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Z abstract

The magnitude of parity nonconservation effects in Epth - ?91&
transition in thallium is calculated, and the Tfeasibility of
experimental detection of optical activity near it is pointed.
Analogous calculation is carried out for 6p* 3]3 - Ep?pjn;
transition in lead.



Experimental searches for parity nonconservation in atomic
transitions are being carried out presently by several experi-
mental groupsfq'ﬁf. These experiments have attracted great in-
terest since their results are critical for the check of theo-
retical schemes unifying electromagnetic and weak interactions

of elementary particles. The most advanced studies in this di-
rection seem to be now the searches for optical activity of
heavy metal vapors’> >/ which have led already to essential 1i-
mitations on the parameters of mentioned schemes.

Up to now when discussing the possibilities of searches
for optical activity, only usual M1 transitions between the le-
vels belonging to the same configuration were always considered.
The transitions 6p,-~~6p in thallium, between the levels of the
configuration 6p* in lead and 6p® in bismuth were up to now
under discuseion. All the experimentz were carried out on bis-
muth. : :
In the pap-rfef the principal possibility of the search
for optical activity near suppressed M1 transition Epifr in
thallium was mentioned. However, the feasibility of correspon-
ding experiment was estimated in that artlcle very pessimisti-
cally. Here we have calculated the degree of circular polariza-
tion of photons in this transition as well as the corresponding
rotation angles of light polarization plane in thallium vapors.
From the results obtained it follows from our point of view
that the detection of optical activity near this transition is
pufficiently feasible. We have calculated also the optical acti-
vity for an analogous transition in lead. : L

Begin with the amplitude ¢f M1 transition 6p, - 7p, in
thallium. Numerical calculations carried out in the wor
bave shown that although primcipal quantum numbers of the initi-
al and final states are different, this amplitude is suppressed
by an order of magnitude only. Ite value can be easily found
analytically as well. The spin-orbit interaction leads to the



nixing of the states 6p and 7p:
T*Fyi? ==J¥F%&:? + ff EEE%E]E— ps;; :;
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Here }mji is the r£g§hl nafrix element of spin-orbit interac-
tion. Since the main contribution to this matrix element is
given by small distances from a nucleus, %f{ Teo ﬁ';{“ assume
that all radial wave functions are positiv‘a at 2+ & ). Now

using experimental values of the energlies of corresponding sta-
tes, we get

(¥t Jo= Hraleny, =2 = £ 009 ] @

The modulus of this matrix element is in agreement with the cor—
responding value fmm/ 6/ , but the results differ in sign.

The transition Ep*&— ?Ehfan go also,as an electrical quad-

rupole one., Numerical calculatinnf 6/ gives (?Pﬁj r%|é ):-5.'?G§ :
Hence the reduced matrix element of the operator G =1 ££2(7 7,-§74,)
is equal to :

(¥R, I BlIER,S = - do “& <y, |22[6Py > = = 0. 55/ Pl (3)

The calculation of the parity noncomservation effects in
this transition is sufficiently simple. The matrixl element of
P - odd weak interaction of electron with nucleus looks as fol-

1owe’ 7/ .
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where G = 10‘5/1:% is the Fermi constant, V; and ), are effec-
tive principal quantum numbers of the electrons, R is a rela--
tivistic factor (Rp, = 8.5; Ry, = 8.9), q is a dimensionless

constant that should be determined experimentally. At our cal-
culations we shall use for definiteness the Weinberg model at
sin.aﬂ-: 0.%2, i.e., we teke g:-_f-j%— 2én’o=-09, The calcula-
tion of mixing E1 amplitudes ie carried out in standard way

Ly

described :Ln/ ” . Final value of the matrix element of operator
of B1 transition is

i o 1%
(78, b4l 2elep, ,ld> =i $-2.340 1] 4 )
It should be noted that in computation of matrix elements

i ) % l‘.-z the contributions of different admixing states are mutual-

ly compensating considerably, therefore the inaccuracy of the
calculation may be rather large.

The quantity Pe= - 2 Im % for the 6p Y 7p, tran-

. . z =]
sition in thallium constitutes -1.4:10"- . In the present case
due to large contribution of electrical quadrupole, F, does not
coincide in general with the degree of circular polarization
of photons P which is
5 £ F'I Ml F¥

P=F LLF INIFEX + £ gUFY (6

and varies from one hyperfine transition to another. Using (2)
and (3) we find '

P(O+1) = Ps = =1.4:107%.  P(0~2) = 0.
| ; ' (7)
B(1-+1) = Bu/55 = ~2.51070,  B(1-+2)=5R./59=-1.210""

Due to small hyperfine splitting of the 7p s, level the resoluti-
on of its hyperfine structure may be impossible. In thig case at

any F ; ; ;
P=F/19 = ~0.74-10~7 (8)

Nobe that although the values of <M,”,{D, >and <{r°> found
by us agree GAMEENEEENEMNS with those obtained 10/ (at any
rate, up to a sign), the value of P trom (7), (8) exceeds consi-
derably the prediction of the work/% P = -1.67+1072, May be
just this underestimate of the degree of circular polarization
is the explanation of the pessimistic estimate of the feasibility
of the experiment under discussion gliven :i.nf" E"".



Besides the transition Ep4rev ?P%u’ the transitions 6p;+
Bpﬁ » 9Py, DAY be of some interest from the point of view of
gearch for optical activity. The degree of circular polarizati-
on in them is, crudely speaking, the same as that in 6?@5‘ ?p&E &
since with the increase of the principal quantum number of the
upper level the values of < M7, {D” and /Q >fall off approxima-
tely in the same way.

Due to the absence of guadrupole sbsorption, suppressed M1
transition 6p? ’P, — 6p7p’D; in lead has some advantage in com-
parison with the transitions discussed in thallium. (In our
wnrksfs’gf this transition in lead was erroneously called strong-
.1y forbidden.) For this transition using the wave function of
the ground state 6p% *B. from /7/ and teking the state D, as a
pure jj one (5Pm?Pﬁ3£' we get in the same way as in thallium

K6PP D[ Mz 16p2 %' > = - 40,085/ Vs ] (9
The matrix element of the admixed E1 transition was found in the
wor
(6P7p D) 10,16 P2 =~ 54 310 el @

J 1R216 P hH >="t 3 3 #i%s ¥
The degree of circular polarization is

P = -1,2:10"° (11)

Now about the optical activity of thallium and lead vapors.

" For the light of frequency ¢« near a line with frequemcy &J, the

absorption coefficient £ and the angle of rotation of polarize-
tion plane at the umit length ¥ are given by the formulae

o = ?1::!)(234*1} 'ﬁz., [$<FYIunFI3 + £ <F iy nquFss]fiuo)
' (12)

i ‘ 2 A
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where I is the spin of nucleus, J and J' are initial and final

angular momentd of electrons, F and F' are initial and final an-

gular momenta of atom, § is the density of atoms, A&: 'ﬁ-:#{ &,

& = Fﬁ.ﬁp,
U =(0-WDo)/Ap is the detuning is the line width, and finally
£(u,v) and g(u,v) are dimensionless functions which describe the
Doppler broadening of the line: _
a : :
L = — Wy
< (2% '-Un*“ l}2> j(HJ 'ﬁ') . f( . J : (13)
By means of formulae (12) it can be easily found that at

the temperature 1200°C (the prassufe of thallium wvapor is 100 mm,
that of lead is 17 mm/ﬁqé at the wing of line the angles of rota-

tion of polarization plane can reach 107 rad/m at the absorption
length 1 m. Iimitation on accidental extermal magnetic field imi-
tating the effect is »10'4 Gauas in thallium and ~1 0_3 Gaues in
lead. :

Fote in conclusion that the accuracy reached in the experi-
ments with bismuth is quite sufficient fnr+mehaurumant of angles
~ 10~ rad/m. Therefore, in the situation when the search for
the parity nonconservation in a strongly forbldden M1 transition
6942"’?P#zin thallium is going on al&nadyfzf, the experiment dis-
cussed by us on the detection of optical: activity of thallium
vapors in the same frequemcy regiom seems to be quite realistic
one.
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