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1. Strong interactions
Cross-sections, jets, QGP, top quark

2. Flavourphysics
Mixing, CP violation, rare decays

3. Electroweak physics
W, Z, multibosons

4. Higgs boson properties
Mass, width, couplings, HH

Lecture 4:Looking beyond
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It is only possible to include a 
limited selection of highlights,
which I have selected according
to my personal taste ςmany
more results are available from 
the websites of the experiments:
ATLASCMSLHCbALICE

https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://cms.cern/news/physics-results
https://lhcb-outreach.web.cern.ch/category/physics-results/
https://twiki.cern.ch/twiki/bin/view/ALICEpublic/ALICEPublicResults


Introduction
ÅProton-proton collisions at high energy 

in the LHC enable a wide variety of 
physics processes to be studied

ÅCross-sections(measuring probability 
of a given final state being produced) 
vary over 12 orders of magnitude!

ÅThis enables a rich physics programme, 
and makes model-independent 
searches possible

ÅBut the collision rate is overwhelmed 
by mundane processes, so background 
discrimination and modeling are crucial

ÅLƴ ǘƘƛǎ ƭŜŎǘǳǊŜ ǿƛƭƭ Ǝƻ άŘƻǿƴ the SM 
ƭŀŘŘŜǊέ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎŜǎ ƛƴ ƻǊŘŜǊ ƻŦ 
roughly decreasing cross-section
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Cross-section measurement

ÅάErrorsέ ǉǳƻǘŜŘ ŦƻǊ ƳŜŀǎǳǊŜƳŜƴǘǎ Ґ ǳƴŎŜǊǘŀƛƴǘƛŜǎ ƻƴ ǘƘŜ ŎŜƴǘǊŀƭ ǾŀƭǳŜ

statisticalfrom fit to the data: quoted as °1 (̀RMS), ǎŎŀƭŜ ǿƛǘƘ мκҞb

systematicfrom uncertainties in the other parameters that affect 
the result, such as luminosity ςestimating these is a difficult art 
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See lectures of 
Harrison Prosper

Care needed when 
measuring differential 
cross-sections:  resolution 
effects can bias distribution



Luminosity measurement
ÅMeasuring cross-sections requires 

knowledge of the integratedluminosity

ÅThe instantaneousluminosity can be 
determined by manipulating the beams in a 
special run, known as a Van de Meer scan:  
the offset between the beam positions is 
adjusted in steps to determine the beam 
profile, and the bunch charges are measured

ÅNeed to transfer that information via signals 
in other detectors, so that luminosity can be 
monitored throughout the run 
~ 1% precision achieved on luminosity measurement

ÅThe profiles of the beams can also be seen in 
beam-gascollisions, e.g. at the LHCb VELO:

ÅThe luminosity delivered can be levelled by 
adjusting the beam offset, e.g. to limit pileup
or to provide lower luminosity for LHCb
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arXiv:2212.09379

VELO beam-gas vertices

https://arxiv.org/abs/2212.09379


Background estimation
ÅThe main challenge is background:  events from other processes which 

look like signal events

instrumental(fake) background in the detector:  a different type of 
object fakes the one present in the signal decay

physics(irreducible) background:  a different physics process with 
same final state as the signal
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ÅBackground contribution to signal region 
Ŏŀƴ ōŜ ŜǎǘƛƳŀǘŜŘ ǳǎƛƴƎ ά!./5έ ƳŜǘƘƻŘΥ 
ǊŜƎƛƻƴǎ ŀǊŜ ŘŜŬƴŜŘ ōȅ ŘƛǾƛŘƛƴƎ ǘƘŜ ǇƭŀƴŜ 
ƻŦ ǘǿƻ ǎŜƭŜŎǘƛƻƴ ǾŀǊƛŀōƭŜǎ ǳǎƛƴƎ Ŭƴŀƭ ŎǳǘǎΤ  
ǊŜƎƛƻƴ 5 ƛǎ ŘŜŬƴŜŘ ŀǎ ǘƘŜ ǎƛƎƴŀƭ ǊŜƎƛƻƴΣ 
A, B and C as control regions 

ÅThe expected number of candidates from 
background in signal region D is estimated 
from the numbers of observed data 
candidates in the other regions

arXiv:1301.5272

Signal simulation



1. Strong interactions
ÅHadron collisions are swamped by 

multi-jet processes

To discover new physics, we 
need a quantitative 
understanding of QCD 
processes in rate and shape

ÅIn itself, the study of multi-jet final 
states is a test of perturbative QCD

It can also serve as a window to 
new physics such as 
compositeness or excited 
quarks

ÅOnly small datasets are needed, 
statistics are not a problem

ÅFirst discuss the total cross-section
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Multi -jets

New Physics?



Total cross-section
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ÅThe total cross-section is a very basic measurement: the total interaction 
probability when two protons hit each other

ÅMake use of the Optical Theorem from quantum mechanics: 

Ҧ the total cross-section is equal to the imaginary part of the forward  
scattering amplitude 

ÅRequires measurement of differential 
elasticcross-section in t:

ÅElastically scattered protons will escape from the 
general-purpose experiments inside the beam-pipe 
ςƴŜŜŘ ŀ ŘŜŘƛŎŀǘŜŘ άforward physicsέ ŘŜǘŜŎǘƻǊ
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TOTEM
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ÅSilicon tracking detectors mounted in 
άwƻƳŀƴ tƻǘǎέ ǾŜǊȅ ŎƭƻǎŜ ǘƻ ǘƘŜ ōŜŀƳ 
to measure elastic scattered protons
(similar principle to the LHCb VELO)

| t|



LHCf
ÅAnother forward-physics experiment LHCf

(at ATLAS IP) uses a zero-degree calorimeter to 
study neutral production, relevant to cosmic rays

Å13 TeVpp collisions correspond to 1017 eV cosmic 
rays impinging on the atmosphere (fixed-target 
ŎƻƭƭƛǎƛƻƴǎύΣ ŀōƻǾŜ ǘƘŜ άƪƴŜŜέ ƛƴ the CR spectrum

ÅLHCfdata helps tune simulation of CR air showers
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Air shower
(simulation)

LHCfcalorimeter

See lecture of Miguel Mostafa


