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abstract

The effects of parity non-conservation in optical transi-
tions in thallium, lead, bismuth and cesium caused by weak in-
teraction of the neutral] electron vector and nucleon &xial

currents are considered. The magnitude of cireular polarization

of light in usual and strongly forbidden MI transitions is
caleculated. '




I. Presently the experiments aimed at the detection of
parity violation effects in heavy atoms (at first such an exper-
iment was discussed in the paper’If) are going ahead at some
grnups’z"ef. In our opinion, the most promising of them are
the experiments on the search for the rotation of the polari-
zation plane of light in heavy metal vapours which were sugg-

ested in the works’ -/ , They have led already to the essen-
A tial limitatianf5f on the constant of weak interaction of
neutral nucleon . wector current (VC) with electron axial cur-
rent (AC). Parity non-conservation effects in haa#y atoms may
be caused also by another type of weak interaction, of nucleon
AC snd electron VC. The search for this interaction would be
in no way less interesting even i1f the interaction of electron

AC with nucleon yn yere absent (just such an interpretation
of the interim experimental rasultsf5’ is most popular now),

previously we have.noted’10'I1/ the possibility of the
investigation of the nucleon AC and electron VC interaction by
means of meagurement of the angles of rotation of polarization

. plane of ligh% at the frequencies corresponding to optical
transitions between separate hyperfine components of the levels
in heavy atoms. The detection of this interaction would be more
difficult since its magnitude is roughly speaking Z times smal-
ler (Z is the nucleus charge) than the magnitude of the nuciean

VC apd electron AC interaction because only & valent nueleon




contributes to nucleon AC. However, the accuracy achieved al-
ready in the experiments on the search for optical activity
of heavy metal vapours is close to that necessary for the de-
tectian of the mentioned effect. Besides that, we found the

contribution of. the considered interaction into cireular po-
larization of radiation in the strongly forbidden MI transi-

tions in cesium, thallium and lead.

It should be noted that other possible manifestations of
the interaction between nucleon AC and electron VC in ions,
solids and heavy atoms were discussed previously in the

workstE_IEf.

2. Hamiltonian of the interaction between electron VC and nu-~

e¢leon AC looks as follows

¢ }%fM(% 4N 4y, 4, &4 (1)
where /{, and ({, are electron and nucleon spinors, g = ?'E?ﬂ/f??}:
- 1s the Fermi constant. In fact, the meaning of the experiment
discussed is the determination of the constant ;ﬂw which is
different, generally Epe&king, for proton ( J&} and neutron
( I;J. The matrix element of the Hamiltonian (I) can be written
as fullowé’IEf (only the matrix element between tfﬁ and /hﬁ

electron states is not equal to zerm)
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Here JEquQE)*, 1%-, E% are the effective prinecipal quantum

numbers of electron; R is the relativistic factor (A%? = 8.5,
Rpg = 89 Ry = 9ty ﬁﬂ_ = 2.8). The factor fﬁi which appe-
ars in the formula (2) after calculation of the matrix element
of (I) over nucleus wave functions, is defined in such a way
that in the nuclear shell model used by us for numerical esti-
mates"f coincides with the corresponding constant for valent
micleon {aé’f;—‘-'fg =¥,.= ¥ rﬁé},ﬁ, X, ) and 09; <’g’(of valent
nuclean%;/ﬂztg constitutes 2 for thallium, -% for pe’ -i??f
for bismuth,~%@ for cesium. The accuracy of this approximation
can be expected to be comparable with that of predictions of
shell model for the nuclear magnetic momenta which constitutes
I10% for}%ﬁhy, 50% for cesium and bismuth, 70% for thalliumI).
Parity violation in the considered MI transitions leads to
small admixture of EI amplitude in these transitions and to cir-
cular polarization of radiation
o, QIIFWENTIFD
SITFMAIIF)
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Here ] is spin of nuecleus, J’ and J are initial and final an-

(3)

I)The value of .Riﬁr in thellium can be found perhaps more
precisely if one neglects the contribution of spin-orbit in-
teraction into the configuration mixing in the ground state

of thallium nucleus, In this approximation the orbital momen-

tum and spin are conserved separately, Hence, the ground atate
may be characterized even in the presence of configuration

mixing by the values ZJ = 0, ‘f 7/ (in the shell model it is
fIE?Gton in the state if@} Then from the 31per1mentally known
» magnetic moment of the T1 nucleus (/‘fn-—*’ﬁ'., iéﬂr(ff *fﬂs{ﬂ)
GP=7-£57) we f£ind' that G = %, {GCD= %k, iL.e, y = ix’ Hf.F
and jﬂ.as well as without mixing is equal to 2, * :




gular ﬁumanta of electrons, F-T j.*f and ;J_ifa.rn initial
and final angular momenta of atom.

.For the calculation of 1-:he amplitudes of EI transitions it
is convenient to use the second quantization representation and

the method of summation over intermediate BtEtEB/ID! + The matrix

-

element of the operator product ﬁf/yﬂ_’/)g D(herﬂ D 1is the
operator of electric dipole moment, and ,L/' ~s J!,I dccording to
(2)) arising after the summation over intermediate states, can
be calculated by means of the decomposition of the product

into the sum of irreducible tensors )): /x-— Z Tmlnd then by
use of the formula/18/ e

KITFITRINIIEY = ATy ap< TN Jﬂf) X

. o
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The reduced matrix elements <///7 */J) are calculared in stan-
dard way/ID"' . Radial integrals necessary for these calculations
were taken from the workﬁg‘{ (see also /10,15/ ). Note that the

Bummation over intermediate states is inapplicable if the iwnln
mixed by weak interaction are close. This nituatian takes Place

in bismuth for the mixing of the state {p 7s ;’ with 5;0 ,D;,
and é'/J /0; « In the first ecase taking into accnunt of the Eu:m-

malous closeness reduces the result by 40%; in the second case
this fact is inessential since the matri_t'ulemant(é;oiri mﬂw,5f’];93;>
is very small. Note also that due to strong cancellations between
different contributions, the accurscy of the calculations for the

transition (’,D%’i—:-ﬁpji?é in bismuth is very low.
Making use of the found in this way amplitudes of EI tran-

sitions as well as of MI amplitudes from ’ID'EW, we determine
the degrees of of circulsr polarization in the trensitions dis-
cussed, The values of f%f (see (2), (3)) and the amplitudes of
29’
MI transitionaé'ﬁﬁoy:% m thallium,ép’ /D qp y/j 'in 1ead and €9 ,55

in bismuth are esented in the
~6p fz)ﬁ) %1 /95 ? ™
il m £108
PR 1 | =0<811 1.430
1 2 =1 .290 =0.475

Table I

MI amplitudes <J TFIMIlT F}f’-})ﬂf, _)and the degrees of
eircular polarization in thu ,transitions 0+ 603,
A= 125551 in T1 mé;p ,965,‘0,5? A = 12789 A in P

the tables I,2. The angles of rotation of polarization plane of

light for the transitions between those components of hyperfine
structure where these angles are maximal, are presented in the

table 3, The degrees of circular polarization and rotation angles
are given without taking into account the contribution of thﬁ in-
teraution between electronAC and nucleon V¢ which was calculated
previously in the wcrk:, Io/ =

It can be seen from these results that to detect the discus-

ed effect in bismuth it is sufficient to increase the accuracy of

measurements indicated in the work/ >/ by an order of magnitude.




TRANSITION 7 | F |¥Yi108RaD/m
™ | 6p P, ,,~ 6p P B ot 3 76
| 2. 2 2 25 i i B T
D3/2 = 72 e ! % ey
A=81571 & | A=6477 & A=14616 & A=3015 & Pb | Bp° "By 6p° By 172 3/2 | 2.3
: 3 4 b -
: Bi | 6 *s,,,~ 6p® %O 5 | 6 2t
FIF| wm |50 | m | £10° | m | 10| m 210 2™ B0 R0
2 a
2 ~0,533 | 1141 Verg 4l Bl T L ek
513! 1.5 | -1.64| 0.468 16.4 -0.169 3413 i 2s ¢ -
' - 1/2 ~0:34
41 1,69 | -0,25 | -0,300 23.5.1 0,822 | 2.85 | 0,187 1.08
3] 1.69 | -4.09 | =0.423 | -0.80 | -0.187 | 5.53 22/ |1 6 | 5 | ~0.06
4 ‘ U-1 5 19-5 0.555 6:29 _Gtﬂ{}o 2&55 '0101 7 "E#!g
5 -1 -95 211? -Diﬁllﬁ' TE-E —G-#BE "2-32 01216 ""1
4] 1.95 | =2.63 [ =0.309 | =15.2 | =0.652 | 2.85 | ~0.216 | ~=1
515 -1.21 =2.62 | 0.570| =6.32 | =0.800] -2.32 | 0.134 11.5 Table 3
Al =1.70 ] it LIRETD b 12 Dot 8 | ~8al0 Maximal angles of rotation of polarization plane of light
5] 1470 | =0.75 | =0.185 | =32.1 [ =1.12 | «2.32 | =0.189 | =8.49 at the Doppler shape of absorption line and the temperature
6|6| -2.60 1.34 | O.d4T1 | =21.5 0.288 | =2.56 of vapours I200°C
7 ~0.923 | -9.06
3. PFor the completeness we have calculated also EI amplitudes
Table 2
(’.ﬂ' !ﬂ/ﬂ]ff}/({ U in the strongly forbidden MI transitions 6"35-}}’.5‘% in cesium,
MI amplitudes(J[F/ ~i/Mal) and the degrees of e :
circular polarization in the transitions from the {/D&_; ?/ﬂ}f{ in thallium and 6/'5 ﬁﬁ(éﬂf?}’gﬁ)ﬁ(ﬁ@ﬂ ;ead arising
ground state to the excited states in the configuration ' _ due to the interaction (I). Their values are presented in the

3 .
6p< in bismuth teble 4. For cesium and thallium where the MI amplitudes are

known gxperimentally/ 21,3/ » the degrees of circular polarizati-

on are given in the same table.

The circular polarization in these transitions caused by

the interaction of electron AC and nucleon V¢ is presented in

the works’2'%27 gor cesium and /1¥3I5/ £or thallium and lead,




Note that if the interaction between electron AC and nucleon

#c is absent, it is more convenient perhaps to look for the

eircular polarization of light due to the interaction (I)

in the transition £P—> 74 in thallium rather than in 0 - O

t pfm Y ,15/ -
ransitions in . The point is that although the quan

tity Plp in thellium is three times smeller>’, the probability

TRANSITION | F | F' M1 El P/
™ | 6P 7P o1 | 0.366-107* | 0.748-107"7 | <1.12-1074
iV 1/2 - o k
g 1 | 0 |~0.366"10 0.359-10~1'.| 0.538-10
— z.Jf:a"' 4 : il 11 _‘
3 11 1 0,517-1074 | -0.274-1 0,291-10
P
6p1/21p1/2 1/211/2 - 1.65 10_12 -
Jeauycirh 1/2 372 S 141610 -
6" By, - -12
,\=223a i 1}'{2 3/2 - 0-454*1_0 -
Cs | €5, ,,= 15,5 | 3 |3 [-0.973-1074| -0.822.1071%| —0.463.107
3] ¢| 1.69¢107% | -1.43.10712 0.465.107°
A=5395 A& 4|3 [-1.69:107% | <1.75.1072 | -0.568-107°
4| 4| 1.42110°% | -0.932.10712| o0.360-107°
Table 4

of the corresponding transition is almost by three orders of
magnitude larger than the probability of 0 - 0 transition in
pp207 715/

The effects considered in the present work can be imita-
ted by an external magnetic field. The limitations on the mag-
netic field in usual MI transitions one Ean obtain using the

results of the wurksfio'znf. For most interesting transitions
they constitute 10~° - ID'E gauss by order of magnitude.

ML, BT amplitudes ILAIAMNIIF /- ifpl) <21 FUEMITF) L. x;aft&)

and degrees of circular pclarizatlon in strongly
forbidden transitions in T1, Pb207 and Gs

II

2) 7157
In the paper the calculations are given at Y = = 0.I75,

IO
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