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ABSTRACT

A NEW TRACKING ALGORITHM FOR ATLAS TRIGGER

The Large Hadron Collider (LHC) is the world’s highest energy accelerator with
the highest luminosity, which aims to nd answers to the most fundamental questions
of particle physics. It leads us to the discoveries of new particles (e.g discovery of
Higgs boson nowadays), as predicted by Standard Model and its extensions like su-
persymmetry. However, coping up with the data produced by the LHC, and nding
the interesting events, is not an easy task. LHC produces 1TB of data per second
and approximately only 1 event per million is from interesting physics. At this point,
looking for an event in the whole data is like trying to nd a needle in the haystack
and to nd the interesting events out of the entire data, trigger systems are used. One
of the most important part of trigger is tracking, which one needs to identify the tracks
made by particles, and to identify the physics objects in the event. In this thesis, we
describe an algorithm, to run at one of the LHC detectors, ATLAS, in order to achieve
fast tracking. The algorithm is tested, using very high luminosity simulation data both
running on hits obtained from the entire detector and also in certain small regions
around interesting signals. The performance is shown to be satisfactory both in terms

of tracking e ciency and in terms of timing requirements.
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OZET

ATLAS TET IKLEME ICIN YEN LBIR IZ SURME
ALGOR ITMASI

Parcac k Fizginin temel sorularn yant arayan, Buyuk Hadron Carpstcs
(LHC) dunyan n en yuksek parlamas na sahip ve en yuksek enerjili parcac kh zland csdr.
En guncel ornggi Higgs bosonu olmak uzere, Standart Model ve onun uzantlar nn
ongordgu bircok yeni parcacg n kes neonderlik yapmst r. Fakat, LHC’ninurettgi
veriden, ilginc zik olaylar n bulmak o kadar da kolay bir 5 degildir. Saniyede 1TB
veriuretilmesine kars n, bu veri cerisinden sadece milyonda bir olayda, ilginc zik olay
tespit edilmektedir. Buuin veri cerisinden bu ilginc zik olay n bulmak samanl k gne
aramaya benzer. LHC dedekbrlerinde, ilginc zik olaylar n bulmak tin tetikleme sis-
temleri kullan I r. Ayr cacarpsma sonucu olusan parcac klar n tan mlanabilmesi cin iz
armeye ihtiyac m z vard r. Bu sebeple tetikleme sistemlerinin enonemli parcalar ndan
biri de iz surmedir. Bu tezde LHC dedekbrlerinden biri olan ATLAS tin yeni bir h zl
iz irme algoritmas anlat Imst r. Algoritma hem yuksek parlakl kI butin dedekbu
kaplayan sirmulasyon olay n n noktalar ile hem de cerisinde ilgirnc sinyaller olan belir-
lenms kuwik alanlardaki noktalar cin test edilmstir. Hem iz bulma verimlilgi hem de

zamanlama kasullar n yerine getirme ac s ndan tatmin edici bir performansa sahiptir.
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1. INTRODUCTION

Large Hadron Collider (LHC) is the world’s largest and highest energy particle
accelerator [1]. It has been built by European Organization for Nuclear Research
(CERN) in a circular tunnel, which is about 2000 m under ground with a circumference
of 27 km. It is designed to collide two counter rotating beams of protons at the center
of mass energy of 14 TeV and luminosity of 3 cm 2 s 1, and heavy ions. These
beam bunches are to pass through every each other 25ns, and each bunch crossing
has 23 events on average, where most of the events produced are pile up events, not
much interest for the search of new physics. Beams move around the LHC ring inside
a continuous vacuum and are guided by magnets which are cooled by the cryogenics
system at 19K. On the 10 of September 2008, LHC achieved rst successful beam,
and on 30th of March 2010 rst collision data were taken. As of September 2012, it is

running at 8TeV energy and around 510** cm 2 s ! luminosity.
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Figure 1.1. Overall view of LHC [1].

LHC is designed to answer fundamental questions like the existance of the pres-
ence and the nature of dark energy, dark matter, extra dimensions, Higgs and super-
symmetry. To answer these questions and others, 6 experiments are held at the LHC
(Figure 1.1):



ALICE (A Large lon Collider Experiment)

ATLAS (A Toroidal LHC ApparatuS)

CMS (Compact Muon Solenoid)

LHCb (Large Hadron Collider beauty experiment)
LHCf (Large Hadron Collider forward experiment)

TOTEM (TOTal Elastic and di ractive cross section Measurement)

Among these experiments, ATLAS and CMS are multi-purpose detectors i.e they in-
vestigate the largest range of physics possible. The main physics goals of the ATLAS
experiment include the understanding of the electroweak symmetry breaking, either by
discoverin the Higgs boson or by measuring vector boson scattering, searching for new

phenomena like super-symmetry, technicolor, leptoquark, extra dimensions etc.
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Figure 1.2. Rates of Trigger levels and physical events [3].

To select a very small single event out of a huge set of data is a tough job. For



example, while the total proton-proton cross section at 8TeV is around 110 mb, total
Higgs boson cross section is roughly 50pb [2]. Only one out of H¥vents produces

a Higgs boson. Hence, for all these discoveries, one has to cope up with extremely
high luminosity. It is impossible to record all the events. As a result, events should
be analysed quickly and only a small fraction be selected. This is done by the trigger

system.

One of the most of important parts of the trigger is tracking. For example, most
favourable channels for the discovery of the Higgs boson rely on either photon or lepton
identi cation, both of which needs high performance tracking. Whether the event is
H ! orH'! ZzZ ! 4l identication of a or| can not be achieved from raw
detector data. To identify and nd properties of these particles, the tracks should be

known.

In this thesis, rstly the detector and the trigger system of ATLAS are described,
followed by a general description of tracking and ATLAS tracking. A new modi ed
tracking algorithm is then introduced and the performance of this algorithm is dis-

cussed, before we conclude.








































































































































































