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Interactions
Four types of interactions

Strong Interactions :

Responsible for forces between quarks and gluons and
nuclear binding.

Electromagnetic Interactions :
Responsible for electric and magnetic forces.

weak Interactions :
Responsible for the instability of all but at least massive
fundamental particles in any class

Gravitational Interactions :
Responsible for forces between any two objects due to
their energy( which of course include their mass).




Standard Model — theory of strong

(QCD) + weak and EM interaction
(electroweak).

It does not include the effects of gravitational interactions.
The effects are tiny under high energy physics situations. Eventually we seek a
theory that also includes a correct quantum version of gravitational
interactions but this is not yet achieved.




Strong Interactions

Fundamental strong interactions occur between any
two particles that have color charge , that is, quarks,
anti quarks and gluons.

Gluons:

e Carrier particles.
 Responsible for binding force.
*Confines all color-charged particles to form hadrons.
Examples

eSuch as protons, neutrons and pions.

*Resulting hadrons have no color charge.



Strong Interactions
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Residual Strong Interactions

Residual strong interactions between the color-charge neutral hadrons
are responsible for the strong nuclear force.

* The force that binds protons and neutrons together to form nuclei.

* [t is responsible for nuclear fission and fusion processes.

» Responsible for rapid decay
processes of many hadrons.

It is of short range.

[t occur via exchange of mesons
or because of two hadrons come
close enough together that they
overlap.

[t can be viewed as the
exchange of mesons between

the hadrons
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Properties of Interactions

e Spin is the intrinsic angular momentum of particles . It is given in units
of h-bar(quantum unit of). H-bar = h/2pi = 6.58* 10>

GeV s =1.05%*10" ]Js.

Electric charges are given in units of the proton's charge. In SI units the
electric charge of the proton is 1.60 *10* coulombs
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Theory of Color Charge

meaning of 3 in SU(3).

It is only associated with strong interactions.

There are three possible color-charge for quarks. The

A three-quark state, with one of each color, is a color neutral

state (color-singlet).this makes baryon.
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Color Neutrality

 All observed particles are color-neutral
objects.

* Leptons have no color-charge inside, while
hadrons have quarks and gluons.

* Quarks inside a hadron are bathed in a sea of
gluons(responsible tor binding force).

* Quarks continually emit and absorb gluons
inside hadrons which can't be observed.

* Color charge is conserved in every such
process.



Weak Interactions

* Weak interactions occur for all fundamental
particles except gluons and photons.

* Weak interactions involve the exchange or
production of W or Z bosons.

* Weak forces are very short-ranged.

* Conservation laws that are valid for strong
and electromagnetic interactions, but broken
by weak processes.



Weak Interaction Carrtier
Particles

The particles responsible for the weak interactions are W _bosons and Z
bosons.

W Bosons

 Jts mass is 80 GeV/c”™ 2 roughly equal to the mass of Bromine atom.

* Two types of W boson with electric charge +1 and -1.

e ]t is not a matter particles.

e The emition or absorption of
W boson can only change the
quark flavor. Like in [ decay,
that involve W bosons.

he weak interaction involves the

exchange of the intermediate

A neutron decays to a proton, an electron,

and an antineutring via a virtual {(mediating)
vector bosons, the W and the Z. g s



Weak Interaction Carrier
Particles



Weak interaction carrier particles
Z Bosons 00
p p — VT + assorted hadrons

Processes involving Z-bosons are called

“neutral current processes” are even more
elusive than W-boson effects.

Its mass is about 91 GeV/c”™2 or roughly
the same as an Zirconium atom.

It have no electric charge and no

distinguishable quantum number so the Two protons calliding at high energy can
produce various hadrons plus very high mass
antiparticle of Z boson is a Z boson. particies such as Z bosons. Events such as this

one are rare but can yield vital clues to the:

structure of matter.

It decay to produce either quark and anti-
quark or lepton and anti-lepton



Weak interaction

discoveries

The discovery of the W and Z particles in 1983 was
hailed as confirmation of the theories which
connect the weak force to the electromagnetic
force in electroweak unification

e The weak interaction acts between both quarks and
leptons.

 The strong force does not act between leptons.

e Leptons have no color, so they do not participate in
the strong interactions.

e Neutrinos have no charge, so they experience no
electromagnetic force, but all of them join in the
weak interactions.
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