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Abstract

The paper is concerned with the study of the production and decay of E—hyperons
generated in the Interaction of 7 mesons with the momenta of 6.8 to.s BeV/c and

8 BeV/o. 11 E_.- hyperons have been obtained. The values Q= 61.0 + 2 2 MeV, the

+8.4,  —~10
‘)10

‘1ifetime T=(3.5 1.2 sec and the productlon oross section for = hyperons

are glven
2. :
for 6.8 BeV/0 0:(3.6 +2 :)'#b per nucleon
’ ‘ gras :
for 8 BeV/o - 0=( 10.6 b 4 2)41.1: per nucleon

" The cascade hyperons have been first obtained in  cosmic ray experiments. A short reyiew of 165
hyperons generated by cosmic rays is given by Franzinetti and Morpurgo” */. Later on = hyperons have
been obtained with the accelerators by 5.5 BeV/c negative pions (2 events ) 2/ cmd by 1.15 BeV/ c K
,mesons ( 16 events )/3/

In our experiment a 24-litre propane bubble chamberplaced in the steady magnetic field of 13700 oerstei
was made use of. The chamber was exposed to negative pion beams with the momenta of ~7BeV/c and
“8 BeV/c, The experimental arrangement was already described 4/ There were scanned 27000 photo -
graphs with the momentum of pr{mary #7- mesons of 6.8 +0.6 BeV/c and 75000 photographs with the momen=
_tum of r—~meson s of 8 BeV/¢, The photographs were scanned twice by means of stereomagnifier and re -
projecters, and a part of them was scanned for three times. In scanning we selected all the events which
could be visually treated as decays of cascade particles according to the scheme A » V© + Bs v& C+ D
-(see, for example, Figs, 1 and 2). We selected also all secondary one prong stars from the vertex of which
VO particles emerge., Thus, 90 events have been selected . The coordinates of the corresponding points on
two stereopictures have been measured with the aid of the microscopes YA M 21The results of the measure =
ments were analysed by an electronic computer //Ural’’ which gave the coordinates of the points, the mo -
menta and the angles, In detennining the errors of the particle momenta we took into account the inaccura-
cy in the measurements of the coordinates ,the variotion in the curvature of the tracks due to multiple scat-
tering in propane and the inhomogeneity of the magnetic fleld in the chamber.
To identify =~ w hyperons the following criteria have been used: )
1) V9 must be in cqreemént with the kinematics of A° decay into a proton and @ 7~ meson;

2) the break point must lie in the v° decay plane.



At the same time the transverse momenta of 'p and 7~ meson from A° decay must be balcmced about the
line of the A®flight. '

\3) the decay point of A° must lie  in the plane formed by the tracks of the parfiéles A and B
4) there must be a balance of the ‘ransverse momenta of A® and B at the break point.

_ ' — o
5) the event must satisfy the kinematics of a 2~ hyperon decay: ™+ A + 7+ 65 MeV.

Besides, when possible , the ionization of deCay products was checked.

After the cmdlysis 47 events were thrown away, as V° had no relation to the bfeak '1 4 eVents satis-
fied criterion 2), but they were identified as K° Out of 29 events satisfying criteria 1) and 2), only 15 sa-
tisfy criterion 3) ('’coplanar events’’). 4 of these events do not satisfy the criteria 4') and 5) Among the
remaining 11 events satisfying all 5 criteria one was obtained in am meson beam with the momentum
- 6.8 BeV/c, whereas 10 in the # meson beam with the momentum of .8 BeV/c. There are three in
which VO agree both with A® decay and with K° decay within the error. The measurements of the lonization
do not allow to distinguish between A © and K° because of large momenta of the positive particles gene -
rated in the decay. Taking into account , however, that these 3 events are in good agreement with the kine- .
matics of 57 decl:a‘y‘, we assigned them to = hyperons. ‘

Table I presents the data on the identiﬁed = hyperons. All data are obtuined by averaging the re -
sults of (2 -4) fold indepe ndent measurements on the microscope.

In Table I are also giv en the decay energy Q and the lifetimes of =~ hyperons in their own rest sys -
tem.

The mean value of Q is found to be (61.9 + 2.2) MeV for 11 events T hyperon decay, i.e.
M=~ =(1317.0 + 2.2) MeV. The lifetime of T hyp erons was calculated by the maximum likelihood me ~

thod and turned out to be ~(3. 5 +3.4 Y10 sec.
_ After = hyperons have been identified the primary stars which give rise to these hyperons were
.analysed: With the excepticn of two cases (6 - 230 and 370 - 252) all the g —hyperons are produced in
the chamber. The tracks of primary stars were measured twice and the balcmces of momenta and energy ure
calculated for each star. The results are given in Table II. Six = -hyperons were produced in stars with the
even number of rays and the ‘total charge equal to 0. However, only 5 of them do not contradict 7~ - p inte~
ractions (the event 171 - 218 cannot be a 7~ - p interaction, since AP > AE) . If we assume for 5=~
hyperon S=-2,it should be expected that besides a cascades hyperon 2 K-mesons with S = +1(K°',K*) are



generated. Only in three cases one can identify Kt - meson uceording to the kinematics of decay. In the
event 91-145 four stopped particles are identified as protons, rr+- meson is well identified by the momen-
tum and th_e {onization, K+- meson by the kinematics of decay, the seventh positive particle cannot be a -
7t meson according to the momentum and the ionization. This is either a K*or aproton . In - the case
19-179, under the assumption of 7 -p interaction , the neutral particle may be only a #° -meson, then a po-
sitive particle must be a K*- meson which we cannot - identify by the momentum and the ionization. Thus,
there was no case of the associated production of a ™ hyperon with two well-identified K¥, K° mesons.

At the same time there is no'case which contradict such a scheme of the associated production.

Table III shows the mome ntum P*, the transverse momentum P , and the emergence cmqle 0* of =
hyperons in the center-of-muss system of # — N under the cxssumption thcxt = -hyperons are produced in
collisions of primury T —mesons with free nucleons

As is seen from Table III, the mean transverse momentum is equal to (318+ 35) MeV/c n is interest-

ing to note , that this value of P is close to that of the transverse momentum for protons/ 5/ ard A%
hyperons 7%/ . . '

=7 hyperons are flying mainly in the hackward direction just as in case for protons, A®and E*hype -
rons from # p interactions at 6.8 BeV/c /8/*

‘In Table Il are also glven the following angular characteristics:

N _
0 A® Is the angle of emergence of A® n the rest system of ™

@* is the angle of proton emergence from A° decay in the rest system of A°,

@ A is the angle between the A° and- E decay planes,

-

The asymmetries in the distribution of ®* and  w_  are not observed.

In the distribution of protons from A° decay forwards-backwards (@* ) and upwards-downwards some
asymmetry {s observed (7 forward, 3-backward, 1 = 90° ; 8 downwards, 3 upwards). Note, that protons
from A° decay {n /2/ ate directed forward in the rest system of A°. The asymmetry in the angular distri -

butions mentioned abave characterize the polarization of A® from = decay. The longitudinal polarization

of AShyperons irom 2~ decay, if any, points out the parity nonconservation in = decay.

¢

-
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* It 18 worth while noting that both hyperons from /2/ flew in the backward direction in the
CyMm, 8, !



To determine the cross section for = hyperon generation the number of primary - mesons has been
- calculated and the effective length of the chamber for recording = - hyperons has been determined ( it

turned out'to be 30 + 5 cm.). We also took mto account the correlations to 1) the admixture of p, ~me -
sons (52)% 2) the loss of a part of primary 7 -mesons due to the interaction in  the chamber * , 3) the

efficiency of finding = - hyperons in scanning (80 + 10%) -, 4) the geometry of the chamber (2.0 :0.3),'
5) the neutral decay mode of A°.

Thus, we have found the mean free pcxth of r 17 mesons for = ~hyperon production in propane;

£=(202 +2. 86) . 106 cm. for the 7 —meson momentum 6.8 BeV/c, £ = (o. 68+0 29) 10 ¢cm for = 8 BeV/e.

1f we assume the cross section for the production on the carbon nucleus to be - -A2/3 then for the cross

section of = =hyperon productmn we shall have :

+2.5
for 6.8 BeV/c o=(36 , 1)" b/N

s | “d
for 8 BeV/c o~=(10.6 3 2)pb/N

In /2/ the cross section for the production of 5~ by 7= mesons with the momentum 5.5 BeV/c

o=2, 3+? é pub/N. - has been obtained. In Fiq.3 the behaviour of the’ cross section for Z=hyperon

production is plotted against the energy of incident mesons** Finally, in Table v are presented the back-
ground events among which there are four coplanar and 14 noncoplcnar ones. The coplanar events can be
well accounted for by the reactions indicated in Table IV. Since the reaction ~ +n =+ A°+ K~ is forbid-
den according to the law of strangeness conservation, and the number of secondary K~ is less than 1r+,
then the major part of coplanar events is due to - mesons. Noncoplanar events may be caused both by
a* and rr-—, K~mesons. There are 7 interactions caused by »*.. mesons and 7 by neqative particles. The
interactions 150-286, 99-68, 1'144-219 may be due‘ohly to K-, since the energy of 7~ in these events is .
lower than the threshold for  A° production. " ‘

In conclusion the 6uthors express thelr gtctitude to V.L.Veksler and L.V,Chuvilo for the discussion of
the results, to L.P.Zlnoviev, N.I.Pavlov, K.V.Chekhlov, L..N.Belyaev and to the operating group of the
accelerator and the chamber for help in cm‘cmqincj the experimen{, to a group of laboratory assistants for
making the measurements and to the computing group for the calculations ;

........................................................

*For mesons with the momentum (6 -8) BeV/c the mean free path in propane is equal to (219+ 5) cm.

**[et us remind, that the threshold for Z-hyperon production by # -mesons in the reaction # +p += ¥ty +K

is equal to - (2.1910:61 ) BeV’/ 7/ if we take into dccount the nucleon motion in a nucleus.
-0.43
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Table IV.

background events ( v° particles were identified as A ° particles).

- The number sign the noncoplanarity 4 P*
of event angle 7 MeV/c One of possible interactions

I 344-314 R iy 225 Frn > A4K*

2 250-35 * 16’ 200 7o > AT
3 267-233 + 1019 48 Tten 2 AKX

4 I50-286 - 22" 126 K 5n> AeT™

5 502-I2 v 2039’ 56 Then # A+ K7

6  I85-9I +  4%¢’ 58 AR R AR Y,

7 52-246 + 497 16 Ftn > AT+ K?

8  189-275 + 5%y’ 17 rten > A+R?

9 33-221 + 8953 497 Free = A+ P+ (R')s. ..
I 273-125 +  10°10° 827 Tten > N 4(42)+. . .
II  I40-45 + 22042 244 Ftin > NETTHR) .
12 99-68 - 3%c¢’ " 66 RN > NeT” |
3 I79.221 . - - 497’ 125 Htn >M+T" 4.0 +
T4 Isy-219 - - 7% 106 Ktn = A°ei7™ 4. .

I5 Is2-188 - I6%0 59 N T
16 . 64=69 - - I7%0" 70 T S NET e
17 - 6I-174 - 300 P > A%er 4 (R

50 *

I8 266-193 = 40°

~

T tn = A4y ~#. -

¢ K:n‘) idteiaction is possible

*4 In this case another reaction with the generation of A°

We have pointed out the most probable one.

is also possible.
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Hyperon decay
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Fig. 1. Event 171-218
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Fig. 3 E hyperon production cross section vs incident m meson - energy.



