
This is what explains the existence of the minimum in the 
variation of the moment of inertia of the n-phase which will 
be discussed subsequently. 

5 ' ~ h e  division into two "sub-bands" is equally well-founded 
also from a purely theoretical point of view. Indeed, one 
does not expect any considerable differences in principle 
from even-even nuclei in the present case, while it is desir- 
able to exclude the not entirely clear and nonmacroscopic ef- 
fect of the "lining up" of the odd nucleon. It is well known 
that for KO = 4 a similar effect occurs even in the adiabatic 
region where i t  is more easily susceptible of being investi- 
gated (cf., for example, Ref. 1). 
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Possibility of studying the structure of weak neutral 
currents in optical transitions in heavy atoms 
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Effects of parity nonconservation, caused by the weak interaction of neutral electronic vector and 
nucleonic axial currents, are examined in optical transitions in thallium, lead, bismuth, and cesium. 
Degrees of circular polarization of the light are calculated for ordinary and strongly forbidden M 1 
transitions. 

PACS numbers: 31.90. +s, 12.30.C~ 

1. Experiments  on  par i ty  nonconservation effects  i n  
heavy a toms  (f i rs t  discussed inc1]) are now being con- 
ducted by  s e v e r a l  r e s e a r c h  groups.C2-61 F r o m  o u r  
point of view, the  mos t  promising of these  experiments  
are those on  t h e  rotation of the  plane of polar izat ion of 
light f r o m  heavy-metal vapors ,  as proposed inc7'$]. 
They have a l ready  given a significant limit on  the  con- 
s tant  f o r  the  weak interact ion of the  neutral  vector  cur-  
ren t  (VC) of nucleons with t h e  axial-vector cur ren t  
(AC) of electrons. P a r i t y  nonconservation effects i n  
heavy a toms  can  a l s o  b e  produced by another  type of 
weak interaction, that between nucleonic AC and elec- 
t ronic  VC. T h e  investigation of th i s  interact ion would 
not b e  unimportant even if t h e r e  w e r e  no interact ion of 
electronic  AC with nucleonic VC (which is at presen t  
the  mos t  popular interpretat ion of the p re l iminary  ex- 
perimental  resul ts) .  In  fact ,  the  absence of a n  axial  
p a r t  i n  the neutral e lectronic  cur ren t  by no means  in- 
dicates  that  it is a l so  absent  f o r  nucleons. Moreover ,  
neutrino experiments  evidently show that the  neutral  

hadronic c u r r e n t  contains both a vec tor  and a n  axial  
par t .  

We have previously pointed t h e  possibility of 
studying t h e  interact ion of the  nucleonic AC and the  
electronic  VC via t h e  measurement  of t h e  angle of ro- 
tation of t h e  plane of polar izat ion of t h e  light at f re -  
quencies corresponding to opt ical  t ransi t ions between 
individual hyperfine components of levels  i n  heavy 
atoms.  A complicat ingfeature of t h e  observat ion of th i s  
interact ion is that its size is s m a l l e r  than that of the  
interact ion between the  nuclear  VC and the  electronic  
AC by  roughly a fac tor  2, t h e  nuclear  charge,  s ince  
only the valence nucleon contr ibutes  to the  nucleonic 
AC. However, the  accurac ies  at ta inable i n  experiments  
on  the  opt ical  activity of heavy-metal vapors  are already 
c lose  to  that  needed to detect  t h e  effect i n  question. In 
th i s  paper  we  make  a detailed calculation of the  s i z e  of 
the  effect. In addition to this ,  we  find the  contribution 
of th i s  interact ion to the c i r c u l a r  polar izat ion of the ra- 
diation emit ted i n  s t rongly forbidden M1 transitions. 
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We note that other possible manifestations of the in- 
teraction between the nuclear AC and the electronic VC 
in ions, solids, and heavy atoms have been discussed 
previously 

TABLE 11. Amplitudes ((J'IF' II M1 I I  J IF) / ( -pB) )  of M 1  tran- 
sitions and degrees of circular polarization for transitions 
from the ground state to excited states in the configuration 
6p3 of Bi. 

2. The Hamiltonian for the interaction of the elec- 
tronic VC with the nucleonic AC i s  

where u, and u, a re  electronic and nucleonic spinors, 
and G = 10'~/m$ is the Fermi constant. The essential 
point of the experiment in question is to determine the 
constant xN, which in general may be different for the 
proton (up) and for the neutron (n,,). The matrix ele- 
ment of the Hamiltonian (1) can be written in the follow- 
ing form['81 (the only nonzero matrix element is that be- 
tween the sl12 and pllz states of the electron): convenient to use the formalism of second quantization 

and the technique of summation over intermediate 
states. [lo] This summation leads to the matrix ele- 
ment of a product of operators DHw- D(~,I) (here D is 
the operator for the electronic dipole moment and H w  - jJ according to Eq. (21, and can be calculated by ex- 
panding the product D,j, into a sum of irreducible ten- 
sors:  

Gm2a2Z2R me' 2y+l 
( S ~ , : I H , ~ I P ~ )  = i (v.vP,,>) -Yz-- xg,.~j,~.. (2) 

n V?! 2fiz 3 

Here y = (1 - d2')'I2; us and v,,,~, a r e  the effective 
principal quantum numbers of the electron; and R is a 
relativistic factor (R,, = 8.5, Rpb = 8.9, RBi = 9.4, and 
Rcs = 2.8). The factor xgr, which has appeared in Eq. 
(2) after the calculation of the matrix element from Eq. 
(1) with the nuclear wave functions, is taken so that in 
the shell model of the nucleus, which we shall use for 
the numerical calculations, x is equal to the appropri- 
ate constant for the valence nucleon (xCs=xT1 = H B i  

= H ' H pb207 = x,,) and g, =(a, (of valence nucleon))/I,,, 
fJ '. and is 2 for TI, - 2/3 for pb207, - 2/11 for Bi, and 

- 2/9 for Cs. It can be expected that this approxima- 
tion will give an accuracy comparable with that of the 
predictions of the shell model for the magnetic mo- 
ments of the nuclei, which is 20 percent for pb201, 30 
percent for Cs and Bi, and 70 percent for TI." 

and using the formulac181 

The reduced matrix elements (J'II Tkll J )  are  calculated 
in the standard way. L1O1 The radial integrals needed for 
these calculations have been taken fromClq (see al-  

We note that the technique for summing over in- 
termediate states cannot be applied if the levels mixed 
by the weak interaction a re  close to each other. This 
sort  of situation can occur in mixing of the state 
6p27s4plIz1 with 6p3 2 ~ 1 1 z  and 6p3 2 ~ 3 1 2 ' .  In the former 
case the unusual closeness of the levels reduces the 
answer by 40 percent, but in the latter case the close- 
ness is unimportant, since the matrix element 

In the M1 transitions we a r e  considering, parity non- 
conservation manifests itself in the appearance of a 
small admixture of the amplitude for the E l  transition. 
This makes the radiation have a circular polarization 

Here I is the angular momentum of the nucleus, J and 
J' a r e  the initial and final angular momenta of the elec- 
trons, and F = I +  J, F ' = I +  J' a r e  the initial and final 
angular momenta of the atom. 

is very small. We also note that because of strong can- 
In calculating the amplitudes of E l  transitions i t  i s  

TABLE 111. Maximum angles of rotation of the plane of polar- 
ization of the light, for Doppler shape of the absorption line 
of vapor a t  temperature 1200 "C. 

TABLE I. Amplitudes ((J'ZF' I I  M1 II J I F ) / ( - b ) )  of M1 transi- 
tions and degrees of circular polarization in the transitions 
6pin-6p3,2, A =  12833 A in T1 and 6p2 3 ~ 6 - 6 p 2  3 ~ 1 ,  X=12789 A 
in pbZo7. 

I P ( I 1 f i ~ ~ l o a  I / I r I Mi 1 (p,~I.io~ 
/ Transition I F I r' 1 (wlx).lOa, 1ad11n 
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TABLE IV. Amplitudes ((J'ZF' II M1 II JIF)/(-bB)) and 
((J'ZF' II E l  II JZF)/(-~lg)) of M1 and E l  transitions, and de- 
gree of polarization, for strongly forbidden transitions in TI, 
pb207, and Cs. 

Transition I s I F ( 1 1 . 1 0 4  1 61.1012 ( ( 1 * . 1 0 1  

I I I 1 

cellation between t h e  various contributions the  accura-  
cy of the  calculation is v e r y  low f o r  the  t ransi t ion 
6p3 4 ~ 3 1 2 '  - 6p3 2 ~ 3 1 z '  i n  bismuth. 

Using t h e  amplitudes f o r  t h e  E l  transitions found i n  
th i s  way, and amplitudes fo r  t h e  M1 transi t ions taken 

we  c a n  determine the  degrees  of c i rcu la r  
polarization i n  t h e  t ransi t ions i n  which we  are interest-  

ed. T h e  values of ~ / n [ s e e  Eqs.  (2) and (3)] and the 
amplitudes f o r  the  M 1  transi t ions 6PlIZ - 6p312 i n  thal- 
lium, 6 p 2  'pot - 6p2 'pl i n  lead, and 6p3 4 ~ 3  12t - 

2 6p3 2 ~ 3 1 2 ' ,  2 ~ 5 / 2 ,  PlI2, 2 ~ 3 / 2 t  i n  bismuth are shown i n  
Tables  I and 11. T h e  angles  of rotation of t h e  plane of 
polarization of t h e  light f r o m  transi t ions between those 
hyperfine-structure components f o r  which the  rotation 
h a s  maximum values are shown i n  Table  111. All  the  
values f o r  degrees  of c i rcu la r  polarization and angles  
of rotation are given without taking into account the con- 
tribution f r o m  the  interact ion between the  electronic  
AC and the nucleonic VC, which was  calculated pre- 
viously in''']. 

It can be s e e n  f r o m  these resu l t s  that  to observe  a n  
effect of the  type under consideration i n  bismuth the ac- 
curacy of measurement  indicated incs1 would need to b e  
ra i sed  by about one o r d e r  of magnitude. 

3. To complete the  t rea tment  of the  p rob lem,  we 
calculate also the  amplitudes f o r  E l  t ransi t ions i n  the  
s t rongly forbidden M1 transitions 6s' , - 7 ~ ~ / ~  i n  ces- B ium, 6PlI2 - 7PlI2 i n  thallium, and 6P 3po' - ( 6 ~ ~ ~ ~ 7 ~ ~ ~ ~ ) ,  

i n  lead, which occur  because of t h e  interac- 
tion (1). The i r  values are shown i n  Table  IV. For 
cesium and thallium, where  the  amplitudes of the  M 1  
transi t ions are known f r o m  experiments ,  E21*31th i~  table  

also gives the  degrees  of circular polarization. The  
circulation polar izat ion caused by t h e  interact ion of the 
electronic AC with the nucleonic VC i n  these  t ransi t ions 
h a s  been derived f o r  cesium i n  C21221 and f o r  thallium and 
lead inc'4*'51. W e  note that if t h e r e  is no interaction be- 
tween the  electronic  AC and the nucleonic VC, then it 
would probably b e  be t te r  to look f o r  the  c i rcu la r  polar- 
ization caused by the  interact ion between the  electronic  
VC and the nucleonic AC i n  the t ransi t ion 6PlI2 - 7PlI2 
in thallium, r a t h e r  than in 0-0 t ransi t ions in pb207. Ci41151 
The point is that  although the value of P/H is s m a l l e r  
f o r  thallium by a fac tor  th ree ,  " the  probability of the 
corresponding t ransi t ion is a lmos t  t h r e e  o r d e r s  of mag- 
nitude l a r g e r  than that  of the 0-0 t ransi t ion in Pb. 

T h e  effects considered i n  th i s  paper  can b e  imitated 
by  an external magnetic field. T h e  restrictions on t h e  

magnetic field i n  t h e  case of allowed M1 transi t ions c a n  
b e  obtained by  using t h e  r e s u l t s  of ['0e201. For the  mos t  
interest ing t ransi t ions they are of the o r d e r  of magni- 
tude of to 10" G. 

 h he value of the constant %gI in thallium could probably be 
improved in accuracy if the contribution of the spin-orbit in- 
teraction to the configuration mixing in the ground state of the 
thallium nucleus were neglected. In this approximation the 
orbital angular momentum and the spin a r e  separately con- 
served. Therefore the ground state can be characterized, 
despite the configuration mixing, by the values L = 0, S = $ 
(in the shell model this means a proton in the ',Sin state). 
Then from the experimentally knownC"' magnetic moment of 
the thallium nucleus 

we find that (okp) = $, (czn) =a, i. e., z,, = $.A,,+ $z,, and gI 
is equal to two, a s  it  is without taking any mixing into account. 

 he calculations for zpb= -0.175 a r e  given inCis'. 
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