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Abstract
Small intervals between atomic levels of opposite parity
in rare-earth atoms cause the enhancement of P- and T-noncon-
serving effects. It is ¢f interest for the determination of the

electroweak mixing parameter sin®@ , and for study of anapole
(P~odd) and magnetic quadrupole (P- and T-odd) nuclear moments.

Now the existence of parity nonconservation in atoms is
firmly established, and "weak eharges" of the bismuth, thalli-
um, cesium and lead have been measured /1-7/. However, up to
now nuclear spin dependent effects of parity nonconservation
have not been observed. Their measurement in heavy atoms would
allow one to determine a still unobserved P-odd characteristic
of nucleus - its anapole moment /8,9/. It would be interesting
also to measure the proton and neutron "weak charges™ separate-
ly. And at last, in spite of searchee going on for many years,
the effects of T=invariance nonconservation in atoms and mole-
cules have not been observed up to now.

In the present note we wish to attract attention to the
advantages of such experiments with rare-earth atoms. They have
gufficiently large 2, and anomalously close levels of opposite
pﬁrity occur in them., Both circumstances are known to lead to
the enhancement of parity nonconserving effecta. It is impor-
tant that the total electron angular momenta of these levels
can differ by unity. In such a case the mixing of the levels is
cauged by the nuclear spin dependent interaction orly. Then the
effects of this interaction would be enhanced not unly absolute-
ly, but as well relatively to nuclear spin independent effects.
Such an enhancement is possible both in normal M1 transitions
and in strongly forbidden transitions.

Normal M1 transitions of this kind take place in samarium,
Its vapour pressure at temperature ~1100°C is suffeciently
high for study of the optical activity. The ground state of this
atom 1is 4f6 632 ?Fn’ and close to it there are six other levels
of the same configuration ?FJ, 1<£J<6 /10/. 411 M1 transitions
between these levels lie in far infrared region and are by them-
gselves hardly convenient for the searches for optical activity.
The location of next levels of the configuration 4f6 652 is un-
known experimentally. But according to the calculations /11/ car-
ried out for the configuration 4fG in the ion 5m+2, one should
expect that five levels 4f£° 652 °D;, 0<JL4,11e in the interval
14000 -~ 23000 cm™', Now M1 transitions from the levels ?Fb to
5DJ belong to convenient spectral region. Moreover, in the men-
tioned energy interval a lot of levels of the configuration
4f6 b6s86p exists. Therefore, there are the reasons to expect here
anomalously small intervals between opposite parity levels. The




situation is eapecially convenient due to the abundance of
levels 4f6 68° TFJ with various angular momenta J and popula-
tions comparable at reasonable temperatures., Just from these
states TFJ the trasitions of interest to us can go.

M,S,Zolotorev and D.A.Melik-Pashaev have turned attention
to the presence in the samarium spectrum of three high levels
with‘enurgies ~ 30000 cm™! that are tentatively identified in
the tables /10/ as belonging to the configuration 4f5 68, A
lot of opposite parity levels exists in this region also.

Ruclear spin dependent parity nonconserving effects could
be detected here by the measurement of optical activity at dif-
ferent hyperfine conponents of optical transitions /12/. However,
the serious shortcoming of samarium from this point of view is
the small hyperfine splitting of the levels of 4f6 652 configu-
ration.

One more peculiarity of samarium is the existence of stab-
le isotopes with large difference of the neutron numbers,aA=10,
so that the difference of their "weak charges" exceeds 10%. If
the npticnl'activity of samarium vapour, in accordance with the
above arguments, were at least by an order of magnitude higher
than in bismuth, then the absolute experimental accuracy reached
already in Ref, /1/ would be quite sufficient to measure the
neutron "weak charge", Moreover, this experiment would allow one
to determine sin29 , the parameter of the standard theory of
eleciroweak interactions, with the accuracy comparable with the
world average one. It can be easily seen that the error of the
atomic calculations enters here only through the dependence of
the result on the nuclear radius T that changes from an isoto-
pe to isotope. This error is evidently small. Even the rough ac-
count for such dependence (the optical rotation ¥~ ?;2_13{,
¥={1-2%"" ) allows one t6 reduce the theoretical error in the
determination of the ratio of the isotopes charges to the value

<%,

Another example can be pointed out in erbium, There is in
it a paﬁf of close opposite parity levels /10/:

1. 4f3(4T)546s6p ¥=5 , E=24991 em™4

2. 4 £ (1) 5d6s?) I=94, £=25001 em ™1

The transition from one of the low-lying excited states, belong-
ing to the ground configuration 4f12 6s° (their population at
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T ~ 1200 - 1700°C is sufficiently high), to the state 1 is
opened by extermal constant electric field, like in experime.ts
on measurement of parity nonconserving effects in thallium and
cesium. Expected magnitude of the P-odd correlations, caused
by the mixing of the states 1 and 2 by the parity nonconserving
interaction, is close here perhaps to that measured already in
thallium. But here we mean the nuclear spin dependent effects
that should be in thallium, roughly, by two orders of magnitude
smaller and have never been observed at all. One more possibi-
1lity here is the observation of P=-odd correlations in the two-
- photon transition from the ground state to the state 2; in
this transition the absorption amplitude for one quantum is E1,
for another - M1.

~ In Ref. /13/ we have noted already the possibility to use
metastable states of rare-earth atoms for the investigation of
T - nonconserving effects. We have estimated there also the
electric dipole moment (edm) of the samarium state with energy
E = 14920 cm‘1 enhanced due to close opposite parity level
with E = 14916 um-1. Here we wish to consider from this point
of view the metastable state

4£%(°1,) 5465 (°2) [8] y=9 E=1)51450em

in disprosium where the effect is larger. The close opposite
parity level is

44 (° 1,)es 6pP(3F)(82), =10, E=17513.33em™

In the most natural models, T -« invariance violation takes
place in hadronic sector of the theory. Therefore, we are inte-
rested first of all in the atomic edm induced by T-o0dd nuclear
multipoles., The most effective source of these multipoles is
the T-odd nucleon-nucleon interaction /13/, but not the extern-
al nucleon edm. It is known that in a stationary atomic state
the nuclear edm is completely screened, so that the atomic dipo-~
le moment is induced by higher T-odd multipoles. In the case of
a heavy atom with non - zero electron angular momentum, the
nuclear magnetic quadrupole moment (mgm) is the most effective
source of atomic edm /13,14/. In this respect the isotope 151Dy
is of special interest fiﬁf since, due to close nuclear opposite
parity levels, ite mgm is enhanced by about an order of magnitude



and constitutes 113;’13
M=340 "7 5= .cm-y (1)

F
where m_ is the proton m=ass, f is the dimensionless parameter

that characterizes the magnitude of T-odd nucleon-nucleon inte-
raction in the units of the Fermi constant G.

The matrix element of the mixing of one - electiron opposite
parity states, caused by nuclear mgqm, is presented in Ref. /13/.
The effective guantum numbers, on which it depends, cqutitute
here HFP = 1.9, vfd* 1.9. The radial integral P = ﬂ]'d? fa{;,,i&’;f
is found by the Hartree - Fock - Slater method: f ~2a; . The
final answer for the edm in the state with the largest total
atomic angular momentum F = 23/2 equals

d=2.7-407 m, M (2)
or, taking into aceount (1),
dfe = 8:40"" em .y (3)

This value by more than two orders of magnitude exceeds the
c~sium ground state edm induced by the nuclear mgqm. In the Ko-
bayashi - Maskawa model where ? S T e /13/, the dipole moment
(3) exceeds by two orders of magnitude the neutron edm which
equals according to Ref. /16/ dnfe-*1ﬂh31 em,

It is curious that in disprosium there are atomic opposite
parity levels with the interval that with the experimental ac-
curacy turns to zero at all /10/:

4#°( 1g) 5d€5(3D) 3[40] 9=10 E=13797 96 cm’
417 (6y) 5o 3F) (K )6s, 3 = 10, E =19797. 96 em™
In fact the distance between opposite parity levels is determi-
ned here by the hyperfine structure intervals and extermal
fields., In such a situation the quantitative estimate of the ef-
fect in general form is rather difficult.

Clearly, the detailed investigation of the atomic levels
structure in rare-earth elements would be extremely useful
from the point of view of the search for the discussed P- and
T-odd effects.

The authors thank L,M.Barkov, D.A.Melik-Pashaev, O,P,Sush-
kov and M.S,2olotorev for useful discussions. I.B.Khriplowich is
grateful to E.N.Fortsom who in 1981 turned his attention to the
existence of close opposite parity levels in rare-earth stoms.
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