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What is the Higgs Boson and
why do we care ?
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A God Particle ?1?

This boson is so central to the state of physics today, so crucial to our final
understanding of the structure of matter, yet so elusive, that | have given it a
nickname: the God Particle. Why God Particle? Two reasons. One, the
publisher wouldn't let us call it the Goddamn Particle, though that might be a
more appropriate title, given its villainous nature and the expense it is causing.
And two, there is a connection, of sorts, to another book, a much older one...



Particle Content of the Standard Model

Standard Model of Elementary Particles

interactions / force carriers

three generations of matter
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The Standard Model of Particle Physics
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The Standard Model of Particle Physics
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Brout-Englert-Higgs Mechanism

Peter Higgs Francgois Englert



The Higgs Field




The Higgs Field
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The Higgs Boson
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How we found the Higgs Boson
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Velocity of Protons: 99.999999% of speed of light

11000 cycles per second

The CERN accelerator complex
Complexe des accélérateurs du CERN
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Where do the protons come from ?

Proton source of the LHC

Taken from: http://cdsweb.cern.ch/record/1157734#04
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Acceleration

e Atthe LHC. radiofrequency (RF) cavities are used to accelerate particles:

(@)
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RF cavities are basically resonators tuned to a selected frequency.
Charged particles injected into the electromagnetic field of these cavities receive an electrical
impulse that accelerates them.
To accelerate a protonto 7 TeV, a 7 TV potential must be provided to the beam:
m Incircular accelerators the acceleration is done in small steps, turn after turn.
m Atthe LHC the acceleration from 450 GeV to 7 TeV lasts ~20 minutes, with an average

energy gain of ~0.5 MeV on each turn.

— E(t)




Magnets

e Atthe LHC superconducting dipole magnets are
operated at B-field strength of 8.3 T over their
full length

o Forcing the particle beams to follow the
circular pipes

e Quadrupole magnets are used to focus the
beams (as they act on the beam like an

optical lens).
o Focusing in one plane, de-focusing in the
other!
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The ATLAS Detector

: Tile calorimeters

E LAr hadronic end-cap and
forward calorimeters

Pixel detector

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker
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The ATLAS Inner Tracking Detector
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Muon
Spectrometer

Hadronic
Calorimeter

Neutrino
Neutrino.

Electromagnetic
Calorimeter

Solenoid magnet
Transition
Radiation

Tracking Trccker
Pixel/SCT detector

The dashed tracks
are invisible to
the detector




Run:
Event: 76170653

GATLAS

EXPERIMENT

2012-08-24 09:31:00 ceEsT http://atlas.ch




H—=WW#*—evuv candidate and two jets with VBF topology

Longitudinal view Projected n-q@ view

90° 180° 270° 360°
@
Run 305618, Ev. no. 2461194919

Aug. 05, 2016, 08:37:53 CEST
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Discovery of the Higgs Boson
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The Higgs Boson Discovery




Nobel Price for Physics in 2013

Peter Higgs Francgois Englert 28



What we do nowadays
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