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1. Strong interactions

Crosssections, jets, QGRp quark It is onlypossible to include a

limited selection ohighlights,

2. Fl_ayourphys_.lcs_ which | have selected according
Mixing, CP V|olat|on., rare decays to my personal taste many

3. Electroweak physics more results are available from
W, Zmultibosons the websites of the experiments:

4. Higgs boson properties ATLASCMSLHCDALICE

Mass, width, couplings, HH

Lecture 4:Looking beyond
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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

A Proton-proton collisions at high energy  proton - (anti)proton cross sections
in the LHC enable a wide varietyof "™ 1 7

physics processes to be studied o e i
10" F Tevatron LHC:
A Qosssections(measuring probability | '
of a given final state being produced) 1§
vary over 12 orders of magnitude! 10t [ °
A This enables a rigbhysicsprogramme 1°3 o (B> E20)

and makes modahdependent
searchegossible
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10° ;_cjet(ETje' > 100 GeV)
A But thecollisionrate is overwhelmed 1
by mundanegorocesses, so background
discrimination and modelingre crucial
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Crosssection measurement

Number of observed candidates Number of background candidates

(fitted or counted) (measured from data Care needed when
or calculated from theory) measuring differential
o (minimize) crosssections: resolution
Cross section in cm? . T
(or ub, nb, pb)  ~—__ Nobs — Nbackg effects can bias distribution
e [ Ldt
Efficiency/acceptance Integrated Luminosity in cm ™’
(maximize) (or ub” nb~'pb7
(maximize,
unless systematically limited)
N2+ 0N? 2 2
5_'7 - obs backg n (5_1(:-) n (ﬁ) | ¢
- (Nobs — Nbackg)? r P See lectures o

Harrison Prosper

AcErrorg [[dz20SR F2NJ YSIF adzZNBYSyda I dzy
statisticalfrom fit to the data: quotedas®°1” (RMS)A Ol £ S & A

systematidrom uncertainties in the other parameters that affect
the result, such as luminosityestimating these is a difficult art
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Luminosity measurement

A Measuringcrosssectionsrequires Teem .

knowledge of thantegratedluminosity +300M. "—.

A Theinstantaneousuminosity can be e

e e e

determined by manipulating the beamsina 5 " amas " o LicoBiior
special run, known as\dande Meer scan 2 T itumsix  « ronormoon
the offset between the beam positions is 1o Beb iz 0o%9%0g  F
adjusted in steps to determine the beam 0 W Yo, 3
profile, and the bunch charges are measured wf ° a1

F e 9 ]

A Need to transfer that information via signals 10*%8%‘
in other detectors, so that luminosity can be "/ SETINS ?’,‘
monitored throughout the run  axiv:2212.00379 06 04 02 0 02 04 06
~ 1% precisioAchieved on luminosity measurement Ax [mm]

A The profiles of the beams can also be seen in
beamgascollisions, e.g. at the LHCb VELO:

A The luminosity delivered can be levelled by

adjusting the beam offset, e.qg. tonit pileup
or to provide lower luminosity for LHCb | : @/
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https://arxiv.org/abs/2212.09379

Background estimation

A The main challenge sackground eventsfrom other processes which

look like signal events

iInstrumental(fake)background irthe detector: a differentype of

object fakes thene present inthe signal decay

physicqirreducible)background: a differenhysics process with

same final state athe signal

arXiv:1301.5272

A@ackgroundAconA tribution to signal region g *g T
Ol y 0S SAaAUAYF SR dZé )ii: . =4\_I4fbé1!8ignalsir5naéon Y
NBHAEY I NB RSUY SR g8 »RA IR RKYF
2T 0p2 aStSOuA2y O NMAl O SE dzaAy
NBIA2Y 5 A& RSUYSR Isa (/3 AJyI
A, B and C as control regions Z;A Data'" B

A The expected number of candidates from g g

background in signal region D is estimated
from the numbers of observed data 5 NDLXNS

15 20 25 30
S(TRT dE/dx)

candidates in the other regions data = T A
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1. Stronginteractions

A Hadroncollisionsare swamped by
multi-jet processes

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

A In itself, the study ofmulti-jet final
statesis a test operturbative QCD 3

It can also serve as a window toe
new physics such as
compositenes®r excited

quarks

A Only smalbatasetsare needed
statistics arenot aproblem

A First discuss th#otal crosssection

proton - (anti)proton cross sections

10° 3 [y

tot

10" £
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Total crosssection

A The total crossection is a very basic measuremettie total interaction
probability when two protons hit each other

A Make use of théptical Theorenfrom quantum mechanics:

The imaginary part of the amplitude between statgeandb is given by the product of the
amplitudes froma andb to all available intermediate statdsintegrated over their phase space

bthe total crosssection is equal to the imaginary part of the forward
scattering amplitude Sy 4,0C[m(f )t ) (= (pq*)z

A Requires measurement of differentic .. _ 1 4160
elasticcrosssection int: CIT T dt

A Elastically scattered protons will escape from the
generatpurpose experiments inside the beamgev p— o
CYSSR | RiGnakd@hysicB R RE8 U SO0 2NT—
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TOTEM

A Silicon tracking detectors mounted in |\ %
aw2YlLyYy t204¢ OSNE | Of
to measure elastic scattered protons
(similar principle tahe LHCB/ELO)

B (L B
It 2'\ elastic scattering /5 = 13 TeV o 45bot-Sbtop )
E g0 E 3 events 5.55x 108 =
= £ \ 45 top - 56 bot S
:E:\ ]09§_ lH‘ events 7.82x 10 E'
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L H Cf See lecture of MiguéMostafa

A Another forwardphysics experimertHCf
(at ATLASP) uses aero-degree calorimeteto
studyneutral production,relevantto cosmic rays

A 13 TeVpp collisions correspond tb0l? eV cosmic
rays impinging othe atmosphergfixedtarget o
O2fftAaAZyavz thedCRPetrumKS alySSe AY
A LHCfata helpsune simulationof CRair showers LHCtalorimeter

10 I e e L 3
LHCT F—13Tev pthon E
n> 10.94, A¢=180° ]
10° JLdt=0.191nb" y
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