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Introduction

The extreme interaction rate occurring st the SSC
as described in the Reference Design Report” poses the
principal new challenge for the triggering system
compared with detectors at prgvious accelerators. At
SSC we wust plan for about 10° {nteractions per
second. If bunch crossings occur each 33 ns, there
will be an average of 3 interactions in each bunch
crossing. Potential probleas for triggering are
presented both by the high total rate and by the
multiple interactions per bunch crossing, so 1hat
triggering events must be selected in the presence of
other interactions independent of the inhereat speed
of either detector elements or triggering elecrronics.

Previous sludiesz'3 have shovwn by weans of ISAJET
simulations that a small nusber of overlapping events
do not significantly affect a trigger which is based
primarily on calorimetry. We have not separately
investigated this point, but have used ISAJET to
simulate triggering with the level of overlap
menrioned above.

Three principal topics are considered in this
report:

(1) What practical selections must be nmade in a
first-level trigger to reduce the rate by a
factor of 10007 This factor is chgsen 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 ipplement
this first-level trigger?

(3) What are the ultimate trigger selections that
must be used 1o 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 Eg
jets and/or large missing pr 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 thet calorimeter readout times are expected to
be at best 190 ns and, therefore, initial trigger
decisions will be made using only a fractica of the
total charge.

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

E. = E, sing
T tower with L
ETi > cut
P = 1 E, sing cosy
Tx tower with 1
F.I.1 > cut
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The Level ! trigger then dermands one of the suos to
exceed a cut value or core than a set nutuber of jets
as defined above.

The relevant question about thié scheme 1is
whether one can pfck a cut level that rceduces the
“oinfcun bias™ background by a factor of ~ 1000 in the
event rate, or equivalently about 300 in the bunch
crossing rate, while ninipally eliminating “new”
physics events. To answer this, a8 Monte Carlo stgdy
=as undertaken using the 1SAJET event genmerator,

Since at #/s = %0_TeV, cost interactions produce jet-
like topologles,7 only the TWOJET cption of 1SAJET was
vsed, with the pr range adjusted to give the correct
cross section. It was found that the two-jet events
generated with p- =+ 4-100 GeV/c gave a 138 ob cross
section. This r;nge =as used to generate the "minimuo
bias” events,

Table 1

Probability of cne beac crossing producing an average
of three 1nteractions, satisfying each of the three
first-level trigger conditions.

Trigger Requlirecent Probability

0.0017 + 0.0005
0.0012 = 0.0005
0.0013 + 0.0004

Er > 75 GeV
B5% 5 25 Gev
> 2 supertowers with ET > 25 Gev

An 1dealized detector was defined by dividing the
rapidity region -5 < n & 5 inio cells of an = 0.25 and
8¢ = 15°,  An SSC caloriceter will be more finely
segmented than this, and we are thus summing several
real caloriceter towers to form a trigger
supertower. For each gene:ated event, the energy of
each showvering particle was added to the appropriate
supertower. To include effects trom multiple
interactions in a bean crossing, separate Monte C
runs wWere made in which energy irom v eventg, wher
= 1-6, was sunped. A finite energy resolution of Of.
= 35%/ J/E (GeV) and a constant electronics noise of of
= 1.5 GeV/supertower (see Section 2) was also added to
the energy deposited 1o a supertower. The quantities
EI' Prx» and pr, were calculated for each
supertower. A threshold cut of Er = 10 GeV was then
required for a supertower to be included in che
trigger sums. The nuobers of supertowers with
greater than thresholds of 2, 5, 10, 15, 20, 25, 30,
40, 50 GeV were also found, For each trigper
candldate, the quantities Er, maxiouo (Pp P }
and numbers of supertowers with Er > 2, 2 ;ﬁ GeVv
vere histogrammed. Note that the max [PT N
constitutes a missing momentun requiremenf. ?he
resulring histograns were summed over the different
event overlap numbers n, using appropriate Poisson
probabilities for < m > = 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; 1s shown in Fig. ! and that for

wax (P, ,Pp ) in Fig. 2. Table I lists the trigger
requiremn:! chosen and the propability that the
trigger requirement will be satisfied by a given bunch

crossing.
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Fig. 1. Histogram of suomed over all trigger
towers having Individually wore than 10 GeV
of Ey, normalized to 1000 bunch crossings.
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Fig. 2. Histogram of max (PTx'PT ) per crossing
suomed over all trigger {overs having
individually more than 10 GeV of Exs
normalized to 1000 bunch creossings.

The I-Lr and the number of supertowers with Ep > cut
triggers are alternative possibilities for a level 1
jer trigger. In the Monte Carlo study, they were
found to generally select the same trigger candidates
(702 of the candldates satisfying the 2 supertowers
with Ep > 25 GeV also satisfied E; > 75 Gev, while 552

of the Ep triggers also satisfied the tuc sppertower.
trigger).

Thus an OR of the three trigger.‘conditions in
Table I elinlnates QCO-type miniwum bias events by a
factor of about 1000.

2. Electronles Consideratfons for SSC Triggering

Since 1liquid argon caloricetry has ecerged as the
technology of choice for the SSC envirorment, ue
zonsider the limitarions icposed by the electronics
and the charge collection process. HWe will cmake the
following assumptions:

1. The detector is assumed to consist of 1.5 cm
uraniun plates separated by 1 oz gaps of liquid
argon with 32 methane added. This will icpose
stringent demands on the mechanical construction
but results in a charﬁe collection time which nmay
be as swmall as 25 ns.

2. The individual detector elecents are ganged in
spall units to limit the input capacitance to the
prezoplifier,

3. The input icpedance will be kepr small (20 ohcs)
through suttable choice of acplifier.

4. The gain-bandwith product of the acplifier is
assuped to be large, about 1 GHz.

With these assuoptions we analyze in detail the
performance of the cigcuit in Fig. 3. Following the
treatoent of Franzini”, we assume an idealized
triangular shape for the input current, R, and C, are
in the input impedance of the acplifier and the
capacitance of the detector, respectively, such that
R,C, 16 15 ns. R and C are the feedback elements for
the applifier and Ry, and Cb differentiate the output
signal with a tioe constant R,C. = 10 ns. 1In Fig. 4
are shown the aomplifier 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. 4. Shapes of calorimeter signals used for
readout and for triggering.



ihe high bandwidth requi:esent of our trigger (50
MHz) results in substantial amounts of anplifier noise
being added to the signal. We assuge a JFET front end
uvith a gain-bandwidth product of 107 or better and an
input noise voltage density of 10" %/8z.  If ve limic
the single channel capacitance to 2.5 nf, then the S
noise in equivalent nuxber of es.ctrons approaches 10
per channel. This numbder 1s ve y nearly equal to the
number of electrons collected after the passage of &
minimup-ionizing particle through the saoce cell. This
unfavorable signal-to-noise ratic of one to cne 1s, of
course, substantfally fuproved 1o the £inal amplified
signal where the bandwith 1is restricted by a factor of
ten or more. When the signals from these srall
calorimeter towers are added into 2 trigger
supertower, this noise level results in an equivalent
noise energy of 1-1.5 GeV.

A schematic for a possible trigger scheze
incorporating the elements discussed above 1s 9
indicated in Fig, 5. Following the lead of Shochet”,
we consider a pipe-iined scheme in which the trigger
consisting of a total Ep trigger, missing Py or Py
triggers, and an electromagnetic shower trigger, is
made 1n about 200 ns. The base-line subtractor is
activated 1f a trigger 1s successful and the data are
recorded. An important feature of thie trigger is the
counter which signifies whether a given elexent of the
calo: imeter has crossed threshold. A given tover is
added to the energy sum oaly if ite energy 16 over the
threshold at the same tipe as that of the eleoent that
caused rLhe triggerx.
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Schenatic of deadtimeless first-level
trigger.

Fige 5.

3. Final Trigger Requiremcots

As a final topic in this initial consideration of
triggering at the SSC, we ask whether the physics of
faterest can be preserved with a trigger that allows a
final rate of only ! or 2 Hz? A detailed
consideration of the trigger condirions at each level
is beyond the scope of this report, but we cao
esticate the final requirements necessary to achiewve
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 11, along with a
description of the trigger topology. The description
of the topology identifies the number of jerts and
leptons separately, and indicates whether missing pg
will be part of the signature for the process.

Ve estizate a rate for background triggers from
Q€D !S[s by starting with Figure 6, derived from
EHLQ'Y and our owa ISAJET calculations, which plots
the integrated cross-sectlon above a given Ep vs.
Er. For tuo-jet evente, this graph can be rcad
directly to give the crosse—section, and hence the
rate, above a glven ET. We adopt the criterion that
each partial trigger shog&d give a rate less that 0.2
Hz at a luocinosity of 10”7, in order that the total
trigger rate recains under 2 Hz. The resulting
threshold on Ep 1s thea shown by the solid line in
Figure 6, which gives 3.2 TeV.

Table IIL

Representacive Physics Processes and Typical
Trigger Topologies

Process Trigger Topology
Higgs H - 2°92° 4 leptons
v ~1 lepton + p%iss +
2 jets or 2 leptons
+ pp miss
Techni~-rho pp » W1 lepton + pS% + 2 jets
d 2z
Techaicolor Plegg,tt, 2 jets
Scalar bb, ...
tluino 2 - 28y P%iss + 2 jets (twi.=2)
(Pairs)
EFourth
Geperation b' + Wt 1 lebtup + p%’ss + 4 jets
(Pairs)
Alove ggete” 2 jets + 2 leptons
Compositeness gggg 4 jets
Scale *27e%T 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 Eg threshold by an amount corresponding to
an Increasc in cross~scection of a factor of 30. The
0.2 Hz limit then requires a threshold of Ep > 1.8 Tev
for processes where the signature is three or more
iets. Although EHLQ were not able to calc:late the
rate for 4-jet processes, we make the najve assuwmption
that there will be another factor of 30 reduction in
the cross-section for 4-jets cozpared with 3-jets.
Exploying Fig. 6 in the sa2pe panner then shows that
for 4-jet topologies, it is necessary to require Ep >
1.0 Tev.

Trigger tapologies involving n jets and lepton(s)
and/or missing pr are handled in a similar manner.
Approximate rate reduction factors are determined for
each additional requirement, and these zre than used
with Fig. 6 to calculate ths necessary Eq 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 Ep for each jet or lepton and also the cut on
wissing pp for each toplogy, we make the siuplifying
conditicn that including a lepton in the trigger will
always include an Ep cut of 25 GeV, and that a oissing
pp cut vill always be made at 35 GeV/c. We can than
calculate the rate reduction for inclusion of a 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 IIL
Er Threshold vs. Topology

Final Ep trigger requirement vs. event topology. Topologles are characterized by the nucber of jets reguiied
(column in table) and additional requirecents on leptons or missing PT (row in Teble). The nuoberical entry in
the table gives the finasl cut in ‘gsv required to restrict the background rate to < 0.2 Hz for each topology,
when the machine luminosity 1s 10°7 ca™ sec ", 1If the final Ep cut is below the firsc-level trigger cut onm Ep,
this 15 indicated by *. Where applicable, the table entry also includes the r¢levant physics process from Table
11, so that its mass scale of interest caun be compared with the rzquired Ef cut.

Nunber of Jets
0 2 3 4
. p'+2 jets Cocpositeness
+ 83828
3.2 1.8 1.0
Tss E"S"I Pal:ofgoga
> 35 GeV L0 0.3 0.1
1 lepton
° Ep > 25 %eV 0.35 0.2 &
3
2
s B Wt Patr of
£ 12 + P.;‘.d“ pr + W™ b' + Wt
3 . . .
L]
Q
ﬁ
=] 2z Compositeness
» qqtte”
* & *
2¢tppiss B oo W
- * - * *
4t H » 2°2°
Cougoiigeﬂess
R N A
* * * '
LI B AL B
}'1 = Prob (Isolated hadron > 25 GeV) x
Prob (Hadrzn gives kepton signal) E
= (0,7 x 1004) x (107%) Vs = 40 TeV
= 0.7 x 1074, 103 —
i.e., each lepton requirement wil] be taken to reduce 1 1
the rate by a factor of 0.7 x 107°%, |
The rate reduction factor from requiriog a T 100 L |
missing pp > 35 GeV/c is calculated by assuming that £
large missing pp's come from neutrinos, and using the & —— < Rete = 02 Hz lnrnE, Tf_’flﬂ_‘
approximate neutrino ﬁpecl’.i\tm estimated by S. I Only at L = 107 em™ sec
Protopopgscu and F, Paige. The resulting factor is ) | ]
Fg = 1077, -
w
© 10-3 |- ]
These rate factors have been used to estimate the ~
final cut in Ep that mst te made on each topology so
that the partial trigger rate will be less than 0.2
Hz. These Ep levels are tabulated in Table III, where - k
the topology 1is characterfzed by the number of jets,
shown increasing with successive columns, and lepton 1076 —
or missing pp requirements, shosn 1in separate yods. ] . ,
The physics processes considered are also entered in o Lt ‘5 et 10‘ — '15*’ 20
the appropriate box in the table alang with the E’l‘ E; (Te¥)
cut, so that the Ep cut level can be compared with the
physics energy scale for the process. The result is Fig. 6. Integrated cross-section for QCD events above

that processes whose signatute 1s only the number of a given Ep, plotted vs. Ep.



jers require Ep thresholds of 1 TeV or core, so that
the mass range available for dfscovery is rather
limited. Topologies involving mltiple lepton and
missing pp conditions, such as Higgs decay 1o gauge
bosons or fourth-generation b quarks decaying to W's
and t's, allow triggering with oodest Ep levels, or
even no additional Ep cut beyond what 1s necessary in
the first or second levei of triggsr.
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J1. The neutrino spectrum is reproduced in the report
of the Calorimeter Group in these proceedings.
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