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Introduction

The extretae interaction rate occurring at the SSC
as described In the Reference Design Report poses the
principal new challenge for the triggering systea
compared with detectors at previous accelerators. At
SSC we must plan for about 10 Interactions per
second. If bunch crossings occur each 33 nfi, there
will be an average of 3 Interactions In each bunch
crossing. Potential probltos for triggering are
presented both by the high total rate and by the
multiple Interactions per bunch crossing, so 1 hat
triggering events must be selected In the presence of
other 1nteractions Independent of the inherent speed
of either detector elements or triggering elecrronics.

Previ ous studies • have shown by means of ISAJET
simulations that a snail number of overlapping events
do not significantly affect a trigger which Is based
primarily on calorimetry. Ue have not separately
investigated this point, but have used ISAJET to
s1mulate triggering with the level of overlap
men* ioned above.

Three principal topics are considered in this
report:

()) What practical selections nust be oade in a
first-level trigger to reduce the rate by a
factor of 1000? This factor is chosen to bring
the remaining rate to about the 10 Hz for which
the FNAL Tevatron 1 detectors are planning their
triggers, * so that the necessary strategy is
well understood.

(2) What electronics can be expected to implement
this fi rst-level trigger?

(3) What are the ultimate trigger selections that
must be used to select the approximately 1 Hz
that can practically be recorded for detailed
analysis?

1. First Level Trigger Thresholds

The 33 ns between bunch crossings and, thus,
first-level trigger decisions, permits only the
simplest quantities characterizing an event to be
formed. Since the processes of interest have large Ej
jets and/or large missing p-j. and these quantities can
be quickly formed in the hardware, we chose to base
the first-level trigger cuts on them. It should be
noted chat calorimeter readout tines, are expected to
be at best 100 ns and, therefore, initial trigger
decisions will be made using only a fraction of the
total charge.

In order to reduce the effect of background
particles uniformly distributed In rapidity, only
towers having Ey greater than a preset threshold are
added to the trigger sums. The following trigger suns
were defined:

E_ = i E sine
Lower with
E T J > cut

P = I E sine cos$
Lower with

£ E slnd sln$
tower with

N = Nunber touers ulch E > cut

The Level 1 t rigger then d errands one of the suns to
exceed a cut value or core than a set lumber of jets
as defined above.

The relevant question about this scheme Is
whether one can pick a cut level that reduces the
"dinlcua bias" background by a factor of ~ 1000 in the
event race, or equivalently about 300 In the hunch
crossing rate, while ni nltna lly elf dnat 1 ng "new"
physics events. To answer this, a Monte Carlo study
was undertaken using the ISAJET event generator.
Since at /s - '»0 TeV, moet interactions produce jet-
like topologies, only the TWOJET cptlon of ISAJET was
used, with the py range adjusted to give the correct
cross section. It vas found that the two-jet events
generated with ;>,. - 4-100 GeV/c gave a 138 ob cross
section. Thie range -as used to generate the "minimum
bias" events.

Table I

Probability of une beats crossing producl ng an average
of three Im eractions, sat isfylng each of the three
first-level t rigger condit i one.

Trigger Requ2reoent Probability

Ej. > 75 GeV 0.0017 ± 0.0005

P^ I e 6 > 25 GeV 0.0012 ± 0.0005

> 2 supercowers with E~ > 25 GeV 0.0013 ± 0.0004

An idealized detector vas defined by dividing the
rapidity region -5 < n < 5 inio cells of An = 0.25 and
A$ - 15°. An SSC caloriceter will be more finely
segmented than th is , and we are thus summing several
real calorimeter towers to fona a trigger
supertower. For each E e n e : a l e d event, the energy of
each showering particle was added to the appropriate
supertower. To include effects irom multiple
Interactions in a bean cross!ng, separate Monte CM

made in which

the energy deposited in a supertower. The quantities
Ej., Pxx» an<* PTy u e r e calculated for each
supertower. A threshold cut of E^ = 10 GeV was then
required for a supertouer to be included in the
trigger sums. The numbers of supertowers with E^
greater than thresholds of 2, 5, 10, 15, 20, 25, 30,
40, 50 GeV were also found. For each trigger

(

ETi

g
candidate, the quantities Ê >, maximum (P_ ,P_ }
and numbers of supertowers with E* > 2, .?. 58 GeV
were histogrammed. Note that the max (P_ ,P_ J
constitutes a mi sslng momentum requirement. The
resulting histograms were sucuoed over the different
event overlap numbers o, using appropriate Poisson
probabilities for < n ? = 3 to find the fraction of
trigger candidates satisfying a given cut on missing
energy, or number of jets. The resulting distribution
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for E T is shown in Fig. 1 and that for
max (P-r-.P-rJ In fig- 2. Table I lists the trigger
requirements chosen and the proBability that the
trigger requirement will be satisfied by a given bunch

crossing.
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Fig. I. Histogram of Ê  summed over a l l trigger
towers having individually more than 10 GeV
of Ef! normalized to 1000 bunch crossings.
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Fig. 2. Histogram of max (P ,PT ) per crossing
summed over all trigger towers having
individually more than 10 GeV of E T,
normalized to 1000 bunch crossings.

The Ej. and the number of supertovers with Ej > cut
triggers are alternative possibilities for a Level 1
jet trigger- In the Monte Carlo study, they were
found to generally select the same trigger candidates
(70Z of the candidates satisfying the 2 supertovers
wich Ej > 25 GeV also satisfied E T > 75 GeV, while 552

of the Ej
trigger).

triggers also satisfied the two sypertower-

Thus an OR of the three trigger, conditions in
Table I eliminates QCB-type oininua bias events by a
factor of about 1000.

2. Electronic* Considerations for SSC Triggering

Since liquid argon caloricetry has eoerged as the
technology of choice for the SSC environment, ae
consider the Hesitations leposed by the electronics
and the charge collection process. We will cake the
following assumptions:

1. The detector Is assumed to consist of 1.5 on
uraniua plates separated by 1 oa gaps of liquid
argon with 35 aethane added. This will impose
stringent deaands on the cechanlcal construction
but results In a charge collection ttae uhich nay
be as soall as 25 ns.

2. The individual detector elements are ganged in
snail units to Unit the input capacitance to the
preamplifier.

3. The input iapedance will be kept snail (20 ohns)
through suitable choice of amplifier.

4. The gain-bandvith product of the amplifier is
assuoed to be large, about 1 GHz.

With these assuoptions we analyze in detail the
performance of the circuit in Fig. 3. Following the
treatment of Franzlni , we assume an idealised
triangular shape for the input current. R0 and Ca are
in the Input iapedance of the amplifier and the
capacitance of the detector, respectively, such that
RaCa Is 15 ns. R and C are the feedback elements for
the aQplifiear and RL and CL differentiate the output
signal with a time constant RDCC » 10 ns. In Fig. 4
are shown the amplifier voltages for the signal and
the trigger, respectively.

Fig. 3. Analog circuitry for calorimeter signals used
In proposed first-level trigger.
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Fig. A. Shapes of calorimeter signals used for
readout and for triggering.



ihe high bandwidth require sent of our trigger (50
MHz) results in substantial amounts of anpllfier noise
being added to the signal. We assume a JFET front end
ulth a gain-bandwidth product of 10' or better and an
Input noise voltage density of lO'^V/Hl. If we Haleinput noise voltage density of 10~*V/Hz. If we llaic
the single channel capacitance to 2.5 nf, then the ^
noise in equivalent number of euctront approaches 10
per channel. This number is ve / nearly equal to the
number of electrons collected after the passage of a

lgnal where the bandwlth Is restricted by a lac
ten or more. When the signals from these scall
calorimeter towers are added into a trigger
supertower, this noise level results in an equivalent
noise energy of 1-1.5 GeV.

A schematic for a possible trigger scheme
incorporating the elements discussed above i s
Indicated In Fig. 5. Following the lead of Shochet',
we consider a plpe-ilned scheme in which Che trigger
consisting of a total ET trigger, olsslng Px or Py
triggers, and an electromagnetic shower trigger, i s
made in about 200 ns. The base-line subtractor Is
activated If a trigger Is successful and the data are
recorded. An important feature of this trigger Is the
counter which signifies uhether a given element of the
calorimeter has crossed threshold. A given tower Is
added to the energy sum oily If I ts energy Is over the
threshold at the tame tine as that of the element that
caused the trigger.

^ig. 5. Schematic of deadtineless first-level
trigger.

3. Final Trigger Requireaentg

As a final topic in this initial consideration of
triggering at the SSC, we ask whether the physics of
interest can be preserved with a trigger that allows a
final rate of only 1 or 2 Hz? A detailed
consideration of the trigger conditions at each level
is bevond the scope of this report, but we cao
estimate the final requirements necessary to achieve
acceptable trigger rates in several topologies.

We start by identifying several representative
physics processes to be searched for or triggered on
at the SSC. These are shown in Table II, along with a
description of the trigger topology. The description
of the topology identifies the number of jets and
leptons separately, and indicates whether missing p-j.
will be part of the flgnature for the process.

We estlr^ate a rate for background triggers froa
QCD Jets by starting with Figure 6, derived froa
EHLQ and our ou.i ISAJ£T calculations, which plots
the Integrated cross-section above a given Ej vs.
Ej, For two-jet events, thJ s graph can be read
directly to give the crofs-sectlon, and hence the
rate, above a g!ven &r>. We adopt the criterion that
each partial trigger should give a rate less that 0.2
Hz at a luminosity of 10 » In order that the total
trigger rate recalns under 2 Hz. The resulting
threshold on E-j- Is then shown by the solid line In
Figure 6, which gives 3.2 TeV.

Table II

Representative Physics Processes and Typical
Trigger Topologies

Process Trigger Topology

Hlggs

Techni -rho

Techni color
Scalar

17 lu inp
(Pairs)

Fourth

(Pairs)

Above
CtMspositeness

Scale

H * 2°Z° leptons
lepton + p f 1 " +
2 jets or 2 leptons
+ p.j. ciss

pT

y 2

bb, . . .

I * gir

Wt

1 leptan •«-

2 jets

+ 2 jets

2 jets + 2 leptons
i* jets
4 leptons

Three-jet events are calculated by EHLQ to occur
at a rate lower than two-jet events by about a factor
of 3G, Thus again with reference to Fig, 6, we can
relax the Ej threshold by an aaount corresponding to
an Increase in cross-sect I on of a factor of 30. The
0.2 Hz limit then requires a threshold of E T > 1.8 TeV
for processes where the signature is three or core
jets. Although EHLQ were not able to calculate ihe
rate for A-jet processes, we cake the naive assucption
that there vill be another factor of 30 reduction in
the cross-section for A-jets cos^ared with 3-jets.
Employing Fig. 6 in the same nanner then shows that
for A-jet topologies, it is necessary to require E^ >
1.0 TeV.

Trigger topologies involving n jets and lepton(s)
and/or missing p^ are handled in a similar manner.
Approximate rate reduction factors are determined for
each additional requirenent, and these s.re than used
with Fig. 6 to calculate ths necessary E^ threshold
which must be icposed to bring the total rate to less
than 0.2 Hz for the given topology. Although a
realistic trigger would have the ability to tune the
cut on E-£ for each jet or lepton and also the cut on
misting p T for each toplogy, we make the sinpllfying
condition that including a lepton in the trigger will
always include an E T cut of 25 GeV, and that a missing
Pj. cut vill always be made at 35 GeV/c. We can than
calculate the rate reduction for Inclusion of o. lepton
by assuming that the lepton signal will be provided by
an Isolated hadron that gives a false lepton signal.
Thus the factor to apply to the rate is



Table III

Threshold vs. Topology

Final Ej trigger requirement vs. event topology. Topologies are characterized by the number of Jets requlied
(column In table) and additional requirement* on leptons or missing p x (row in Table). The numerical entry in
the table gives the final cut lo TeV required to restrict the background rate to < 0.2 Hz for each topology,
when the machine luminosity is 10 3 ca~ sec • If the final Ej cut is below the first-level trigger cut on Ej,
thl* is Indicated by *. Where applicable, the table entry also includes the relevant physics process from Table
II, so that its mass scale of Interest can be compared with the required E-j cut.

pmiss

> 35 GeV

] lepton
ET > 2S TeV

U + P j 4 "

2 i

2t+pmiss

41

Nuaber of Jets

0

H • W+W"
*

H + Z°Z°
Cooposi teness

*

2

p'*2 Jets

3.2

i • gsi
1.0

0.35

pj .\I*V

Compositeness
* qq*V

*

*

*

3

i.e

0 . 3

0 . 2

*

*

*

Cocpo s^teness
• gssg

1.0

Paic of g t gg^
0.1

±

Pair of
b1 • Wt

*

*

*

*

- Prob (Isolated hadron > 25 GeV) x
Prob (Hadron gives lepton signal)

10"2) x (10"2)(0.7
0.7 : 10"

i .e . , each lepton requirement will be taken to reduce
the rate by a factor of 0.7 x 10 ,

The rate reduction factor from requiring a
missing pT > 35 GeV/c is calculated by assuming that
large uisslng p-j-'s come from neutrinos, and using the
approximate neutrino spectrum estimated by S.
Protopopescu and F. Pa ige . 1 The resulting factor is
F_ - 10"3.

D

These rate factors have been used to estioatt the
final cut In E T that oust be made on each topology so
that the partial trigger race will be less than 0.2
Hz. These Zj levels are tabulated In Table III, where
the topology Is characterized by the number of jets,
shown increasing with successive columns, and lepton
or missing pT requirements, shovn In separate cows.
The physics processes considered are also entered in
the appropriate box In the table along ulth the &r

cut, so that the E T cut level can be compared with the
physics energy scale for the process. The result Is
chat processes whose signature is only the number of
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Fig. 6.
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Integrated cross-section for QCD events above
a given Ej, plotted vs. ET.



jets require Ej thresholds of 1 TeV or core, so that
the mass range available for discovery Is rather
limited. Topologies Involving o-ltiple lepton and
missing pT conditions, such as Hlggs decay io gauge
bosons or fourth-generation b quartcs decaying to W's
and t's, allow triggering with ooJest Ej levels, or
even no additional Ej cut beyond what is necessary lo
the first or second level of trigger.
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