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The resulte of the new Tun of mesesurements of the
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parity violation in atomic bismuth on S, — e M-
transition at A _ &48 nm are presented. The value

R = I (&) messured on F= 6~F = 7

A e and

F = 6 - F "= & hyperfine structure components is
found to be (—20.635.2)-'10_3. The average value for all
cur measurements <K > = (-20.212.?)'10'5 ig in agreement
with the theoretical prediction obtained in the framework

of the standard gauge model with Sin? 8 = 0.25.




In the previous wokaFT*?f we reported the observation of
the parity noncongervation in atomic transitione caused by the
weak interaction of electirons with nucleone. In ﬁhose experi-
ments the rotation of the polarization plane of light at
A = 648 nm in bismuth vapor was observed. The results of our
exneriments were congistent with the theoretical predic -

- '3/

tiong’ 7', based on the standard gauge modelf4’?!, and were in

contradiction with null results of the experiments in Seat-
Jn“t.:a"f‘ﬁ”?‘IJr and Oxfardfafa
Ags it was noted for the first time by Eel'davichfgf, the
parity violétion in the interaction of the electrons and nuc-
leons should induce natural optical activity of the matter.
The poseibility to find the optical activity in atoms in real

experiments was shown in the worksx1m_12f, in which it was

propoaed to seareh for the optical activity in MI - transi-
tions of some heavy atoms.

In Pig. 1 the scheme of the low lying atomic bismuth le-
vels are shown. Becauge of the small admixture of states of
oppogite parity to the wave functions, the amplitude of an MI
transition acquires a small admixture of an EI amplitude. As a
result the interaction of right- and leftpolarized photons
will be unequal and the optical activity arises. The angle of

- rotation of the polarization plane due to the parity noncon-

serving interaction between the electrons and nucleons

is egual to

V? = 5*?? ( ”'qf) % éf;f;%- L

where /7 is the refraction index due to the NI transition,

£ is the effective length of bismuth vapor, K = Im £ -’___J"J//,.n'l-f,?;/]
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is the imaginary rart of EL to T amnlitudes ration and ,ﬁ is

the wave length of the light.

Tn this paper the results of the new run ol meagurements

the optical activity in bismuth vapor at the F = é—a-g”:?
and F=§— F=6 hyperfine gtructure components of the NI -
e - _ _

- transition ‘}5&: L ZJE;{, at ,}g = bd8 nm are pr&:gentedi

The scheme of the experiment is showm in Fig. 2. A Speci-~
ra-Physics 375 dye laser with an acditional element, which
nermitted to have a single-frequency light beam and to modu-
late this freguency by 416,3 MHz steps was used. The frequency
modulated light passed through the prism polarizer, the bis-
muth-vapor cell and the prism analyzer, after which space sepa-
rated beams with orthogonal polarization were detected. by
photomultipliers. The bismuth cell was situated inside double
magnetic shield so that the spurious magnetic field along the
cell axis was smaller than 2‘10_5Gs. Inside the magnetic
shields seven sections of the coll were placed. Thesecoils were
used to measure the Faraday rotation during the experiment for
normalization of the effect and for meaguring of FParaday rota-
tion curve (see below). Horeover, the Fafaday rotation from
each section of the coil permitted to find out the atomic bis-
muth vapor pressure distribution along the cell axis. The heli-
um buffer gas stabilized the bigmuth vapor pressure and ensu-
red the safety of the analyzer and polarizer prisms, which
were used as the entrance and exit windows of the cell, The
design of the support of the analyzer and the photomultipliers
allowed to rotate them about initial direction of the light

beam without change of the deflected beam pogition relative to

the multipliers. In front of the photomultipliers the cavities
covered ingide with white paint were placed, which ensured
diffused scattering of the light before hitiing the photoca-
thodes.

The signals from the photomultipliers PMTI and FPMT2 are
n £ '
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where I is the intensity of the light pasged through the bis—
muth vapor, e = t#-TG'jrad ig the angle between the axes of
the analyzer and polarizer, ¥¢Wf-ia the angle of rotation of
the polarization plane due to the parity noncongerving inter-
action between the electrons and nucleons. As its wavelength
dependence has dispersion curve shape (see Fig. 3a), during
wavelength modulation near the absorption line centre thm?
must contain +he first harmonic of the scanning frequency,
which in the experiment was 1 kHz, To minimize the falge 1 kHz
signal, two feedback circuits were used (gee Fig. 2), one of
which provided the symmetry of scanning position =0 that the
. wunl of the first harmonic from PMT1 wag more than 10° times
gisnrasged. Another 2 kHz feédback cireuit regulated the high
voltage supply of PUT1 to provide good quality substraction
of the signals from photomultipliers so that the subtracted
aignal had the second harmonic amplitude 103 times smaller than
that from PMT2. Preliminarily the signals from PMT1 and PMT2
viere levelled with the help of a grey filter ingtalled before
the photocathode of PUT1 and by the choice of the high voltage

supply of the photomultipliers. In thegse conditions %the sub-

tracted gignal A = Vt -V ~ G %Ni must contain the




firgt hermonic of the scanning frequency only through @éﬁc.
It does exist 1f the ?arity is not conserved in the electiron-
-nucleon interaction.. The difference of the phase detected
signals in & , found for +£) and - & positions of the analy-
zer, served as the measure of the parity .iolation.

In these experiments were done on transitions F-=F"
6'— ?’, _5_-* 7, §= 6 =nd on moleculer line A as it shom
on Pig. 3. The measurements on the quadrupole transition
F=%§-FL7 end on the molrcular absorption line A permit-
ted to control the spurious magnetic field and systematic
errors. During the experiment the measurements were performed
alternatively on the working and control lines. Fach measu-
rement cuntit}ued 30 minutes. During thaﬁ:inﬁ:ta sign of @ chan-
ged 20 times. On the g= 7 4=7 and A lines 26 measurements
were done, and only 13 on the line ¢ -6 . At the end of each
meagurement the magnetic field was switched on and GKQ%Z/Z(A
was measured (?& is the Faraday rotation angle), which was
used subsequently for normalization of measured velue of

o Yoo /d ) ). The information sbout intensity of the light
beam before and after the bismuth oven, about the shape of the_
absorption line and the value of the first harmonic of the gub=
tracted signal was accumulated and processed with the help of
the computer M-6000.

In Pig. 3a the results of the Faraday rotation measure- :
ments and the theoretical curve, calculated for null colligio-
nal broadening and the value of radial quadrupole integral
{ r’z}: 9{?‘: -, where (I, is a Bohr radius of hydrogen atom,
are shown. Also shown in the figure is the dependence of u;PNc

on /\ . The theoretical curves were found on the basgis of
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AA S
porics /3,137 ( the amplifuc f MI-transition was talked
be eqgual =05 ﬂ;L th Y77 estimated error instead
the narﬂiij nsed value -0,584 } Bohr. More p“eciéﬁlg? E_;
raleulated by the Novosibirsk group of theorists, was found

ve K 4, = -18,8°107 for §,,*@ = 0.25. The Faraday ro-
totion messurements were corried out in separate experiment in
ich a Faraday cell was pnlaced additionally between the pola-

X , ] (s jema 13 ¥ ] ¥ 3 8 -1 4
rimer and the biamuth eell, and 2 Gs magnetic field was appli-

ed along the bismuth vapor cell axis. In these measurements
the wavelength was scanned at 0,01 Hz frequenecy and at the
game time the nolarization plane of the laser light was modu-

lated at 1 kHz with the lhielp of the Paraday cell. The optical
length of the stomic bismuth vapor, which was found from com-
narison of messured and calculated Faraday rotation, within
aevernl nercent accuracy coincides with that found from measu-
rements of the atomic bismuth vapor density distribution along
the cell axis, known total pressure in the bismuth vapor cell
and the nartianl atomic bismuth pressure taken frﬂb;ﬂ5fp

The value of “IVFW?;ﬂfA meastured on the lines £ - 7

= 7 L5 and A snd the calculated curve nyﬁwﬂﬁéga are

spregented in Fige 3ce. The results obtained on the lines h—= £
amd B~ b correspond to the value

£ ’ 4 =)

l'f._::, T {_?J-E_jig}.q(} ¥

“nG the neasurements on the control lines 4 - £ and 4 sghow

~ero effect., Together with the previous results of the 1I'.r|:1|1'1{""'2‘IIr

we met averspe value for all our measurements

- = -8
Regp = (=2042%2.7)%10

and in comparison with the theoretical prediction

.- *—;3’5’-"?!R‘t-}‘_eor 2 1.,0720.14
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The latest unpubliched results from Dxfcrﬂf16! and 13vc'.q=aL't.Jc,1ta""ﬂ'"ir
ghow parity violation effect in atomic bismuth. However, the
results of their new experiments have too poor reproducibilifty
to mekeadefinite concluasion about its value. The method of
measurements of small engle rotation of the plane of polariza-
tion used in Ourleiperiments noggesses a geries of advantages.
The main of them consists in the large number of measurementsg
on different control lines, Before each run of measurements
durable work on the control lines for search, artificial en- ,
largement and then suppression of false effects had been done,
Durable work on the control lines, as we are sure, allowed us
to expose possible systematic errors and to get rid of them.

The result of Berkeley exparimentf1af for a measurement
of the circular dichroism in the forbidden MI-transition at
A = 293 nm in thallium also shows the parity violation in
atoms, however with large statistical uncertainty.

Recently some people declared doubt about the reliability
of atomic calculations for such heavy atoms like bismuthf1gf.
From our point of view the most relisble predictions for FNC
effects in heavy atoms were made by the Novogibirsk group of
theorists, who succeeded in noncontradictory way to calculate
a great number of known experimental atomic characteristics,
using for this the theoretical scheme with a few number of
phenomenological parameters. The calculations, performed
recently by this groupg14;, gave the value of the effect dif-
fering only by 6% }rom that found in 19?6!3f. All this gives
us confidence that the accuracy of their calculations, estima-
ted by the authors as 15-20%, is true.

As is knawnfzof, in the atomic experiments and in the

experiment at Stanfordf21f, where the deep inelasgtic scatte- =
ring of polarized electrons by deutrons and protons wae inves-
tigated, two independent linear axial and vector constante of
the weak intersction can be measured. Thus, the results of our
and Stanford experiments indicate the validity of the Wein-
berg-Salam model. '
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Fig. 1. Low 1lying stomic bismuth levels.
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Fig. 2.« The scheme of the experiment. P-prism polarizer,
A-prism analyzer, PMIT and PMT2-photomultipliers,
PSD-phase-sensitive deteciors, ADC-analog-digital

converter.
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Fig. 3. a - Dashed line -~ the theoretical prediction for

PHNC optical rotation of bismuth vapor, sgolid line/3/.
the calculated Faraday rotaticn; b - observed absorp-
tion spectrum; ¢ - the calculated curve :

and the results of the measurements.
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Fig. 4. Chronologicel sequence of the results of measure-

ments PNC interaction of electrons and nucleons.
P- parity nonconservation parameter, F't;heor' pre-
dicted value in Weinberg-Salam model with sin?8 =
s 0,25 @ - SeattleE'iT}, Q = Dxfcrda:‘, A -~ Novosi-

- B
birs]{1'2}, i1 - Etanfcr:ign, A - Berlrceley"



