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The contribution of a weak electron-electron interaction

is calculated to the circular polarization of light and to op-

tical activity of the T1l, FPb, and Bi vepors near the MI-transi-

tions.




At the present time the experiments on a search for the op-
tical activity of the vapors of heavy metals firstly proposed in
/1-3/, are carried out by several experimental groups /4-6/. The
optical activity may be caused both by the F}—ndd interaction of
the electrons with the nucleus and f]-odd interaction of the el-
ectrons with each other. The contribution of a weak electron-elec-
tron interaction to the parity violation effects in heavy atoms
was firstly considered in /7/ where its upper estimate was given.
The contribution of this interaction is smaller than the electron-
-nucleon one by a factor EE ( é?_ia the nucleus charge)., However,
if the P -odd intersction of the electrons with nucleons is
anomelously small or absent at all (this is the interpretation of
experimental results /4, 5/ that is most popular now), then the
contribution of the electron-electron interaction to the parity
violation effects may be essential. For this reason, it is timely,
in our opinion, to carry out its accurate calculation. In the pres-
ent paper the circular polarization of light due to the F)-o&d
electron-electron interaction is calculated in the transitions

6P, — 6Py, 7Py 7Py 1B TL, 6* D, _;gp” , in Pb, and
6 5{;‘__;,. ép* @;2 fﬁg}_%;%’in Bi. _

The Hamiltonian of a weak electron-electron interaction
looks as follows
Hw:%?*wwm:-)y V& (hy+ha 8i) ¥ (1)
where G' = 10"%’,‘??; ig the Permi constant. In the experiments
on the search for the parity violation the constant 5= A, ,%r_,,
may be measured. Below it will be shown that the main contribu-
tion to the effect comes from the interaction of a valent elec-

tron with the internal ones at short ﬁiata;ces from the nucleus




(E’mﬁg/}n @, is the Bohr radius). At these distances fHZd ¥
1.e.;i_ns;£ , and therefore there is no necessity to tske zccount
of the Coulomb repulsion of the electrons in caleulating the mat-
rix element of the Hamiltonian (1). The inetraction (1) admixes
the levels of an Dppﬂﬂite.paritj with excitation of both one and
two electrons to the unperturbed state of the atom,. Nevertheless,
it ie easy to verify that the contribution of the two-particle
excitations to the effect is very small. Therefore, the /}—odd
part of the.llamiltonian (1) may be reduced to the effective one-

-particle Hamiltonian for the external electron
I,.".-
by : g
HH.?(J_'J E?ﬁff’jw(};y/ e

where f)(7) is theéleciron density. In deriving the equation (2)
we have taken into account that the exchange interaction is equal
to the direct one (there is no difficulty to verify it by means

of the Fierz tranaformation).

Since n(2) decreases rapidly (for example, in the Thomas-

-Fermi model (i) < i%séﬁ'}, the main contribution to the matrix
element of the Hamiltonian (2) comes from 7 ~ids/Z o At these
distances the density Mm%/} 1is mainly determined by ﬁ<-elect-
rons, i.e. the external electron interacts only with severallin—
ternal ones. This is the reason for that the contribution of the
electron-electron interaction to the P -odd effects is Dby 7z
times smaller than the contribution of the electron-nucleon in-
teraction which is proportional %o the number of nucleons in

a nucleus. Since the matrix element of a weak interaction with
the nucleus is proporiional to jE (see, for example, P

the matrix element of the operator (2) is propartmnal o /__L’ .

In this work we need the matrix elements of the Hamiltonian

2) b n . : :
(2) between the states S;& and ,{J{? , and also ;;2’;;2 and ’0{1 .
Let's write down them in the following form

2 £ ik .
o IHID, S L A2 me’ (3)
<J{,E’IH'JP£{>‘_ ﬁ—lﬁr_ {/1111&)% K(éépri)'?-—-ﬁz
[ fdfzf mff;’
oy (Hipyy =~ LA AL K (ds, Ps,) (4)

where A(rdx)“ Y5 N__ ):’r‘g f(gf ﬁ{ﬁ)mwr/? ; the func-

tions :}K?)' and %{2_} are detemined by the equality

{[}ff?)ﬂjf'}ﬂ

[A and j}jﬂmﬁrﬁ the Dirac and spherical spinors, ﬂ’ and %ﬂ*
are the effective principal quantum numbers of the electron.
The quantities Aﬂ#/) have been determined by us in such a way
that they are approximately equal jﬁEall heavy atoms. Indeed,
the main contribution to these integrals are given by the dis-
tances ~dz/7z (90% of contribution to K rsz,z:) ariges from
the distances 7 & 7.2 2» to Kldp)— 2 < 4 £7g/7) where
ﬂf?}awl%z , and for the wave functions of extarnallelactrona
the qimsiclaaaical approximation Permi-Segre is correct: ,‘?’ o
~ ﬁ ~ \F__’-',J‘fé . We find the integrals j\"{;;/') by means of the
wave functions obtained by a numerical integration of the Dirac
equation in the effective potential proposed in /8/. This poten-
tial reproduces the energies of both the external electrons and
internal ones with an accuracy not worse than several percent.

In Pig.1 the deneity /%) which has been found by direct summa-




tion of the contributions of different subshells is presented.

The numerical values of the quantities Af{{ C} are:

K (nss6pye 2.3 Krs #0y) = 2.0 N 26
K (sety 65 )=-0.69 K (st 703 ) =-0.60 (6)

K (f?féié’ﬂf) ==0,37 K(m{g ,2/,2) =-0.32 nz2é

In MI-transitions under comnsideration in T1;: Pb, and Bi

the caleulation of the circular polarization degree e
_jlﬁqﬁg-, where /M and /£ are the main MI and admixture EI
amplitudes) is carried out by using (3), (4) in the same way as
in /9/ for the electron-nucleus interaction. The necessary radi-
al integrals for the transitions into the discrete spectrum le-
vels are given in /10, 11/, the contribution of a continuous
gpectrum is found by the numerical calculation., For the MI-tran-
sitions inside the ground configurations in 1, Pb,.and Bl the
main contribution to a degree of the circular polarization is
due to the weak interaction mixing of the S} and P{é levels
(the contribution of the ﬂg_ip mixing decreases the result by
10%), i.e. in this case, the effect is similar to that caused by
the interaction of the electron with the nucleus where a&{%
Sr*jlﬂﬂfifﬁf existsS . Tharefore, for all these transitions the
circular polarization degree due to the weak electron-electron
interaction ((/, ) is approximately proportional to the circular
polarization degree due to the weak interaction of the electron

with the nucleus (ﬁa&)* which wae calculated in /9/:

Tl, transition 6'% —}5}9,% ; pf"/p,j s _g_g_z_ 5
Pb, transition .5')0'z 3,%!——? 5p: i ” ; ,-‘:,’g,f'/DM o *;%g g- (7)

s 3yn’ Lo S TR 2
Bi, transition 6'/9 ?SEF—:»‘-;;%“‘;J ‘ij’? Q)g? %; %; @/&f:—mf

L)

6

The parameter g; characterizes the }?—add interaction of

the electron with the nucleus; in /9/ it was assumed that §/=
=-0,.9, The numerical values of quantities f% are presented

in Teble 1. The corresponding angles of optical rotational1200°C,
the collision broadening cross-section G = G.5~1D14 amE, and
the detuning from a resonance chosen in such a way that the ab-
sorption length is equal to 1 metre, are also given in Table 1
{(for a more detail conslderation of éxpsrimental conditions see
[97).

Now we calculate a degree of the eircular polarization and op-
tical activity caused by :the weak electron-electron interaction
in the suppressed MI-transition ﬁf%'“ﬁjﬁﬁ% in Tl, In this case,
a large contribution to the effeci (~50%) comes from the mixing
of the ﬂtﬁtes %ﬁaz and 5%?% , 8ince the distance between them

is less than 1000 cm_1. The ratio f%/?a} conatitutes

LAty
/Py = 782 7 (8)

The quantity §Fy was calculated in /12/, the numerical value
ﬁb is presented in Table 1.

Note that the ratio ﬁ%/?a/ for the tramsition é}%""ﬁiagg
ig significantly different from those for the allowed MI-transi-
tions (6) because of & large contribution 0f;¥%%) mixing. This
circumstance may, in principle, allow to determine what interac-

tion leads to the parity violation ~ the electron-nucleon inter-

action or electron-electron one.

We have also considered the strongly-forbidden MI-transi-
tion - £ in Tl1. In thie case, only § and levels
are mixed, and the ratio %/py:-.ﬁ-z- ? ( ,'a’; is calculated in
I8 109 ).




As it was mentioned above, the upper egtimate for a quan-

tity'ﬁ%,ﬁqurin heavy atoms was obtained previously in /7/. Our
values are by 5-16 times lower than this estimate,

In conclusion, dwell on the interpretation of the experiment-
al results on a search for the optical activity of the Bl vapor.
In /4, 5/ the following limitations for the circular polariza-

iy ! .
tion degree were obtained: transition 15;-? R f) =
Z

Z L4
2 / 2 Z
- (1.4 + 6.4).1078 /4/; transition S5, — Dy D =8 KO )
et
10_E /5/. If one assumes that the L -odd interaction of the el-
ectron with the nucleus is absent, then using the Table 1,omne can r
f£ind the limitation for a constant of the fJ ~odd electron-elect-
ron interaction (see eq.(1))
p==-70* 40 k9
The suthors ere indebted to I,B.Khriplovich for the interest
in this work and useful discussions.
o
=

ey

References

1. I.B.Khriplovich, Pisma v JETP 20, 636, 1974.

2.
1
4.
5.

P.G.H.Sandars. Atomic Physics IV (Plenum Press)1975.

D.C.Soreide and E,N.Portson. Bull.Am.Phys.Soc., 20, 491, 1975.
L.L.Lewis et al. Phys. Rev. Lett. 39, T95, 1377,

p.E.G.Baird et al. Phys. Rev, Lett. 39, 798, 1977.

6.5L.M.Barkov, M.5.Zolotorev. Report at XVIII International

T.

9-
10.

11.

12.

Conference on High Energy Physics. Tbilisi, 1576.

M.A.Bouchiat, C.C.Bouchiat. Le Journal de Physique. 34, B99,
1974.
D.V.Neuffer, B.D.Commins. Universily af California, Preprint

1977.

Y. R.Movikov,

0.P.Sushkov, V.V.Flambaum, 1.B.Khriplovich, Piema v JEIF

502, 1476.

v, T.B.Khriplovich, JETP 71, 1665,

V.V .Flambaum, O.F.Sushkov,. Journal of Quantitative Speciro-
scopy and Radistive 'ransfer, in press.
0, P.3ushkov, V./.Flambaum, T.B.Khriplovich. JLTF, in press.

=



g T : W g
Initiel | FPinal |3 / B \F\F [?—].10 rad./m
gtate gtate ?
| 0, 5 112 34
\ ; 71 5@; 6 12833 | 1.3
3 Ty 5
- . - aga | =11 1] 2 ~
i \‘\ & e 7 | 284
e - = . l |
M 20 | 2921 -9 10
: : '8 e olo] 1 35
2 :; : Pb 5‘/02/_2 §p°p) |reree| 1.
o+ 4 | ‘
: : S P ol Ttk 7.6
52 5 Bi 6p 525 6P j)f 8757| 1
£
T M| eat7| 1.2 7 1.7
H o 4.4
£ s ’g - 4616 2.2 5 =
i = ° :
® o A =
: 3.4 6 .
ct
: g 8
e
X i de Table 1
% ot .
s ah circular polarization degrees P-— fIﬂ‘?F and
m J i apors.
g : g optical rotation angles I,V in T1, Pb, and Bi vap
; - ) i tween
E i E Rotation angles are presented for transitions be
: : 1 F and Fr‘ -
g ? g maxima
@ o g |
g o
|l
23 1S
@&
=1 F=h T
?4 "'rﬂlh'n R
i
- =
" ol
m




PadoTa TMOCTYIEAA — 20 ceETECDA 1977 1.

OrpeTorsemuuf Sa BHIYCK ~ C.I.ICHOB

[ogEMCRED X HEURTH 25,.3-1977 r. MH 03032 .
Yoa. 035 BeY.d., 0p4 yIOTEO-E3X.JA.

Tupax 200 9x8. DecHAATHO

Baxas B 108,

Ormearaxc s peragpusre HA® CO AH CCCP ;




