Available online at www.sciencedirect.com

S8CIENCE @DIREOT'
PHYSICS REPORTS

24

ELSEVIER Physics Reports 397 (2004) 63—154

www.elsevier.com/locate/physrep

Violations of fundamental symmetries in atoms and tests of
unification theories of elementary particles

J.S.M. Ginges, V.V. Flambaum®

School of Physics, University of New South Wales, Sydney 2052, Australia

Accepted 9 March 2004
editor J. Eichler

Antonio Dainelli 11 Febbraio 2020 Simmetrie Fondamentali nel Francio



The success of the standard electroweak model of elementary particles is extraordinary.

It has been tested in physical processes covering a range in momentum transfer
exceeding ten orders of magnitude. It correctly predicted the existence of new particles
such as the neutral Z boson.

However, the standard model fails to provide a deep explanation for the physics that it
describes. For example,

why are there three generations of fermions?

What determines their masses and the masses of gauge bosons?

What is the origin of CP violation?

The Higgs boson (which gives masses to the particles in the standard model) has not yet
been found. (nel 2004 !111)

The standard model is unable to explain Big Bang baryogenesis which is believed
to arise as a consequence of CP violation.

It is widely believed that the standard model is a low-energy manifestation of a more
complete theory (perhaps one that unifies the four forces). Many weli-motivated extensions
to the standard model have been proposed, such as supersymmetric, technicolour, and left-
right symmetric models, and these give predictions for physical phenomena that differ from
those of the standard model.
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Some searches for new physics beyond the standard model are performed at high-energy and
medium-energy particle colliders where new processes or particles would be seen directly.

However, a very sensitive probe can be carried out at low energies through precision studies of
quantities that can be described by the standard model. The new physics is manifested indirectly
through a deviation of the measured values from the standard model predictions.

These tests exploit the fact that low-energy phenomena are especially sensitive to new physics
that is manifested in the violations of fundamental symmetries, in particular P (parity) and T
(time-reversal), that occur in the weak interaction. The deviations from the standard model, or
the effects themselves, may be very small.

To this end, exquisitely precise measurements and calculations are required.

More than 20 years ago atomic experiments played an important role in the verification of the
standard model. While the first evidence for neutral weak currents (existence of the neutral Z
boson) was discovered in neutrino scattering, the fact that neutral currents violate parity was
first established

in atomic experiments and only later observed in high-energy electron scattering [5].

Atomic physics plays a major role in the search for possible physics beyond the standard model.
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Precision atomic and high-energy experiments have different sensitivities to models of new physics
and so they provide complementary tests. In fact the energies probed in atomic measurements
exceed

those currently accessible at high-energy facilities. For example, the most precise measurement of
parity non conservation (PNC) in the cesium atom sets a lower bound on an extra Z boson popular
in many extensions of the standard model that is tighter than the bound set directly at the Tevatron

Also, the null measurements of electric dipole moments (EDMs) in atoms (an EDM is

a P- and T-violating quantity) place severe restrictions on new sources of CP-violation which arise
naturally in models beyond the standard model such as supersymmetry. (Assuming CPT invariance,
CP-violation is accompanied by T-violation.) Such limits on new physics have not been set by the
detection of CP-violation in the neutral K [6] and B [7] mesons (see, e.g., Ref. [8] for a review of
CP violation in these systems).

Let us note that while new physics would bring a relatively small correction to a very small

signal in atomic parity violation, in atomic EDMs the standard model value is suppressed and is
many orders of magnitude below the value expected from new theories.

Therefore, detection of an EDM would be unambiguous evidence of new physics.
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it is now (2004) firmly established that the cesium measurement is in excellent agreement
with the standard model;
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Figure 1.5. Meccanismo di funzionamento di una trappola magneto-ottica monodimen-
sionale su una transizione J = 0 — J = 1. L’illustrazione non e in scala; lo spostamento 13
Zeeman e molto minore dell’energia della transizione ottica. [6]
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