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abstract

The transitions in thallium and lead, promising from the
point of view of the search for neutral currents, are consider-
ed. The effects of parity violation in these transitions are

calculated.
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The first sufficiently real experiment on the detection of
parity violation in atomic transitions Was suggested by Bouchi-
at/4/. The searech for ¢ircular polarization of photons in the
strongly forbidden M1 transition 66~78 in cesium ig meant. This
polarization arises if the parity violating weak interaction of
nucleon and electron neutral currents exists. Up to now the mag=
netic moment of the transition is measured/?/ and the limit on
the degree of circular polarization is obtained/s/;: IP1¢2.5-10"?
In the Weinberg model one should expect in this transition/?/

P = 2.2.107%

Soonly after the work/f/ it was noted that circular polari-
zation larger by an order of magnitude may be expected in strong-
1y forbidden M1 transitions in thallium/%% and lead//. The cor-
responding transitions lie in the region accessable for tunable
lasers with frequency doubling. Now when the experiment with .
thallium is going on/¢/ and has lead already to the determination
of the magnetic moment of the transition

<{7pglMg| 6py)= ~(2.11 * 0.30)-107pp| (1)

the detailed cﬁlculation of parity violation in strongly forbid-
den M1 transi®ns in thalliun and lead is timely. Its results
are presented in this note.

The technique of computations of E1 amplitudes in thallium
and lead due to parity viola-ion is considered rather in detail
in the work/?/ where the opt.cal activity of heavy metal vapors
near usual M1 transitions is calculated. Therefore we present
here only some details of calculations.

The matrix element of P - odd electron - nucleus interacti~
on looks as follows/d/:

Gnﬁigzaﬂ mee4 -3/2 2 2r 41
Calfylrg = ¢ —pm o YA 10 g g ]

< where G = 10—5{q§ is the Fermi constant, &= J1 - Z%° . Vﬁ, vPﬁ
are the effective principal quantum numbers of electron, R is




relativistic enhancement factor (Rp = 8.5i Rpy,= 8:9)y I, and i,
are the angular momenta of nucleus and electron correspondingly.
In the Weinberg model at #in®d = 0.32 gm= ap,= = 0.9; assuming
shell model of nucleus as well, gI(Pb ) = 0,12,

In the simplest way the effect is calculated for The tran-
sitions Gp&-lp,} in thallium. In this case the eontribution gf
the second term in the square brackets in (2) is small e )
in compariscn with the first one and therefore the constant g
describing the interaction of nucleon vector neutral curren®
and electron axial one is measured. Usual levels of opposite
parity nsy, (n»7) including continuous spectrum and the exclta-
4ions of the type 6sépmp of the internal 6s° subshell are admix-
ed to initial and final states. The radial integrals necessary
for the computations we extract from experimental data oT, if
they are absent, from pumerical calculations/49/. The mos® es-
gential radial integrals are presented in the table 1.

The results of our calculations for the amplitudes of E1
transitions are given in the table 2. For the transition 6p -
-r*?p& this quantity was uai.gulated previously by Bouchiat/”? .
Their result (D== 0.78:10" '“i|e|a,) differs from ours since
they did not take into account the contribution to the effect
from the excitations of the type 6s6p7p. The value of the deg-
ree of circular polarization found by us for this transition®*)

¢ Ba Im{'? iDE|6p!,1} 25y 2-5.10_3
{7py ¥, |6y, >

agrees with the estimate DY Feuffer presented in the work/¢/ .

Since the magnetic moments of the transitions Ep&—pmp% decrease

perhaps with the growth of m, in the two other transitions (see

the table 2) one may expect the same OT even somewhat larger

ecireular polarization.

P (3

*) We assume here that the sign of the experimental result (1)
is given under the convention that the radial wave functions are
positive at the origin.

4

Pass now to lead. Here we shall consider the transitions
Epz(iPé)-*Ep?p(5Pa.5D4) where the constant q can also be mea-
sured. The analysis of lead spectrunm shows that both upper le-
vels are almost pure 33 states: Gp&?p& and Ep&?p_% correspondi-~
ngly*). Radial integrals used in calculations are given in the
table 1. Our results for the amplitudes of B1 transitions are
presented in the table 2. In both transitions the circular po-
Jarization ~-3:1072 can be expected.

Since the contributions of different states to the effect
are mutually compensating considerably, the inaccuracy of our
calculations may be rather large. Unlike the authors of/4/, we
think that due to inaccuracy of atomic calculations the isobo-
pic structure of neutral currents can hardly be found by com-
parison of parity"viclating effects in thallium and cesium even
at high experimental accuracy. The investigation of optical ac-
tivity of vapors of different isotopes of thallium and lead are

perhaps more promlsing fggm 2215 g;int Ef view/ %77 /.

Discuss now M1 tr ons in¥lead going via hyperfine mi-
xing of electronic states with angular momenta O and 1. In the-
ir work/#/ Bouchiat pointed that the observation of circular
polarization in the transition 6;2(5P3)-r6p2{1BL} would allow
to detect another type of weak interaction -~ that of nucleon
axial and electron vector currents (i.e., to £ind the constant
g1 in the formula (2)).

In our work/77// the matrix element of this transition is
computed:

sslm, ) ?ry) = o.m-m"ﬁfluﬁl ()
(Bouchiat/4/ give for the numerical factor the value (0.27 ¢
v 0.69)-10"°). Found by us the dipole moment of E1 tramsition

is presented in the table 2. Wote that here the calculation is
somewhat more reliable than those discussed above since the prin-

*+) These functions we define in such a way that in the second
auantizatiun formalism they are correspondingly ba?zb-';f;» and

L Bapnglo) el




cipal contribution to the effect is given here by the admixture

of one configuration Ep?s(5P£). Qur result for the degree of
circular polarization in this transition P = - 0.65:107" is al-
most by an order of magnitude smaller than the corresponding
estimate in/4/. |

We have considered also the analogous transition-ﬁp2 5IE-*

»6p7D 3?1(6p3?p§}. Larger circular pnlarizatian can be expec-—
ted in it due to smaller value nfﬁfﬂz}. The important advantage
is in this case evidently the presence of an allowed transition
from the excited state which makes the observation of the pro-
cess more easy. e

Note in conclusion that the effects similar to the consi-
dered above could be observed in analogous transitions in indium
and tin.

REFERENCES

1. M.A.Bouchiat, and C.C.Bouchiat. Phys.lett. 48B,111,1974.
2. M.A.Bouchiat, and L.Pottier. J.Fhys. 37,L79,1976.

3. M.A.Bouchiat, and L.Pottier. Phys.Lett. 62B,327,1976.

4, M.A.Bouchiat, and C.C.Bouchiat. J.Phys. 35,899,1974.

5. I.B.Khriplovich. YaF(Soviet Journal of Nuclear Physics)

21,1046,1975.
6. S.Chu, E.D,Commins, and R.Conti. Berkeley preprint, 1976.
7. V.N.Novikov, O.P.Sushkov, and 1.B.Khriplovich. JETP 71,
: : 1665,1976.

8. V.N.Novikov, and I.B.Khriplovich. JETP Letters 22,162,1975.
9. 0.P.Sushkov, and V.V.Flambsum. Opt.and Spectr., in press.
10, M.A.Bouchiat, and C.C.Bouchiat. J.Phys. 36,493,1975.

11. I.B.Khriplovich. Talk at the XVIIIth International Confe-

rence on High Enafﬂj“!twaics, Tpilissi, 1976.

12. 0.P.Sushkov, V.V.Flambaum, and I.B.Khriplovich. Opt.and

: : : Spectr., in press.

71 b
6Py, 7Py 8Py, Py, 6py, 7Py,  Thy,
- - ~= r
EE — ‘118 e 0-13 = 0-06 - D-'D"'l' — 1 E i 0-09 i 042
]?E 2ec = ?iEE - 0-90 - 0.40 -1#?5 o ?.’10 - ErE?
axl D8 9.38 M7 19| 0.66 £.68 B0
9s| 0.37 1.58 14.3 -23.8 0.37 1.0 435
10s| 0.28 0.79 2.7  23.5 0.25 0.79  0.68
Radial integrals in the units of Bohr radius
Table 1
initial final ) H {fIM,l1i> | (£ID,|1id> P
J state state : ;/45; ilelae
7y, 2929 | =2.11:10™2| -0.95.10~10| -2,5.1072
| ep, 8py, 2417 ~0.53.10~10
Iy, 2253 ~0.40-10~19]
6p70(’Py) | 2330 1.07-107"°
ep7p(’ny) | 2238 -1.25.10™ 10
2
P |6p°CP) | 62(%s1)| 3308 | 0.81-1078| 0.95.107"3| —6.5.10°5
6p7p(°Py) | 2252 ~0.95.10~12
Table 2
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