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The mechanism of forbidden M1 transition 6s - 78 in cesi-

um is discussed. The contribution of relativistic effects to

‘ this transition and to g-factor of valent electron is computed.
68 = 7s transition is shown to proceed mainly beceuse of con-
figurations mixing. Due to weak parity violating eN interacti-
on, a circular polsasrization of photons at the level 1072 may
arise in tnis transition. Atomic transitions are pointed where
one may expect somewhat larger effects of parity violation.



1. INTRODUCTION

For many years the theorists discuss the question of the
possibility to observe in atomic transitions the effects caus-
ed by the existence of weak interaction between electrons and
nucleons ( eN interaction ) /1,2/. The new cut.break of inter-
est to this problem (see recent works/3,4/ and/5-7/) is caused
by creation of renormalized unified models of electromagnetic
and weak interactions. The important role was played also by
recent expprimﬁnts at CERN/8/ and Batavia/9/ that pointed at
the existence of neutral currents involving neutrinos.

Since the hypothetical eN interaction at the energies of
atomic order of magnitude is evidently extremely small, it cam
be detected in this reglon by qualitative effects only. Parity
violation is meant. The presence of P-odd interaction would
lead to the mixing of levels with the same total angular mome-
ntum and opposite parity. Then the radiation amplitudes for
right- and left-polarized photons wowld be different, in other
words, the radiation would be circularly ﬁnlarimad.

The mixing of levels with opposite parity is evidently
the larger, the smaller is the interval A E between them. At
the first sight, atomic hydrogen is out of competition in this
respect since its levels Esﬁ and Ep5 are separated due to Lamb
shift only. Moreover, in the 1s-28 transition an sdditlional
enhancement in the effect arises. It is connected with the
fact that the one-quantum transition (M1 if parity is conserv-
ed) is strongly suppressed here, it proceeds only due to rela-
tivistic effeéts. However, even in this extremely favourable
situation the degree of circular polarization is 4-10’"4 only.
In my opinion, the experiments of this kind with atomic hydro-
gen are hardly practicable.at present.

An important step that allowed to pass to the discussion
cf realistic experiments, was made by Bouchiat/3/. They have
shown that in heavy atoms where all energy intervals between
~ levels are of normal magnitude, a new enhancement of the eff-
ect n:23 arises due to a2 large value of the wave function near
the nucleus (and of course, to a 1ar§e number of nucleons in
the nucleus). Moreover, since the motion of the electrons near



the nucleus is relativistic, an additional enhancement of the
effect takes place/3/. The corresponding factor is

£ =4 (2224 ) Feoens) )

¥
- Here a, is the Bohr radius, Ts i, ¢ne padius of the nucleus,

: 2
Fiz=y 'f-zeﬂ’ . Bouchiat/3/ estimated the degree of circular po-
larization of photons in the 6s-7s transition in atomic cesium
to constitute 10+, At such a magnitude of the effect the ex-
periment on the detection of parity non-comservation in cesium
vapour, discussed in the work/3/, would be quite practicable
already at present. d
However, the estimate of the matrix element of M1 transi-
tion 68-78, presented in the paper/3/, is in my opinion essen-
tially understated, and the estimate of the degree of circular
polarizaticn is correspondingly overstated. Discuss now this
question in detall.

2. COMPUTATION OF RELATIVISTIC EFFECTS. ESTIMATE OF RADIATIVE
CORRECTIONS

One-quantum 6s ~78y transition proceeds via electron spin-
flip and is strongly forbidden because of orthogonality of co-
ordinate wave functions. As well as in hydrogen the strict ban
ig lifted if one takes into aceount the relativistic effects.
The simplest way, as it seems to me, to obtain relativistic
corrections to the Hamiltonian of interaction of meny-electron
atom with external field is as follows. Consider at first one |
electron. Its Hamiltonian of interaction with external field
X, accounting for the terlaev(vfc}a, is found by means of usu-
al transformations (see/10/):
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The vector-potential Ia is created by other electrons. It is
equal to

A = Z(ﬁ% 6’«*’ /r’/ ()

The ccnrdinate, mumentum and gpin of the electron under consi-
deration are marked by index i, and the corresponding opera-
tors for other electrons of the atom are_markéd by index j.
The total interaction Hamiltonian for many¥alactran gystem is
found by summation of H, , over all electrons. Here as usually
one sghould be cautious not to take into account twice the in-
teraction between the same pair of electrons.

After simple transformations, accounting for spharical
symmetry of initial and final states, the matrix element of
interaction Hamiltonian is reduced to

<an‘)_*—-_ XZ < m"c" m:‘ %CL) (6)

Note that to transtform the terms h:"I (tho;r arise in particu—
lar after expansion into series af thﬂ exponent in;??rﬁ) the
following identity

> =t (L [, 7)) = ZaE R U)o

is convenient.

In the case of two eleetrons the expression (6) eoincides
with the result obtained previously for helium-like systems by
other methods in the works/11,12/.

For cesium, taking into account that all the electrons,
except the valent one, may be combined into pairs with zero
total spin, transform the expression (6) to the following form
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Here 6 , p and Erafa the spin, momentum and effective potenti=-
al of the valent electron.

The matrix element (8) was computed in two ways.
1)The Thomag-Fermi approximation for the potential, created by
other electrons, and quasiclassical expressions for wave func-
tions were used. In the integration region that gives the pri-
ncipal contribution to the matrix element, the enegies of &s
and 7s states mﬂy be neglected in comparison with the affanti-
ve potential T. Then the wave functions differ only in norma-
lization factor which is equal to/13/

F"” % (9)
J/? 2

where ¥ is the effective principal quantum number. Finally,
the problem is reduced to computation of integrals

P drplts) T ")
Jrper, e i

where ?{x) is tPa universal Thomas-Fermi function. (The tables
of y{x) and ?(I) are contained in the book/14{)
2) The effective potential, found in the work/15/, was used as
well as wave functions obtained by numerical integration of
the Schroedinger equation with this potential.

The results of both caleculations agree within 10% and give

(%,f}:—QZMsz—Q/-/§Wf (1)

The obtained coefficient at J;é%b? is by an order of mag-
pitude smaller than the estimate given in the work/3/. Its au-
thors proceeded from the known value of g-factor of 6s elect-
ron and from the assumption that both effects are caused by
relativistic corrections. Experiment gives for the difference
of g~factor of 68 electron in cesium and free electron the
following value/16,17/

09es =41 107 (12)

It is natural to see what is the magnitude of relativistic cor-
rections to g-~factor. Proceeding in the same way as at the de-
duction of the formula (8), it can be easily shown that this
correction is equal to '

di” =_"h?/ <mf‘ .«:-‘" ar ﬂ"#/) Lo

The computation made again in two ways gives

A =—Q4?=—q2-707" (14)

in sharp disagreement with. the experimental wvalue both in mag-
nitude and in sign. And just the megative sign of the relati-
vistic correction eauses no doubts since not only pa, but if'[/)
as well, are, as can be easlily seen, positively defined quan-
tities. _ '

Therefore, the correction to g-factor is in no way defin-
ed by considered relativistic effect. Then where does it arise
from?

Would not lead to needed result the difference in radiat-
ive corrections for bound and free electron? It is conveni-
ent to use for estimates the non-covariant perturbation theory
and the non-covariant Coulomb gauge. The main contribution to
Ag is given by the graph 1 where the wavy line corresponds to

fig.1

three-dimensionally transverse guantum., Both virtual electronms
ghould be considered as non-relativistic since the contributi-
on of relativistic region is the same for free and bound elec-
tron. But then every interaction vertex for the intermediate
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quantum contains an additional small factor p/mec~ &, The ari-
sing small energy denominators are compensated by the integral
wabs over the frequencies of intermediate quantum. Therefors,
this correction is of the order of magnitude o¢? and is undou-
btedly inessential for the explanation of the effect we are in-
terested in.

Tt can be easily understood that the radiative correction
due to instantaneous Coulomb interaction demands inevitably
the presence of a positron in the intermediate state. However,
alﬂ%he graphs with positrons, both for Coulomb quantum and
three-dimensionally transverse one in the intermediate state,
due to large energy denominators give the contribution even
smaller than of? to the effect under consideration. Just in
the same way the contribution of radiative corrections to the
matrix element of M1 transition is negligible. The last conclu-
gion was obtained previously in the work/11/ by means of direct
computations.

3, CONFIGURATIONS MIXING. ESTIMATE OF CIRCULAR POLARIZATION

The correct qualitative explanation of the quantity 44
 was glven many years ago by Phillips/18/. As it is known, in
complex atoms due to regidual Coulomb interaction between ele~-
ctrons that is nmot accoumted for by the effective potential T,
the so-called configurations mixing takes place. Say in cesium
the true stationary state sontains the admixture of a state
with two electrons and a hole in a ciosed shell. Since the Cou-
lomb interaction dees mnot change evidently neither total orbi-
tal momentum, nor the total spin of the system, the Coulomb
configurations mixing does not lead by itself to the change of
g-factor. Neither does it imfluence the matrix element of the
trensition we are imterested 1n. But in the admixture state
for the hole in the shell strong spin-orbit interaction takes
place. Just it does 1ead to the change in g-factor. Quite sta-
ndard, although rather lengthy, calculations lead ©o the fol-
lowing result:

Ajz_g,:&;f/ff (15)

Here F=F.(6s,5p;68,5p), G:Gq(EB,SP;GS,Ep} are the direct and
exchange Coulomb integrals correspondingly. The symbels in bra-
ckets denote one-electron states with respect to which the ma-
trix elements are taken. {={(5p) is the parameter of spin-or-
bit interaction for the hole in the S5p shell; E is the energy
interval between the mixing states, shift of the levels due %o
fine structure is neglected. Notations of the book/19/ are us-
ed. (The magnitude of the electrostatic mixing turned out V2
times larger and the final result (15) 2 times larger than by
Phillips.) '

The parameters Z and B can be determined by the spectrum
of Xe. As to the Coulomb integrals F and G, Phillips produces
indirect arguments in favour of these integrals being of oppo-
site sign and of such magnitude that guarantees the correct
order for Ag. The decisive argument in favour of Fhillips con-
ciderations is in my opinion the fact that all other efforts
to explain the effect (see, e«8s4/20/) are undoubtedly unten-
able. : ; -

In the case of the 68-7s transition the analogous calcula-
tion leads to the following expression for the coefficient 2
at /ﬁﬁﬁlﬁf in the matrix element of radiation

2= 25 [2(FF +FF +Ge G + GG/~
(G R +EGCR AFG) 9

Here
Gé:ﬁq(ﬁs,SPi?siﬁﬁ)
]
G?=G-1 (78,5p;68,6p) (17)
G?f-ﬂal (?31513;'?5!613}

F¢<Fo(68,5p;78,6D)

F;=Fn(?s.5paﬁs,ﬁp}

Fu?:Fa(?S!SP;?E ,6p)

Pags to the quantitative estimate of the obtained result.
1t is convenient to rewrite the direct Coulomb integral in the
form
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Here w4 ie the radial wave function of a state with & princi-
pal quantum number ﬂaﬁh orbital one l; atomic units are used.
The dependence of the wave functions of &s and /s electromns on
the corresponding energies at the distances characteristic for
5p electron may be neglected. But then in this region the men-
tioned functions differ in normalizing factors only, their ra-
tio being equal (see (9)) to (U%f;/’f?’ where Y. = 1,9 and )=
= 2,9 are the effective principal gquantum numbers of €s and 7s
states. Finally, the following relations take place:

4 ¥
F =Fy =037F; fr= O 26F (19)
As to the exchange integral, presenting it in the form

= £ Z
Lidrds [0l-2) 5+ 8-/ 35 [ )ty (g 5.V 8 20

we find just in the same way that
F 4
G =0574 G =4357G (21)

For the following estimates take into account the factor
1/3 in the formula (20) and the circumstance that the exchange
integral is determined by the overlapping of wave functions
over both integration variables, and the direct one contains
the square of the wave function of 6e state. Then it is natur-
al to expect that the quantity F is 6 - 7 times larger than G.
As to the quantities G and G%, there are no special grounds to
expect that they differ considerably. Finally, comparing the
expressions (16) and (15) and taking into account that the
last one should be equal %o 4 i};_—, —Af;;a:&’f'fﬁ?:f we f£ind that
. constitutes (6 + 7).107".

Of course, the estimates presented in the preceeding para-
graph are not sufficiently reliable, and the experimental de-
termination of the matrix element of 68-7s transition is, as it
was noted in the work/3/, a necessary stage for the detection

10

of parity violation. However, when planning the sxperiment,

one should be oriented, evidently, rather at ﬂ~10'-'7’ and at the
degree of circular polarization P~1072, but not at &~0 '
and Pwu10'4 as it was predicted in the work/3/. Although the
dimipishing of the effect is accompanied by the quadratic
growth of the statistics, however, taking into account the
smallness of the expected effect and the inevitabllity of sys-
tematic errors, the experimental detection of the parity viol-
ation in the 6s8-7s transition in cesium seems to be more diffi-
cult problem than it would follow from the estimates by Bouchi-
at/3/ . : '

In conclusion note that there are many strongly forbiddem
M1 transitions in mercury, thallium and lead that proceed also
due to configurations mixing. Because of the growth of the ef-
fect with Z and the relativistic enhancement, omne may expect
in these traneitions the circular polarization indeed cloase to
10~%. Unfortunately, all these tramsitions lie in the region
2000 - 3000f that complicates the experiment strongly.

I owe my deep gratitude to S5.I.Eidelman for carrying out
most numerical computations and for patient efforts to teach
me the programming. I am sincerely grateful also to V.F.Dmit-
riev, A.I.Vainshtein and M.S.Zolotoryov for numerous helpful
discussions.
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