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The polarization of A hyperons produced in 77p interactions at 7—8 GeV was studied. For
the asymmetry parameters the following values were obtained: ozI_>1 (forward-backward)
=+0.04 + 0.08, P, (up-down) = +0.01 + 0.08, and a133 (left-right) = —0.06 + 0.08. Hence
the A hyperons produced are unpolarized. The angular distributions of the A-hyperon pro-
duction planes relative to the K° production planes for cases in which AK? pairs are re-
corded and relative to the plane of 7* production in two-prong stars were constructed. The
results are all in good agreement with parity conservation in strong interactions.

TO study the polarization of A hyperons we used
60,000 pictures obtained from a 24-liter propane
bubble chamber 1] exposed to a beam of 7—8 GeV/c
negative pions. The chamber was placed in a con-
stant magnetic field of 13,700 Oe which was homo-
geneous within +3% over the fiducial volume of the
chamber. The experimental arrangement has been
described earlier. [2]

Preliminary results of this polarization study
were reported at the Rochester Conference (3] angd
were published in [4]. The small statistics and
incomplete analysis of the unidentified events did
not permit an unambiguous conclusion at that time.

The longitudinal polarization and the angular
distributions of the A-hyperon production planes
can give information on parity conservation in
strong interactions involving strange particles. [5,6]
In the survey article (7] this question was consid-

ered mainly on the basis of cosmic-ray experiments.

Subsequent studies of the A-hyperon polarization
were performed with accelerators. [8-22] The avail-
able data at the time we began our experiment were
contradictory. This was natural, since the study of
the A-hyperon longitudinal polarization entails a
number of experimental difficulties. A final an-
swer to the question of whether or not the A-
hyperons are polarized requires careful analysis

of several important corrections.

SCANNING OF THE PICTURES AND SELECTION
OF INTERACTIONS WITH HYDROGEN

The pictures were scanned on stereo-viewers
and partly on reprojectors. The entire material

included in the statistics was scanned two to four
times.

We selected for measurement those events
which satisfied, by visual inspection, the selection
criteria for 77p interactions (23] and those cases
which could not be reliably associated with inter-
actions involving carbon.

The question of whether a given event was the
result of a collision between a ™ meson and hy-
drogen was settled only after the measurements
and calculations. For 77p interactions the follow-
ing criteria should be satisfied:

1) The event should be coplanar, i.e., the point
of production (star center) should lie in the decay
plane in the direction of the V® particle. The iden-
tified V° event should satisfy the kinematics of a
A or K? decay.

2) The net charge of all the secondary particles
in the star should equal zero.

3) No more than one baryon (A, Z, or p) should
be present in the star.

4) The angle of emission of the baryon should
not exceed the maximum value allowed by the kine-
matics of the 77p interaction.

An additional analysis of the target mass and
of the energy and momentum balance was also
made. [%4]

After such analysis, the background of A and
K® particles from interactions with quasi-free
protons among the selected events was 15—20%.
The estimate of the quasi-free events in propane
(C3Hg) was based on the study of A and K° pro-
duction on neutrons of carbon under the assump-
tion that at 7—8 GeV the A and K° particles are
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produced on protons and neutrons with equal prob-
ability.

SCANNING EFFICIENCY

The scanning efficiency plays an important role
in the final results. Different types of Vv? events
are observed in different ways. Some v'’s are
readily detected by all scanners, but other vVis
are detected with difficulty. Of the latter type
are V? decays in which one of the particles is of
very short range and & decays with very large
or very small opening angles. The efficiency of a
triple scanning was found to be (94+3)% under the
assumption that the probability of detection for dif-
ferent V? events is not the same and ~ 99% under
the assumption that the probability of detection is
the same for all V° decays.

In the present experiment the absolute value of
the efficiency is not as important as the value of
the relative efficiency for different forms of A
decays of interest to us, namely: 1) decays in
which the protons are emitted forward in the rest
system of the A hyperon relative to the A-particle
momentum; 2) decays in which the protons are
emitted backward; 3) decays in which the 7~ meson
or proton has a very short range in the chamber.

The efficiency for the detection of A hyperons
in these three groups was estimated after the iden-
tification of all V° events. The results of the triple
scanning are shown in Table I. It is seen from this

Table 1

No. of Observed (%)

A’s

Group of
A hyperons

3 times l,twice once

1) Protons emitted

forward 98 5416 34t4 | 1242
2) Protons emitted

backward 119 53+5 34+4 | 1312
3) 7= or proton

of short range | 45 [23.3+10 | 33%7 | 23+4

table that the efficiency in the first two groups of
events are in good agreement with one another,
while the group of A decays with a 7~ meson or
proton of short range differs substantially from
the first two groups, i.e., there is a danger of
overlooking such events. In order to detect \'&
decays in which one particle has a small range,
we carried out a special scanning of 6000 pictures.
In this scanning we found only one 7 -meson track
of length 0.3 cm. The question of the corrections
for the loss of such A decays will be discussed
below.
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MEASUREMENTS

The effective volume of the chamber was photo-
graphed on two films. The optical characteristics
of the system and the method of measurement have
been described in [23:25,26]

The coordinates of corresponding points of the
track were measured on UIM-21 microscopes. We
measured 8 to 20 points, depending on the length of
track; the points of production and decay were al-
ways measured. Possible errors of measurement
were due to the following causes: 1) the error in
the optical system and the motion of the liquid;

2) Coulomb scattering of the particles in propane;
3) bubble noise along the track; 4) setting and
reading errors; 5) use of approximate formulas [24]
for analysis of the measurements; 6) nonuniformity
and uncertainty of the value of the magnetic field;
7) energy losses of particles traveling through the
propane and the error in the range-energy curve.

It is very difficult to take each of these factors
into account. For practical purposes, however, it
is quite sufficient to take into account only their
combined effect. An analysis showed that our
chamber, its optical system, and the methods of
measurement and calculation introduce no syste-
matic distortion. The rms error in the measure-
ments of the coordinates of the points was 0.06 mm
in the X direction, 0.17 mm in the Y direction,
and 0.40 in the Z direction (in the space of the
chamber).

The accuracy of the angular measurements de-
pends on the track length, and for lengths greater
than 5 cm the rms measurement error was 34’.
The accuracy of the momentum measurements de-
pend on the track length, the value of the momen-
tum, the value of the magnetic field, and on mul-
tiple Coulomb scattering. Multiple Coulomb scat-
tering makes the main contribution to the error;
the error in the momentum measurements was,
on average, equal to 10%. [26]

CALCULATIONS

The space coordinates, angles, momenta, and
other characteristics necessary to identify V°
events and also to identify A and K° particles
and to calculate the cosines of the angles of the
positive particles, i.e., p or 7* mesons (cos 6}
cos v, and cos k in Fig. 8), were calculated on
electronic computers at the computing center of
the Joint Institute of Nuclear Research.

All events were measured and calculated twice.
In the analysis we used only those results which
gave two-fold agreement. In the case of discrepan-
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FIG. 1. Distribution of A hyperons in the a,p plane. The circles denote the identified A hyperons, the crosses denote the
unidentified events (A or K°). The solid and dashed curves represent the kinematic curves for A and K° decay, respectively,

for fixed l.s. momenta.

cies in the results of the measurements or calcu-
lations, the event was remeasured or recalculated.
If the results of the measurements and calculations
agreed within the limits of error, but the nonco-
planarity angle n was one and a half to two times
the allowable measurement error An or if the
transverse momenta of the V° decay products did
not balance, the event was discarded.

IDENTIFICATION OF A AND K’ PARTICLES

In the identification of the particles by means
of the x? test (25] we used the following five pa-
rameters in most cases: p,, p-, 6., 6_, and 6,
where p, and p_ are the momenta of the positive
and negative decay products, 6 is the angle be-
tween the positive and negative particles, while
0, and 6_ are the angles of emission of the posi-
tive and negative particles relative to the direction
of the momentum of the decaying particle (A or
K%). In cases in which one or two parameters of
the five could not be reliably measured, we used
for the calculations approximate values corre-

DYAn = 1.5A6, where A is the error in the determination of
the space angle 6.

sponding to & decays with an error of 100% or
more.?

When the kinematics did not permit separation
of A and K° particles, we resorted to other meth-
ods, for example, ionization measurements, [26,27]
measurements of the momenta of 6 electrons,
produced by charged particles from the decay,
analysis of secondary interactions of the positive
particles. However, even use of the additional
methods did not allow us to identify 127 Vv? events
(12% of all V? decays). To obtain an idea of the
momentum intervals for which it is difficult to
distinguish a A from a K® particle, all events
were plotted on the «, pJ- plane (Figs. 1 and 2),
where

o = sin (0 — 0, )/sin (0_ +0,) = (p! — p1)/(p] + p1),

pl and p” are the transverse and longitudinal
momenta of the V-particle decay products.

It is seen from Figs. 1 and 2 that the unidenti-
fied V® events all have values of pl < 100 MeV/c

DThese parameters do not play an important role in the
identification of the particles, but decrease the number of de-
grees of freedom (for five parameters the number of degrees of
freedom is three).
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FIG. 2. Distribution of K° mesons in the a,p plane. The circles denote the identified K° mesons. The solid curves repre-
sent the kinematic curves for K° for fixed l.s. momenta. The dashed curves are the corresponding curves for A (right) and A

(left) decay.

and o 2 0.7. We estimated the probability that a
K° meson falls in the region of uncertain identifi-
cation and found that only 6.3% of all K® mesons
can lie there. Among this group of \'A particles
we could separate part of the A and K° particles
on the basis of the kinematics and ionization in the
case of VY particles of small momenta when the
tracks can be measured with sufficient accuracy.
In this way we found that the kinematics of only
2—3% of the K® particles corresponded to the
kinematics of A hyperons, which corresponds to
~15 K? particles out of 127 A or K'.

The fraction of K’ mesons among the unidenti-
fied A or K’ particles can also be estimated with
the aid of the angular distributions of positive (or
negative ) particles from K°-decays in the K rest
system relative to the direction of the K° momen-
tum. Since K° particles have zero spin, the distri-
bution should be isotropic. The distribution of 7*
mesons from K° decays is shown in Fig. 3. The
dashed line includes the unidentified events. It is
seen from the figure that the unidentified events
are not consistent with isotropy and only 7 + 7 of

FIG. 3. C.m.s. angular distributions of
7+ mesons from K° decays relative to the
direction of the K° meson (see Fig. 8):
a—forward-backward distribution (cos 6%),
b — up-down distribution (cos v), c— left-
right distribution (cos »). A denotes the
asymmetry coefficient in the distribution

a

A=+0053 007

the 127 A or K° particles can be ascribed to K°
mesons. The remaining cases were considered to
be A hyperons. The first and second estimates
are in good agreement.

CORRECTIONS

The corrections for the geometry of the cham-
ber are needed for the determination of the cross
section and have been considered earlier. [23]
Analysis showed that the chamber geometry had
no influence on the angular distributions of par-
ticles from the A decays in the rest system of
‘the A relative to the A momentum. To consider
this question, the hyperons in the fiducial region

Table II
_ Direction of motion of A hyperon
a
d up ‘ down | left , right
a_Pl —0.02+0.11 |4+0,07+0.12 |[—0,04+0,12| --0,08+0,11
af‘z -+40,19+0,11 |—0.25+0,12 |—0,03+0,12| -0,0240,11
aP; |—0,06+0.11 |—0,13+0,12 [—0,06+0,12| —0,124+0.11
b c

A=+010+0.67

of the form 1 + A cos 0* etc.

06 4z 002 6 0

€08 G+
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of the chamber were classified into four groups
depending on the direction of emission: up, down,
left and right relative to the direction of motion
of each of the interacting particles. The values
of the asymmetry coefficients ¥ aPj for these
four groups are listed in Table II.

The scanning loss for ‘‘anomalous’’ decays,
i.e., decays in which the 7~ meson or proton has
a very short range, turns out to have a large effect
on the angular distributions. Shown in Fig. 4 is the
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FIG. 4. Angle of emission of the protons from A decays in
the A rest system relative to the direction of the A momentum
as functions of pj (A hyperon l.s. momentum — curves a) and
L, (proton range — curves b) and as functions of py and the
angle ¢ between the proton and meson (curves c). The num-
bers on curves a and b denote the range of the 7~ mesons
and protons in propane.

dependence of the proton emission angle on the A
momentum for different ranges of 7~ mesons and
protons from A-particle decays. It is seen that
the loss of events in which the protons are of short
range makes an almost uniform contribution to the
angular distribution, while the loss of events in
which the 7~ mesons are of short range can lead
to a strong distortion of the angular distribution
(to a forward-backward asymmetry).

In several experiments it was assumed that no
V? particles with m~-meson ranges less than some
value L;- are observed. The choice of the value
of L;-, however, was made quite arbitrarily. This
usually leads to an underestimation of the number
of overlooked events. With increasing L,- the
number of events with a m”-meson range less than
L,- increases rapidly (Fig. 5), but at the same
time the probability of overlooking these events in
the scanning decreases. The curves in Fig. 5 were

3See [1!] for a detailed discussion on aB.
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calculated on the basis of the kinematics of the A-
decay and the experimental momentum spectrum
under the assumption that the protons from the A
decays are distributed either isotropically (i.e.,
P = 0) or anisotropically with a value aP = —0.2.
The experimental histogram was constructed on
the basis of the observed A decays in which the
7~ stopped in the fiducial volume of the chamber.
Comparison of these curves with the experimental
distribution has meaning only up to L;- < 5 cm,
since for Ly- >5 cm most of the 7~ mesons es-
cape from the chamber. It is seen from Fig. 5
that the scanning efficiency reaches the usual value
when L;- = (3—4) cm. The difference in ordi-
nates between the experimental and theoretical
curves corresponds to the loss of A hyperons

(N =24+ 8 with P =0). It is seen that events
are missed even if aP=-0.2 (N=162% 7).

A correction for the missing of V? events as
a result of the small opening angles between the
decay products was introduced for angles up to
0 = 5°, since for larger angles a V' event is easily
distinguished from a y quantum. The correction
for small opening angles is very small when the
momentum is low and amounts to ~ 2% for a A
momentum of 2 BeV/c.

We calculated the lifetimes of the A hyperons
from the first and second groups in Table I. The
results are shown in Table IIIL

The difference obtained for the lifetimes cannot
be accounted for by events which should be added
to the first and second groups if the foregoing cor-
rections are taken into account. The difference in

Table III

TA, 1071 sec ‘tK(l) 10-1° sec

V° particle group

1) Protons (7*) from A (K°) decay - +0.46 0.16
emitted forward 2.35 —_r0.33 1,04 i0,12
2) Protons (7+) emitted backward 1-0.66 -4+0.14
348 Tolas | 090 olaq

.3 0.10

3) Total 2,78 ig3g 0.99 i0.0S
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the lifetimes is rather surprising (if it is not due
to statistical fluctuations). For comparison, the
lifetimes of the two groups of K mesons are
shown in Table IIL

SOME CHARACTERISTICS OF THE A AND K°
PRODUCTION PROCESS

In this article we shall discuss only certain
characteristics of the A and K production proc-
ess in hydrogen without their detailed analysis.?
We will need them for the study of the dependence
of the A polarization on the conditions of produc-
tion. Of 1050 V° events we identified 327 A hy-
perons and 596 K’ mesons on the basis of the
kinematics, ionization, interactions of positive
particles, and 6 electrons, while 127 cases were
unidentifiable (A or K° particles). Since A hy-
perons constitute 90% of the unidentified cases,
we hereafter include them in the A hyperon sta-
tistics. The momentum and angular distributions
of the A and K° particles are shown in Figs. 6
and 7.

40+
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Zbﬂ 400 600 800 1000 1200 1400 1600 1800
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FIG. 6. C.m.s. momentum distribution of A hyperons (a)
and K° mesons (b). The dashed line represents the distribu-
tion without correction for scanning loss of V° particles; the
solid line represents the corrected distribution.

ANGULAR DISTRIBUTIONS OF PROTONS FROM
A DECAYS

Longitudinal polarization of A hyperons in pro-
duction would indicate the violation of parity con-

YFor a detailed discussion of A and K° production in
hydrogen see [2],

N
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FIG. 7. C.m.s. angular distributions of A hyperons (a) and
K° mesons (b). The notation is the same as in Fig. 6.

servation in strong interactions involving strange
particles. A longitudinal polarization of A hyper-
ons would be manifested in the angular distribution
of the protons from the A decays. It should be kept
in mind, however, that in the experimental study of
the angular distribution of the A-hyperon decay
products, the factors enumerated above (scanning
efficiency for different types of decay, missing of
A particles with 7~ mesons of short range, K°
background, etc.) generally act in one direction
and distort the true angular distribution. A reli-
able estimate of the necessary corrections can
therefore be made only with a sufficient number
of analyzed events.

The coordinate system in which the angular
distribution of the protons from the A decays is
studied is shown in Fig. 8 (the distribution of «*

n 2N
(4, 24)

FIG. 8. Coordinate system
for the study of the angular dis-
tribution of protons and 7+ mesons
from A and K° decays.
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FIG. 9. Angular distribution of protons

from A-hyperon decays (in the A rest system):
W Vi a — forward-backward (cos 6F), b —up-down
e (cos v), and c — left-right (cos x).

17 7 w T Y
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mesons from K° decays is considered in the same
coordinate system).

The angular distribution of protons from the
decay of A hyperons can be written analytically
in the form (1 + aP¢) and is shown in Fig. 9.

In the cos BE (forward-backward) distribution
corrections have been made for the unidentified
cases (the region above the dashed line) and for
the loss of A hyperons with 7~ mesons of short
range (shaded region). Only the unidentified events
are taken into account in the cos v and cosk dis-
tributions. No correction was made for the loss of
A hyperons with 7~ mesons of short range, since
their effect on these distributions is negligible.

The quantity oP was calculated from the well-
known formulas

aP =2(N,—N_)/N =V 3N, 1)

where N, is the number of events with & > 0; N_
is the number of events with £ < 0; N =N, + N_;
¢ = (cos 6X*, cos v, cos k);

oF = 38 4+ V3N, (2)
where N is the number of events over the entire
B N
interval of ¢, and &= ), £i/N.
i=1

The value of oP can also be calculated by the
maximum likelihood method for the entire interval

1ol %

010

Cos x

of values of £ as well as for part of the interval
contained within some limits a and b. In the
latter case the maximum likelihood function is
written in the following form:

P4

L W (1P) 1+ aPE;

FeP) =05 i =[l——etP(a “o2’
where N is the number of events in the interval
a,b. The values of aP calculated from formulas
(1) and (2) and the maximum likelihood method for
different intervals a,b (see Fig. 10) are shown
in Table IV. The results obtained for all A hy-
perons are in agreement with the value zero for
the quantities Py, aP,, and oP;.

The angular distributions for different condi-
tions of A-hyperon production were also studied

n [28-30]

1) Investigation of the dependence of the quan-
tity oz131 on the A-hyperon l.s. momentum. For A
hyperons whose momentum falls in the interval
400 < P, = 1200 MeV/c, the value aP; = —0.07
+ 0.12 was obtained.

2) Two groups of A hyperons are noted in the
A-hyperon c.m.s. momentum distribution (Fig. 6).
31 One group with momentum up to 1300 MeV/c
is well described by a curve calculated from sta-
tistical theory; a second group, with momentum
greater than 1300 MeV/c, deviates from this curve.

FIG. 10. Probability function for the quan-

05 tity aP in the mtervals a) ~1<cos 0F < +1,
b) 1<cos(9 <+40.6, and c) - 1<cost9350
ol N I DU S EEE TR BTN ST
Gidrar e araz i 0d 030z-ar 0 076203 U gm0 e
ch «h ah
Table IV
Maximum likelihood method
Ea. (1) Eq. (2) a=—1 a=—1 a=—1
b—+1 b=-+06 b= 0
aP, -+-0.024+0.08 +0.04%+0,08 +0,04+0.07 -+0.02+0.11 -+0.01+0.24
) (&77) (477) (477 (379) (237
aPsy —0.01+1.08| -4-0.01+0.08 — — —
- (453) (453)
aPs —0.09+0.08| —0.06%0.08 — — —
(453) (453)

Note: The number of investigated cases is shown in parentheses,




A STUDY OF THE POLARIZATION OF A HYPERONS 65

The calculated values of a131 for these groups dif-
fer somewhat.

aP; = +0.144+0.09 for p’ < 1300 MeV/e,
aP, = —0.194+0.15 for py > 1300 MeV/e.

3) It can be seen from the angular distribution
characterizing the production of A hyperons
(Fig. 7) that most of the A hyperons (~ 80%) are
emitted backward in the c.m.s.

For the two groups of A hyperons we found

aP, = —0.09+ 0.13 for — 1.0 cosby << —0.9,
aP, = +0.06+ 0.17 for —0.5<cosb <+ 1.0.

The calculated values of aP; for different angular
intervals do not differ from zero within the limits
of statistical error.

The dependence of the quantity a1—31 on the max-
imum A-hyperon l.s. momentum and on the mini-
mum production angle in the c.m.s. is shown in
Fig. 11.

4) We calculated the values of af-‘l for groups
of A hyperons produced in stars with different
numbers of charged particles (ng):

al-:’1=+0.15:f:0.10 for ng=0; 2,
oP, =—0.25+0.15 for n;=4; 6.

ANGULAR DISTRIBUTIONS OF THE A-HYPERON
PRODUCTION PLANES

The angular distributions of the A-hyperon pro-
duction planes relative to the production plane of
any definite particle can provide evidence of the
conservation or nonconservation of parity in strong
interactions. [5-32]

1) The angular distribution of the A-hyperon
production planes relative to K’-meson production
planes from interactions in which a A and K° pair
are recorded in the fiducial region of the chamber
is shown in Fig. 12. The ratio of the number of A
hyperons emitted upward to the number emitted
downward is

37/30 =1.23 + 0.30 (uncorrected)
120/140=1.15 +0.24 (corrected)

Monte-Carlo calculations gave complete iso-
tropy. The hypothesis that the wpgo distribution
(see Fig. 12) is isotropic was checked against the
experimental distribution by the x2 test. It was
found that

x? = 5.37,
¥ = 5.25,

p (x> 5.37) = 36% (uncorrected)
p (x> 5.25) = 38% (corrected)

(for five degrees of freedom ).
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FIG. 11. Dependence of the asymmetry coefficient 0.13l
(forward-backward) on: a) maximum l.s. momentum of the
A hyperons, b) minimum c.m.s. momentum of the A hyper-
ons, and ¢) maximum value of cos 6}.
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FIG. 12. Angular distribution of the A-hyperon production
planes relative to the K°-production planes. The dashed line
represents the distribution without corrections for the scan-
ning loss and the geometry of the chamber; the solid line is
the corrected distribution.

2) The angular distribution of the A-hyperon
production planes relative to the m"-meson pro-
duction planes from two-prong stars is shown in
Fig. 13a.

The ratio of the number of A hyperons emitted
upward to the number emitted downward relative
to the 7~ -meson production plane is 1.28 + 0.18.
If it is assumed that the wpg,- distribution is iso-
tropic, then x2 = 7.80 (for five degrees of free-
dom), i.e., p(x? > 7.8) = 17%.

The distribution of the production planes of
positive particles is given in Fig. 13b. This dis-
tribution is not entirely unambiguous, since the
production plane of positive particles can include
both 7#* and K* mesons (in most cases the 7*
and K* cannot be identified ).
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CONCLUSIONS

1. No asymmetry is observed in the angular
distributions of protons from A decay in the A
rest system relative to the A-hyperon momentum.
The values of aP;, aP,, and aP; are equal to
zero, which indicates the absence of polarization
of A hyperons in production. No dependence of
the values of af’1 on the 1.s. momentum and c.m.s.
production angle was found. No definite conclusion
can be made regarding the existence of a depend-
ence of aP; onthe A-hyperon momentum in the
c.m.s. of the initially interacting particles (7 p)
and on the multiplicity ng; for this, increased
statistics are necessary.

2. The angular distributions of the A-hyperon
production planes relative to the production planes
of definite particles are close to isotropic.

For our sample of A particles, no deviation
from parity conservation in strong interactions
involving strange particles was observed.
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