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The Large Hadron Collider (LHC)

 Located at CERN and straddles the border 
between Switzerland and France

 World's largest particle accelerator 
(Synchrotron)

 Currently: Proton-Proton collisions at 3.5 TeV in 
each direction for a total energy of 7 TeV

 Eventually: Proton-Proton collisions at 7 TeV in 
each direction for a total energy of 14 TeV

 Many Different Detectors: ALICE, ATLAS, CMS 
(Competitor), LHCb, TOTEM, LHCf
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Particle Physics Lingo
 Cross-Section: A measure of the likelihood of a given process 

occurring at an accelerator. A larger cross-sections mean that a 
process is more likely to occur.

 Barn: Unit of cross-section. A barn is equal to   10-28 m2. Most 
cross-sections are measured in pBarns (pico barns).

 Luminosity: A measure of the intensity of the beam. Measured 
in cm-2 s-1

 Integrated Luminosity: Measure of the total data collected. 
Measured in unites of inverse barns. 1 inverse barn of data will 
give one event for a process that has a cross-section of one 
barn.

 Hadron: Any particle made up of quarks held together by the 
strong force



The ATLAS Detector

 ATLAS: A Toroidal LHC ApparatuS
 Four Major 'Systems'

 Inner Detector – Momentum measurements for each 
charged particle.

 Calorimeter – Energy measurements for each 
particle.

 Muon Spectrometer – Identifies and measures 
muons.

 Magnetic System – Creates a magnetic field in order 
to bend charged particles' paths for momentum 
measurements.
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Measuring Position in the detector

 θ is the angle between the beamline and the 
interaction point.

 φ: The angle around the beamline.
 Eta is used because the eta difference between 

two particles is the same in every reference 
frame in the high energy limit.

=−ln  tan 
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Inner Detector

 Inside of the 2 T Magnetic Field generated by the central solenoid.

 Pixel and Silicon Microstrip Detectors cover the region of |η|<2.5

 In the central region they are arranged concentrically around the beam 
axis. At the end they are position on disks perpendicular to the 
beamline.

 Highest resolution is from the silicon pixel detectors closest to the 
vertex.

 Transition Radiation Tracker 

 Pixel detector: 80.4 Million readout channels!

 Silicon Microstrip detector: 6.3 Million readout channels

 Transition Radiation Tracker: 351,000 readout channels
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Calorimetry System

 The calorimetry system has a combined coverage of |η|<4.9

 The EM Calorimeter is best suited for precision measurements 
of electrons and photons.

 Separated into two parts: |η|<1.475 and 1.375 <|η|<3.2
 The other portion of the calorimetry system is less precise but 

such resolution is sufficient for other physics processes such as 
Jet reconstruction which don't require as much accuracy as 
electron and photon reconstruction do.

 Jets: Bundles of hadronic matter produced by an interaction 
composed of many different particles. 

 Hadronic calorimeter has coverage from |η|<4.9



1414

Calorimeter being put into placeCalorimeter being put into place
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Other Systems
 The ATLAS magnet system consists of:

 A solenoid which is aligned on the beam axis and provides a 
2 T axial magnetic field for the inner detector, while 
minimising the radiative thickness in front of the barrel 
electromagnetic calorimeter.

 A barrel toroid and two end-cap toroids which produce a 
toroidal magnetic field of approximately 0.5 T and 1 T for the 
muon detectors in the central  (.5 T) and end-cap regions (1 
T).

 Muon Tracking System

 Utilizes the magnetic deflection of muon tracks in the large 
superconducting air-core toroid magnets.

 For |η|<1.4 magnetic bending comes from the large barrel 
toroid. For 1.6<|η|<2.7
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Graviton

 An attempt to explain gravity, which currently has no force 
carrier (boson).

 Until observed, it cannot be added to the Standard Model of 
Particle Physics

 Would be the first and only spin 2 particle.

 Because gravity has infinite range, the graviton is assumed to 
be massless.

 As two particles move farther apart from one another, the 
cross section for exchanging a massive boson decreases 
sharply. For massless bosons, the cross section decreases, 
but much less sharply.

 Attempt to view the decay products of a virtual graviton, much 
in the same way we observe virtual Z and γ*.



Randall-Sundrum Model

 Provides a solution to the hierarchy problem
 Hierarchy Problem: Why is the gravitational force so 

much weaker than the weak force?
� We would expect the electroweak force and the 

gravitational force to be about the same strength.
 How can we make the gravitational force so much 

weaker than the electroweak force?
 Extra Dimensions

 Gravity is allowed to exist in a 4th dimension, and 
travel from our standard 3rd dimensional “brane”.
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Drell-Yan Process

 Quark and anti-Quark 
from two different 
hadrons annihilate to 
create a virtual photon or 
Z boson, which then 
decays into an electron 
and positron pair.

 Unique energy signature 
of electron positron pairs 
used for identification of Z 
bosons and virtual 
photons.



Methods Electron Identification

 Many cuts which can be applied independently 
or together
 These cuts have been optimized in up to 7 bins in η 

and 6 bins in p
T
.

 The Cut Variables are divided into “Loose”, 
“Medium” and “Tight” cuts. As the cuts become 
tighter, jet rejection increases (good) but 
identification efficiency decreases (bad)

� “the medium cuts increase the jet rejection by a factor of 
3-4 with respect to the loose cuts, while reducing the 
identification efficiency ~ 10%.”
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Cuts and their Efficiencies

Cuts Cut-Based method Likelihood method

Efficiency ε
e 
(%) Rejection R

j
Efficiency (%) at fixed R

j
Rejection at fixed ε

e

Loose 87.97±0.05 567±1 89.11±0.05 2767±17

Medium 77.29±0.06 2184±7 88.26±0.05 (3.77±0.08)x104

Tight(isol) 64.22±0.07 (9.9±0.2)x104 67.53±0.06 (1.26±0.05)x105

Tight(TRT) 61.66±0.07 (8.9±0.2)x104 68.71±0.06 (1.46±0.06)x105
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Results – Z Mass
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Data
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Monte-Carlo



30Graviton Mass Distribution
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Conclusion
 Found a fit Z Mass from Data of 89.07 ± 1.48 

GeV
 Actual Z mass is 91.17 GeV... so the results were 

encouraging, for such a small amount of data
 With only 76 electron pairs passing the tight cut, this 

is pretty good! Especially considering there are also 
a few false electrons

 Should the cuts used for electron ID be 
changed?

 Too little data to make a strong conclusion.
 With more data, we will be able to fine tune 

the cuts for electron ID
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