 0.00065 0.00097 0.00151 

Table 1. Average occupancies in each of the silicon barrel lay
ers for our central H -. 'ZZ -.2Jt2e evenlS with different 
background lumiDooitieo (1..0 = 103 1<:1112/oec). Layers Ole nlm
bered startina at the inside. 

each superiayer. The OCCupancy is defined 10 be the frac
tion of cbannels wbich bave been digitized. Figure 2 
sbows the average occupancy contributed by single 
background events in different beam crossings. The 
Higgs occupancies for eacb of the silicon layers are 
given in figure 3 and table I and the scintillating fiber 
occupancies appear in figure 4 and table 2. 

Track Reconstruction 
Track finding and reconstruction were performed 

with the program TRF (SDCSIM package TR). TRF 
uses a road-following technique with a road map pro
vided by the user 81 run time. Tracks were found in three 
ways: in silicon only. fibers only and in the combined 
system. The combined fitting was done by extrapOlating 
the silicon uacks in 10 the fibers. In all cases ttacks were 
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Figure 4. Scintillaling fiber occupaocies ... fuoction of lumi-
nosity. 

layer l=0 l=Lo l=3Lo l=6Lo l=10l0 
01 0.0035 0.0054 0.0095 0.0140 0.0211 
02 0.0058 0.0095 0.0170 0.0261 0.0400 
03 0.0106 0.0170 0.0310 0.0471 0.0731 
04 0.0124 0.0212 0.0362 0.0590 0.0914 
05 0.0165 0.0290 0.0539 0.0848 0.1283 

Table 2. Occupaocies for each of the acintillatiog fiber super
lay .... for our central H -. 'ZZ -. 2~e evealS at different 
background luminolitieo <4 = 1033/<:111 /aec). Superlay .... are 
labeled from outermost Cl to innermoIt CS. 

found and filted with a radial vertex constraint imposed 
and then were refit without the vertex constraint 

AnalysIs 

The perfonnance of the tracking system is evalualed 
using the leptons from the Higgs decay. There are 200 of 
eacb in each of our runs. We define candid8le ttacks 10 
be the subset of these tb8l intercept all the silicon barrels 
and have PI" greater than S GeV/c. Approximately 10% 
of the gener8led lepIOns did not meet these aiteria most 
because they missed some of the silicon detectors due 10 
ftutuatioos in the z-position of the vertex. 

Each of the reconstructed ttacks is COOlpared with 
eacb Monte Carlo track by calculating the matcb chi
square defined by: 

x1- = L (1/" - Ti") Eijl (7j'e - Tn 
i.i 



where T"<C and -roc are, respectively, the reconstructed 
and Monte Carlo track vectors and E is !be error matrix 
for the reconstructed track. Each reconstructed track is 
assigned 10 the Monte Carlo track for which the match 
chi-square is smallest If two reconstructed tracks would 
be assigned 10 the same Monte Carlo Il'3Ck, then the one 
with larger match chi-square is left unassigned. Each of 
the Monte Carlo tracks is said 10 be "found" if a recon
structed track is assigned 10 it 

Two kinds of efficiencies are defined. The track find-
ing efficiency is the fraction of candidate tracks which 
bave been found as defined in the previous paragraph. 
The more restrictive track reconstruction efficiency is 
defined 10 be !be fraction of candidate tracks which bave 
been found and are well reconstructed. Tracks are said 
10 be well reconstructed if they bave a match chi-square 
below some culOff value. In the present worlc the culOff 
value is always be 1aken 10 be 100. 

Resolutions are defined 10 be the root-mean-square 
(RMS) difference between reconstructed and Monte 
Carlo track parameters. We bave adopted this defintion 
for resolutions rather than fitting with a Gaussian in 
order 10 be sensitive 10 tails of the distributions which 
might be expected 10 appear at high luminosities. The 
"well reconstructed" tracks are used 10 calcualate the 
resolutions. 

Results 
The track reconstruction was quite successful for sil-

icon alone and silicon plus fibers at all luminosities. The 
track-finding in the fibers alone was very time consum
ing and we only present results at zero and design lumi
nosities mostly to indicate the contribution to the 
resolutions. Our track-fitting algorithm does not account 
for multiple scattering or bremsstrahlung and conse
quently is not optimized for finding or fitting electroos. 
We draw conclusions from the results for muons pre
senting electron data for comparison. Work is in 
progress 10 optimize electtoo reconstruction. 

The measured efficiencies are shown in figure s. The 
muon track-finding and reconstruction efficiencies are 
around 99% and show no degmdation with increasing 
luminosity. The electron efficiencies are lower but also 
independent of luminosity. 

We see very few fake tracks. No more than two 
reconstructed tracks were unmatched in any run corre
sponding 10 a mte less than O.02/crossing. There are sig
nificant numbers of tracks with match chi-square above 
our limit of 100 but the mte of such tracks does not 
increase very mpidly with increasing luminosity. Many 
of these tracks correspond 10 the missing electrons. 
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Resolutions for all the primary track parameters 
bave been measured and are presented for both muons 
and electroos. All are plotted as a funcIioo of IlIIninosity 
from zero 10 lOX !be sse design value. Figure 6 shows 
the tmosverse momentum resolution with and without a 
mdial vertex constmint Both systems (silicon and scin
IillaIing fiber) make im~ conlributions 10 !be over
all resolution which is.1pr/prZ = 0.15 (TeV/crl with !be 
vertex contraint and 0.17 (TeV/cr l without. Figure 7 
shows the resolution in the transverse direction of 
motion at !be point of closest approach. Again both sys
tems contribute significantly 10 give a value better than 
0.1 mmd with or without a vertex constmint Figures 8 
and 9 show the resolution in the position at closest 
approach. The impact parameter is measured 10 20 II.DI 
with !be silicon alone improving 10 911.D1 when the outer 
system is added. The z-resolution improves from 3 tom 
10 I tom going from silicon alone 10 silicon plus fibers. 
Fma11y, the dip angle (dzldsr) resolution is shown in fig
ure 10. Most of !be resolution COOICS from !be outer sys
tem with the value improving from 0.011 10 0.0006 
when !be fibers are added. 

Conclusions 
The SOC tracking system described bere is a very 

powedul one for finding and reconstructing isolated 
muons. The efficiency is very high and the resolutions 
easily meet !be SOC design goals. Most important, this 
statement remains valid for luminosities up 10 lOX !be 
sse design value (i.e. at 1()34 em-2s-I). This follows 
from !be fine gmoularity and consequent low occupan
cies in the silicon and scintillating fiber systems. The 
corresponding eIectroo efficiencies and resolutions are 
somewhat degmded because of !be significant amount 
of materia\ in !be ttacking system and future studies will 
attempt 10 compensate for !be materia\ in !be reconstruc
tion and consider layouts with different material distri
butions. 
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Appendix A 
• 
: OlDBC91 dla - Pix bag, fte C3 vo~. _" both oU..t by .5 COl _ tlMt 
I OPtd tt..y _ .. ~ by 10 CII. 

: 23.,.,,1 oile - Pix tug. ebol .....tout f .... U .. _ at._ laywo ... _ .~ 
, .. t<:7 at tM -U • eDd iDet..t of ouuide. 

: 211fOYtl 41. - Add at_ to 1:2 IIIId C3. IIDte tbat tbe ClU"r.at c:oa iDc~ 
I q>tc6 at._ iD C3 but DOt C2. All ~re _no 15 ~ atar ... 
, r !HTIiI (dItg) alpba (nodl_) 

US 15 0.00161 
136 15 0.00tl7 

• t08 15 0.00241 

: O2NCIYtt dl. _ 'l'be ~t- ver.i_ of thU fila _ t.:l. A .L.taIIoIo ill I:be 
, ClPtcS ligbt ~ioa. ~ _. lID fibK cligititati_. 

: 310CTt1 dla - IIOd1fy oIi9iti .. U_ ~t __ -- J clecno....:l t_ ligboutpat 
, IIIId ft.od. tJMo tilow _ tbat _ DO ~I' 10 .. O.S ..... tbIo 

t .. t .ad 
I )J0C'!91 cU_ - fiJI: fiber..,..,ciDg in C2 to be 0.087 .u..t .... of 0.0" 
I CI:'M~ 2' OCT III cUa. 

tlMd'u... no option C .. cin:uuted by D. llic>ltick. ... figgn in 
DLA .lo9' 11-n. ~I' ..... ~ .... on II-l". 

MDcUtt..s to _fJ..ct _ *-iDp cinrulat..s 300crtl. ... ~ .ad. 
~I' poaiti_ ... 11-"', 

I CoDtam. a dMeripti ... of • ..::izltillatiDg filMor trackiDg diltector fol' 
, UN with IIIC ._ulat~. A _tea of .... 1..-. arlO dIIfiD«l by givinv _ 
, for the ... ..cl U- tM au •• ~iticm .uI Draataticm. 
, "Da. _ita -.no '* ..s r..:u-. 
: 'ftM liDe bep~ with 'cUgit· ia fOl.l~ witl!. t_ 1m.. ..ctilll' tbIo 
, .. _t .... ueecl :ill tM di9itu.tioal 
I JIDCJrlM EOD'J'lM txmwr CIO"1WlD 
I 1'II0IDV PD'J'D;. Io!I'ft.aI A't'lOPI' QWIJI&P WIO 
, '!he dgoaa1 ia llGtIflD _ w~ .m ia IIMPl..:lI MDG'l'DI tiaft at illtel'Vala ot 
, DOMIII _ atartiDg at t~ DGI'CPP. 'ftIa oUlar par...tan are. 
, l'Hexmv • I pbat_ P~ __ ca of Uilar par 0fN ot -rw d.poait 
, .. :na_ • fmctioa ot pbo_ iIIt-uy Nf~t'" • 1 - ..... Ithtilltl 
, A'l"1'LDf • att_t~ l.agt.h ill t.ba aciJltillatillg fil>er 
, A'I"l'OPI' • att_ti_ in aptical. Uilar .uI ooupliDga 
, QllNQIP • _t_ aniciaDcy of tba pbotoot.tact.or 

: :~t:= ::.w~~ua!:. ~m!.im~ 1=1-" tJtay aN' 
, 1 16.0 29.0 16.0 
,1 •• 7 O.OlO 1000.0 a.!> 0.6 2O.a9 
, ".. foll_iDIJ ..-ten 9iva 10.2 pbotoall at t.ba _ aacI of a fimr ..s 
• fo.5 at fo _ten. 'Iba tilliDg b _t to ~t all Pl'OIII't particl-.a .... baa 
, 5 _ of alap OD \:be ~ aDd. 
diviti_ti ... ~.ra 

1 16.0 1l.0 22.0 , _ 1011' II-'" 
0.50.'1 O.OlO 500.0 0.5 0.' 20.ft' , _ II-n · -""'. 1'10.0. fo20.0 

J d .. cri»t~ of .otbar vo~ 
J outer Rdi_ .... half-~th 

• , ............. C'1 ............ . 

• cyliaiClar ,_1_ ..... 
I6S.U 1".16 195. 
O. O. _In.5 

J aiD ...u.ua. a_ radiua. 1-vtb lca, 
, 1ocatioG of _t.r of c:y1mar • , ....... r of fiber 1 ___ ... 

1. -1 
0.011. o.on. 0.0 
165.n. 165.", 0.00. 0.00000 
1, -1 
0.017, O.OU. 0.0 
165.fo9. 165.57. 0.50. 0.00000 
1. -1 
0.08'1. 0.083. 0.0 
lU.". 165.67. O.as. 0.00000 
1. -1 
0.081. o.on. 0.0 
165.fo9. lU.75. 0.75. 0.00000 
1. -1 
0.087. 0.083. 0.0 
165.15. 165.15, 0.00. 0.00161 
1. -1 
0.011. o.on. 0.0 
165.15. IIIS.IIl. 0.50. 0.00161 
1. -1 
0.08'1. o.on, 0.0 
166.01. 166.0l. 0.00.-0.00161 
1, -1 
0.011. O.OU. 0.0 
166.01. 166.11. 0.50.-0.00161 

, Ut.r 1Ibepe. readDu.t 
, fil>er apactag lcal. width 1_'. ~ ...ad 
, rO • r. off_to at._ a1.,... ' .... /cal 

, timr 1tMIpe. readcn.\t. 
, til>er a_tag Ie-I. wi4th 1 .. 1. aat u.-.l 
, rO • r. oU_t. ata_ .1,.. 1 .... /e-' 

, timr __ • readI:nrt. 
, fil>er apaeinlr (Cill. width (Cill. DOt...ad 
, rO • r. on_to .t._ al,.. 1 .... /cal 

, timr 1IbIrpe. readInlt 
, fihw...-c.iDv I_I. width laol. Dot...ad 
, rO • r. off_t •• t._ al,.. lowl/_1 

, timr ...... readDu.t 
, t:iheE" ...-cLov I_I. wi4th C_1o DOt ...ad 
, rlI • r. oU .. t •• t._ al,.. Cowl/cal 

I fimr 1Ibepe. readcn.\t. 
, tihw apaciag I .. '. width 1 .. 1. DOt ...-.l 
, rO • r. off_to .t._ aJ..,... 1"""1_' 

, fimr ...... readcn.\t. 
, fiMr apaciag C,,'. width 1 .. ,. DOt ....." 
, rO • r. oU_t •• t._ al.ope 1 .... /cal 

, tllllor 1tMIpe. readout 
, tllllor ...-cinlr laol. width ICilI. taOt ...ad 
, rO • r. on_t •• t._ al.,.. 1rw:l/_1 

• cyliDda .. , vol ........ 
165.2fo 1".16 195. 
O. O. In.5 

, aia ....u.u. • .ax r.a.lIlIO. l~h Ccal 
, locat1oo ot _ter of c:yl:U>dio .. • ' ....... rof filNo..- ___ ,. , 

0.011. 0.083. 0.0 
165.n. 165.". 0.00. 0.00000 ,. , 
0.017. o.on. 0.0 
165 .• 9. 165.57. 0.50. 0.00000 ,. , 
0.087. o.on. 0.0 
165 . .,. 165.67. O.as. 0.00000 ,. , 
0.017. O.O". 0.0 
165.fo9. 165. n. 0.75. 0.00000 ,. , 
0.087. 0.01l. 0.0 
165.15. 165.15. 0.00. 0.00161 ,. , 
0.087. o.on. 0.0 
165.15. 165.1Il. 0.50. 0.00161 ,. , 
0.087. 0.01l. 0.0 
166.0l. 166.0l. 0.00.-0.00161 ,. , 
0.01'1. 0.01l. 0.0 
I66.0l. 166.11. 0.50.-0.00161 · , ................. C2 · 

, fllllor atMpe. readDut 
, tilMr ~ C_I ... i,dth C_I. _t ...ad 
, rO • r. off_t •• te_ .l.cIpe 1......,.' , fllllor __ • readDut 
, tiber ~iag leal. width C_l. _t ...ad 
, rO • r. oU_t •• te_ al.,.. c....veal 

, rimr __ • readDut 
, rUler a&*Ciag teal. width Ie-I. DOt ....." 
J rO • r. on_to .te_ .1,.. (c~_1 

, fitlec ..... readDut 
, lillar apIICiDsJ I_I ... idth ,ea,. DOC ....." 
, rO • r. ott_to ate_ .1,.. IndI_1 

,tU-r __ • ~ 
, CU.c apac1Dg '_I. wi4tb I_I. DOt ....." 
, 1'0 • r. off_to .te_ .1.,... 1...,._1 

, tllllor"'. --.,t 
, tillar ~ I_I. width ,,,'. DOt""'" 
, cO • 1'. ott_to .te_ .1ape 1......,_1 

, lil>ec .... readDu.t 
, tillar apaciag lcal. width 1"1. DOt ....." 
, 1'0 • 1'. ott .. t •• te_ 81.,... l....veal 

,llllloc __ • ~t 
• fillar apaciag 1_1 ... idth C_I. DOC uH<S 
, 1'0 • 1'. ott_to .te_ .1,.. l....vcal 

.,~ 'vol ........ 
135.34 136.26 395. 
O. o. _In.5 • 1. -1 

, .iD ....u.... -.ax c..uu.. 1~h 
, locatiolll of _tel' of c:yliodac 
J ......... ot f:iheE" 1AQ;era 

I fibtr ...... ~ 

10 

0.087. 0.081. 0.0 
U5.51. U5.59. 0.00. 0.00000 
1. -1 
0.087. o.on. 0.0 
U5.5'. 135.67. 0.50. 0.00000 
1. -1 
0.087. o.on. 0.0 
U5.51. 135.7'1. 0.21. 0.00000 
1. -1 
0.087. o.on. 0.0 
U5.S9. 135.85. 0.75. 0.00000 
1. -1 
0.087. o.on. 0.0 
135.95. 135.'5. 0.00. O.OOln 
1. -1 
0.087. 0.01l. 0.0 
135.95. U6.03. 0.50. O.OOIn 
1. -1 
0.087. o.on. 0.0 
136.13. U6.n. 0.00.-0.0019'1 
1. -1 
0.08'1. O.OIl. 0.0 
IH.U. IH.21. 0.50.-0.0019'1 

• ... .-. 
135.U. U6.26 ]95. 
O. O. 1"'.5 • ,. , 
0.08'1. o.on. 0.0 
In.59. U5.59. 0.00. 0.00000 ,. , 
0.08'1. 0.01l. 0.0 
135.5 •• US.67. 0.50. 0.00000 ,. , 
0.087. o.on. 0.0 
135.59. U5.77. 0.25. 0.00000 ,. , 
0.08'1. o.on. 0.0 
135.51. U5.15. o.n. 0.00000 ,. , 
0.08'1. o.on. 0.0 
In.'5. 135.'5. 0.00. 0.00111'1 ,. , 
0.081. 0.083. 0.0 
135.'5. 136.03. 0.50. 0.0019'1 ,. , 
0.08'1. o.on. 0.0 
U6.U. lU.U. 0.00.-0.0019'1 ,. , 
0.08'1. 0.01l. 0.0 
IH.U. 136.21. 0.50.-o.001n 

, tilla .. ...-:z_ I_I. width lcal. Bot UMd 
, rO • 1'. oft_. at_ .lope CR4I .. 1 

, Ubn 1IIIapa. nadcI\It 
I tibn...-:z_ I_I. vidth C_I. Bot UMd 
, 1'0 • 1'. oU_t •• ~ .~ IR4I_1 

, fn.r abIpa. nadcI\It 
, titler....,iDg I_I ... idth C_I. _t UON4 
, rO • r. off_ •• te.-- .~ CR4I"ca, 

, fn.r abIpa. NadcNt 
, fitler...-:ziDg lcal. width Cca,. Bot ...., 
I rO • 1'. ou_. ate.-- .lope IR4I"_1 

, filial' abIpa. ~t 
, fllllo .. ....,.1119 lcal. width lcal. Bot ...., 
, rO • 1'. oU_ •• te.-- .lope IR4I"cal 

I filial' abIpa. ~t 
, filial' apacilag Cca, ... idth (_I. Bot ...., 
, rO • 1'. oUNt. at_ .l<>pe (R4I"_1 

, Ubn abIpa. ~t 
, tlllloc....,iIag (_I ... idth I_I. Bot IIMId 
, rO • 1'. oUNt •• te.-- .~ IR4I"eal 

, tillar abIpa • .....sov.t 
, fitlec....,iBO (_I. width Ccal. Bot ...., 
, rO • 1'. oUNt. at_ .lope CR4I_1 

: ................. Cl ................ . 

• c:yUlldn ,vo~"" 
107."2101.34 lIIO. 
O. O. -195.0 

, Ilia ...si._ .... l'ad.1 ... l.eIlIJth Ceal 
, ~ti ... of _ ... of c:yliDdar 

• , ........ of filMIc ~ ... 
1. -1 
0.087. 0.083. 0.0 
107.67. 107.67. 0.00. 0.00000 
1. -1 
0.087. 0.011. 0.0 
107.67. 107.715. 0.50. 0.00000 
1. -1 
0.0''1. o.on. 0.0 
107.67. 107.85. 0.25. 0.00000 
1. -1 
0.08'1. o.on. 0.0 
10'1.67. 107 .n. 0.75. 0.00000 
1. -1 
0.08'1. o.on. 0.0 
101.03. 108.03. 0.00. 0.002fol 
1. -1 
0.087. 0.083. 0.0 
101.0l. 108.11. 0.50. 0.002.' 
1. -1 
0.087. O.OIl. 0.0 
101.21. 101.21. 0.00.-0.002.1 
1. -1 
0.087. O.08l. 0.0 
101.21. 101.2'. 0.50.-0.002"1 

, fitNoc ..... nadcI\It 
, tu.c ..... i.aIr 1_'. vidth C_I. _t UON4 
I rO • 1'. otf_ •• t • ..- .lope IR4I"eal 

, f ibar..... nadoIlt 
, tlllloc ..... :bt9 I_I. width (_I. Bot UMd 
, rO • 1' •• UaM •• t • ..- .lope (R4I"eal 

'fihllr ..... ~t 
, filion ....,iD9 Ccal. vidth lcal. Bot UON4 
, rO • 1'. ollaM. at_ .1_ IR4I"eal 

, lilIar..,.. NadcNt 
, tiMc ...-=ms, C_I ... ,idth I_I. Bot UHd 
, rO • r. oUaM. at_ .lope (R4I"aol 

, fillar abIIpa. NadcNt 
, filMIc ,..:oms, C_I. vidth (_I. Bot UHd 
, cO • 1'. oU .... at_ .lOINO (R4I"eal 

, tibac"". ---"t 
, lilIoIoc ..... _ (_I ... idth I_I. taOt UMd 
, rO • 1'. oU_. ate.-- .lope CR4I"eal 

, filion..,.. nadoIlt 
, tilloloc...-ciag leal. width lcal. Bot UMd 
, rO • 1'. oUaM. lICe.-- .1_ (R4I"eal 

, tibac"". nadoIlt 
, tillac _iaIJ I_I. width lcal. Bot UMd 
, rO • 1'. off_. at_ .lope IR4I"eal 

• oyU.dac ,vo~"" 
107."2 108.34 lIO. 
O. O. 195.0 

, .iD Rdi_ .... nodi_. leIlptb 1_1 
, ~ti_ of __ ot cyliDdac 

• , ...... 1' of filial' ~n ,. , 
0.08'1. o.on. 0.0 
107.67. 10'7.6'7. 0.00. 0.00000 ,. , 
0.08'1. 0.081. 0.0 
10'7.6'7. 107.75. 0.50. 0.00000 ,. , 
0.08'1. o.on. 0.0 
107.6'7. 10'7.15. 0.25. 0.00000 ,. , 
0.08'1. 0.013. 0.0 
107.6'1. 107.9]. 0.75. 0.00000 ,. , 
0.011. 0.013. 0.0 
108.03. 108.0l. 0.00. 0.0024.8 ,. , 
0.087. 0.083. 0.0 
101.03. 108.11. 0.50. O.002fol ,. , 
0.087. 0.013. 0.0 
101.21. 101.21. 0.00. -0 .002fol ,. , 
0.087. 0 •• 3. 0.0 
101.21. 101.21. a .50. -0 .002.' 

, filial' abIrpe. ---"t 
, fillac..-ciao' I_I ... idth I_I. _t UON4 
, rO • 1'. oU .... at.ceo.~ lradleal 

I fillar..,.. ~t 
, tu.r..-ciao' lcal. width lca,. Bot ...., 
, rO • 1'. OU_. ate.-- .~ IR4I"_1 

J tihou' 8bape. nadoIlt 
, titlec..-ciao' I_I. width C_I. Bot IIMId 
, rO • 1'. OU_. et.ceo .~ IrwlIaol 

, fiber aMpe. --*>u.t 
• tU"n ....,iB9 I_I ... idth I_I. _t IIMId 
, rO .... oU..c. at_.~ CR4I"_1 

, fillac ..... NMor.it , tu. .. __ C_I. width I_I. Bot IIMId 
, rO • 1'. OU_. IIC_ .~ 1.,..v_1 

, t:iheE" ..... ~t 
, tu.r..-cmsr t_l. width C_I. Bot IIMId 
, rO • 1'. oU_t •• te.-- .lopa IR4I"_1 

, titNoc 1I1YIpa. N8idDQt 
, fillolor...-=1II9 leal ... idth C_I. _t IIMId 
, rO • 1'. oUNt. et_ .lope INdI_1 

, lilIar .... .....sout 
, tibtc _:IDO lcal ... 1dth C_I. Bot ...-II , rO • 1'. oUINt. __ ."... IR4I_1 

: ................ Of. ................. .. · c:yl:U>dioc 
91.n. 92.n. l32.0 

O. O. -166.0 • 1. -1 
0.087. O.08l. 0.0 

,vol..-'" 
, Ilia l'ad.1 ... au: nodi ... ltonvth Ceal , l.ocatt- of __ of c:yl.iodar 

, ..,... of filion ~n 
,tilNo..- ....... ---""t 

91.72. 91.72. a .00. 0.00000 
, filloloc ..-ciDg I_I. vidth I_I. _t ...., 
, rO • r. oU_t •• t_ .lope ,.,..veal 

, fiMr ..... .....sout 1. -1 
0.087. O.08l. 0.0 

91.'12. '1.10. 0.50. 0.00000 
1. -1 
0.087. 0.083. 0.0 
91.72. 91.'0. a .25. 0.00000 

1. -1 

, fU. .. ..-ciDg I_I. width lcal. Bot UHd 
, rO • r. off_to ate.-- .lope CNd/eal 

, fillac .... .....sout 
, tllllor..-:1119 1.,. vidth I_I. Bot ....." 
, rO • 1'. oUINt •• t.ceo .lope l.,..veal 

, Ubar abIpa ........ t 



0.081. 0.083. 0.0 
91.7;2, 91.,.. 0.75. 0.00000 

I fa..r ~inIl ((II), width ((II), DOt uaed. 
I 1'0 • r. oU .. t, .ter.o dope 1r.d.J_) , 

cylinder 
91 .• 7, 9.2.03. 33.2.0 

O. O. 1'6.0 • ,. , 
0.081. 0.083. 0.0 

91.1.2, 91.1.2. 0.00. ,. , 
0.011. 0.083, 0.0 

91.1.2. 91.10. 0.50, ,. , 
0.011. 0.083. 0.0 

91.1.2. 91.90, 0 . .25. ,. , 
0.081, 0.083. 0.0 
'1.1.2, 91.". 0.15. , 

.yo1_~ 

I ain r..stu... au r..tiu •• l.agth I_I 
I loc.c.ioQ of .... t.r of qliDder 
I ..eel' of fa..r 1~ ... 

I fiber .... reedDut 
• fiber --"inIl (CII). width (CIII. _ UMd 

0.00000 • rO • r. oU .. t, .t.r.o .lope (r~_1 
I fiber Ibepe. ~ 

• filler ~ilIg (CIII, width (CIII. DOt IlMd 
0.00000 • rO • 1', oU .. t •• t.r.o .lope (r.s/_J 

I fiber Ibepe. rMdout 
I fiber ~inIl (CIII, width ICIII. DOt uMd. 

0.00000 • rO • 1', oU .. t, .ter.o dope (r~_1 
• fiber ..... rMdout 

I fiber ~1Dg (CII), width (CII). DOt uMd. 
0.00000 I rO • 1', oU .. t •• t.r.o dope (r~_) 

I ................... CS ................... . , .,.limo. 
15.52, 16.08, :» •. 0 

O. O. -137.0 • 1. -1 
0.081, 0.083. 0.0 

• vol_ *-
• ain r.shuo, au radi_, l.agth (_I 

I loc.tiOD of .... t.r of c:yliDder 
I ..eel' of filloer l~ ... 

I fiber ..... readout 

15.17. 15.17. 0.00. 0.00000 
1. -1 

I fa..r ~iDg (CIII, width (ca). DOt u...s 
I 1'0 , 1', off .. t, .ter.o d ... (r.d.J_I 

I fiber ..... readout 
0.011, 0.083. 0.0 • fiber -"'inIl (ca), width (CII), DOt u...s 
15.17. 15.85. 0.50. 0.00000 

1. -1 
• 1'0 • r. oU .. t •• ter.o d ... (r.s/_1 

, fiber..... nadout 
0.081, 0.083, 0.0 
15.17, 15.95. 0.25. 0.00000 

1, -1 

I fa..r ~iIIg (cal, width (CII). DOt uMd. 
I rO • 1', off .. t •• te_ dope (r.s/_) 

I filler Ibepe, rMdout 
0.081. 0.083. 0.0 
75.17. 16.03. 0.75. 0.00000 

I filler QlKiIIg ,cal. width ,cal. DOt u.e4 
, rO • r. off .. t, .ter.o d ... irwS/_1 , 

cyliDllm" 
75.52. 16.08 • .21 •• 0 

O. O. 137.0 • ,. , 
0.087. 0.013. 0.0 
75.17. 75.17.0.00. ,. , 

0.087. 0.083. 0.0 
75.17, 75.85. 0.50. ,. , 

0.081, 0.083, 0.0 
75.17. 15.ts. 0.25. ,. , 

0.081. O.OU. 0.0 
75.17. 16.03, 0.75, , 

,Y01_-.. 
I ain rwSiue. __ radiu., lcgth 1_) 

, l.....t:iom of c.ter of c:yliDder 
I -WI' of fa..r lIlY .... 

I fn.r "epe, nadout 
, fiber QlKiP;I ICIII. width ,cal. DOt uM4 

0.00000 I rO , 1', oU .. t •• t.r.o .lope (r.d./CII) 
, fiber -.-. reedDut 

I fiber QlKiIIg (CIII, width (ca), DOt UMod 
0.00000 ,1'0. r. off .. t, .ter.o d ... ,r.s/_1 

, Uhoor ............... t 
, fiber epacillg 'ca). width (cal, DOt uMd. 

0.00000 I rO • 1', off .. t, .terwo dCll'* (r.s/_1 
• fiber ...... .....tout 

, fiber .pacillg 'ca). width (CIII, DOt UM4 
0.00000 I rO • r. oU .. t •• t.r.o dope (r.s/_J 

I .................... 81 , 
~,.., 

66.00 110.3 0." 
0.00.0 -.00.00 • " 0.081. 0.083. 0.0 
-0.17. 0.0. 66.00. 1 

" 0.081. 0.083. 0.0 
-0.09. 0.5. 66.00. 1 

" 0.081. 0.081, 0.0 
0.01. 0.0, 66.00. 1 , , 

0.017, 0.013. 0.0 
0.09, 0.5. 66.00. 1 , 

~ira.l 
66.00 110.3 0." 

0.0 0.0 .00.00 • " 0.081, 0.083, 0.0 
-0.11. 0.0. 66.00. 1 

" 0.081. 0.083, 0.0 
-0.09. 0.5. 66.00. 

" 0.011, 0.083. 0.0 
0.01. 0.0. '6.00, 1 

" 0.011. 0.083. 0.0 
0.09. 0.5, 66.00. 1 , 

I a-r, _tel' nodii. thidcae .. 
I .0. yo •• 0 
• ..eel' of 1~ ... 
I fibN" IIbepe .ad ...... t 

fiber epacillg. width. ROt uM4 
I.. oU .. t. rOo pe.rity 
fiber RIepe IIDd readout 
fiber epaci.JIo, widt.b, DOt UMd 
•• off .. t. rOo parity 
fiber...,. eDd readDv.t 
fiber epaciDsJ. width. DOt uNd. 
•• off .. t. rOo pe.rity 
fiber RIepe eDd rMdout 
fiber epaciDg, width, _ uMd. 
II. off .. t. rO, parity 

~r. _t.r nodii. thidclw .. 
I .0. yO, .0 
• ..eel' of 1~ ... fiber __ eDd nadout 

fiber .,...::oiDg. width. aot UMd 
•• off .. t. rO, parity fiber __ eDd nadout 
fibM' ~, widt.b, DOt UNCI 
I.. off .. t. rO, parity 
fa..r RIepe eDd rMdout 
fiber ~. widt;h. _ UMd 
I., off_to rOo pority 
fiber ...... eDd nadout 

I fiber ...,cillg, width, DOt u...s. 
• I.. ort_t. rOo pe.rity 

I .............. ··82·· .... •• .... • .. • , 
~ira.l 

58.00 '6.6 0 ... 
0.00.0 -350.00 • " 0.087. 0.083, 0.0 
-0.17, 0.0, 57.80, 1 , , 
0.087. 0.01l. 0.0 
-0.0'. 0.5. 57.80. 1 , , 
0.087. 0.083, 0.0 
0.01, 0.0. 57.80, 1 

" 0.087. 0.01l. 0.0 
0.09. 0.5. 57.80, 1 , 

lIPira.l 
58.00 96.6 0 ••• 

0.00.0 350.00 • " 0.087. 0.01l. 0.0 
-0.17, 0.0, 57.80. 1 

" 0.011, 0.083, 0.0 
-0.0'. 0.5. 57.80. 1 

" 0.011. 0.083. 0.0 
0.01. 0.0. 57.80. 1 

" 0.011, 0.083. 0.0 
0.0'. 0.5. 57.80. 1 , 

, ~r. _tel' ... tii. thi.clmlf. 
I zO. yO, 110 
I -WI' of l~ ... 
• filler __ eDd nadout 
I fa..r eco-ciP;l. width. DOt uMd 

II, off_I., rOo pe.rity filler __ eDd rMdout 
filler epaciP;l, width. DOt uM4 
II. off_t, rOo pe.rity fiber __ aDd ..-ut 
fiber epe.c.1ag. widtb. _ u...s. 
II. off_t, 1'0. pe.rity 
fiber ebue eDd nadout 
fiber epaciDsJ, width. ROt uee4 
II. oft_to 1'0. pe.rity 

~r, _tel' ndii. thidclw .. 
, zO. yO. 110 
I mahoor of l~n 
I filler __ eDd nadout 

:~~f~~: :~~ DOt uee4 
fiber .up. aDd rMdout 
filMr .,.ciP;l, width, DOt uM4 
II, off_, rO, 'Parity 
fiber ~ eDd r-dout 
f1b.r .po.ciDsJ. width, ROt uNd. 
II. off_. rO, pority 
fiber u.pe aDd nadout 
fiber .po.ciDg. width. DOt uee4 
II. off_. rOo pority 

• ................ 83 ................ . 

11 

, 
lliPiral 
.9.S0 82.1 0 ... 

0.0 0.0 -lOO.OO • " 0.087. 0.083. 0.0 
-0.17. 0.0. .9.50. 1 

" 0.087. 0.083. 0.0 
-0.0', 0.5, ".SO. 1 

" 0.081. 0.013. 0.0 
0.01. 0.0 • .,.50, 1 

" 0.087. 0.083, 0.0 
0.09. 0.5. .9.50, 1 , 

lliPira1 
.9.50 82.7 0 ... 

0.0 0.0 300.00 • " 0.087, 0.083, 0.0 
-0.17. 0.0. ".50. 1 

" 0.081. 0.083, 0.0 
-0.09. O.S. ".50. 

" 0.087. 0.083. 0.0 
0.01. 0.0 •• 9.S0. 1 

" 0.087. 0.083. 0.0 
0.09. O.S, .9.S0, 1 

• inasr. out.r r..tii. th:Lc:m... 
• ,.0. yO, .. 0 
• ....... rof~ .. 

fiber ..... -.s rNICSout 
fiber ~ing, width, DOt \IMd 
s, off .. t, 1'0, puity 
fibttr ""- ...t. rNICSout 
filler ~iav, width. _t ... ed 
•• off .. t. rOo parity 
Uhlir .ups ...t. rNICSout 
filler ~inll' width, _t \IMd 
II. off_to rOo parity 
tibttr .ups .... Nal5cNt 
filler ....,ing, wio:lth. _t .....s 
II, oft .. t. rO, parity 

inasr, outer r..sii. th:Lc:kDe.. 
I ,.0. yO. 110 
I ....... rof~ .. 
I filler ....... Nal5cNt 
, filler ~iav. Width, DDt uaed 

II. off.t. rOo parity 
fiber .tMpe .... .....soat 
Uhoor ....,ing. width. DDt .....s 
II. off .. t. rOo parity 
fiber .tMpe ...s Nal5cNt 
Uhlir ..,c •• width. _t ...... 
II. off_t, rOo parity 
filler ___ .... .....sout 
filler ...,., width. DOt __ 
". off .. t, rOo parity 

Appendix B - IsaJet Control File 
KlOOS 08CAY '1'0 Z Ifo.lU 
.0000,100000,1.01 "' ... --"" "" 100.9001 """"'" , 
'ZO'I 

"""""" 'ZO" .... , .•... '.-" .... , 
'E.'. 'E-'I 

'" 50.20000.50, aooool 
DOD 

""" 


