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Electron and photon triggers are essential for signal selection in a wide variety of ATLAS physics
analyses to study Standard Model processes and to search for new phenomena. Final states includ-
ing leptons and photons had, for example, an essential role in the discovery and measurement of
the Higgs particle. Dedicated triggers are also used for the collection of J/y — ee, W — eV, and
QCD background samples for calibration, efficiency, and fake rate measurements. The ATLAS
trigger system is divided in a hardware-based (Level 1) and a software-based high level trigger,
both of which were upgraded during the long shutdown of the LHC in preparation for data tak-
ing in 2015. The increasing luminosity and more challenging pile-up conditions as well as the
planned higher center-of-mass energy demanded the optimization of the trigger selections at each
level to control the rates and keep efficiencies high. The evolution of the ATLAS electron and
photon triggers and their performance will be presented, including initial results from the early
days of the LHC Run 2 operation.
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1. Introduction

Electrons and photons were essential components of a wide variety of physics analyses on
ATLAS [1] during Run 1 of the LHC. Among these were precision Standard Model measure-
ments, searches for new physics, and the discovery and subsequent measurements of the Higgs
Boson. Selection of events in real time (triggering) based on electron and photon signatures is
more challenging in Run 2 of the LHC due to the higher center-of-mass energy and higher lumi-
nosity, which includes a larger number of overlapping inelastic proton-proton interactions (pile-up).
These changes to the LHC beam conditions correspond to more difficult signal-to-background dis-
crimination and higher trigger rates. To maintain the excellent performance achieved in Run 1,
many upgrades and improvements have been made in preparation for Run 2 [2].

In the hardware-based Level 1 (L1) trigger, calorimeter information is used to select electro-
magnetic (EM) objects by identifying regions of interest and determining if a given cluster passes
the n-dependent! Et threshold and hadronic isolation requirements. For Run 2, some improve-
ments that have been made for selecting EM objects at L1 include the use of L1 EM isolation,
upgrades to the L1 calorimeter hardware for applying dynamic pileup corrections, and an increase
to the L1 maximum readout rate from 75 kHz to 100 kHz. There are also new L1 topological trig-
gers being commissioned that will help to reduce rates by selecting specific event topologies based
on angular separation and invariant mass requirements. In particular, these topological triggers can
be used for J/y — ee and W — ev tag-and-probe? triggers, which would otherwise have larger
rates at L1.

Events which pass the L1 trigger selection are then processed by the software-based high level
trigger (HLT). In Run 1, the HLT was composed of two steps known as Level 2 (L.2) and the Event
Filter; these have been merged into a single HLT step for Run 2. This allows for more flexibility,
the use of more complex algorithms, and better harmonization between the objects reconstructed
in the trigger (online) and those ultimately reconstructed with the final processing (offline). Some
additional improvements specific to electrons and photons that have been made at the HLT for
Run 2 include improvements to the HLT cluster and track reconsruction algorithms, the use of a
new multivariate algorithm for energy calibration to improve the EM energy measurement in the
trigger, and reoptimization of the electron and photon identification (ID) algorithms at the HLT.

2. Electron and Photon Identification

Electron and photon candidates are reconstructed in the ATLAS detector as clusters of energy
deposited in the EM calorimeter, where electrons additionally have an associated track in the inner
detector. To determine whether these electron and photon candidates are signal-like objects or
background-like objects such as hadronic jets, efficient algorithms for electron and photon ID are

UATLAS uses a right-handed coordinate system with its origin at the nominal pp interaction point at the center of the
detector. The positive x-axis is defined by the direction from the interaction point to the center of the LHC ring, with the
positive y-axis pointing upwards, while the beam direction defines the z-axis. The azimuthal angle ¢ is measured around
the beam axis and the polar angle 6 is the angle from the z-axis. The pseudorapidity is defined as 7 = —Intan(6/2).
Transverse energy is computed as Er = E - sin(9).

2The tag-and-probe method relies on the the decay products of resonances such as the W, Z, or J /v, and is used to
select unbiased electron candidates (probes) by applying strict requirements on the other object in the decay (tags).
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applied. Electron and photon ID make extensive use of calorimeter shower shapes and widths,
energy ratios, information from the transition radiation tracker, track-cluster matching, and tracking
quantities [3]. Distributions of these discriminating quantities, measured using data collected in
June and July 2015, can be found in [4].

The electron ID in the ATLAS trigger is performed using both likelihood (LH) and selection-
criteria-based variants, while the photon ID is exclusively selection-criteria-based. In a selection-
criteria-based ID, fixed requirements are imposed on quantities that discriminate between signal
and background. The LH ID, by contrast, is based on probability distribution functions (PDFs)
of these various quantities for electrons and background processes. These PDFs are then used
to determine the probability for a given electron candidate to be signal or background, and these
probabilities are combined to form a likelihood discriminant. Finally, a requirement is imposed
on the likelihood discriminant to select signal-like objects and reject background-like objects [3].
Typically three identification operating points are used for both electron and photon ID. These
operating points are referred to, in order of increasing background rejection, as Loose, Medium,
and Tight.

In Run 1, the electron trigger only used a selection-criteria-based ID, while LH and selection-
criteria-based electron ID both existed offline. These were both designed to have the same signal
efficiency for a given operating point, which resulted in a background rejection that was approxi-
mately a factor of two better for the LH than the selection-criteria-based ID, as seen in Figure 1.
As a result, the LH has become the primary method of electron ID for ATLAS in Run 2. Further-
more, as inefficiencies can arise by applying a LH selection offline with a selection-criteria-based
selection in the trigger, the LH electron ID was adapted for the trigger and is now the default. A
selection-criteria-based trigger exists as backup during commissioning, but will not be supported
beyond that.
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Figure 1: Left: Ratio of background efficiencies in Run 1 for LH operating points with respect to cor-
responding selection-criteria-based operating points, where each ratio compares operating points which
have approximately the same signal efficiency. Thus, for a given signal efficiency, the LH operat-
ing points reduce backgrounds by about a factor of two with respect to the selection-criteria-based
operating points, on average [3]. Right: The Run 2 absolute trigger efficiencies expected for the
HLT_e24_(lh)medium_iloose_LL1IEM18VH triggers as a function of the Et of the offline electron candidate,
measured with respect to reconstructed electrons originating from the Z — ee decay in simulation. This trig-
ger requires an electron candidate to have Et > 24 GeV, to satisfy the appropriate selection-criteria-based
or LH identification criteria for the Medium operating point, and to pass a loose isolation requirement [5].
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3. Results and Trigger Performance

3.1 Electron Efficiencies and Rates

While the Run 1 LH operating points were each designed to have the same absolute sig-
nal efficiency as each corresponding selection-criteria-based operating point, this strategy was not
chosen for the Run 2 operating points due to rate requirements. Instead, the LH signal efficiency
is about 6% higher than that of the selection-criteria-based triggers, shown in Figure 1. As seen
in Figure 2, the trigger efficiencies measured with respect to the corresponding offline ID for the
LH and selection-criteria-based triggers are similar. Additionally, the rates for the LH triggers are
about 20% lower than those of the selection-criteria-based triggers, while the Tight electron triggers
have rates that are about 50% lower than those for the Medium triggers.
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Figure 2: Left: The single-electron trigger efficiencies for the HLT _e24_(lh)medium_iloose_L1EM18VH
triggers as a function of the offline electron candidate’s ET, measured with respect to the correspond-
ing offline electron ID using data collected in June and July 2015. Right: Output rates for the
HLT_e24_(lh)medium_iloose_LL1IEM18VH and HLT_e24_(lh)tight_iloose triggers as a function of the in-
stantaneous luminosity, measured with data collected in June 2015 [5].

3.2 Photon Efficiencies and Rates

Unlike the primary single-electron triggers discussed in Section 3.1, the single-photon trig-
gers that will now be discussed are referred to as supporting (or prescaled) triggers, which are
only used to collect some fraction of the events which pass all of the requirements for the given
trigger. This is done to reduce rates for signatures where it is either not necessary or not feasi-
ble to record every event. In particular, the prescaled single-photon triggers shown in Figure 3
are useful for measuring inclusive photon production as well as for studying the unprescaled trig-
ger HLT_g35_medium_g25_medium, which is essential for the study of H — yy. This diphoton
trigger requires two photons to satisfy the Medium photon identification at the HLT and leading
(subleading) photon Et > 35 (25) GeV, so by studying precaled single-photon triggers with similar
Et thresholds and identification criteria it is possible to study the performance of the unprescaled
diphoton trigger as well.

Figure 3 shows the trigger efficiencies measured with respect to the offline Tight photon ID
for the Medium prescaled single-photon triggers. The rates for the Medium triggers are about 50%
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lower than for the Loose triggers, while the 35 GeV threshold reduces the rate by a factor of 2-3
compared to the 25 GeV threshold.

o T - T s e s B M B
Q | -
£ 1.2~ ATLAS Preliminary . - L[ ATLAS Preliminary Data 2015, \s=13 Tev,J'Ldr:GA pb’ ]
g [ D 2015, s =13 Tev. [ L dt = 719 b ] £ 120~ period A4, 13-14 June 2015 —
o 1 — 14 N ]
C G ] 100[ # HLT_g25 loose B

r ° — & HLT_g25_medium oo © q

0.8~ * R . C HLT_g35_loose ‘.’.'. te 7]

C ] 80— @ HLT_g35_medium .ﬂ. ]

0.6 - C o o 1

[ ] 60— - -

L ] F o we ¢¢°°

0.45 0<|n|<1.37, 1.52<|n|<2.37 ] A0 M i
02 F . —e— HLT_g25_medium ] 20: © case 0 Somoagette J
20— . - r 3

L —e— HLT_g35_medium ] r ®wo omere

C ] © es00 o0

. . [ E N B Cov b b b b v b e ]
0 20 40 60 80 100 87 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5

E_ [GeV] Luminosity [10 % cm s’

Figure 3: Left: The single-photon trigger efficiencies for the prescaled HLT_g25(35)_medium triggers,
measured with respect to the Tight offline photon ID using data collected in June and July 2015. This
trigger requires a photon candidate to have Et > 25 (35) GeV and to satisfy the Medium photon ID operating
point. Right: Output rates for the HLT_g25(35)_loose(medium) single-photon triggers as a function of the
instantaneous luminosity, measured with data collected in June 2015 [5].

4. Conclusions

Many improvements have been made for the electron and photon triggers since Run 1, and
improvements will continue throughout Run 2 to ensure that rates remain managable without de-
grading signal efficiencies. With the early Run 2 data, ATLAS is already seeing well-performing
triggers as a result of the work that has been done, and physics analyses are already using the
electrons and photons that have been collected thus far in Run 2.
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