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PREPARATION AND THERMAL ANALYSIS OF
THE ALLOYS

In preparing the alloys we used chemically pure
bismuth and 99.99% pure cesium (the principal im-
purity was calcium ). The melting was done in a
small-gauge resistance oven. For the melting and
for recording the cooling curves of the alloys with
small cesium content we used quartz capsules of
small volume (2—5 cm?). Samples with a large
cesium content were melted in iron crucibles en-
closed in the quartz capsules, just as was done for
the bismuth — rubidium alloys.?

The heating and cooling curves were recorded
with an electronic automatic potentiometer EPP-09
down to a temperature of 50 —100°C. The weight
of the alloys ranged from 0.2 to 1.0 gm. The re-
sults of the th 1 are pr in the
figure in the form of a tentative melting diagram
for the bismuth — cesium system.
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Melting Diagram for the Bismuth-Cesium System

As cesium is added, the melting temperature
of bismuth decreases along the line AB, reaching
a minimum at about 250°C. The eutectic point lies
at ~1—3% by weight Cs. From the eutectic point
B the melting curve increases steadily along the
line BC, reaching a maximum at about 630°C at
the point C for 24.1% by weight Cs, which corre-
sponds to the compound Bi,Cs. An increase in the
cesium content is accompanied by a falling melting
ourve; a eutectic stop appears on the cooling curves
at ~390°C, Further increase in the cesium con-
tent of the alloy brings about a rise in the melting
curve along the line DEF. At the point F the
curve hes a ata e of
about 660°C for an alloy composed of 65.6% by
weight Cs, which corresponds to BiCsy. For
alloys with compositions lying in the region be-
tween the eutectic point D and the point F, tem-
perature stops were observed at ~500°C. In our
opinion these stops are related to a peritectic re-

action of formation of a compound which presum-
ably consists of BiCs;. Further increase of cesi-
um in the alloy leads to a falling melting curve.

DETERMINATION OF THE STRUCTURE OF THE
SUPERCONDUCTING COMPOUND Bi,Cs

Samples of alloys with compositions close to
that of Bi,Cs were prepared for x-ray analysis in
the same way as in the study of the structure of the
compound BiyRb,? except that as a protective liquid
we used dekaline treated with cesium (maintained
at a temperature of 150 — 170°C and stirred for 3
hours) in place of kerosene,

X-ray powder patterns were obtained with a
RKU-86 camera by CuKa radiation of samples
consisting of ~23% by weight Cs. According to
microscopic data, such a sample contains mostly
crystals of the compound Bi,Cs and a small quan-
tity of the eutectic Bi + Bi,Cs. In order that the
bismuth lines could be separated from the lines
of the compound in the x-ray photograph, the sam-
ple was viewed with a slow rotation (one or two
revolutions during the time of exposure), just as
for the x-ray study of Bi,Rb crystals.

From the x-ray photographs, the intensities I
and the displacements of the lines were measured,
and values of the interplanar distances d were
calculated. All the lines of the x-ray photographs
of Bi,Cs crystals are indexed in the cubic system.
A value of a=9.726 +0.005 kX was obtained for
the period of the elementary cell of Bi;Cs. The
interplanar distances calculated from these data
agree well with the measured values. As a result
of the indexing and of a comparison of x-ray photo-
graphs of Bi,Cs, Bi;K, and Bi,Rb, it is established
that these three compounds are isomorphs. A com-
parison of the calculated and measured intensities
shows good agreement and supports the assignment
to Bi,Cs crystals of a structure of the Cu,Mg type.
Below are given the interatomic dist:
for crystals of Bi,Cs:

Bi—Cs, Cs —Cs,

Comy a® —Am. i 7
BisCs 3.44 4.04 4.22

The research which has been carried out per-
mits us to perform a crystallochemical analysis
of the group of super lucting estab-
lished as isomorphs: Bi;K, BizRb, and Bi;Cs.
Considering the change of the period of the unit
cell and the minimum interatomic spacings in
these compounds as the atomic number of the al-
kali metal increases, it can be noted that an in-
crease in the atomic number (atomic radius) of
the alkali metal leads to an increase in the period
of the unit cell of the compound and is accompa-

nied by an increase in Te. This fact supports the
correlation, mentioned in reference 3, between the
temperatures at which the superconducting transi-
tion occurs and the position in the Mendeleev table
of the metal forming the compound with the bis~-
muth,

It is probable that the other group of compounds
BiKj, BiRbs, and BiCs; are also isomorphs and
have a structure of the NaAs type.' A series of
compounds of arsenic, antimony, and bismuth with
the alkali metals crystallizes in this type of struc-
ture: LigAs, NajAs, KzAs, a-LigSh, NaySh, KySb,
NagBi, and KyBi.

According to one author,® the compound BiCs;,

btained by the of precipitation
of layers of bismuth and cesium by vacuum subli-

pound SbCsy, but among the group of compounds
SbCsy, SbRby, SbK, and BiCs, it is the one least
sensitive to light.

CONCLUSIONS

1. A tentative melting diagram has been con-
structed for the bismuth — cesium system.

2. Three compounds crystallize in the bismuth
— cesium system: Bi,Cs, BiCs,, and a compound
which presumably consists of BiCsy. The com-
pounds Bi,Cs and BiCs; correspond to maxima
on the melting diagram; the third compound is
formed in a peritectic reaction,
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3. The superconducting compound BiyCs crys-
tallizes in a cubic lattice with a = 9.726 + 0.005 kX
and has a structure of the Cu,Mg type.

4. Crystallochemical analysis shows that for
the isomorphic group Bi,K, Bi,Rb, and BiyCs, an
increase in the period of the unit cell is accompa-
nied by an increase in Tq.

We take this opportunity to express our deep
gratitude to Professor G. S. Zhdanov and to Pro-
fessor N. E. Al i for di
and for guidance during the performance of the
present research, and to V. A. Smirnov for assist-
ance in conducting the experiments.
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diatrik

- k" — e* -decay events photographed in a two
ing the

1. INTRODUCTION

i THE hypothesis of Lee and Yang!s? of non-conser-
- vation of parity and charge conjugation in weak

tions has been confi

d by a series of ex-

trons to be described by the formula 1+ acosf, itis found that
result confirms the hypothesis of Lee and Yang of nonconservation of parity in weak interactions.

of decay posi-
==0.19 % 0.03. This

uming

p:ri.minhs on pB-decay and angular correlations in
7" - u* — e* —decay. I parity is not conserved in
the consecutive stages of the n* — u* — ot -decay,
the angular distribution of the positrons will be
given by the formula
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4N = (1 + acos 0) d/4r, (1

where 6 is the angle between the original direction
of motion of the ' -meson and the positron.

The value of the factor of asymmetry a depends
on the relation between the various types of inter-
actions in the u* -decay. The experimental energy
spectrum of decay positrons is in best agreement
with the veetor and pseudovector variants of the
theory. The asymmetry factor can assume (over
the whole spectrum) values from — % to + Y de-
pending on the type of interaction. An accurate de-
termination of the factor a for the whole spectrum
of decay positrons and measurements of the energy
dependence of the asymmetry factor may provide
information about other types of interaction present.

The use of a propane bubble chamber in such an
im is especially since it
combines the desirable characteristics of photo-
graphic emulsion (good angular definition, constant
sensitivity for electrons of various energies) with
higher statistical accuracy due to the lesser degree
of ut -meson depolarization in propane and the
possibility of fast reduction of a large number of
- u+ — e decay events.

The present work is devoted to the study of an-
gular distribution of positrons in - -
decay and determination of the factor a in propane
over the whole energy spectrum of positrons.

3. EXPERIMENTAL ARRANGEMENT AND
METHOD OF DATA REDUCTION

A two liter propane bubble chamber? was used
in conjunction with the 7" -beam of the United In-
stitute of Nuclear Studies synchrocyclotron.

Positive pions were produced in a polyethylene
target bombarded by 650 Mev protons. " -mesons
of ~ 170 Mev were selected by means of a deflect-
ing magnet, focussing devices, and a collimator. A
Cu — Al absorber, with thickness so chosen that a
maximum number of 7" —p* —e" -decays was ob-
served in the chamber, was used for slowing the
#* -mesons. The chamber was shielded from the
magnetic field of the synchrocyclotron by a lami-
nated screen of soft sheet iron of Armco type and
Permalloy. The complicated shape of the chamber
made it difficult to shield it properly and in the
first series of pictures the stray field amounted to
1.8 gausses. Addition of a second shield in the
second series of pictures reduced the stray field
to 0.35 gausses.

Tracks in the bubble chamber were photographed
with a stereoscopic camera having an average re-
duction of 4.5 and distance between lenses equal to
70 mm. High-speed 35 mm motion picture film

was used. Pictures of the 7" —u* —e* -decays
were projected and the angle between the projections
of the ' -meson and positron tracks on the film
plane measured. The mean error of angle meas-
urement was = 5°.

There are two ways of comparison of the meas-
ured angular distribution with Eq. (1) and of deter-
mination of the asymmetry factor a. The first
method can be used for the case of 7% —ut—e* -
decays when the u* -meson track is at a small
angle to the film plane. Assuming then that the
track lies in that plane, one can easily pass from
the distribution of angle projections on a plane to
the distribution in space.! This method was used
by us as an independent. check of the form of the
angular distribution (Fig. 1).
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FIG. L. Angulat distribution of 7* — u* — e*-decay positrons
calculated for space angles 0. Events with track projections
of the y*-meson > 3 mm and perpendicular to the axis of wte
meson beam were selected. n =607, a=0.20 * 0.075.

The second method is based on an expression
for the distribution of angle projections equivalent
to Eq. (1). It can be shown that the expression is
of the form

dN = (1fx) [L + (as/8) () cos &] 4f 2)
where ¢ is the angle between the projections of
the p* -meson and positron tracks, and a is the
maximum angle between the ¥ -meson track and
the plane of projection. The function f(a) is de-
fined by the following relation:

fla) = o5 + Toims @

1t has been assumed in the derivation of Eq. (2) that
the u* -mesons produced in 7+ -decay are iso-
tropic. The function f(«) varies from 2 to 1.57
for @ varying from 0 to n/2. The values a =0
and @ =7/2 correspond to the two limiting cases:
for @ =0 the tracks of ™ -mesons lying in the
plane of projection are selected, while for o= 7/2
all decay events are taken into account.

1t follows from Eq. (2) that the use of the pro-

jective method of treatment reduces the asymme-
try. In fact, if a track is inclined at a large angle
to the plane of projection, then positrons propagat-
ing both in the forward and backward directions
with respect to the direction of motion of the u* -
meson will fall into the angle interval Ag in the
plane of projection and the distribution of the pro--
jections of positron tracks with respect to the pro-
jections of u* -mesons tracks will be almost iso-
tropic.
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For the first series it was found that a = —0.163
+ 0.037. The stray magnetic field of 1.8 gausses
caused a slight depolarization of u* -mesons due
to precession of their magnetic moment. Calcula-
tions showed that for an isotropic distribution of
p*- mesons the decrease in thevalueof a amounted
to 7. After introducing a correction it was found
that a = —0.175 + 0.04. In the second series it was
found that a = —0.214 + 0.03. The average of the
two series is a = -0.19 + 0.03.

Events with length of the projected u*
track < 1mm were disregarded in view of the low
accuracy of angle measurements. This corresponds
to the angle a = 73°. Such a selection causes the
loss of 4.5% of the decay events.

The asymmetry factor a was determined from
the “backward-forward” ratio, i.e., the ratio of the
number of positrons with track projection between
7/2 to = to the number of positrons with track
projection in the interval 0 to /2, according to
the formula

a=4(1 —R)/f(x)(] + R), 4)

where R is the backward-forward ratio. For a =
73°, 4/f(a) =2.465 and we have, therefore,

a=2.465(1 —R) /(1 + R). (4a)
It should be noted that the standard deviation of
the asymmetry factor a is, in the method used,
larger by 23% than that of spatial angle measure-
ment. However, the ease and simplicity of the
above method compensate fully for that disadvan-
tage.

3. ANALYSIS OF RESULTS

Angular distribution of positrons for the first
and second series of pictures is shown in Fig. 2a
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FIG. 2. Angular distribution of #* — u* ~ e*-decay positrons
in the plane of projection. a—first series of measurements,

n =4353, a =-0.175 £ 0.04. b— second series, n = 2408,
a=-0.214 £ 0,05,

-and b for 4353 and 2408 cases, respectively. The
‘ Eymmetry factor was determined according to
. (4).

Exper tal errors in reading the film are
bagically due to conical projection in photography
and to the loss of a small fraction of 7" —p™ —e* -
decays, either because of the absence of the posi-
tron track or poor identification due to the general
background. Equation (2) was obtained under the
assumption that the projection is perpendicular.

In the fact, conical projection takes place in photo-
graphy. It can be shown, however, that if the in-
spected region of the chamber forms a cone with
axis coinciding with the optical axis of the camera,
and if the angle between track projections equals

¢ in the perpendicular projection, then, in conical
projection, the number of cases when the angle is
found to be ¢ + Ag will be equal to the number of
cases with ¢ — Ag,

Conical projection is therefore equivalent to
perpendicular projection with certain symmetrical
error of angle measurements and does not change
the angular distribution. The error Ag¢ can be
minimized by selecting cases with small photo-
graphic angle. For the events analyzed, this angle
was = 5°. Absence of distortion of the angular dis-
tribution due to conical projection or imperfections
of the optical system is illustrated by the histo-
grams of the angular distribution of p* -mesons
about the axis of the #* -meson beam (Fig. 3a)
and the direction of 7" -meson tracks (Fig. 3b).
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FIG. 3. Angular distribution of y*=mesons in the plane of
projection: a—about the n* beam axis, n = 3953, R= -~ 1.01+
0.032; b—about the direction of n*-meson tracks, n = 2078,

R = LOL £0.045. '

Both distributions are in a good agreement with
the assumption of isotropic distribution of u* -
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mesons in 1t —pu* -decay. Deficiency of particles
in the interval 0° —20° can be easily explained by
the difficulty in separating evnnts with small angles
of emission of y -mesons from decays of ut -
mesons contained in the beam.

Our results show that ~3.9% of 7" —u* —decays
are not accompanied by a visible positron track
and, besides, tracks of positrons in ~ 1% of the
events are for angle measur ts due
to the small length of the projected track.

A simple caleulation leads to the conclusion that
the number of u* -mesons from x+t—u* -decays
stopping in the glass and the walls of the chamber
amounts to 2.4%. It can be shown that these do not
introduce any change in the shape of the distribu-
tion and the value of the asymmetry factor, assum-
ing the validity of Eq. (1).

Distortion of the angular distribution of positrons
due to omission of some decay events can oceur only
when the probability that an event is omitted depends
on the angle between the tracks of the positron and
the p* -meson. We identified all events by the
characteristic kinks in the tracks of 1|'+'—}.l+ —et -
or u+ —et decays. The most probable omissions
in fast scanning in the presence of a considerable
chamber background occur for events in which the
tracks of the two mesons and the positron differ
little in direction. In other words, positrons mov-
ing forwards or backwards at small angles to the
direction of the p* -meson are most likely to be
overlooked. Considerations given below make it
possible to avoid this.

20 40 40 0 100 20 MO 160 g
FIG. 4. Angular distribution of #* — p* — e*-decay positrons

in the plane of projection obtained in the first series of meas-
urements (preliminary result)

The histogram in Fig. 4 was obtained as the re-
sult of the first scanning, and that in Fig. 2a — of
the second. Variation in the number of positrons
in the extreme angle intervals and better agree-
ment between the theory and the experimental re-
sult in the second histogram are clearly visible.

responding to the 7" —p* -decay of a stopped 7 -
meson, and do not look for the presence of a posi-
tron. In that case, possible omissions of some
events will not change the form of the angular dis-
tribution of positrons about the direction of ut -
mesons.

The analysis shows that a marked distortion of
the shape of the angular distribution can oceur in
our experiment by omission of the #*—ut —e* -
decay events in scanning the film.

4. DISCUSSION OF RESULTS

The value for the asymmetry factor a found
in our experiment, a = —0.19 + 0.03, is in good
agreement with the results of the Liverpool group
(a==0.17+ 0.03), " the group of the Physical In-
stitute of the Academy of Sciences, U.S.5.R. (a=
—0.21 + 0.035)* and of the work of Pless et al.
(a=—-0.18+ 0.05)." The mean weighted value of
all the experiments is a = —0.187 + 0.017. This
value is determined not only by the relation between
theoretical variants but also by the depolarization
of u* -mesons in propane. The asymmetry factor
for the elementary process ag is obtained account-
ing for the depolarization factor. This can be done
using the data of the Chicago group”® which obtained
for the asymmetry factor in C (and in metals) the
value ag=—0.244+ 0.01 and for aprop = —0.175
+ 0.015.

It has been shown”*? that the time of depolariza-
tion is much shorter than the half-life of the p* -
meson. The ratio apr, /'E determines the de-
gree of depolarization g? 4" -mesons in propane.

It is clear that the above ratio is independent of
positron energy and the degree of polarization of
the p*-meson beam. The asymmetry factor for
the elementary process, obtained from the mean
experimental value of a given above equals
—0.256 + 0.033.

Under the assumption that u* -mesons origi-
nating in the decay of stopped 7 are totally po-
larized and decay according to the scheme u*—
et + v + v, the ratio { between the interaction
variants™? equals —3ag. In the case of a partial
polarization of the p*-meson the value —3a,
represents the lower limit of . The value { =
0.77 £ 0.10, calculated from the mean value of the
asymmetry coefficient, is in a very good agreement
with the results of emulsion work, £ = 0.8 +0.15.°

In conclusion the authors would like to thank

A ician A. I. Alikhanian for suggesting the

The above mentioned errors can be avoided if
we choose a different characteristic of the decay
for its identification, namely, (as it is the prac-
tice in emulsion work) the presence of a kink cor-

theme and discussing the results, G. P. Eliseev

*Private ion of A. 1. Alil

and V. A. Liubimov for valuable advice, V. P.
Dzhelepov for taking part in the work with the ac-
celerator, and V. G. Zaitseva, N. S. Konoplev, I. A.
, V. M. Gol , and V. N, Luzin for

taking part in reducing the data.
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The dependence of the Hall effect on temperature and magnetic field was studied in samples

of gold with normal and abnormal temperature

observed in the Hall constant of an “anomalous”

d of the r

A jump was
sample at a field of 8 kOe. The magnitude

of the jump increased with decreasing temperature. A field strength of 8 kOe is the value
id .

at which the anomalous

1. INTRODUCTION

AB is well known (see the references to the lit-
erature in Ref. 1) the Ohm’s-law resistance in a
series of metals (Au, Cu, Ag, Mg and, apparently,
Mo)? shows an anomalous temperature dependence
consisting in the fact that as the temperature is '
lowered, the resistance of these metals falls,
reaches a mini at some e d

by Tpjn, and then begins to rise. It was noticed
in a series of articles™ that the dependence of this

rise on e could be orily repre-
sented in the form b

Ar 1 (1) —rpig

o= o = const 4 alog(1/T) for T < T,

where rmin is the resistance at Tpyjn. In the
work of Ref, 5 carried out by us on gold samples,
it was shown that Ar/rp, decreased in a mag-
netic field and reached zero for some value Hj.

of the r ish

In the same work it was noticed that, for a value
of the field equal to Hy, a discontinuous

in the slope of the Hall electric field Ey(H) was
observed.

It was of interest to carry out a more detailed
investigation of the Hall effect in dependence on
temperature and magnetic field using gold samples
with both normal and anomalous-type resistances,
which allowed us to clarify the connection between
anomalous resistance and the Hall eifect.

2. METHOD OF MEASUREMENT

To prepare samples we had at our disposal two
batches of gold naturally occurring: a foil of 0.05
mm and a plate 1 mm thick. Both batches were
99.99% pure. A spectral analysis of the gold is
given in Table I.

The sample Au-1, together with current and
potential leads was cut out of the foil, as shown in




