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INTRODUCTION

A study of the ATLAS Level 2 electron/photon triggers has been performed
for the ATLAS Technical Proposal. Level-1 filtered events were used as input
to the Level 2 study. About 10,000 events were selected with a 15-GeV filter;
this sample corresponds to about 500,000 dijet events generated with P, > 17
GeV within |n] < 2.7. Trigger selection criteria and trigger rates have been de-
termined for low-luminosity (1033¢cm=2s~!) and high-luminosity (1034 cm—2s71)
interactions.

This study is part of a larger study carried out by the members of the AT-
LAS Trigger Performance Working Group, with the ob jective of determining the
trigger requirements, trigger conditions, and trigger rates required by the AT-
LAS physics program described in the ATLAS Technical Proposa.l1 . The muon
trigger is described in Ref. [2] for the Level 1 trigger, and in Ref. (3] for Level
2. The jet trigger was simulated using a fast simulation program, as described
in Ref. [4]. The Level 1 electron/photon triggers which form the input to the
present study are described in Ref. [5].



DETECTOR LAYOUT AND DATA SAMPLES

ATLAS detector layout

The detector layout used for the electron/photon trigger simulations differs
from the detector layout in the Technical Proposal in several ways. The elec-
tromagnetic liquid-Argon accordion calorimeter is modeled as a parallel-plate
liquid-Argon calorimeter for this study. The calorimeter granularity is .025 X
.025 for |n| < 3 for the electromagnetic calorimeter and .10 x .10 for |p| < 3
for the hadronic calorimeter. The barrel/endcap transition is at |n] = 1.4. The
preshower detector is taken as an independant preshower within the liquid argon
volume, after the solenoid coil. The preshower detector consists of two preshower
planes: ¢ strips after two radiation lengths, and 7 strips after three radiation
lengths. The granularity of the ¢ (n) strips is én x §¢ =.10 x .002 (.002 x .10) in
the barrel region, and .10 x .003 (.003 x .10) in the endcaps. The tracker is the
Cosener’s House design6 with three sets of Transition Radiation detectors in the
central region, and with silicon strip layers before and after the TR detectors.

Dijet data sample

A million jets (500,000 dijet events) have been generated using PYTHIA
Version 5.7° . The jets were generated with |n| < 2.7 and with P; > 17 GeV or
P, > 35 GeV, for the different simulation runs. Isolated single photons, vector
bosons, and top quarks were included in the simulations. The total cross-section
simulated was 0.346 mb for P, > 17 GeV and 0.035 mb for P, > 35 GeV. The
full GEANT simula.tion8 was carried out for events passing a particle-level filter
which required E; > 17 GeV or 35 GeV incident in a region én x 6¢ = 0.12 x 0.12
or 0.20 x 0.20. In order to study Level 2 trigger algorithms, separate tapes were
produced with events passing more restrictive Level-1 electron/photon trigger
Slters with E; > 15 GeV or E; > 35 GeV with electromagnetic and hadronic
isolation cuts.

Minimum-bias background events were generated separately, and the tracking
hits and calorimeter energy deposits were added to the data for the filtered dijets.
The number of events expected in a 25 ns gate is 1.8 at low luminosity (10%3)
and 18 at high luminosity (10%%). On the other hand, the signal timing is not
perfect for the calorimeter and the TRT. Calorimeter trigger signals must be
timed to better than 25 ns, but the baseline recovery requires roughly 50 ns; small
signals will contribute to the background levels during two bunch crossings. The
maximum TRT drift time is 38 ns, and this increases the signal rate by about
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30%. Therefore, the TRT data is best simulated by assuming 2.3 events per
trigger at low luminosity and 23 events at high luminosity.

The low-luminosity trigger rates reported here were based on the analysis
of 10,543 events passing the Level-1 filter with E; > 15 GeV, and 800 events
with E; > 35 GeV. These data samples correspond to 1.0 event/nb for Ex > 15
GeV (1.0 Hz/event at 10%), and 2.5 event/nb for B¢ > 35 GeV (0.4 Hz/event at
1033). Most of the studies reported here were performed in a restricted volume
with |n| < 0.6; in this restricted volume, our sample corresponds to 4.2 Hz/event
at 1033 for the Level-1 filtered events with E; > 15 GeV, and 1.67 Hz/event for
E; > 35 GeV. No min-bias events were included for the low-luminosity analyses.

The high-luminosity trigger rates were simulated by including 18 min-bias
events with each of the filtered events. The analysis was based on 6,672 events
passing the Level-1 filter with E; > 15 GeV (15 Hz/event at 103%), and 800 events
with E; > 35 GeV (4 Hz/event at 103%). For the restricted volume with |n| < 0.6,
this sample corresponds to 62 Hz/event at 103 for the events with E¢ > 15 GeV,
and 16.7 Hz/event for E; > 35 GeV.

Electron/photon data samples

Trigger efficiencies were measured using single photons and single electrons
generated with the same detector layout. The tracking code for the trigger sim-
ulations was available only for |n| < 0.8. Event samples containing about 240
electrons or photons in a more restrictive volume with |7| < 0.6 were used to
measure trigger efficiencies at low luminosity (10%3) and samples of about 120
events with || < 0.6 were used at high luminosity (10%). Trigger efficiencies
were measured at 20, 40, 60, and 100 GeV for electrons, and at 20 and 40 GeV
for photons.

Trigger simulation program

The trigger simulation program followed the trigger design, with Level 1
and Level 2 trigger processing9 . The Level 1 processing simulates the actual
Level 1 hardware, and sends Rol information banks to the Level 2 supervisor
routine. The Level 2 algorithms have not been optimized, and latencies have
only been estimated. Further studies will be necessary to determine how much
preprocessing will be necessary in the Level 2 buffers.
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TRIGGER ALGORITHMS AT LOW LUMINOSITY

Level 1 electron/photon trigger

The Level-1 electron/photon cluster-finding algorithm10 is illustrated in
Fig. 1. The algorithm is based on trigger cells with én x é¢ = 0.1 x 0.1. The
cluster energy is the highest energy in any two neighboring cells within a 2 x
9 cell core; the EM isolation energy is the energy in the 12 cells surrounding
the 4-cell core. The hadronic isolation energy is the energy in the 16 HAC cells
immediately behind the EM region.

The ATLAS physics program requires good efficiency at low luminosity for
single electrons above 20 GeV, and for di-photons above 20 GeV. There is no
special physics requirement for the threshold for a single-photon trigger. For
the Level 1 trigger, the E¢ threshold for electron/photon candidates is set at 15
GeV to assure good efficiency at 20 GeV. The EM isolation energy is required
to be less than 5 GeV, and the hadronic isolation energy is required to be less
than 2 GeV. The electron/photon trigger rate at low luminosity is about 10 kHz,

including 350 Hz of di-photon candidates’

Level 2 selection criteria

The Level 2 trigger must reduce the Level 1 rate from 10 kHz to at most 500
Hz for all electron/photon triggers, while maintaining 90% efficiency for electrons
and photons. The calorimeter and preshower shape parameters11 1 give a
rejection factor of about 6 for each photon candidate, and the tracking gives an
additional rejection factor of 10 for the electron candidates'> *'* . The algorithms
and rejection factors will be described in detail in the following sections. The
final trigger rate for single electrons above 20 GeV is 180 Hz. The final trigger
rate for di-photons above 20 GeV is about 10 Hz. The single-photon trigger rate
is 60 Hz for a threshold at 40 GeV.

Calorimeter shape parameters

The Level 1 calorimeter trigger uses 0.1 x 0.1 trigger cells, both in the
hadronic and electromagnetic calorimeters, with a least-count on the trigger-
cell energy-deposit of 1 GeV. The dijet rejection for electron/photon triggers
can be improved at Level 2 by using the fine granularity of the electromagnetic
calorimeter and the improved energy resolution.

A series of possible shape parameters is shown in Fig. 2 for electrons of 20
GeV. Cluster sizes ranging from 3x3 EM cells (6n x 8¢ = 0.075x0.075) to 9x9
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cells (6 x 8¢ = 0.225x0.225) were considered. The tails are much more important
when the signal is restricted to three bins in n or ¢. The same quality factors
are shown in Fig. 3 for filtered jets with E; > 15 GeV. A factor four rejection
against dijet events passing the Level 1 trigger is possible with 90% efficiency for
the 20 GeV electrons at low luminosity, using the ratio (5x7)/(7x9).

Preshower algorithms

The preshower algorithm requires a narrow “profile” for the preshower energy
deposit. We have used only the profile in 1, because the most likely preshower
design has only 7 strips. The comparison has to be updated, because the ATLAS
preshower will be integrated into the EM calorimeter, whereas the preshower in
the dijet simulations was an independant preshower.

We use a profile defined as the maximum energy deposit in én = 0.006 divided
by the energy deposit in §n = 0.048. This corresponds to 3 strips out of 24 in the
barrel region, and 2 strips out of 16 in the endcaps. For 90% electron efficiency
at 20 GeV, this cut gives a rejection factor of two at low luminosity.

The algorithm must be modified for photon candidates, because nearly 15% of
the photons convert only after the independant preshower detector. The photon
algorithm requires that the energy deposit be small (less than about 0.1 GeV) or
that the profile be narrow, or both.

The preshower parameters for 20 GeV electrons and for dijet events at low
luminosity are shown in Fig. 4 and Fig. 5. The same parameters are shown in
Fig. 6 for 20 GeV photons; the sharp peak for very narrow profiles is due to
late photon conversions in which very little energy is deposited in the preshower
detector.

Transverse energy cut

The best estimate of the transverse EM energy is obtained by combining
the energy measured in the EM calorimeter with the energy measured in the
preshower detector. We have used weighting factors for the preshower and for
the EM calorimeter that depend on |1}, with three || regions in each half-barrel,
and three |n| regions in each endcap. The preshower energy includes all the
energy deposited in the Rol (0.3x0.3). The EM energy is measured in 9x9 EM
cells (0.225x0.225). The transverse energy thus obtained has been multiplied by
a parabolic correction factor to remove a residual 7-dependance. This calibration
was performed for 40 GeV electrons; the energy spectrum as a function of nis
shown in Fig. 7 before and after the n-dependant correction.
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Further calibration studies are still necessary. The transverse energy distri-
butions in Fig. 8 show that the energy is overestimated at lower E; and underes-
timated at higher E;. We would expect improved rejection from the calorimeter
with a better energy calibration.

Transition Radiation Tracker

The trigger code 15 for the TRT was available only for the central region with
In| < 0.8. We have limited our electron /photon studies to the region |n| < 0.6 to
avoid inefficiencies at the edge of the barrel TRT.

The TRT rejection depends on discrete values (the number of hits, the number
of high-energy hits, the fraction of hits with TR drift time within a narrow road,
and the number of empty straws) and on track parameters (P, n, ¢, and chi-
squared). The present study does not consider TRT inefficiencies other than
those due to the presence of tracks from the underlying event and from min-bias
background.

All tracks found in the TRT (including “ghosts”) are considered as candidates
for the trigger algorithms. A preselection based on the trigger cuts is used to
select the “best” trigger candidate.

The discrete TRT parameters for these trigger candidates are shown in Fig. 9
for 20 GeV electrons at low luminosity. The same distributions are shown in
Fig. 10 for jets passing the 15 GeV filter. Trigger algorithms typically require
more than 20 hits on the track, at least three or four high-energy hits (compatible
with transition radiation), and no more than two empty straws.

The TRT P: distribution and the ratio P / E; is shown for the 20 GeV elec-
trons in Fig. 11. About 90% of the tracks have P, above 14 GeV/c. The P, of
the background events peaks at much lower energy, as shown in Fig. 12. The
difference between the ¢ value of the TRT track at the calorimeter and the ¢
value of the central cell in the EM calorimeter energy cluster is shown in the same
figures. The TRT selection criteria alone provide a rejection factor of about 10
for 90% electron efficiency at 20 GeV.

Silicon Tracker

The Silicon tracker P; and ¢ are shown in Fig. 13 for 20 GeV electrons at low
luminosity, and in Fig. 14 for filtered jets with Ey > 15 GeV. The silicon tracker
alone gives a rejection factor of about 6 for 90% electron efficiency at 20 GeV.

Level 2 electron trigger rates

The electron trigger rates have been calculated for electron efficiency of 90%
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at each of our calibration points: 20, 40, 60, and 100 GeV. Fig. 15 shows the
energy spectrum for jets from the 15 GeV filter passing 20 GeV photon and
electron selection criteria. Fig. 16 shows the same distributions for jets from the
35 GeV filter passing the 40 GeV selection criteria.

The selection criteria used for different electron E; thresholds are given in
Table 1. Selection criteria at 30 GeV and at 80 GeV were obtained by assuming
smooth variations for each parameter. The trigger rates corresponding to the
selection criteria in Table 1 are given in Table 2, assuming a luminosity of 10%3,
but without adding min-bias events. We have studied possible variations in the
selection criteria at 30 GeV due to different interpolations from the calibration
data at 20 and 40 GeV; they do not result in significant variations in the trigger
rate at low luminosity.

The trigger rate in Table 2 for the 20 GeV single-electron trigger threshold
at low luminosity is 180 + 30 Hz for 90% electron efficiency. This is compatible
with the high-F; physics goals indicated above.

Particle identification

The most energetic particle in the electron Rol has been identified using the
GEANT KINE banks. For the 20 GeV threshold, 50% of the Level 2 electron
triggers come from photon conversions from pi-zero decays, 25% come from elec-
trons, and the remaining 25% come from charged hadrons. When the electron
trigger threshold is raised to 30 GeV, 40% of the triggers come from photon con-
versions (2 events out of the 5 events passing the 30 GeV trigger conditions), and
the other 60% are real electrons.

Level 2 photon trigger rates

The photon trigger rates have been calculated for photon efficiency of 90% at
two calibration points: 20 and 40 GeV. The trigger rate for the 40 GeV threshold
can be determined by combining the jet data from the 15 GeV and 35 GeV filters;
the two data samples give compatible trigger rates for the 40 GeV threshold.

The single-photon trigger rates at low luminosity are given in Table 2, for
00% photon efficiency above the trigger threshold. We choose a single-photon
E, threshold of 40 GeV to keep the photon trigger rate below the single-electron
rate. This single-photon trigger rate is 60 £ 10 Hz for luminosity 103 (with no
min-bias).

For the di-photon trigger rates, we have an estimate only for the threshold
at 90 GeV. We found four photon pairs in the 15 GeV jet sample, for || < 2.5.
These four events give a trigger rate at luminosity 10% of 4 £+ 2 Hz.
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TRIGGER ALGORITHMS AT HIGH LUMINOSITY

Level 1 electron/photon Trigger

At high luminosity, we require good efficiency for single electrons above 30
GeV in order to assure good efficiency for inclusive W and Z bosons. The di-
photon trigger threshold is maintained at 20 GeV as required for the H — ¥y
search. For the Level 1 trigger, the E; threshold is set at 25 GeV for single
electron/photon candidates, and at 15 GeV for electron/photon pairs. The EM
isolation energy is required to be less than 10 GeV, and the hadronic isolation
energy is required to be less than 2 GeV. The electron/photon trigger rate at
high luminosity is 24 kHz, including about 4 kHz for the di-photon ca.ndidates5

Level 2 selection criteria

The Level 2 trigger must reduce the Level 1 rate from 24 kHz to below 1
kHz for all electron/photon triggers, while maintaining acceptable efficiencies for
electrons and photons. At high luminosity, the calorimeter and preshower shape
parameters give a rejection factor of about 4 for 90% single-photon efficiency
at 20 GeV. For a photon E; threshold at 30 GeV, the shape parameters give
a rejection factor of about 12 for 90% photon efficiency, or a factor 35 for 80%
efficiency. Including the tracking we obtain a combined rejection factor of about
70 for 80% electron efficiency at 30 GeV. The final trigger rate for single electrons
above 30 GeV is 280 Hz. The final trigger rate for di-photons above 20 GeV is
about 220 Hz. The single-photon rate is about 100 Hz for a threshold at 60 GeV.

Calorimeter and preshower shape parameters

The calorimeter shape parameters for 20 GeV electrons and for jets passing
the 15 GeV filter at high luminosity are shown in Fig. 17 and Fig. 18. The
shape parameter distributions are only slightly degraded compared to those at
low luminosity (Fig. 2 and Fig. 3). Similarly, the preshower shape parameters at
high luminosity (Fig. 19 and Fig. 20) are not much different from the equivalent
distributions at low luminosity (Fig. 4 and Fig. 5).

Overall, the calorimeter and preshower shape parameters give rejection fac-
tors for 80% efficiency at high luminosity close to the rejection factors obtained
for 90% efficiency at low luminosity. For 30 GeV photons, the rejection factor at
high luminosity is about a factor 12 for 90% photon efficiency and about a factor
35 for 80% efficiency.



Transition Radiation Tracker

At high luminosity, the number of TRT track candidates increases consid-
erably compared to the situation at low luminosity. Only one of these track
candidates is selected for the analysis of the electron candidates, so the initial
selection criteria are important. The EM and PS energy and position are used
in the selection of the track candidate to be retained, but this track candidate
will not always be the best track with respect to the final selection criteria used.
Further analysis should lead to lower trigger rates, for the same minimum-bias
background, than the values quoted here.

The discrete TRT parameters for 20 GeV electrons at high luminosity are
shown in Fig. 21. The same distributions are shown in Fig. 22, for jets passing
the 15 GeV filter. The effect of the initial trigger selection criteria is obvious
in Fig. 21(a), where we see a sharp step in the distribution of the number of
empty straws above the “acceptable” value of two. The other striking change in
these distributions is the degradation of the distribution of in-time hits; at low
luminosity, we can require the fraction of in-time hits to be above 0.7, but at
low luminosity, the distribution extends down to 0.4, where the rejection power
is negligeable.

The TRT P: and ¢ distributions are also degraded, as shown in Fig. 23 and
Fig. 24. The TRT track provides a rejection of about a factor 5 for 90% electron
efficiency at 30 GeV, and a factor 10 for 80% efficiency.

Silicon .Tracker

The silicon tracker is less affected at high luminosity than the TRT because
the occupancy is lower. The silicon track parameters for 20 GeV electrons at
high luminosity are shown in Fig. 25. The same distributions are shown for jets
passing the 15 GeV filter in Fig. 26. A rejection factor of 4 is obtained from the
Silicon tracker for 90% electron efficiency at 30 GeV, and a factor of 12 for 80%
efficiency.

Level 2 electron trigger rates

Fig. 27 and Fig. 28 show the energy spectrum for jets from the 15 GeV
filter passing 20 GeV photon and electron selection criteria for 90% and 80%
efficiency, respectively. Fig. 29 and Fig. 30 show the same distributions for jets
from the 35 GeV filter passing the 40 GeV selection criteria. The selection criteria
used at different electron energies are given in Table 3. Reasonable variations in
the selection criteria at 30 GeV result in variations in the trigger rate at high
luminosity by about a factor two.



The trigger rates at high luminosity are shown in Table 4 for 90% and 80%
trigger efficiencies. We have chosen a single-electron trigger threshold at 30 GeV
with 80% trigger efficiency in order to obtain an acceptable trigger rate and
maintain reasonable efficiency for inclusive W and Z bosons. The trigger rate is
980 + 140 Hz at luminosity 103 (with 18 min-bias events).

Particle identification

The identification of the most energetic particle in the electron Rol from the
GEANT KINE banks shows that the main effect of the increased background
level is to increase the number of jets faking the electron trigger. The number
of electrons giving electron triggers is unchanged, but the number of jets faking
an electron trigger increases by a factor of 10 to 20 for 90% electron efficiency.
The increased trigger rate is mainly due to the looser trigger criteria required to
maintain high efficiency in the presence of increased background. Dijet rejection
factors comparable to the low-luminosity rejection factors have been obtained
by tightening the selection criteria and accepting lower electron efficiencies. For
80% electron efficiency, 66% of the triggers are due to photon conversions, 17%
are real electrons, and the remaining 17% are due to hadrons.

Level 2 photon trigger rates

The single-photon trigger rates at high luminosity are given in Table 4, for
90% and 80% photon efficiency. We choose a single-photon E; threshold of 60
GeV and obtain a trigger rate of 100 + 40 Hz for luminosity 1034 (with 18 min-
bias events).

Using the same di-photon trigger conditions we used at low luminosity, with
a trigger threshold of 20 GeV for each of the two photons, we find 15 photon
pairs at high luminosity, compared to the 4 events we found at low luminosity
in a larger data sample. The trigger rate is 225 + 60 Hz, with 90% efficiency for
each of the photons (81% di-photon trigger efficiency).

FUTURE PROJECTS

Low luminosity with min-bias

As mentioned earlier, no min-bias events were included for the low-luminosity
studies reported here. However, a sample of 20 GeV and 40 GeV electrons and
a small sample of dijet events (1200 dijet with E; > 17 GeV passing the 15
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GeV filter, and 200 dijet events with E; > 35 GeV passing the 35 GeV filter)
were re-analyzed with 2.3 min-bias events. No significant differences appeared
on an event-by-event basis. This analysis will be performed on the full data
samples (with 1.3 min-bias events in addition to the trigger event) to refine the
low-luminosity selection criteria and trigger rates.

High luminosity with pulse shapes

The high-luminosity studies were performed with 18 min-bias events, whereas
the TRT occupancy for luminosity 1034 would correspond to 23 events in a trigger
window because the maximum drift time of 38 ns exceeds the 25 ns bunch-crossing
time. The calorimeter timing will eliminate large background pulses from min-
bias background, but small pulses will contribute to the calorimeter noise during
two beam crossings (average of 36 events). We have re-analyzed the electron and
dijet samples mentioned above (1200 dijets with B¢ > 17 GeV and 200 dijets
with E; > 35 GeV) with 23 min-bias events. In this high-luminosity case, the
results are significantly different from those obtained with 18 min-bias events.
The electron efficiency goes from 80% to 70% with the same selection criteria,
whereas nearly as many events pass the trigger conditions with 23 min-bias events
as with 18 min-bias events (19 events pass the 20 GeV trigger conditions with
18 min-bias events, and 15 events pass the trigger conditions with 23 min-bias
events). We intend to perform this analysis on the full data sample (with 22
min-bias events in addition to the trigger event), and we intend to look at the
calorimeter performance with 35 min-bias events.

Improved tracking algorithms

Recently an error has been corrected in the projection of the silicon tracks
onto the calorimeter. The difference between the ¢ of the silicon track at the
calorimeter and the ¢ of the TRT track is shown in Fig. 31, before and after the
correction, for 20 GeV electrons at low luminosity.

In spite of the striking narrowness of this distribution, the rejection obtained
with the corrected program at low luminosity is only slightly higher than the
rejection obtained using the differences between the ¢ of the TRT and SIT tracks
and the ¢ of the central calorimeter bin. The high efficiency of the individual track
matches is due to the fact that most of the electron triggers at low luminosity are
associated with real tracks coming from electrons or from photon conversions.

On the other hand, preliminary studies indicate that we can obtain a signif-
icant reduction in the trigger rates at high-luminosity (roughly a factor 3 reduc-
tion at 20 GeV for 90% electron efficiency) by using the track match between the
TRT track and the SIT track, once the SIT track extrapolation is corrected. We
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intend to continue work on the tracking algorithms to try to reduce the excess
fake trigger rate observed at high luminosity when the min-bias background is
included.

Algorithm execution times

The Level 2 trigger algorithm execution times were not evaluated in this
study. The high-luminosity trigger simulation required two seconds per event on
a HP735 computer, but the vast majority of this time was used to fetch and store
the data in the Level 2 data buffers. We intend to perform detailed studies of the
execution times of the Level 2 trigger algorithms, with separate studies for data
handling and for processing. One of the objectives of this study will be to try to
determine how much preprocessing will be necessary in the Level 2 buffers.

CONCLUSIONS

The Level 2 electron/photon trigger rates obtained in this study satisfy the
ATLAS physics requirements for low luminosity and high luminosity running
conditions. At low luminosity (10%3), the studies were performed without min-
bias background events. At high luminosity (10%%), 18 min-bias events were
included. The single-electron E; threshold was set to 20 GeV at low luminosity
and 30 GeV at high luminosity to meet the ATLAS physics requirements. The
single-photon E; threshold was set to 40 GeV at low luminosity and 60 GeV at
high luminosity in order to control the trigger rates. The single electron and
single photon efficiencies at the nominal threshold were required to be 90% at
low luminosity, but they were set to 80% at high luminosity in order to meet
the physics requirements on the electron E; threshold. The di-photon threshold
was kept at 20 GeV and the di-photon efficiency was kept at 90% at low and
at high luminosity, as required by the H — v search. The overall Level 2
electron/photon trigger rates were about 250 Hz at low luminosity, and about
600 Hz at high luminosity.
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Table 1. Selection criteria for single electrons at low luminosity (no min-bias events),
for 90% electron efficiency at the nominal E, threshold.

E; threshold (GeV) 20| 30 | 40|60 80 |100
EM+PS E; (GeV) >|18| 28 |838|57| 75 | 93
EM (5x 5)/(9x9) >|.80| .82 |.84)|.86] .88 | .90
HA E; (GeV) <l2)l2(2|2|2]|2
PS E; (GeV) >|.10] .10 |.10{.10| .10 | .10
PS E,(.006)/E.(.048) >|.40| 45 | .50|.50| .50 | .50
<
>
>

PS-EM én .05] .05 |.05|.04|.035| .03
TR total hits 20| 20 | 20{20| 20 | 20
TR high-E hits 3| 3 [4]14] 4] 4
TR empty straws <{3| 31313 3 3
>|.70| .70 }.70|.70] .70 | .70
TR/(EM+PS) P,/E: >|.25| .30 | .35|.35 30 | .25
TR-EM é¢ <1.04}.035(.03{.03| .03 | .03
SI/(EM+PS) P./E; >|.35| .35 |.35|.35 301 .25

<

<

<

TR time-hits/total

SI-EM 44 06| .05 |.04].04| .04 | .04
SI-EM én 20| .15 |.10(.10§ .10 { .10
515 |55 5|3

SI chi-squared

Table 2. Electron and photon trigger rates at low luminosity (no min-bias events), for
90% single-electron and single-photon efficiency at the nominal E; thresh-
old. (Statistical errors only.)

E, threshold (GeV) 20 30 40 60 | 80 | 100

e rate (Hz) € =90%| 180+£30 | 21+9 | 7+4 | 3£2|2+2
v rate (Hz) €=90%|1620+80|285+35/60+10|10+4 3+2)242
~~ rate (Hz) e =81%| 4+£2
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Table 3. Selection criteria for single electrons at high luminosity (18 min-bias events),
for 80% electron efficiency at the nominal E; threshold.

E; threshold (GeV) 20|30|40| 60| 80 {100
EM+PSE; (GeV) >|18|28|38|56| 74 | 93
EM (5x5)/(9x9) >|.75{.80|.85|.88] .91 | .90
EM (3x5)/(5x7) >|.85|.87|.90}.92| .93 | .94
HA E; (GeV) <l 212|212 2]2
PS E; (GeV) >|.10{.10].10}.10| .10 | .10
PS E;(.006)/E;(.048) >|.50|.50|.50{.50| .50 | .50
PS-EM én <1.05}1.05].05|.05| .05 | .05
TR total hits >{20{120{20(20] 20 | 20
TR high-E hits > 414|414 4|4
TR empty straws <|3|313|3] 3 3
TR time-hits/total > |.40|.40|.40|.40| .40 | .40
TR/(EM+PS) P,/E; >|{.35|.35{.35|.33| .25 | .20
TR-EM 44 <|.151.10(.05|.05] .05 | .05
SI/(EM+PS) P,/E;, >|.35|.35}.35|.33| .25 | .20
SI-EM 44 <1.15[.10{.05|.05( .05 | .05
SI-EM é7n <1.30]1.25}.20(.15].125} .10
SI chi-squared <| 5555|535 |3
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Table 4. Electron and photon trigger rates at high luminosity (18 min-bias events),
for 90% and 80% efficiency at the nominal E; threshold. (Statistical errors

only.)
E; threshold 20 30 40 60 80 100
e rate (Hz) e = 90% | 20400 £ 1100 | 1650 + 320 185+ 55 | 50+ 30 |17+ 17
et rate (Hz) e =80% | 4500+ 530 | 280 =% 140 | 33+£23
4 rate (Hz) €= 90% | 34700 & 1500 5600 + 600 | 800 + 100 | 185 £ 55|68 £ 34| 17+ 17
~ rate (Hz) e=80% 11000 =+ 830 2100 £ 360 | 470+80 {100 +40 |17+ 17
+v rate (Hz) e =81%| 225+60
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Block of EM
calorimeter

%,

\ OR %%

2 EM cells > cluster threshold

%

AND

» 12EMcells + 16 HADcells
An X A9 =0.1X 0.1

< isolation threshold

Fig. 1. Level 1 calorimeter trigger logic. The Level 1 trigger cells cover nxép =
0.1 x 0.1 in both electromagnetic and hadronic calorimeters. The energy in
two contiguous EM cells must exceed the trigger threshold, and the energy
in 12 surrounding EM cells must be below the EM isolation threshold. The
energy in the 16 corresponding hadronic cells must be below the hadronic
isolation threshold.
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Fig. 2. Quality factors for 20 GeV electrons at low luminosity (no min-bias). The
sample shown contains 311 events with [n] < 0.6. The energy-deposit ratios
are shown for (3 x 3)/(5 x 5), (5 x 5)/(9 x 9), (3 x 5)/5 x 7), (3 x 7)/(5
x 9), (5 x 7)/(7 x 9), and (5 x 7)/(9 x 9) EM cells, where each EM cell
covers 87 x 6¢ = 0.025 x 0.025.
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Fig. 3. Quality factors for jets passing the 15 GeV filter, at low luminosity (no min-
bias). The sample shown contains 9591 events with |n| < 0.6. Only 2164 of
these filtered events actually pass the current Level 1 trigger requirements.
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Fig. 4. Preshower parameters for 20 GeV electrons at low luminosity (no min-
bias), with |n| < 0.6. (a) Preshower energy deposit. (b) Preshower profile,
E4(.006)/ E¢(.048). (c) Difference between 1 measured in the preshower and
in the calorimeter. (d) Difference between $ measured in the preshower and
in the calorimeter.
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Fig. 5. Preshower parameters for jets passing the 15 GeV filter, at low luminosity
(no min-bias), with |n| < 0.6.
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Fig. 6. Preshower parameters for 20 GeV photons at low luminosity (no min-bias).
The sample shown contains 302 events with |n| < 0.6.
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weights. E; distributions are shown for single electrons at low luminosity
(no min-bias) with In] < 0.6. (a) Sample of 311 events with E; = 20 GeV.
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Fig. 9. Discrete TRT parameters for 20 GeV electrons at low luminosity (no min-
The sample contains 299 events with a TRT track, out of the 311

bias).
events with || < 0.6. (a

) Number of hits on track. (b) Number of high-
energy hits (possible transition radiation). (c) Number of empty straws in

road. (d) Fraction of hits with drift-time within a narrow road.
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Fig. 10. Discrete TRT parameters for jets passing the 15 GeV filter, at low lumi-
nosity (no min-bias). The sample contains 807 events with a TRT track,

out of the 2591 Level-1 filtered dijets with |n| < 0.6.
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Fig. 11. Continuous TRT parameters for 20 GeV electrons at low luminosity (no
min-bias). (a) P; of the TRT track candidate. (b) Pi/E:; where Ey is
measured in the EM calorimeter and the preshower detector. (c) Differ-
ence between the track ¢ at the calorimeter and the ¢ of the central EM
calorimeter cell.

28



100

50

150

100

50

100
75
50
25

0

Fig. 12. Continuous TRT parameters for jets passing the 15 GeV filter, at low lu-
minosity (no min-bias). The sample contains 807 events with a TRT track,
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the Level 1 trigger conditions). Only 210 of these events would satisfy all
TRT trigger criteria corresponding to 90% electron efficiency at E; = 20
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Fig. 13. Silicon tracker parameters for 20 GeV electrons at low luminosity (no min-

bias). The sample contains 285 events with an SIT track, out of the 311
events with |7] < 0.6. (a) P of the SIT track candidate. (b) P:/E:. (c)
Difference between the track n and the 7 of the central calorimeter cell. (d)
Difference between the track ¢ at the calorimeter and the ¢ of the central
EM calorimeter cell.
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Fig. 14. Silicon tracker parameters for jets passing the 15 GeV filter, at low lumi-

nosity (no min-bias). The sample contains 678 events with an SIT track,
out of the 2591 Level-1 filtered dijets with |n| < 0.6 Only 335 of these
events would satisfy all SIT trigger criteria corresponding to 90% electron
efficiency at Ey = 20 GeV.
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Fig. 15. E; distributions for jets passing the 15 GeV filter, at low luminosity (no

min-bias), with || < 0.6. (a) Sample of 2164 events passing the Level 1
trigger criteria with E¢ >15 GeV, out of the 2591 events passing the orig-
inal Level 1 filter. (b) Sample of 552 events with E; >18 GeV passing
calorimeter shape-parameter cuts. (c) Sample of 385 photon candidates
passing calorimeter and preshower shape-parameter cuts. (d) Sample of
492 electron candidates passing calorimeter, preshower, and tracking cuts.
These photon and electron cuts give 90% efficiency for photons or electrons
with E; >20 GeV.
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Fig. 16. E, distributions for jets passing the 35 GeV filter, at low luminosity (no

min-bias), with |g| < 0.6. (a) Sample of 157 events passing the Level 1
trigger criteria with E; > 35 GeV. (b) Sample of 48 events with Ex >38
GeV passing calorimeter shape-parameter cuts. (¢) Sample of 31 photon
candidates passing calorimeter and preshower shape-parameter cuts. (d)
Sample of 4 electron candidates passing calorimeter, preshower, and track-
ing cuts. These photon and electron cuts give 90% efficiency for photons
or electrons with E; >40 GeV.
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Fig. 17. Quality factors for 20 GeV electrons at high luminosity (18 min-bias events).

The sample shown contains 116 events with |n] < 0.6. The energy-deposit
ratios are shown for (3 x 3)/(5 x 5), (5 x 5)/(9 x 9), (3 x 5)/5 x 7), (3
x 7)/(5 x 9), (5 x 7)/(7 x 9), and (5 x 7)/(9 x 9) EM cells, where each
EM cell covers 87 x §¢ = 0.025 x 0.025.
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Fig. 18. Quality factors for jets passing the 15 GeV filter, at high luminosity (18 min-
bias events). The sample shown contains 1639 events with |7]| < 0.6. Only
1342 of these events pass our current Level 1 photon trigger requirements

(nominal E; threshold 20 GeV).
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Preshower parameters for 20 GeV electrons at high luminosity (18 min-

bias events), with |n| < 0.6. (a) Preshower energy deposit. (b) Preshower
profile. (c) Difference between n measured in the preshower and in the
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20. Preshower parameters for jets passing the 15 GeV filter, at high luminosity
(18 min-bias events), with In} < 0.6.

37



20

15

10

40

20

Fig. 21. Discr
bias events). The samp
116 events with |n| < 0.6.
of high-energy hits (possible transitio
straws in road. (d) Fraction of hits wit

128445 high 16908 / eta 1t 0.6 / objtype=2,3

e Entries (XK
- o) e 7
= |
E n .nh o nn u“ “n n_n
20 30 40
TRLOW +TRHIGH

|- Entnes (KR
b ¢) vy it

1 | 1 a_1 h 1 L
0 2 4 6

TREMPTY

ete TRT parameters for 20 GeV
le contains 11
(a) Number of hits on t

38

20
15
10

5

o N O O

l]ll']ll']lll[l

i,

!

" Entres 1M1
3 B) | oy 331
- o ﬁ
10
TRHIGH
Entries 1
veon 5786
RMS 319

0.4

0.6

TRTIME /(TRLOW+TRHIGH)

electrons at high luminosity (18 min-
1 events with a TRT track, out of the
he track. (b) Number
n radiation). (c) Number of empty
h drift-time within a narrow road.




150

fit17 high 16908 / eta It 0.6 / objtype=2,3

__ Eriries 957 300 Entres w7
C Q) y sz - b) s o
100 | 200
50 100 E
20 30 40 0 10 15
TRLOW+TRHIGH TRHIGH
3 O O il E‘:l::s . 957 | Entries 957
. ¢) - e L d) vy S
i 40 +
200 }- i
100 20 I~
0 : 18 [} I nl nl nl N1 hl dat i l L 11 O _ 1 i 1 1 ! 1 i i 1 ‘&ﬂl -
0 25 5 75 10 0.4 0.6 0.8 1
TREMPTY TRTIME /(TRLOW+ TRHIGH)

22. Discrete TRT parameters for jets passing the 15 GeV filter, at high lumi-
nosity (18 min-bias events). The sample contains 957 events with a TRT
track, out of the 1639 Level-1 filtered dijets with |n| < 0.6.
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Fig. 23. Continuous TRT parameters for 20 GeV electrons at high luminosity (18
min-bias events), with || < 0.6. (a) P of the TRT track candidate. (b)
P,/ E;, (c) Difference between the track ¢ at the calorimeter and the ¢ of
the central EM calorimeter cell.
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Fig. 24. Continuous TRT parameters for jets passing the 15 GeV filter, at high
luminosity (18 min-bias events). The sample contains 957 events with a
TRT track, out of the 1639 Level-1 filtered dijets with || < 0.6, but only
929 events appear in (a) and (b) because 98 events with measured TRT
P, > 100 GeV overflow the histogram limits.
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25. Silicon tracker parameters for 20 GeV electrons at high luminosity (18 min-

bias events),
(c) Difference between the t
cell. (d) Difference between
the central EM calorimeter ¢

with |n| < 0.6. (a) P: of the SIT track candidate. (b) P/ E¢.
rack n and the n of the central calorimeter
the track ¢ at the calorimeter and the ¢ of
ell. The sample contains 109 events with an

SIT track, out of the 116 Level-1 filtered dijets, but only 108 appear in (a)

because 1 event with measured SIT P > 100 GeV overflows the histogram

limits.

42



100
75
50
25

40

20

Fig. 26. Silicon tracker parameters for jets passing the 15 G
minosity (18 min-bias events), with |g| < 0.6. (a) P of the SIT track
candidate. (b) P:/E:. (c) Difference between the track n and the n of the
central calorimeter cell. (d) Difference between the track ¢ at the calorime-
ter and the ¢ of the central EM calorimeter cell. The sample contains 888
events with an SIT track, out of the 1639 Level-1 filtered dijets, but only

816 appear in (a) and (b) because 72 events with measured SIT P, > 100
GeV overflow the histogram limits.
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Fig. 27. E; distributions for jets passing the 15 GeV filter, at high luminosity (18

min-bias events), with [n] < 0.6. (a) Sample of 1342 events passing the
Level 1 trigger criteria, with E; >15 GeV, out of the 1639 events passing the
original Level 1 filter. (b) Sample of 796 events with E; >18 GeV passing
calorimeter shape-parameter cuts. (c) Sample of 559 photon candidates
passing calorimeter and preshower shape-parameter cuts. (d) Sample of
329 electron candidates passing calorimeter, preshower, and tracking cuts.
The photon and electron cuts give 90% eficiency for photons or electrons
with E; >20 GeV.

44




160
140
120
100
80
60
40
20

25
20
15

10

fit17 high 1680B /eta 1t 0.6 /20 GeV /obj=2,3.ca,psor,ca+psor

gr ET

Fig. 28. E, distributions for jets passing the 15 GeV filter, at high luminosity (18

min-bias events), with |n| < 0.6. (a) Sample of 1342 events passing the
Level 1 trigger criteria with Bt >15 GeV, out of the 1639 events passing the
original Level 1 filter. (b) Sample of 311 events with E; >18 GeV passing
calorimeter shape-parameter cuts. (c) Sample of 177 photon candidates
passing calorimeter and preshower shape-parameter cuts. (d) Sample of 72
electron candidates passing calorimeter, preshower, and tracking cuts. Here
the cuts give 80% efficiency for photons or electrons with E: >20 GeV.
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Fig. 29. E distributions for jets passing the 35 GeV filter, at high luminosity (18
min-bias events), with |7| < 0.6. (a) Sample of 148 events passing the
Level 1 trigger criteria with E¢ > 35 GeV. (b) Sample of 91 events with
E, >38 GeV passing calorimeter shape-parameter cuts. (c) Sample of 45
photon candidates. (d) Sample of 11 electron candidates. The photon and
electron cuts give 90% efficiency for photons or electrons with E; >40 GeV.
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Fig. 31. Silicon track parameters before and after correction of the extrapolation
to the calorimeter. The sample contains 295 events with TRT and SIT
tracks, out of the 311 events with || < 0.6. (a) Difference between the SIT
track ¢ at the calorimeter before correction and the ¢ of the central EM
calorimeter cell. (b) Difference between the SIT track ¢ at the calorimeter
before correction and the TRT track ¢ at the calorimeter. (c) Difference
between the SIT track ¢ after correction and the ¢ of the central EM
calorimeter cell. (d) Difference between the SIT track ¢ after correction

and the TRT track ¢ at the calorimeter.
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