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Abstract

During the 2012 run, the Large Hadron Collider (LHC) reached instantaneous luminosities of nearly 103* cms, with bunch crossings occurring every 50 ns. In this difficult environment of
several overlapping interactions per bunch crossing (pile-up), the trigger system of the ATLAS detector has the task of reducing the event rate from 40 MHz to a few hundred Hz while
keeping the most interesting physics events.

Being the heaviest of all leptons, the tau lepton plays an important role in many physics processes. The ability to trigger on events containing hadronically decaying taus is therefore of
special interest. In this poster the hadronic tau trigger is described and its performance during 2012 is shown.

Motivation Introduction Properties

The tau lepton plays not only an With a mass of 1.777 GeV/c? the tau lepton is the heaviest of the leptons in the SM. It Quark or gluon jets (QCD) and hadronically
important role in the measurements has a short lifetime of 2.9-1013 s and a decay length of 87 um. Therefore it decays decaying taus both produce particle showers in
of the Standard Model (SM) but also already within the beam pipe and has to be identified via its decay products. In 65% of the electromagnetic and hadronic calorimeter. To
in searches for physics beyond the the cases the tau lepton decays hadronically (mainly into pions). The hadronic tau trigger  differentiate between these signatures the inner

Standard Model (BSM). aims to trigger these events while the leptonically decaying taus are covered by the structure has to be studied. While QCD jets
At the moment it is fundamental for electron & muon triggers. contain a larger number of tracks coming from
the measurement of Higgs Tau dﬁffsy modes QCD Jet =) charged hadrons, the tau lepton decays mainly
properties to find out if the g - f:;" into one or three charged pions, some neutral
fermionic Higgs couplings agree 3t S pions and neutrinos.

with the predictions of the SM. H i @ The typical signature consists therefore of:
Otherwise this would be a first hint "_< = 2my e 1 or3tracks

Tau : ,
 anarrow collimated jet

e anisolation ring (which contains no tracks)
around the inner cone

of new physics.

ATLAS tau trigger

Tau trigger efficiency

To reduce the initial bunch crossing rate to a feasible rate for disk storage while keeping the most

, ' , ; : If physics analyses want to use a tau trigger it is necessary to know
interesting physics events, a three level trigger system is used.

the efficiency of this trigger. The efficiency is defined as the

probability of a reconstructed and identified offline tau to pass the
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To measure this efficiency on data a 2 — 77 — vy, 7,4 tag-and-
probe method can be used. In this decay the isolated muon is used to
tag the process while the hadronically decaying tau can be used to

The L1 trigger is hardware based and uses the information about the energy deposits in the
electromagnetic (EM) and hadronic (HAD) calorimeter towers (An x A¢ = 0.1 x 0.1):
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lead to a great performance as shown in the efficiency plots.

Tau trigger menu & rates 2012 Taus in Higgs searches & outlook

To keep interesting events with taus of low energy, it is necessary to
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Therefore different combinations of triggers (di-tau, taus with tcau t”gg,er' t, 3 |—ta.u REEE TGOS IR IIC 7 o« o 190878  Event 2721965
is especially interesting for the H-> Tt search. < \\ Time 2011-10-12, 12:09 CEST

muons, electrons and missing energy) were used in the 2012 menu
(only the triggers which ran the whole year are shown):

This ATLAS event display shows an event
candidate for a H-> Tt decay. It contains two

single < 1o Gey hadrqnlcal!y decaying taus, MET and an A 1-prong ..,
, isolated tau 29 GeV + isolated tau 20 GeV additional Jet. N
Ao tau 38 GeV + tau 38 GeV
tau 20 GeV + muon 15 GeV
isolated tau 20 GeV + electron 18 GeV O Ut I 00 k pT(Thadj:p:Z:g) = 72 GeV
tau 38 GeV + electron 18 GeV After the first long shutdown of the LHC, pT(ThadEp )= ‘212 gg\\;
isolated tau 29 GeV + missing transverse energy 55 GeV the bunch Crossing rate will be increased pT(Eet) — 107 GV

S N S I by a factor of two. Having such a high rate Coll. mass = 121 GeV
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The trigger rates, for single
and combined tau triggers, ———s o luminosity, it will be challenging to keep the tau trigger rates low without increasing the thresholds

at EF as a function of the : | significantly. Therefore new techniques are studied:
instantaneous luminosity -  Adding requirements on the event topology for multi-object triggers at L1
: — ‘ * Using topological energy clustering at an earlier stage to improve the energy resolution
* Implementing the Fast Tracker (FTK) which will provide a global track reconstruction before L2

- — tau29 + xed0

are shown.
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