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Absetract

The tensor polarisability of the ﬁlﬁf and ti}ﬂg statas

thallium is calculated..




Measurements of the tensor polarizability (TP) of the Ciﬁé
state in thallium /1/ ie a reason of writing the present paper.
A8 it is lmown, TP of a level with the total electronic momen—
tum Jp 3? is different from zero due to hyperfins interaction
of the electrons with the nualeua. The tensor polarizability
of the szp state in Al has been previously calculated in /2/.
In that case, TP is defined by hyperfine mixing of the Jﬁﬂf
and =3XP§. states. Since fine splitting of the ,f}? level
in Al is small the off-diagonal matrix element of the tensor
Stark nperatar between the .5}7i- and Jap%: states can be ex-
pressed by TP of the .j}?%. level, whieh ies known from the ex-
periment. Calculation of TP of the 6;€£. level for Tl are es-
sentially different., Fine splitting of the :é?ﬁ- and {9?5 leé;
els is comparatively large, therefore it is necessary to take
into account the hyperfine mixing of other states. The distincti-
ve feature is the fact that in calculation of the off-diagonal
matrix element of the tensor Stark operator between the 5?%5
and -‘5/’% gtates, the experimental value of TP of the cf/% lev-
el cannot be used, since the radial integrals and emergetic de-
nominators for the excitations of the ﬁ?ﬁﬁ. and iéﬁg.electrnna
for T1 considerably differ. And finally, the Coulomb miiing of
the f5%4» and 65/5 6petates plays an important role for Tl.

In the present paper, TP of tha J}ﬂz state, which was meag-
ured in /3/ is also calculated (besides TP of the 6/7z state).
Our values of TP of the f/’i and 5’/-"‘2& states are in good ag-
reement with experimental data /1, 3/.

Our aim in this paper is not only to calculate the tensor

polarizability itself, but also to evaluate an accuracy of cal-




culations concerning the parity violation effects in heavy

. atoms f4-1ﬁ!. The problem consists in the fact that the results
of calculations of these effects, which were performed by va-
rious theoretical groups differ up to two times. The opinion has
arisen from this, that such a discrepancy is due to the limits
of accuracy of calculations for heavy atoms, However, we think
that the accuracy of half-smpirical calculations /4-6/ is not
worse than 10420%, that is confirmed by the results of the pres-
ent paper. .

The magnitude of parity violation effects depends on a va-
lue of the wave function of the external elsctron on the nuc-
leus and matrix elements of the elecirical dipole moment. It ia.
easy to see that TP of the ;;EE state has a simllar stricture,
gince the hyperfine-interaction matrix element im determined by
a behavior of the wave function of the electron near by the nuc-
leus, as is the weak-interaction metrix element. Thus, agreement
be tween the naléulatad and experimental values of TP for the
state confirme the correctness of caleulations for paritiy viola-
tion effects in T1, Pb amd Bi, which were carried out in /4-6/.

The shift of the levels in an alectrical field i»s sxpress-

ed by the scalar and tensor polarizabilities as follows:
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where ¢(5‘ is the :nalnr'puluri:uhiiity; «y is the temsor
polarizability, A is the total anguler momentum of the atom,
M ie hie projection.

As has been noted, TP of the £2: state arises owing to
hyperfine mixing, i.e. it takee place in the third order of

the perturbation theory:
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where aﬁféj% is the'ﬂﬁmiituniun of hyperfine interaction, ﬂﬁﬁ ie

(2)

the operator of the electrical dipole moment. The main contribu-

tion to TP comes from the following iransitioms:
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It is convenient to write the mmirix elememts of hyperfine inter-
action as follows /11/:

<£g/.9, /r/*/-yﬁ/aj = j;:%-, jj};/ . A1z Kiz Nas ,.Z:g (4)
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where )/L‘ is the effective principal number of the electron,

e 1
the nuclcuc. 7 is the total angular momermtum of the nucleus,
z
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lativistic factors, - JEE )R, 2 )7 /,f,c/
fl nnd / are the total angular and orbital momenta of the

g -
= f’—: = o< " —”"—’:f At e /,/ic the magnetic moment of

electron, ;¥¥ is thc ratic between the accurate nctr;x element
3 of hjrpcrfinc intcracticn ‘and the mtrix clamt calculctcd; ic
.the quasiclassical Fermi-Segrc apprcximcticn 112/ /@K;'is the
pcrcmctcr taking into ncccunt the influcncc of the Coulomb mix-
ing between As ﬂ/a‘? gnd 4545 #7/7 on the m-l:rix glement (4). The
parameters ’f’;f_'f and /V-fj’wm calculated in /11/ (note that
Auz = 7—}’3 r, x‘; and /ﬁj asre the corresponding coefficients
for the /F’ and j/?s electrons). The magnitude of hypcrfinc
nplitting of the ;t’ ¢ level is known from the c::pcr'kncnt /13/:
yFyem 0.417 cn”, Prom this, we find that f75s = 0.86. In
. /4/ it was shown that A%g 45 = 1. We determine the remaining
A, as follows: Awis .5 = Azs, 5 “Kdr oy J;a_: rmZ7.
The matrix elements of the dipole mcmcnt, whieh are necessary
for calculcticn of TP were found in /14/. The contribution of
comtinuou gpectrum is calculated by means of the cnvc_funccicna
obtained by numerical solmtion of the Dirnc equation with the
effective potential proposed in /15/.
Ucing (E) (5), we find the following value of TP of the
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The experimental value in /1/ 1is:

12
,—’,;;:L/, = -(3.7410.09)+10" 8 ;‘;fz/('v’/cm

Such e gccd coincidence of cnlculaticn with cxpcrimcnt ie
apparently random, cincc thrcugh ctrcng rcducticn cr contribu~

tions to (2), it ic dcubtful whcthcr thc accumcg can bc hcttcr
thcn 10420%. .

Gnlculnticn of 'I'P fcr the- 4//?; atatc is ccsenticlly cimpl—
er ccmpnrcd to that fcr the sf/"ﬂ ctatc, hcccuue thc fc:mcr ism
diffcrcnt frcn zero nnd cccc nct tnkc :I.ntc ucccu:nt thc h:rpcr—

finc intcrccticn. Thc rccult cf our calculaticnu
,o/—”f/ /’ =.=5. 85-10 -3 Hz /{ V/f‘wf)
agrees well with the c:pcrimcntcl value 3/ /e vsma L0
9(/5/ } - =(b. U4+ﬂ o8- 1—0—3 ﬁh/{v;’c'ﬁﬂ

We are indchtcd tc 0 P Buahkcv nnd I B.Khriplcvich fcr
fruitful diacuccicnc.
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