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ABSTRACT 

I have investigated trigger requirements for the intermediate tracking system 

of the SDC detector, using muons in the final states of some physics processes of 

interest and relevance to the program envisaged to be pursued at the SSC. The 

study is done at the physics event generator level with the PYTHIA package, 

augmented by a very simplistic simulation of the momentum measurement ex­

pected from the intermediate tracking system. For the range in pseudorapidity 

of 1711 = 1.7- 2.5, I find a subdivison into four bins sufficient to ensure that the 

width of the transverse momentum trigger threshold will not be dominated by 

the lack of knowledge of the polar angle. In addition, the azimuthal resolution 

has to be better than 1 mrad to allow transverse momentum thresholds from 

Pt ~ 10 GeV/c up to and beyond Pt = 20 GeV/c to be implemented which are 

needed to accomplish the physics goals. 

* Work supported by the U.S. Department of Energy, Division of High Energy Physics, 
Contract W-31-109-ENG-38 



1. Introduction 

The region of pseudorapidity beyond the reasonable reach of a central track­

ing system of the SDC detector, 1711 ~ 1.4 - 1.8, constitutes an important part of 

the acceptance for the measurement of physics processes of interest at the SSC!l-l) 

Technically, this region presents a strong challenge for constructing a detector 

able to survive there and measure charged particles with sufficient quality!l,4,r.) 

In the present note, I investigate some requirements for track triggering in 

the intermediate angle region using a few processes of interest within the stan­

dard model of strong and electroweak interactions which naturally take a front 

row seat among the candidate processes for being studied at the SSC. I restrict 

myself to muon signatures of final states and the required characteristics of a 

tracking system to trigger on these muons. The philosophy assumed here'S) for 

the trigger emphasizes accepting as many "good" tracks as possible over getting 

rid of fakes and other noise. While, for historical reasons, only muons are used 
. , 

and mentioned, the results apply more or less for electrons as ·well. In the prac­

tical applications of a real experiment, different background contributions will 

arise for muons and electrons, like production in decays for the former and pho­

ton conversion for the latter. These contributions are completely ignored in the 

present work; they would raise the trigger rates but would otherwise not affect 

the discussion below. 

2. Methods and tools 

I have used the PYTHIA event generator version 5.4 (7) for a number of pro­

cesses: har'd QeD scattering, production of bb, tf (mt = 150 GeV/c2 ), inclu­

sive ZO, ZO + jet, nonresonant ZO pairs and the neutral Higgs boson, HO (for 

mH = 140 GeV/c2 and mH = 400 GeV/c2). For the Higgs boson, I have also 

looked specifically at the subprocess HO _ ZO ZO - p.+ p.- p.+ p. - which due to 

its small cross section and outstanding signature has received a lot of attention 
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already in the past. (For the light mass which is less than twice the mass of the 

zO boson, one of the two decay bosons is to be taken virtual, to account for the 

proper kinematics. PYTHIA takes care of that. properly, and this is implicitly 

to be understood whenever this channel is referred to below.) I. have used a 

cut on the minimal transverse momentum appearing in the hard scattering pro­

cesses defining these final states of qt,min = 1 Ge V / c except for the case ZO + jet 

which denotes a subset of the inclusive ZO production and is analysed only for 

qt,min = 25 GeV/c. t 

For the purpose of the trigger study, I assume a configuration of three track­

ing stations, placed at distances of 3.1 m, 3.5 m and 3.9 m from the nominal 

interaction point. Each of these stations is supposed to deliver a point measure­

ment (Zi,<Pi), i = 1,2,3, in a given range of pseudo rapidity TJ (and thereby polar 

angle 8). The practical requirement for a track to be recognizable is to have 

a point from each of the three stations. The change of the observed azimuthal 

angle <P across the three stations can be determined from the points in the first . , 

and third stations. To obtain these numbers from the generated event for a given 

particle (i.e. muon in the present study), I pick up the transverse momentum 

Pt, the polar angle 8 and the pseudorapidity TJ = -In(tan(8/2)). For the change 

Pt,1cic1c of the transverse momentum and the change <P1cic1c of the azimuthal angle 

relative to the values at the interaction point, I use the relations 

Pt,1cic1c ~ 0.3 GeV/c· (Tm)-l . J Bdl(TJ) 

Pt,1cic1c 
Pt -

. 8~n<p1cic1c 

(1) 

with the field integrals taken from a simple analytical approximation to the curves 

shown in Fig.9 of the SDC Letter of Intent [2) (Fig.I). As a simplification, I assume 

t WiLh Lhis choice, Lhe cross sed ion for Lhis final staLe will be overesLimaLed somewhat as 
Lhe cross sedion calc~laLion diverges aL small q,!.' Lhe divergence being compensaLed by 
Lhe non-QCD-radiaLive and other parLs of Lhe Lotal ZO produdion cross sedion. As I 
am inLeresLed in Lhis process as a background source in Lhe present context, this is not 
misleading in a harmful way. 
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that at any angle a homogeneous a.xial field is seen by the chnrged pn.rticles with a 

total field integral given by the beforementioned curve. Beyond the third station 

I take the field to drop to zero immediately. U nd~r these assumptions, all charged 

particle trajectories have circular projections in the (:e, y) plane transverse to the 

beam axis. The transverse radii Ti and azimuthal angles I('i measured by the 

three stations follow from 

Ti = Zi tan8i 

R _ T3 
2sin( I('kick/2) (2) 

Ti 
=-

2R 

where R gives the radius of curvature of the particle, and 1('3 = I('kick/2 is just a 

relabeling of one quantity. In the actual experiment, the transverse momentum 

can then be calculated from the formula 

(3) 

which implies as a constraint the assumption that the track originates from the 

interaction point, (:e,y) = (0,0). Reconstructing the transverse momentum of a 

charged particle thus hinges on the ability to measure the angles 1('1 and 1('3 and 

the radii T1 and T3. As it does not matter where the angle I(' = 0 is located, I will 

look at this problem in terms of the difference tl.1(' = \1('3 -1('1\ (also ignoring the 

charge sign). For the radial coordinate, I will assume that the tracking system 

is read out in four bins of pseudorapidity of width tl.7] = 0.2 covering the range 

\7]\ = 1.7 - 2.5. To fix a single unique radius for each bin, I use the average of 

the polar angles of the bin edges. 

I have generated 400000 events for the QeD case, 30000 events each for the bb 
and tl cases, 10000 events each for the4J.L± final states, and 40000 events each in 

all remaining cases. The events are analyzed and distributions accumulated "on 
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the fly" with no program change occurring for any of the processes. Whenever 

data samples are compared on a. common scale, I have set this scale to one year 

of sse design luminosity, i.e. 107 s .1033 cm-2s~1 = 10 fb-1 • A useful, easy­

to-remember relation in this context is that the integra.ted luminosity in units 

of nb-1 needed for a certain number of events is equal to the time in seconds it 

takes to produce and measure those events. 

3. Analysis and results 

For the following, I take the production of the neutral Higgs boson as the 

signal process of interest, and all other processes as possible backgrounds. I begin 

with looking at the overall spatial distribution of muons, i.e. for the present 

purpose the distribution over rapidity y (Fig.2). The mundane processes like 

hard QeD scattering and ZO production show fairly flat distributions while the 

muons from the tf and neutral Higgs boson final states appear more centra.l1:~, due 

to the high mass of the intermediate states (the top quark and antiquark and the 

Higgs boson respectively) involved. The large differences in the rates for muons 

are dictated by corresponding large differences in the production cross sections. 

In the cascades HO --. ZO ZO --. 4p.±, the branching ratios in the two steps create 

another large rate penalty. No restrictions on momenta or decay channels, except 

for the cascades just mentioned, have been imposed; even for the four-muon final 

state, all other muons that may have been produced alongside with the Higgs 

boson, e.g. from beam fragmentation and hadronization, are included as well. 

The transverse momentum distributions for the same event samples (Fig.3) 

show even more outstanding differences in their shapes: The QeD processes 

overall have their spectra rapidly decaying with increasing transverse momen­

tum while the processes involving high masses produce distributions extending 

out to quite high transverse momenta. In fact, requiring a minimum transverse 

momentum beyond a few GeV/c, to beyond about 10 GeV/c, will cut the un­

interesting QeD processes already by large factors while about half of the tf 

5 



production and most of the Higgs boson production will be kept. A closer look 

at the transverse momentum distributions ill four bins of pseudorapidity cover­

ing the intermediate angle region (1771 = 1.7 - 2:5) shows that this observation 

remains valid even locally (FigA). 

A further handle on reducing the undesired processes when looking for the 

all-charged-Iepton decays of the neutral Higgs boson is the multiplicity of charged 

leptons (Fig.5). The hard requirement of having to detect all four decay leptons 

to reconstruct the Higgs boson has already some strong implications for the 

geometrical acceptance to be provided~9-13J Depending on the mass of the Higgs 

boson, the geometrical acceptance for the complete four-lepton final state of a 

detector covering the pseudorapidity out to 1771 = 2.5 is in the range of 40 -75%. 

The study of Michael Barnett, Kevin Einsweiler and Ian Hinchliffe1uI prepared 

for the SDC Letter of Intent [21 presents some details on the correlations induced 

and combined effects of requiring a number of leptons above some threshold of 

transverse momentum and within some range of pseudorapidity (Figs.S a:p.d 14 

of ref.13). A trigger threshold of 20 GeV/c for the transverse momentum turns 

out to be a viable compronllse between the overall rate such a trigger has (2) 

and the acceptance of it (see Fig.3 and ref.13). Thus, a re~resentative basic 

configuration for triggering is to require leptons to appear with Pt > 20 Ge V / c and 

1171 < 2.5. These cuts strongly reduce the acceptance for all background processes 

in particular when demanding high muon multiplicities (Fig.6). By looking at 

the acceptances for multiple muons as a function of the range of pseudorapidity 

covered, the differences in the kinematic configurations become evident that I 

had mentioned earlier (Fig.7, d. also Fig.2): The· background processes show 

their muons concentrated more towards the beam axis while the top and Higgs 

final states populate the region transver~e to the 'axis much more. Figure 7 

also shows that, in the cases where muonic gauge boson decays (tV - p.Vp. 

and/or ZO -+ p.+p.-) are supposed to supply the or a tag for the process under 

consideration, muons from the "underlying" event can have a significant impact 

on possibly satisfying any given trigger setting. These acceptances combined 
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with the corresponding cross sections (Table 1) give the basic trigger efficiencies 

for a perfect detector. The table shows that without the kinematic cuts even 

a requirement for four muons (if that could be. experimentally realized) would 

saturate the expected data acquisition capacity of 100 Hz easily while after cuts 

the requirement of two or more muons would keep the rate at about 2 events per 

second. Asking for three muons passing the cuts makes triggering comfortably 

possible at almost any imaginable luminosity at the sse. 
Although viable, the above mentioned cut on the transverse momentum car­

ried through over all four leptons is fairly severe!13) Thus it is important to be 

able to work with lower transverse momenta, i.e. around 10 GeV/c at the same 

time. Single inclusive lepton triggers, like those involving leptons from the W± 

and zO bosons, paired with some other trigger condition from elsewhere in the 

detector (calorimeter, muon system) or even running on their own, will have to 

live with higher thresholds beyond 20 G e V / c. This dynamic range aspect trans­

lates into requirements on the transverse momentum re.solution of the trigger as 

can be seen in correlation plots of the transverse momentum against the mea­

sured change in the azimuthal angle cp in the model intermediate tracking system 

(Fig.B). It is immediately obvious that without any subdivision in polar angle or 

pseudorapidity it is impossible to set reasonably well defined thresholds for the 

transverse momentum. By looking at the projections onto the transverse momen­

tum axis for various cuts (upper limits) on the measured change in cp (Fig.9), 

I find the number of four subdivisions quite appropriate as there is not much 

left to improve the sharpness of the thresholds up to well beyond 20 Ge V / c. To 

have no subdivision at all clearly gives unacceptable threshold shapes as shown 

in Fig.10. The actual quality of the thresholds will then be determined by the 

precision with which the measurement of the cp coordinate for the purpose of the 

trigger can be made. 
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4. SUlllmary 

For a simple three-station intermediate tracking system to be useful for trig­

gering, it has to be able to trigger on charged particles at transverse momenta 

from around 10 GeV/c (and possibly below) to well beyond 20 GeY/c. This can 

be achieved with a subdivision into bins of width tlTJ = 0.2 in pseudorapidity 

and a design capable of measuring changes in the azimuthal angle of a track 

across the three stations down to tlcp ~ 1 mrad. These requirements seem to 

be within reach of the technologies currently being developed for tracking in the 

intermediate angle region~4.51 Since the present work had been started about 10 

months ago and evolved over time, other studies got under way, looking at more 

detailed designs of the tracking system and trigger setup!14) reaching and using 

conclusions and requirements in agreement with those I have obtained in the 

present work. 
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TABLE CAPTIONS 

1. Cross sections for selected processes with different minimum muon mul­

tiplicity requirements and without and with cuts. 

FIGURE CAPTIONS 

1. Bending power versus pseudorapidity a) as shown in Fig.9 of the SDC 

LoI!') b) as approximated for use in the present study. The approxi­

mation is no worse than 10% off for the iron loaded version and much 

better for the air core magnet version. 

2. Distribution of inclusive muons over rapidity for some selected processes 

from one SSC year of luminosity, 10 fb-1• Note that in the left half, 

the rates are given in units of 106 muons unlike in the right half which 

shows unscaled rates. 

3. Distributions of inclusive muons over transverse momentum for,some 

selected processes from one year of sse luminosity. Note the different 

scales in the two parts, similar as in Fig.2. 

4. Transverse momenta of inclusive muons in four bins of pseudorapidity 

on a linear (left) and logarithmic scale (right). 

5. Multiplicity distributions of inclusive muons for selected processes with­

out any cuts, normalized to one sse year of luminosity. Note that the 

background processes are scaled down again. 

6. Multiplicity distributions of inclusive muons passing the basic cuts Pt ;::: 

20 GeV/c and 1111 :5 2.5, normalized to one year of SSC luminosity. 

7. Acceptance for at least two muons with Pt,,, ;::: 20 GeV/c (solid lines), 

at least three (dashed) and at least four (dotted). In the upper plots 

all such muons are used irrespective of their source, in the middle only 

those from decays vV ~ p.v" and in the bottom plots only those from 

Zo ~ p. + p. - decays are used. 
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8. Correlation between transverse momentum and measured change in the 

azimuthal angle, 6.cp = Icp3 - CPll, for the four bins of pseudorapidity 

and the full range, 1711 = 1.7 - 2.5, for different processes. The vertical 

band-like fine structure is an artefact of the histogramming software. 

9. Efficiency over transverse momentum for different maximum measured 

changes in the azimuthal angle across the three station of the interme­

diate tracking system, 6.cp = Icp3 - CPll, for four bins in pseudorapidity. 

The air core version of the magnet has been assumed for getting the field 

integrals from Fig.1. 

10. Efficiency over transverse momentum as in Fig.9 but for the range 1711 = 

1. 7 - 2.5 in a single bin. with the radii fixed at the center of the polar 

angle range. 
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Table 1: Cross sections (in nb) 

a) Total cross section and cross sections for minimum required muon multiplicities 

CTtot CT~21' CT~31' CT~41' 1 event 

QGD 9.64.107 2.37.105 1.25.104 241. 241. 

bb 2.60.105 2.16.104 2140. 78.0 8.66 

tt 12.4 2.08 0.496 0.0860 3.09.10-4 

Zo 126. 13.9 0.521 0.047 3.14.10-3 

zO + jet 30.8 2.14 0.27 0.036 7.70.10-3 

ZoZo 0.0257 3.14.10-3 5.46.10-4 1.18.10-4 6.42.10-7 

H(400) 0.0517 5.78.10-3 1.19.10-3 2.23.10-4 1.29.10-6 

H(140) 0.110 9.63.10-3 1.42.10-3 21.4.10-4 2.74.10-6 

ZOZO ~ 4p. 3.77.10-5 3.77.10-5 3.77.10-5 3.77.10-5 3.77.10-9 

H( 400) ~ 4p. 1.55.10-5 1.55.10-5 1.55.10-5 1.55.10-5 1.55 ~)0-9 

H(140) ~ 4p. 6.65.10-6 6.65.10-6 6.65.10-6 6.65. io-6 6.65.10-10 

Note that the cross section in nb is equal to the event rate (in 8-1 ) at the SSC 

design luminosity. The event yield per nominal SSC year is thus obtained by 

multiplying the numbers as given in the table by 107• The statistical accuracy 

of the simulation is indicated by the cross section corresponding to one event in 

the rightmost column. 

All cross sections are given for transverse momenta of the hard scattering process 

above qt,min = 1 GeV/c, except ZO + jet at qt,min = 25 GeV/c. The cross 

section in this last case is somewhat overestimated (probably less than an order 

of magnitude) due to divergence of the cross section calculation at small qt!8) 
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Table 1: Cross sections (in nb) 

b) Cross sections for minimum required muon multiplicities with cuts Pt > 
20 GeVjc and 1171 $ 2.5 

(j cut (j~3~ cut (j~4J1 
cut 1 event ~2~ 

QGD « 241.) 241. 

bb « 8.66) 8.66 

tf 0.195 9.99.10-3 3.09.10-4 3.09.10-4 

Zo 1.03 « 3.14.10-3 ) 3.14.10-3 

zO + jet 0.444 5.39.10-3 « 7.70.10-3) 7.70.10-3 

ZOZO 8.57.10-4 2.25.10-5 3.21.10-6 6.42.10-7 

H(400) 1.32.10-3 6.33.10-5 1.16.10-5 1.29.10-6 

H(140) 5.07.10-4 1.37.10-5 2.74.10-6 2.74.10-6 

ZOZO -+ 4p. 2.66.10-5 1.81.10-5 8.62.10-6 3.77.10-9 
, 

H(400) -+ 4p. 1.30.10-5 1.11 .10-5 8.68.10-5 1.55.10-9 

H(140) -+ 4p. 4.90.10-6 3.06.10-6 6.13.10-7 6.65.10-10 
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