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Summary of thesis contents

The ATLAS experiment explores the new physics and measures the standard model
processes precisely using the world’ s energy frontier collider, Large Hadron
Collider (LHC). The first years of LHC operation during years 2010-2012 (runl)
concluded in the discovery of the long—sought Higgs boson. Further physics interests
are then precise measurement on Higgs properties for instance couplings, and searches
for physics beyond the standard model. To accomplish these aims, it is planned that
LHC will resume its operation with increased colliding energy (13-14 TeV) and with
increased instantaneous luminosity (10%cm?s™) from 2015. In addition, luminosity
upgrade of LHC is planned in 2018 up to 3x10* cm?s™! (Phasel) and in 2022 up to 5x10%
cm?s™! (Phase2). It is mandatory to keep the performance and sensitivity of the ATLAS
detector in these future runs. Inparticular, challenging is the trigger, online event
selection, which needs to provide high rejection while maintaining high efficiency
for rare signal events. The ATLAS trigger system consists of hardware—based Level-1
(L1) and the subsequent software—based High-Level Trigger (HLT). Triggering single
leptons with electro—weak scale of the transverse momentum (p, 25 GeV) is desired,
however, the tightest constraint is at L1; an extrapolation of the current L1 muon
trigger rate is known to become un-sustainable at future runs. This thesis focuses
on the L1 muon trigger and establishes a method to improve it to meet Phasel and Phase2
requirements.

In this thesis, the origin of L1 muon triggers is first investigated in detail by
using data recorded in runl. It is found that about 60% of L1 muon triggered events
do not contain offline reconstructed muon candidate, and such ‘fake’ triggers are
caused by positively charged particles with slow speed (8 70.6) generated around
endcap toroid magnet. A dedicated simulation study confirmed that these are indeed
protons produced at endcap magnets and shields

A method to eliminate these fake triggers is invented; the idea is to use the small
whell (SW) detector that locates in front of the endcap—troid magnet and will be
replaced to a new one at Phasel. In this method, existence of track segments at SW
with pointing to the interaction point and with geometrically matching to the segment
in the current L1 detector (Big Wheel; BW) is required. It was shown that the rate
of L1 single muon trigger with p; > 20 GeV (MU20) can be reduced by 65% and a relative
efficiency against the current L1 muon trigger can be kept as greater than 95%. In
addition, the position and angular resolutions required to the new SW detector were
evaluated; the resolution of 6 angle should be less than 8 mrad and that of R less
than 4 — 20 mm (0.004 in 7 ) and that of ¢ less than 22 mrad (22 mm — 154 mm in ¢ ).
For Phase2, further rate reduction is necessary. In this thesis, a method is proposed;

the idea is to refine p; resolution by using SW information. A promising variable
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proposed is an angle difference between the SW and BW. It was shown that the rate
of L1 MU20 can be reduced to be tolerable. In order to accord with the method, the
angular resolution of 6 for the detectors in both the SW and BW should be as good

as a few mill-radian.



(Separate Form 3)

LR SO F AR RO EF
Summary of the results of the doctoral thesis screening
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