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ABSTRACT 

Results from ongoing trigger and DAQ studies at the Superconducting Super 
Collider Laboratory are presented. Specific Higgs decay modes are 
identified, calorimetric triggering algorithms are examined, and 
implications for data acquisition are discussed. 

1. Physics Processes 

Much attention has been paid to detector requirements for Higgs searches at the 
Superconducting Super Collider (SSC). It is expected that the low-mass (M,.....,80 Ge V) 
Higgs searches will define the minimum thresholds and hence the trigger rates. The 
following modes have been considered in varying amounts of detail over many SSC physics 
workshops: 1.2 

1. W+H---? Iv + bb 

2. H---?'t't 

3. H---?"(f 

4. H---?ZZ*---?4e or 2e 2f.1. 

For the first process, one has to trigger on a single lepton to tag the W. For the second 
process, one must trigger on two stiff tracks. The third process requires one to trigger on one 
or two gammas. In the last process, one can trigger on one or two electrons (or one or two 
muons). The most difficult process is no. 2; the next most difficult is no. 3. We shall consider 
only no. 3 presently. The real problem of triggering at the SSC is that we must retain trigger 
energy thresholds at levels similar to those used at the Fermilab Tevatron (,.....,20 Ge V) while 
enduring luminosities 1000 times greater! 

*Operated by the Universities Research Association. Inc., for the U.S. Department of Energy under Contract No. 
DE-AC35-89ER40486. 



2. Simulation Description 

In the present study, we generate physics events of interest using 
PYTHIA5.6/JETSET7.3,3 propagate the particles in a geometry (GEM4) within 
GEANT3 .15,5 and deposit energy spatially using a spot-throwing algorithm. Figure 1 shows 
the geometry. The main features are listed in Table 1. 

TABLE 1. GEM GEOMETRY. 

Segmentation Thickness Resolution 

Electromagnetic 0.032 X 0.032 25"0 0.07/JE + 0.005 

Hadron 0.08 X 0.08 1O-1lA. 0.6/ JE + 0.01 

Pileup effects are included using a shaping function that is + 1 for the first bucket and 
-112 for the subsequent two buckets. Thus earlier buckets can contribute (with negative 
values) to a given bucket of interest. Electronic noise is ignored in the present study. 

In this study, we make extensive use of fast simulation of electromagnetic (EM) and 
hadron (HAD) showers. The parametrizations of EM and HAD showers were adapted from 
CDF6 test beam data. Longitudinal and transverse shape fluctuations are included. The 
transverse shape? for hadron showers was parametrized from FLUKA8 calculations and 
contains depth dependence. Comparisons were made between full-simulation GEANT with 
different particle energy cutoffs (the energies where electron, gamma, and hadron 
showering is stopped) and the parametrization by looking at the fraction of incident energy 
seen in the hadron compartment of a calorimeter with a l-interaction-Iength EM 
compartment followed by a 10-interaction-Iength hadron compartment for 50-Ge V charged 
pions. This is shown in Figure 2. Thus even a full simulation can be tuned via changes in the 
cutoffs. 

If we take cuts where the energy in the hadron compartment is about 10% of incident 
energy, then the parametrization gives an answer that is a factor of two or so worse than a full 
simulation with low cutoffs. In this case, estimates of rejection are expected to be 
pessimistic, so we will live with this error. 

TIP'()3466 

Figure 1. GEM Geometry in This Study. 
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Figure 2. Check of Longitudinal Shower Fluctuations: EhacVEtot for Incident 50 Ge V 1t+. 

(a) GEANT full simulation with low cutoffs (100 KeVy, 1 MeV other) (b) GEANT 
full simulation with high cutoffs (100 MeV all), and (c) parametrized shower. 

3. Trigger Algorithm 

In triggering, we are basically interested in signal efficiency and trigger rate 
(background rejection). In this study, we examine a trigger strategy based on two successive 
levels of cuts: a first level based on coarse-grain calorimeter information using EM and 
Hadron compartments, and a more complex second-level cut based on full-grained 
calorimeter EM information. 

3.1. Levell 

The calorimeter is tiled by non-overlapped coarse trigger towers made up of 5 X 5 
EM cells summed and 2 X 2 Had cells just behind the EM compartment9 (Figure 3). At the 
first level, one constructs using these coarse trigger towers: 

• ET,EM 

• Longitudinal isolation = ET, Had/(ET, Had + ET, EM)' 

The plot of the highest ET, EM and second-highest ET, EM is shown in Figure 4 for the 
Higgs and in Figure 5 for two-jet QCD events. Clearly, cutting near 20 Ge Von the highest ET 

yields a large QCD rate reduction while retaining almost all of the signal. The distributions 
of the longitudinal isolation for Higgs and QCD are shown in Figure 6. A cut of 0.1 will keep 
almost all of the signal while rejecting QCD. It should be noted that the longitudinal isolation 
cut is determined by how noisy the back Hadron compartment is. If it is too noisy, one would 
be cutting out real events some fraction of the time. This requirement needs further study. 
The value of 0.1 we have used appears conservative. 
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Figure 3. Trigger Algorithms for Ll and L2. 
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The trigger phase space showing the QeD trigger rate versus Higgs signal efficiency 
under threshold cuts and longitudinal isolation cuts is shown in Figure 7. This shows how 
trigger rate relates to efficiency for a 20-Ge V ET cut and how rate and efficiency depend on 
the EhadlEtot cut (longitudinal isolation). One can require two EM towers above some 
threshold and apply longitudinal isolation cuts if need be. The rate is then reduced by more 
than two orders of magnitude, although the efficiency is starting to suffer. One should note 
that a geometric efficiency of 0.5 is excluded from all trigger efficiency plots. Thus a 0.7 
trigger efficiency has to be combined with 0.5 to yield a net of 0.35. 
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Figure 7. (a) Single EM Ll Trigger Rate vs Higgs Err. (b) Same as in (a) but for two EM Ll 
Clusters. Curves show action of ET cut and for given ET cut, action of increased 
longitudinal isolation. 

3.2. Leve12 

The emphasis of this study centers on the behavior of level-2 triggering under 
different levels of zero-suppression. We assume that LI requirements: 

• ET,EM> 20 GeV 

• longitudinal isolation < 0.1 

have already been imposed. This gives a 50-kHz Ll accept rate (= L2 input). A level-2 
algorithm can be defined by going to the highest Ll coarse-trigger tower and utilizing the 
full granularity of the EM calorimeter in two steps: 

1. find highest EM cell within the L 1 coarse tower of interest and define this as 
a seed cell, 

2. construct ETIx3EM, ET5x5EM, ET7x7EM, etc., centered on the highest EM 
cell found in step 1 where ET3 x 3EM is the ET sum of a 3 X 3 cell centered on 
the seed cell. 



We then look at local transverse isolation = ET3X3EMI ET5X5EM. This quantity is 
equal to 1 for an isolated particle and less than 1 for an unisolated particle. We look at the 
transverse isolation as a function of calorimeter zero-suppression thresholds of exactly 0, 
100 MeV, 1 Ge V, and 5 Ge V on individual cells at full granularity. Figure 8 shows the 
projection of [ego plots (ET in [11, cj)]) onto the 11 axis for a QeD Ll accepted event. One sees 
qualitatively that as one increases the EM cell zero-suppression threshold, the data volume 
(number of cells above threshold) drops rapidly. The jet activity near the high seed cell, 
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Figure 8. Calorimeter Lego Plots Projected Along 11 Dimension for 0, 0.1, 1.0, and 
5.0-GeV EM Cell Thresholds for LrAcceoted QeD Event (Input to L2). 
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however, remains for cuts up to 1 Gey. Figure 9 (top row) shows the behavior of transverse 
isolation with different zero-suppression thresholds for Higgs events. The middle row 
shows the corresponding distributions for the QeD events. The bottom row shows the 
distributions of the number of EM cells above threshold. If we make a transverse isolation 
cut of 0.9, we can retain the signal and reject background. Figure lO(a) shows the resulting 
L2 trigger rate after the transverse isolation cut for different zero-suppression thresholds. 
Figure 1 O(b) shows the corresponding efficiencies. Figure 1 O( c) shows the data volume 
versus cell thresholds. The product ofLI accept (L2 input) rate and data volume (number of 
cells above threshold) gives the required L2 input bandwidth (Figure lO(d». In all plots, the 
2 EM cluster rates are also shown. Other level-2 cuts such as wider isolation cones and 
invariant mass are possible but are not discussed presently. 
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Figure 9. Transverse Isolation (ETJ xYETS x 5) for Higgs (top), QeD (middle), and Data 
Volumes (bottom)-number of cells above threshold. 
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Figure 10. (a) L2 Trigger Rate, (b) L2 Higgs Efficiency, (c) Data Volume, (d) Bandwidth 
Requirements for Transverse Isolation (as defined in text) > 0.9. 

4. Implications for DAQ 

Data volumes for the various cell thresholds are shown in Table 2. It is assumed that 
one has 40K (i.e., EM calorimeter only) channels needing 2 bytes for data and 2 bytes for 
address when using zero-suppression. Table 3 shows some bandwidth requirements for 
LI-L2 and L2-L3 links coming from the H-+yytrigger. Note that after a level-2 accept, a 
less suppressed data sample is read out. Figure 11 shows a schematic of a triggerlDAQ 
system designed to take advantage of the data volume reductions possible with 
zero-suppression. 

TABLE 2. DATA VOLUMES FOR CELL THRESHOLDS. 

EM Calorimeter 40K cells X 2 bytes/cell = 80Kb 

OGeV 2K cells X 4 bytes/cell = 8Kb 

100 MeV 500 cells X 4 bytes/cell = 2Kb 

IGeV 50 cells X 4 bytes/cell = 200b 



TABLE 3. BANDWIDTH REQUIREMENTS. 

Ll L2 

Accept Rate (Khz) single EM SO 10 

double EM 7 0.1 

Max. Data Volume 200 2000 
(bytes) (1 GeVThr) (0.1 GeV Thr) 

Max. Bandwidth single EM 10 20 
Read Out (Mbytes/s) double EM 1.4 0.2 

Upon a level-l accept (50 kHz for 20-GeV threshold and longitudinal isolation <0.1): 

1. The digitized information for the entire calorimeter is sent to an L2 buffer 
within a data collection network (DCN). 

2. High zero-suppression is imposed (1 Ge V) on EM cells at full granularity, 
and this data is passed through the data collection network. 

3. A switch is used to direct the event fragments from the output of the data 
collection network to a farm of processors. 

4. An L2 algorithm calculates local transverse isolation using the highly 
zero-suppressed data and then sends result to gating logic where an L2 
accept or reject is generated. 

5. Upon an L2 accept, the full calorimeter with 100 MeV (or low zero­
suppression) is again passed through the same data collection network, 
switch, and processor farm for L3 processing. 

Further details about such DAQ architectures can be found in References 10 and II. 

5. Conclusions 

The H--+2y is one of the most challenging processes for triggering at the SSC. No 
tracks are required, nor are multilepton signatures available. For the most part, the process 
requires only calorimeter information. The desire for sensitivity to low-mass Higgs searches 
imposes low thresholds in calorimetric triggering. In a detector like GEM, a simple level-l 
trigger based on thresholds on coarse towers and longitudinal isolation drops the trigger rate 
(while retaining signal) to under 100 kHz. At this point, through judicious use of high 
zero-suppression, it is shown that L2 transverse isolation is still effective. The greatly 
reduced data volume allows one to consider a triggerlDAQ system based on low bandwidth 
components (no greater than 10 Mbyte/s needed). In fact, a system where the L2 and L3 
algorithms are run in the same processor farm seems possible. A number of outstanding 
issues still need to be resolved: What about other triggers? What are the real L21L3 
latencies? It is clear that triggeringlDAQ are intimately intertwined, and much can be gained 
by recognizing this fact. 
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