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IN ATOMIC TRANSITIONS
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Novoeibirsek 90, USSR

The possibility to detect parity violation .in atomic tran-
sitionse by the rotation of light pelarization plane in heavy
metals vapours is discussed. The rotation angle nn: reach
10"5 rad/m at the pressure 100 mm,



The possibility to detect inm principle weak interaction
of electron with proton and neutron by means. of observation of
parity violation in atomic tramsitioms was pointed at many
years ago by Ya.B.Zel'dovich/1/ and eince then was discussed
repeatedly by theorists/2-5/ (see also /6-9/). Among these pa-
pers one should note specially the work by Bouchiat/3/. They
have ghown that the effects of parity violation in heavy atoms
are enhanced to such degree that their experimental detection
is on the edge of poesibility. However, the cuncraté?ntimnta
of the degree. of circular polarization of the photons in the
551;2'?”1f2 traneition in cesium presented in the work/3/ ie .
perhaps overrated (see /5/). Therefore, the corresponding ex-
periment seeme to be more difficult than it follows from the
estimates by Bouchisat. - :

In the present note I wish to attrset attention to suf-
ficiently real possibility to detect parity violation 'in ato-
mic transitions by rotation of polarization plane of light in
vapours of heavy metals. That parity violatiom leads to the
appearance of optical activity, was first noted in the puper}1f

The refraction coefficients for right and left po}arized

photons with the frequency &’ close to the resonant one &),
write as follows

NIV 7 (1)
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Here N is the density of t&_‘J._?mB of the medium, / ie the wi-
dth of the excited level, are the squares of the absorb-
tion matrix elemente for right and left polarized photons ave-

ra§ed+uvar initial polarizations and summed over intermediate
olarizations of the atoms. The brackets < > denote avera-

ging over the velocities v of the atoms.
If parity is not ennl-rved the matrix elements ? are
distinct and may be presented as z



Vo =V=x=V, _ (2)
whe;eJ? is a dimensionless small parameter and V, is an admix-
ture matrix element of "wrong" parity. The angle of polariza-
tion plane rotation is equal to

W ~ Lypr VIV i e
p=g ol —n /= VE —25 AT %)

where 1 is the length of the path. If the principal transition
with a matrix element V is an allowed one, then the absorbtion
coefficient &« defined by the relation :

NIV/2 o

M:—Z%fm@ &l e <f’w-&%—f%/}+’:ﬁ') (4)
ie very large. And since the path length 1 cannot exceed essen-
tially « “, the accessible rotation angle)ﬁ:is then extremely
small.

Therefore it is natural to turm to the case when the prin-
cipal transition is M1 and correspondingly the admixture one is
E1. As it is kmown, ¥1 transition proceeds (without additional
suppression) only between the components of fine structure. For
the observation of a small rotation angle the transition is de-
sirable to lie in the visible part of spectrum or mear it. This
situation takes place for heavy metals: antimony, thallium,
lead and bismuth.

For the angle ;&tn be not too small, the detune A —c'—d),
should be comparable with the Doppler width A,(d4,>/ is as-
sumed). Since 5& is an odd functiom of A, it is clear that both
the frequency stability and the line width of the source should
be at any rate comparable with 4,~10"°w). Then both hyperfine
structure and isotopic shift of a line are resolved.

Assume that parity 1s violated in the interaction of elec-
tron with nucleon., Being iﬁterantaéﬁn the summary contribution
to the effect from all the nucleons of the nucleus, average the
weak interaction Hamiltonian over nugleon spin. In result the
P-odd interaction of electron with nucleus loocks in non-relati-
vistic approximation as follows

#7
H=- 222y L 5509 Sty

Here G=10'5mf is the Fermi conatant; m, 6/2, © snd ¥ are the
mass, spin, momentum and coordinate of electron, The auantity a
depends on the concrete variant of theory. Use for definiteness
the Weinberg model/10/. In it

where A is the atomic weight of the element, & is the mixing
angle that is the parameter of the model; take for computations.
8in“6=0.32. Evidently, the Hamiltonian (5) leads to the mixing
of 84/2 and Pq/2 Htateﬁ only.

Consider the transition 6p1f2-6p /2 in thallium which lies
in the near infrared region (/J =123533). This tramsition may
proceed also as an electric quadrupole one. However, as simple
estimates show, the matrix element of E2 transitlion is suffici-
ently small to neglect below this circumstance.

. The admixture of the states of the type 652n5132 (n=7,845s)
to the ground state Bazépﬂfz is computed comparatively simply
(see /3/). Taking into account relativietic effects leads for
thallium té&ha correction factor equal to 8.8, To find the am-
plitudes of E1 transitions the experimsental data on thallium
oscillator strengths/11/ are used. The signe of these amplitu-
dea are determined with the help of Bates-Damgaard tables/12/.
The contribution of the states with n»% and perhape of -the con-
tinuous spectrum by iteelf is small, The polarizetion plane ro-
tation for the transition P=1—P=2 in T1°°° found in this way
constitutes 1072 rad/m at the pressure 100 mm (which corres-
ponds to the temperature 1196°C) and the ﬂetune.d';a.ﬂzh,. The
absorbtion coefficient « is equal then to 100 cmf1,

Thies result for g? is valid only by order of magnituds,
The gnint is that here the contribution of the configurations
6s86p~ was not taken into account. Accurate calculatiom of this
contribution constitutes considerable difficultiuu and still

is not carried out. Meanwhile, one of these configurations
6862 295;2 almost certainly makes large contribution to the
effect under discussion®). One may expect however that taking

*) Note that for cesium also the contribution of the cunfiguri—
tions 5p5652 not accounted for in the work/3/ perhaps is essen-
tial.



inte sceount of the mentioned states does not change the order
of magnitude of the effect.

The polarization plane rotation will be approximately the
same in the lead vapour (}=12789K) and the bismuth ome (J}=8757f,
64784, 4617L, %015K). The effect by an order of magnitude smal-
ler (due to smaller Z) should be expected in the antimony vapour
(A=11748K, 101u48K,6099%, su1ef). .

The observetion of the polarization plane rotation at the

‘level 1077 rad is by itself quite real. At any rate the most
part of the visible diépason and the interval 8200+48900A as well
are overlspped by the existing tunable lasers with the needed
characterietics, The serious probleqﬁﬂ the elimination of a ma-
gnetic field that also leads to the rotation of polarization
plane, To imitate the effect at the level 1072 rad/m the mean
longitudinal megrstic field 10™2#10™" ga is sufficient, For
most tramsitions the principal mechanism of imitation is the
difference of rescnant frequencies for right and left polarized
quanta due to Zeemaen splitting of the lines**),

I owe my deep gratitude to M.S.Zolotoryov for innumerable
discuseions of experimental poegibilities and valuable critical
remarks; without them this work could hardly be carried out. I
am sincerely grateful also ta'F.Ya.Baiakin, L.M,Barkov, G.M,Chu-
mek, V.P,Dmitriyev, L.B.Okun', EK,K,Svetashov, G.I.Surdutovich
and A,L,Vainshtein for helpful discussicns,

s¢) Due to inevitable difference between the laser frequency and

~ .the resonant one, the same mechaniesm leads in the case of expe-

'riment proposed by Bouchiat/3/ to the restrictions on the magne-
tic field more stringeni perhaps than those pointed in their
work,. :
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