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Standard Model of Elementary Particles

three generations of matter
(fermions)
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GAUGE BOSONS




General:Higgs bosomives mass to all particles.

DiscoveredThe Higgs boson is named after Peter Higgs, one of six
scientist, in the 1964 PRL symmetry breaking papers, proposed the
mechanism that suggested the existence of such a particle.
Experimentally discovered in LHC in CERN at 2012 and on 10
December 2013, two of the physicists, Peter Higgs and Frangois
Englert, were awarded the Nobel Prize in Physics for their work and
prediction (Englert's co-researcher Robert Brout had died in 2011
and the Nobel Prize is not ordinarily given posthumously).

Mass:125 GeV/c?

Electric charge:0

Spin:0

Mean lifetime: 1.56x102%s

Interactions: Electromagnetic, Weak




Strange s Quark

General:Belongs to the second generation of the quark

particle family.

Discovered:The existence of the strange quark itself (and
that of the up and down quarks) was only postulated in 1964
by Murray Gell-Mann and George Zweig to explain the
Eightfold Way classification scheme of hadrons. The first
evidence for the existence of quarks came in 1968, in deep
inelastic scattering experiments at the Stanford Linear
Accelerator Center.

Mass:104 MeV/c?, about 200 of electron
Electric charge-1/3 e

Spin:1/2

Mean lifetime: unstable, =1.24x10% s

Interactions: Strong, Weak, Electromagnetioffce, Gravity

Up u Quark
General:Belongs to the first generation of the quark
particle family.

Discovered:Its existence was postulated in 1964 by
Murray Gell-Mann and George Zweig to explain the
classification scheme of hadrons. Was observed by
experiments at the Stanford Linear Accelerator Center
in 1968.

Mass: 2.4 MeV/c? , about 4 of the electron, has the
smaller mass of all quarks

Electric charge+2/3 e
Spin:1/2
Mean lifetime: stable

Interactions:Strong, Weak, Electromagnetic force,
Gravity

Bottom b Quark

General:Belongs to the third generation of the quark
particle family.

DiscoveredThe bottom quark was first described
theoretically in 1973 by physicists Makoto Kobayashi and
Toshihide Maskawa to explain CP violation. The name
"bottom" was introduced in 1975 by Haim Harari. The
bottom quark was discovered in 1977 by the Fermilab, led
by Leon M. Lederman. Kobayashi and Maskawa won the
2008 Nobel Prize in Physics for their explanation of CP-
violation.

Mass:4.2 GeV/c?, about 8400 of electron
Electric charge-1/3 e

Spin:1/2

Mean lifetime: unstable, =1.3x102s

Interactions:Strong, Weak, Electromagnetic force, Gravity




Charm ¢ Quark

General:Belongs to the second generation of the quark particle
family.

DiscoveredThe existence of a fourth quark had been speculated
by a number of authors around 1964, but its prediction is usually
credited to Sheldon Glashow, John lliopoulos and Luciano Maiani in
1970. The first charmed particle (a particle containing a charm
quark) to be discovered was the W meson. It was discovered by a
team at the Stanford Linear Accelerator Center (SLAC), led by Burton
Richter in 1974 and one at the Brookhaven National Laboratory (BNL),
led by Samuel Ting.

Mass: 1270 MeV/c?, about 2540 of electron
Electric charge#+2/3 e

Spin:1/2

Mean lifetime: unstable, 1.1 x1012s

Interactions:Strong, Weak, Electromagnetic force, Gravity

Top t Quark

General:Belongs to the third generation of the quark particle
family.

Discovered:Its existence (and that of the bottom quark) was
postulated in 1973 by Makoto Kobayashi and Toshihide Maskawa
to explain the observed CP violations in kaon decay, and was
discovered in 1995 by experiments at Fermilab. Kobayashi and
Maskawa won the 2008 Nobel Prize in Physics for the prediction of
the top and bottom quark, which together form the third
generation of quarks.

Mass:171.2 GeV/c? about 342400 of the electron has the greater
mass of the quarks.

Electric charge#+2/3 e
Spin:1/2

Mean lifetime: most unstable of all with a lifetime of about a
trillionth of a trillionth of a second.

Interactions:Strong, Weak, Electromagnetic force, Gravity

Down d Quark

General:Belongs to the first generation of the quark
particle family.

Discovered:its existence was postulated in 1964 by
Murray Gell-Mann and George Zweig to explain the
classification scheme of hadrons. Was first observed
by experiments at the Stanford Linear Accelerator
Center in 1968.

Mass: 4.8 MeV/c?, about 8 of electron, double of the
up quark

Electric charge-1/3 e
Spin:1/2
Mean lifetime: stable, ~900 s

Interactions:Strong, Weak, Electromagnetic force,
Gravity




General:Belongs to the first generation of the
lepton particle family.

DiscoveredTheoretically by Richard Laming
(1838-1851), G. Johnstone Stoney (1874) and
others. Experimentally by J. Thomson in 1897

(Thomson won Nobel prize 1906). More carefully

measured by Millikan.

Mass:9.1 -1031Kg, 0.511 MeV/c?
Electric charge:1.6 -10%° C
Spin:1/2

Mean lifetime: Stable

Interactions:electromagnetic, weak, gravity

General:Belongs to the second generation of the lepton
particle family.

Discovered:Muons were discovered by Carl D. Anderson
and Seth Neddermeyer at Caltech in 1936, while studying
cosmic radiation. Anderson noticed particles that curved
differently from electrons and other known particles when
passed through a magnetic field. The existence of the muon
was confirmed in 1937 by J. C. Street and E. C. Stevenson's
cloud chamber experiment.

Mass:105.658 MeV/c?, about 207 of the electron
Electric charge:1 e
Spin:1/2

Mean lifetime: Unstable, 2.2 x 10 s but much longer than
many other subatomic particles.

Interactions:electromagnetic, weak, gravity

General:Belongs to the third generation of the lepton
particle family. The symbol was derived from the
Greek _ ~  (trifony meaning "third" in English), since
it was the third charged lepton discovered.

Discovered: The tau was detected in a series of
experiments between 1974 and 1977 by Martin Lewis
Perl.

Mass:1776,82 MeV/c? ,about 3500 of the electron.
Has the greater mass of the leptons.

Electric charge:l e
Spin:1/2
Mean lifetime: Unstable, 2.9x103s

Interactions:electromagnetic, weak, gravity



General:Belongs to the first generation of the lepton
particle family and follows Fermionic statistics.

Discovered: Theoretically by Wolfgang Pauli in 1930.
Experimentally were discovered by Clyde Cowan and
Frederick Reines in 1956. They were awarded the 1995
Nobel Prize in Physics.

Mass:Small but non-zero, less than one millionth that of the
electron. The Nobel prize in Physics 2015 was awarded to
both Takaaki Kajita and Arthur B. McDonald for their
experimental discovery that this particle which have mass.

Electric charge0
Spin:1/2
Mean lifetime: Stable

Interactions:weak, gravity

General:Belongs to the third generation of the lepton
particle family.

Discovered: Together with the tau, it forms the third
generation of leptons, hence the name tau neutrino. Its
existence was immediately implied after the tau particle was
detected in a series of experiments between 1974 and 1977
by Martin Lewis Perl with his colleagues at the SLAC-LBL
group. The discovery of the tau neutrino was announced in
July 2000 by the DONUT collaboration.

Mass:Small but non-zero
Electric charge0
Spin:1/2

Mean lifetime: Stable

Interactions:weak, gravity
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General:Belongs to the second generation of the
lepton particle family.

Discovered: Discovered in 1962 by Leon
Lederman, Melvin Schwartz and Jack Steinberger.
The discovery was rewarded with the 1988 Nobel
Prize in Physics

Mass:Small but non-zero
Electric charged
Spin:1/2

Mean lifetime: Stable

Interactions:weak, gravity



General:Gluon is an elementary particle that acts as
the exchange particle for the strong force between
quarks.

DiscoveredTheoretically were discovered by Murray
Gell-Mann in 1962 (He awarded the 1969 Nobel Prize
in Physics for his work on the theory of elementary
particles). Experimentally were discovered in 1978 by

12

General A photon is a type of elementary particle, the
quantum of the electromagnetic field including
electromagnetic radiation such as light, and the force
carrier for the electromagnetic force. The name
photon derives from the Greek word for light, .
(transliterated phég

Discovered:Theoretically were discovered by Max-
Planck in 1901. Experimentally were discovered by
Albert Einstein (1905) in photoelectric experiment.

Mass:0

Electric charge0
Spin:1

Mean lifetime: stable

Interactions:Electromagnetic, Weak, Gravity

DESY experiment.
Mass:0

Electric chargen
Spin:1

Mean lifetime: stable

Interactions:Strong

General:The W bosons are named after the weak force. Explain beta
decay.

Discovered: Following the spectacular success of quantum
electrodynamics in the 1950s, attempts were undertaken to formulate a
similar theory of the weak nuclear force. This culminated around 1968 in a
unified theory of electromagnetism and weak interactions by Sheldon
Glashow, Steven Weinberg, and Abdus Salam, for which they shared the
1979 Nobel Prize in Physics. Their electroweak theory postulated not only
the W bosons necessary to explain beta decay, but also a new Z boson that
had never been observed before 1983 experimentally in CERN.

Mass:80.4 GeV/c?

Electric chargeThe W bosons have either a positive or negative electric
charge of 1 elementary charge and are each other's antiparticles.

Spin:1
Mean lifetime: 102°s

Interactions: Weak



General:The physicist Steven Weinberg named the additional particle the
"Z particle", and later gave the explanation that it was the last additional
particle needed by the model. With W explain the beta decay.

Discovered: Following the spectacular success of quantum
electrodynamics in the 1950s, attempts were undertaken to formulate a
similar theory of the weak nuclear force. This culminated around 1968 in a
unified theory of electromagnetism and weak interactions by Sheldon
Glashow, Steven Weinberg, and Abdus Salam, for which they shared the
1979 Nobel Prize in Physics. Their electroweak theory postulated not only
the W bosons necessary to explain beta decay, but also a new Z boson that
had never been observed before 1983 experimentally in CERN.

Mass:91.2 GeV/c?
Electric charge0
Spin:1

Mean lifetime: 10%°s

Interactions:Weak
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