String theory
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m Strings and Supersymmetry

Even more ambitious than grand unified theories are attempts to also incorpo-
rate gravity, and thus unify all four forces in nature into a single theory. (Such
theories are sometimes referred to misleadingly as theories of everything.)
There are consistent theories that attempt to unify all four forces called string
theories, in which the elementary particles (Table 32-5) are imagined not as
points but as one-dimensional strings perhaps 107 m long.

A related idea is supersymmetry, which applied to strings is known as
superstring theory. Supersymmetry predicts that interactions exist that would
change fermions into bosons and vice versa, and that all known fermions have
supersymmetric boson partners, Thus, for each quark we know (a fermion),
there would be a squark (a boson) or “supersymmetric™ quark. For every lepton
there would be a slepron. Likewise, for every known boson (photons and gluons,
for example), there would be a supersymmetric fermion (photinos and gluinos).
Supersymmetry predicts also that a graviton, which transmits the gravity force,
has a partner, the gravitino. Supersymmetric particles are sometimes called
“SUSYs” for short, and may be a candidate for the “dark matter” of the
universe (discussed in Chapter 33). But why hasn’t this “missing part™ of the
universe ever been detected? The best guess is that supersymmetric particles
might be heavier than their conventional counterparts, perhaps too heavy to
have been produced in today’s accelerators. Until a supersymmetric particle is
found, and it may be possible at CERN’s new LHC, supersymmetry is just an

elegant guess.

The world of elementary particles is opening new vistas. What happens in
the future is bound to be exciting.

B Summary

Particle accelerators are used to accelerate charged particles,
such as electrons and protons, to very high energy. High-
energy particles have short wavelength and so can be used to
probe the structure of matter at very small distances in great
detail. High kinetic energy also allows the creation of new
particles through collision (via £ = me?).

Cyclotrons and synchrotrons use a magnetic field to keep
the particles in a circular path and accelerate them at intervals
by high voltage. Linear accelerators accelerate particles along
a line, Colliding beams allow higher interaction energy.

An antiparticle has the same mass as a particle but oppo-
site charge. Certain other properties may also be opposite; for
example. the antiproton has baryon number (nucleon
number) opposite to that for the proton.

In all nuclear and particle reactions, the following conserva-
tion laws hold: momentum, angular momentum, mass—energy,
electric charge, baryon number, and lepton numbers.

Certain particles have a property called strangeness.
which is conserved by the strong force but not by the weak
force. The properties charm, bottomness. and topness also are
conserved by the strong force but not by the weak.

Just as the electromagnetic force can be said to be due to
an exchange of photons, the strong nuclear force was first thought
to be carried by mesons that have rest mass. but recent theory
says the force is carried by massless gluons. The W and Z parti-
cles carry the weak force. These fundamental force carriers
(photon. W and Z. gluons) are called gauge bosons.

Other particles can be classified as either leptons or
hadrons. Leptons participate in the weak and electrically
charged electromagnetic interactions. Hadrons, which today
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are considered 1o be made up of quarks, participate in the
strong interaction as well. The hadrons can be classified as
mesons, with baryon number zero, and baryons, with nonzero
baryon number.

All particles, except for the photon, electron, neutrinos,
and proton. decay with measurable half-lives varying from
10 ®s to 10°s. The half-life depends on which force is
predominant. Weak decays usuallv have half-lives greater
than about 107" s, Electromagnetic decays have half-lives on
the order of 107'" to 107""s. The shortest lived particles,
called resonances, decay via the strong interaction and live
typically for only about 10,

Today’s standard model of elementary particles considers
quarks as the basic building blocks of the hadrons. The six
quark “flavors”™ are called up, down. strange. charmed.
bottom, and top. It is expected that there are the same
number of quarks as leptons (six of each), and that quarks
and leptons are the truly elementary particles along with the
gauge bosons (y, W. Z, gluons). Quarks are said to have color,
and, according lo guantum chromodynamics (QCD). the
strong color force acts between their color charges and is
transmitted by gluons. Electroweak theory views the weak
and electromagnetic forces as two aspects of a single under-
lving interaction. QCD plus the electroweak theory are
referred Lo as the Standard Model.

Grand unified theories of forces suggest that at very
short distances (10772 m) and very high energy. the weak, elec-
tromagnetic, and strong forces appear as a single force. and
the fundamental difference between quarks and leptons
disappears.



