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ABSTRACT 

The present review briefly presents the growing experimental as well as theoretical 

interests in recent years in the effects of (1) correlation, (2) relativity, (3) quantum elec-

trodynamic (QED), (4) finite nuclear size (FNS) and (5) parity non-conservation (PNC) 

on the high precision electronic structure of alkali atoms and alkali-like ions. Many high 

precision experiments have been performed which need very high accurate theoretical pre

diction for correct interpretation and indentification of different physical effects involved. 

Some experiments separate these effects and some do not. Several sophisticated theoreti

cal techniques have been developed for corrections of these effects which play an extremely 

important role in order to obtain results of high accuracy to well below 1% level and to 

understand experimental observations of high precision. Correlation, relativity and finite 

nuclear size effects have been treated on an equal footing in some theoretical methods but 

QED and PNC have been calculated separately. At present, there is no theory which ac

counts all five effects in a coherent and unified manner. Future challenges and directions, 

in reliable structure calculations in atoms and ions, have been discussed and suggested. 
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1 Introduction 

There has been growing interest in alkali atoms and alkali-like ions for both 

experimentalists as well as theorists, partly because of their simple electronic 

structure, with only one valence electron outside energetically separated in

ner cores. Most of these investigations concern the various spectroscopic 

energies. Knowledge of wave functions which reproduce closely the ob

served spectra of the atoms is required for calculating other properties, such 

as oscillator strengths and life times, magnetic moment, or the magnetic 

field generated at the nucleus by the valence electron charge flow. Recent 

high precision experiments measuring parity non-conservation in heavy al

kali atoms such as Cs have shown that atomic experiments are competitive 

in investigating weak interaction between elementary particles. Atomic cal

culations of very high accuracy are necessary to obtain information about 

weak interaction. The accuracy of computational methods may be assessed 

by the quality of the level energies they predict. A number of theoretical 

models have been developed to describe the properties of atoms, molecules 

and ions. 

Independent particle models (e.g. central potential model, Hartree-Fock 

Slater method, Hartree-Fock method) describe qualitatively the properties 

of many-electron atoms, molecules and ions. Independent particle model 

deviates quantitatively substantially from the experimental observations. It 

clearly demonstrates that it is indispensable to incorporate electron corre

lation in order to obtain accurate results. Electron correlation is defined 

as the difference between the exact energy for a certain Hamiltonian and 

the Hartree-Fock (or single configuration) energy for the same Hamiltonian 

operator. It is simply the correction to zero-order approach. A physical 
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interpretation is the dynamic behaviour of the electrons, which in single 

configuration model move independently of each other in an average cen

tral field. Correlation introduces the fact that they actually do avoid each 

other in their orbits. Nonrelativistic correlations are included widely in two 

methods: configuration-interaction (CI) and multiconfiguration Hartree-

Fock (MCHF). Tiwary and his to - workers1'31 have extensively inves

tigated the effect of correlation on the optical oscillator strengths, both the 

length (/{.) and velocity (fv) forms, in alkali atoms and alkali- like ions 

using uncorrected and correlated wave functions for both the initial and 

final states involved in the transition. For ground state configuration, all 

orbitals are taken from Clementi and Roetti32. Several standard computer 

codes33'40 are available for the accurate atomic structure calculations. For 

low Z atoms and ions, these methods produce good results but for heavy 

systems they disagree with the experiment which suggest that relativistic as 

well as correlation effects play important role for reliable results. 

Accurate prediction of excitation energies, oscillator strengths, lifetime, 

etc., in alkali atoms and alkali-like ions, particularly for the heavier mem

bers of the group, requires high- order incorporation of both relativistic and 

correlation effects. We therefore start from the Dirac41 Coulomb or Dirac-

Coulomb-Breii42 Hamiltonian. The latter is correct to the second order in 

the fine structure constant. The four-component one-electron equations, in 

the Dirac-Fock or Dirac-Fock-Breit approximation, are solved. Relativis

tic correlation is then incorporated by the multiconfiguration Dirac-Fock 

(MCDF) method. 

Relativistic and electron correlation effects are strongly interwined. Accu

rate treatment of many electron systems requires therefore going beyond the 

independent particle model to incorporate relativistic and correlation simul-
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taneously on an equal footing. A variety of techniques can be employed for 

the study of dynamic correlation in particle systems. The extensive prac

tice of nonrelativistic as well as relativistic calculations, including those for 

alkali atoms shows that many body perturbation theory is a powerful and 

systematic approach. The first few terms of the perturbation series suffice 

for accurate calculations of the properties of highly charged ions, but the 

method is less suitable for neutral atoms, where higher orders of MBPT are 

non-negligible and sometimes even make the convenience of the perturbation 

expansion doubtful. The expression for higher order terms are complicated 

and direct perturbative studies are rarely carried out beyond second order 

wave functions or third order energies. It is clearly desirable to explore 

methods which identify important physical effects and incorporate them to 

all orders in perturbation theory. 

One of the most interesting features of the developments of physics is 

when an established and successful theory is shown to be only an approx

imation to reality and a deeper and more encompassing theory replaces it. 

This has happened many times in physics: Newton theory of gravitation was 

replaced by Einstein general theory of relativity, nonrelativistic mechanics 

with relativistic mechanics, nonrelativistic classical mechanics with nonrela

tivistic quantum mechanics and so on. In each case the older theories remain 

of value but they are recognized to be only in their domain of validity. Very 

frequently precise measurements play a significant role in replacing a theory 

with a deeper or covering theory. Another exciting example is about 46 

years ago when the Dirac theory41 of hydrogen, which predicted the exact 

degeneracy of the 2 S^/2 and 2 Pi/2 states, was shown to be very slightly 

incorrect by the measurement of the Lamb shift43. As tiny as the effect is. 
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it requires the complete replacement of Dirar relativistic generalization of 

the Schroedinger equation. In order to explain the Lamb shift, a relativistic 

quantum field theory of the interacting electrons and electromagnetic fields 

was developed in the form of Quantum Electrodynamics (QED)u'6i. 

The QED has widely applied to interpret several experimental observations 

of high precision. There are several theories available in the literature. All 

are approximate. There are main two parts of QED: self energy and vaccum 

polarization. We concentrate on QED effect in Li-like l ;89+ ion. 

High precision experiments exhibit that only correlation, relativity and 

QED effects are not able to explain measurements. The effect of finite 

nuclear size (FA'S)6 6 - 7 2 , though extremely small, was incorporated to in

terpret accurate observations. Several theoretical calculations are available 

for the FN'S correction in atoms, molecules and ions. Recently, very high 

precision atomic experiments have demonstrated that the inclusion of only 

correlation, relativity , QED and FNS are not adequate to interpret accu

rate observations. The parity nonconservation (PNC) effect must be incor

porated in order to explain measurements. 

The parity of a system describes its behaviour under reflection through 

the origin. This transformation is formally equivalent to a mirror reflection 

in a plane through the origin plus a 180° rotation about an axis perpendic

ular to that plane. Rotational invariance of physical system means that a 

parity non-conserving (PNC) system is one that exhibits a mirror asymme

try. Of the four fundamental interactions, only weak interaction is known 

to be parity non-conserving. The effects of weak interaction in the atomic 

environment leads to small mirror asymmetry such as the rotation of plane 
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polarized light in an atomic vapour. These effects , though extremely small, 

are measurable because of their PNC signature. Advances in experimental 

techniques have enabled high precision measurement of atomic PNC phe

nomena. Atomic PNC effects have a Z3 enhancement so that experiments 

are performed on heavy atoms: currently, atomic PNC experiments have 

been performed on Cs, Tl, Pb and Bi. 

During the past decade, experiments to detect atomic PNC have progressed 

to a point where PNC amplitude can be measured with an accuracy of a 

few percent. To interpret such experiments in terms of the standard model 

of the electro-weak interaction, it is necessary to compare the measured am

plitude with theoretically predicted amplitude. Predicted PNC amplitudes 

in heavy atoms to a accuracy of one percent is challenging exercise in manv-

body theory that leads beyond the independent particle model and low order 

perturbation theory to techniques in which important terms in perturbation 

theory are summed to all orders. The most precise experiments and theory 

have been made for Cs because the requisite atomic structure calculations 

can be carried out for the cesium than for the other elements. 

The principal source of PNC in atoms is the exchange of Z0 bosons between 

bound electrons and the atomic nucleus. The PNC interaction from Z0 ex

change consists of two parts: a dominant part in which the vector nucleoli 

current is coupled to the axial vector electron current and a much smaller 

part in which the axial vector nucleon current is coupled to the vector elec

tron current. The parity conserving part of the Zg exchange interaction is, 

of course, masked by the electron-nuleous Coulomb interaction. 

Usually physicists consider measurements of the effects of PNC as a method 

to investigate the strength and structure of weak interaction. However, there 

is one other possibility i.e. investigation of a complicated quantum system or 

process using the PNC effects as a probe. These effects are always linear in 
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