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OutlineOutline

Introduction – why new experiments?
The next generation of experiments: ATLAS 
at the Large Hadron Collider
Physics basics – luminosity, cross-sections, 
trigger
Physics examples – Higgs, B-physics, black 
holes
ATLAS – current status
Lund activities in ATLAS
Student possibilities
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Why do we need yet a Why do we need yet a 
bigger accelerator? bigger accelerator? 
ParticlesParticles……

We know that there are 6 quarks We know that there are 6 quarks 
and 6 leptons, butand 6 leptons, but……

therethere are OPEN QUESTIONS:are OPEN QUESTIONS:
How do particles obtain masses? How do particles obtain masses? 
Through the Through the Higgs mechanism? Higgs mechanism? 
Why does the Universe consist of Why does the Universe consist of 
almost exclusively of almost exclusively of matter, not matter, not 
antimatter?antimatter? CP violationCP violation
The The Dark MatterDark Matter in the Universe in the Universe 
makes makes 23%23% of the matterof the matter--
energy contents of the Universe, energy contents of the Universe, 
while only while only 4 %4 % is known matter. is known matter. 
Is Is Dark MatterDark Matter made of made of 
SupersymmetricSupersymmetric Particles?Particles?
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...and ...and forcesforces
We know that there are We know that there are 
four forces, butfour forces, but……
Can we unify Can we unify all the 4 all the 4 

forces into one theory?forces into one theory?
Can we unify Can we unify gravity gravity 

and quantum and quantum 
mechanics?mechanics?

WhatWhat is is Dark Energy Dark Energy 
whichwhich dominatesdominates the the 
mattermatter--energyenergy contentscontents
of the of the UniverseUniverse??
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ParticleParticle acceleratorsaccelerators

2005  06   07   08   09   10  11    12   13   14   15   16   17  18   19   20   21

HERA@DESYHERA@DESY

RHIC@BNLRHIC@BNL

LHC@CERNLHC@CERN

ILC@ ??ILC@ ??
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LHC

CERN 
Meyrin

 

site
CMS

ALICE

ATLAS

LHCb

CERN: European CERN: European ParticleParticle 
Physics Physics LaboratoryLaboratory with 20 with 20 
MemberMember States. States. WorldWorld’’ss 
largestlargest ParticleParticle Physics Physics 
LaboratoryLaboratory. . 
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The Large Hadron Collider, The Large Hadron Collider, 
LHCLHC

ProtonProton--proton collisions:proton collisions:
•• Length 27 kmLength 27 km
•• Protons are accelerated to E = 7 Protons are accelerated to E = 7 
TeVTeV
•• Total energy in collisions 2 x 7 Total energy in collisions 2 x 7 
TeVTeV = 14 = 14 TeVTeV
•• 10101111 protons in a bunch, 2808 protons in a bunch, 2808 
bunches in a beambunches in a beam
•• Proton beams are held in a Proton beams are held in a 
circular track with circular track with 
superconducting dipole magnets superconducting dipole magnets 
(B=8 T, T= 1.9 K).(B=8 T, T= 1.9 K).

•• Start Start autumnautumn 2008. 2008. 

•• Experiments are Experiments are closeclose to to beingbeing readyready and and collectcollect cosmiccosmic data.data.
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The ATLAS experimentThe ATLAS experiment

http://http://atlasexperiment.orgatlasexperiment.org//
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N = N = σσ
 

x Lx L

•• InstantaneousInstantaneous luminosityluminosity L L 
= 10= 103434 cmcm--22ss--11

•• t = 10t = 1077 s (s (aboutabout 1/3 of a 1/3 of a 
yearyear) ) 
•• IntegratedIntegrated luminosityluminosity L = L = 
10103434 cmcm--22ss--11 x 10x 1077 s = 100 fbs = 100 fb--11

•• NumberNumber of of bbbarbbbar events per events per 
yearyear: 500 : 500 μμb x 100 fbb x 100 fb--11 = 5 x = 5 x 
10101313 eventsevents
•• NumberNumber of of HiggsHiggs events per events per 
yearyear ((HiggsHiggs to 4 leptons, to 4 leptons, mm HH 
= 200 GeV) = 20 = 200 GeV) = 20 fbfb x 100 fbx 100 fb--11 

= 2000 events= 2000 events
•• NumberNumber of SUSY events per of SUSY events per 
yearyear (with m = 300 GeV and (with m = 300 GeV and 
somesome modelmodel parameters) = parameters) = 
500 500 pbpb x 100 fbx 100 fb--11 = 50 million = 50 million 
events events 
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TriggerTrigger

BUT…we cannot collect all this data!
Data can be written on disk/tape at a rate of 
max 100-200 Hz max 108-109 events per 
year
TRIGGER = online selection of events which
tries to keep as many as possible of the 
interesting ones, and throw away the non-
interesting ones
Trigger signatures: for example high-pT
leptons, high-ET jets, missing energy,…
Caveat: how can we define in beforehand
what is interesting and what is not?



HighHigh--energy physics energy physics 
analysisanalysis
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Physics
results
Signal,
Background

Event

Parent 
particle,
Event plane

Hits/Tracks

Pattern,
recognition,
Particle
identification

Detector
signals
Calibration,
Geometry,
Alignment

2037 2446 1733 1699
4003 3611  952 1328
2132 1870 2093 3271
4732 1102 2491 3216
2421 1211 2319 2133
3451 1942 1121 3429
3742 1288 2343 7142

Raw data

Convert to
physics 
quantities

Reconstruction
Simulation (Monte-Carlo)

Analysis

_

From raw data to physics results

Concorde
(15 Km)

Balloon
(30 Km)

CD stack with
1 year LHC data!
(~ 20 Km)

Mt. Blanc
(4.8 Km)

Heavy use of computers: programming and software
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HiggsHiggs physicsphysics
The The HiggsHiggs mechanismmechanism (or (or 
somethingsomething similarsimilar) is ) is requiredrequired to to 
generategenerate particleparticle massesmasses
HiggsHiggs particleparticle has not has not beenbeen foundfound
yetyet!!
Present tests: Present tests: HiggsHiggs must be must be 
heavierheavier thanthan 115 GeV115 GeV
LHC: LHC: HiggsHiggs cancan be be foundfound ifif massmass is is 
115115--1000 GeV1000 GeV
DecayDecay channelschannels: : e.ge.g. . HH γγγγ
HH ZZZZ(*)(*) 4 4 leptonsleptons
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R. St. Denis, La Thuile Feb 2008
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ATLAS BATLAS B--physics goals: precision physics goals: precision 
measurements and new physicsmeasurements and new physics

Δ Δ mm ss , , ΔΓΔΓss , , ΓΓss , , the weak phase the weak phase φφss
Measurement of Measurement of 

BBs s propertiesproperties

Precise measurements of the Precise measurements of the 
branching ratios and asymmetriesbranching ratios and asymmetriesRare Rare decaysdecays

Asymmetry parameter Asymmetry parameter ααbb , , PP bb , life, life-- 
time measurementstime measurements

ΛΛbb polarization polarization 
measurementsmeasurements

BB cc mass, mass, ττ, QCD/EW interplay, QCD/EW interplayBBcc mesonsmesons
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•• CPCP--violationviolation parametersparameters
•• BB--hadronhadron parametersparameters: : massesmasses, , lifetimeslifetimes, , widthswidths, oscillation , oscillation 
parameters, parameters, couplingscouplings, , bb--productionproduction, etc., etc.
•• SearchSearch for New Physics for New Physics effectseffects: : veryvery rare rare decaydecay modes, modes, forbiddenforbidden 
decaysdecays//couplingscouplings, etc., etc.
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The reconstructed masses and lifetimes of the wellThe reconstructed masses and lifetimes of the well-- 
known control channels are sensitive tests of those known control channels are sensitive tests of those 
detector features which have a strong impact on Bdetector features which have a strong impact on B-- 
physics measurements.physics measurements.

DecayDecay StatisticsStatistics
100 pb100 pb--11

Statistical error Statistical error 
on lifetime on lifetime 

World World avav today        today        
(stat + (stat + systsyst) ) 

BB++ BB++→→J/J/ψ ψ KK++ 17 00017 000 1.5 %1.5 % 0.4 %0.4 %

BB00 BB00→→

 

J/J/ψ ψ KK0*0* 8 7008 700 2.2 %2.2 % 0.5 %0.5 %

BB ss BB ss →→

 

J/J/ψ φψ φ 900900 6 %6 % 2 %2 %

ΛΛbb ΛΛbb

 

→→

 

J/J/ψΛψΛ 260260 8 %8 % 5 %5 %

Lifetime measurements with Lifetime measurements with 
small statisticssmall statistics
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Motivation 1: Motivation 1: BBcc is a newly discovered particle (about 60 at CDF) is a newly discovered particle (about 60 at CDF) 
precision measurement of mass and lifetimeprecision measurement of mass and lifetime
Motivation 2:Motivation 2: Precision reconstruction of Precision reconstruction of BBcc ground and excited states ground and excited states 
can be used to constrain strong potential models.can be used to constrain strong potential models.
Easiest to find hadronic Easiest to find hadronic BBcc* decays.* decays.

•

 

Possible decay modes:

B*
c

 

(21S0

 

) Bc(1
1S0)+π

+π-

J/Ψ π+

•

 

B*
c

 

(21S1

 

) B*c(11S1)+π+π-

Bc(11S0)+γ

J/Ψ π+                      

J/Ψ π+

Predicted mass-spectrum of Bc states
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ATLAS installationATLAS installation

Toroid magnets
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Inner Detector 
end-cap, 

24 May 2007
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ATLAS Transition 
Radiation Tracker 
(TRT), electronics 
and design partly in 
Lund

Cosmic muon 
recorded in 
ATLAS



Paula EerolaPaula Eerola
FYST17/FKF050, 7 Mar 2008FYST17/FKF050, 7 Mar 2008

2525

Commissioning and data-taking: start with 
cosmic muons
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OurOur research in research in LundLund--ATLASATLAS 
and student and student possibilitiespossibilities

ATLAS/ATLAS/GridGrid--groupgroup has has currentlycurrently 5 5 physicistsphysicists, 4 PhD students, and 2 , 4 PhD students, and 2 
engineersengineers..
AnalysisAnalysis of of BB--hadronshadrons, for , for exampleexample BBcc
–– CP CP violationviolation, precision , precision measurementsmeasurements,,……

Black Black holesholes, extra dimensions and , extra dimensions and otherother exoticexotic signalssignals
–– ……and and manymany otherother possibilitiespossibilities??

ScatteringScattering at small at small anglesangles
–– QCD, QCD, hadronhadron dynamicsdynamics, , HiggsHiggs?,?,……

Express Express streamstream
–– Special data Special data streamstream for for calibrationcalibration and for fast alertsand for fast alerts

TRT TRT calibrationcalibration and data analysand data analys
Roman Roman potspots –– LUCID LUCID detectordetector for for luminosityluminosity measurementmeasurement
–– Installation and Installation and datadata--analysanalys

PossibilitiesPossibilities for for diplomadiploma worksworks -- contactcontact usus!! WeWe givegive alsoalso the the necessarynecessary
trainingtraining in in computingcomputing etc.etc.
Paula.eerolaPaula.eerola [at] [at] hep.lu.sehep.lu.se, 046, 046--222 7695, or 222 7695, or anybodyanybody elseelse in the division in the division 
of Experimental High Energy Physicsof Experimental High Energy Physics

mailto:Paula.eerola@hep.lu.se
mailto:Paula.eerola@hep.lu.se
mailto:Paula.eerola@hep.lu.se
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Studies and summer coursesStudies and summer courses

MasterMaster’’ss programmeprogramme in in subatomicsubatomic physicsphysics: : seesee FysicumFysicum
homepagehomepage for for educationeducation
CERN Summer Student CERN Summer Student programmeprogramme: : seesee
http://http://public.web.cern.chpublic.web.cern.ch/Public//Public/
–– 3 3 monthsmonths summer summer coursecourse at CERN, at CERN, includingincluding research research 

and and lectureslectures. Full . Full salarysalary, , travelstravels are are reimbursedreimbursed!!
–– Over 100 students from CERN Over 100 students from CERN membermember statesstates and and somesome 

otherother countriescountries –– typicallytypically 44--6 from Sweden 6 from Sweden everyevery yearyear..
–– RequirementsRequirements: 3 : 3 yearsyears of studies of physics, of studies of physics, 

engineeringengineering or or computingcomputing
–– NextNext deadline: end of deadline: end of JanuaryJanuary 20092009

MoreMore info: info: contactcontact usus!!
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ThanksThanks! ! 
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