
'raag Kaa-chaag, Wang Tzu·tzen, N.M. Vyrlasov Dhag Oa·tzao, 

Kim HI In, E.N.Kladaltekaya, A. A.Kuzneteov, ~Mlhul, 

Spyea Dluh T•, A. V.Ntldtln, M.I.Solovtev 

D-607 

PRODUCTION OF a-~ HYPERONS 

BY 7 ~ND 8 BEV/C 
NEGATIVE PIONS 

Jly6Ha 1960 



Wang Kan-<::hang, Wang Tzu-tzen, N.M. Vyriasov Ding Da-tzao, 

Kim Hi In, E.N.Kladnitskaya, A.A.Kuznetsov, A.Mihul, 

Nguyen Oinh Tu, A. V.Nikitln, M.I.Soloviev · 

PRODUCTION OF 'E:"- HYPERONS 
BY 7 AND 8-BEV/C 
NEGATIVE PIONS 

0-607 

Submitted to JETP 



Abstract 

The paper Is concerned with the study of the -production and decay of :f" hyperons 

generated In the Interaction of TT- mesons "lth the moment a of 6,8 ± 0.6 BeV/c and 

8 BeV/c, t1 =:-·.hyperons have been obtained, The values Q= 61,9 + 2.2 MeV, the 

( +8.4 -10 - =-h .lifetime T = 3. 5 ) 10 sec and the production cross section for - yperons 
-1.2 

are given · · · 

for 6.8 BeV/o ( +2.11. 
a= 3.6 ,J'f.Lb 

• 2. 1 
per nucleon 

for 8 BeV/c ( +4.4) a= 10.6 lib 
-8.2 r 

per nucleon 

The cascade hyperons have neen first obtained in cosmic ray experiments. A short review of 16:f" 
hyperons generated by cosmic rays is given by Franzinetti and Morpurgo111. Later on 2"" hyperons have 

been obt<1ined with the accelerators: by 5.5 BrN/c negative pions (2 events / 21 and by 1.15 BeV/c K­
. /3/ 

, mesons ( 16 events ) • 

In our experiment a 24-litre propane bubble chamber placed in the steady magnetic field of 13700 oerste:l 

was made use of. The chamber w~s exposed to negative pion beams with the momenta of - 7 BeV /c and 
·s BeV/c, The experimental arrangement was already described 141. There were scanned 27000 photo­

graphs with the momentum of primary rr-- mesons of 6.8 ±0.6 BeV/c and 75000 photographs with the momen-
. tum of"-_ mesons of 8 BeV/c, The photographs were scanned twice by means of stereomagnifier andre­

projectors, 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 ... V0 + B; V0
-+ C + D 

. (see, for example 1 Figs, l and 2). We selected also all secondary one prong stars from the vertex of which 

V0 particles emerge, Thus, 90 events have been selected . The coordinates of the corresponding points on 

two ~5tereopictures have been measured with the aid of the microscopesYVIM 21J'he results of the measure~ 

ments were analysed by an electronic computer 11 Ural" which gave the coordinates of the points, the mo­

menta and the angles, In determining the errors of the particle momenta we took into account the inaccura­

cy iri the measumrnents of the coordinates,the variation in the curvature of the tracks due to multiple scat­

tering in propane and the inhomogeneity of the magnetic field in the chamber. 

To identify ~- • hyperons the following criteria have been used: 

l) V0 must be in agreement with the kinematics of A 0 decay into a proton and a TT-_ meson; 

2) the break point must lie in the V0 decay plane. 
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At the same time the transverse momenta :Jf p and 11- meson from A 0 decay must be balanced about the 

line of the A 0 flight. 

3) the decay·point of A 0 must lin in the plane formed by the tracks of the particles A an_d B. 

4) there must be a balance of the ~ransverse momenta of A 0 and B at the break point. 

0 
5) the event must satisfy the kinematics of a=:- hyperon decay: =:--+A + 11-·+ -65 MeV. 

Besides, wheri possible , the io~ization of decay products was checked. 

0 . 
After the analysis, 47 events were thrown away, as V had no relation to the break. 14 events satis-

fied criterion 2), but they were identified as K0 
• 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 i:-1 a 11- meson beam with the momentum 

6.8 BeV/c, whereas 10 in the 11- meson beam with the momentum of -8 BeV/c. There are three in 

which V0 agree both with A o decay and with K0 decay within the error. The measurements of the ionization 

do not allow to distinguish between A. 0 and K0 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 s-· decay, we assigned them to z- hyperons. 

Table I presents the data on the identified =:-hyperons. All data are obtained by averaging the re -
sults of (2 ·4) fold independent measurements ori the microscope. 

In Table 1 are also given the decay energy Q and the lifetimes of Er hyperons in their own rest sys­
tern. 

The mean value of Q is found to be (61.9 ± 2.2) MeV for 11 events '!["hyperon decay, i.e, 

M =- = (1317.0 ± 2.2) MeV. The lifetime of -=--hyperons was calculated by the maximum likelihood me­
th;;d and turned out to be r= (3.5 +3.4 ) 10•

10 sec. 
-1.2 

After=:-- hyperons have been identified the primary stars which give rise to thesehyperons were 

analysed. With the exception of tVvo cases (6- 230 and 370- 2521, all the :=r -hyperons are produced in 

the chamber. The tracks of primary stars were measured twice and the balances of momenta and,enerqy are 

calculated for each star. The results ore given in Table II. Six E(-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 rr- - p inte• 

ractions (the event 171 - 218 cannot be a ,- - p interaction, since !\P > !\E ) • If we assume for s-­
hyperon S=-2,it should be expected that besides a cascades hyperon 2 K-mesons with S .. +l(K 0,K1 are 
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+ 
generated. Only in three cases one can identify K0

- meson according 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 ~he ionization, K+- meson by the kinematics of decay, the seventh positive particle cannot be a 

rrt. meson according to the momentum and the ionization. This is either a K+ or 'l proton • In · the case 

19-179; under the aSSUmptiOn Of TT --p interaction 1 the neutral particle may be Only a TT0 -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+, K0 mesons. 

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

. . .L. . -
Table III shows the momentum P*, the transverse momentum P · , and the emergence angle _8* of =: 

hyperons in the center-of-mass system of rr--:- N under the assumption that ;:.hyperons are produced in 

collisions of primary rr -:mesons with free nueleons. 

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

ing to note, that this value of P.J. is close to that of the transverse momentu; for protons/5/~nd A0
-

hyperons 161. 
± 

=::hyperons are flying mainly in the backward direction just as in case for protons, A0 and I hype-

rons from rr-p interaotionl'l at 6,8 BeV/c /8/.* 

In Table III are a!s;o given the follow!nq anqular .characteristics: 

®"'A 
0 

is the angle of emerqence of A a in the rest system of a-. 
0"' is the angle of proton emerqence from A 0 decay in the rest system of A 0• 

p . -
CIJEA ia the angle between the A0 and S: decay planes. 

The asYmmetries in the distribution of 0"' and CIJ are not observed. 
A EA 

In the disttibuUon of protona from A0 decay forwards-bar.kwards (®"'p) and upwards-downwards some 

asymmetry is obl'lerved (7• forward, 3-backward, 1 • 90° ; 8 downwards, 3 upwards). Note, that protons 

from A0 decay in /2/ are directed forward in the rest system of A 0 
• The asymmetry in the angular distri -

butions mentioned above characterize the polarization of A 0 from =:- decay. The longitudinal polarization • 

of A0.,.hyperons from W decay, if any, points out the parity nonconservation in=- decay, 

flltrltolt"""""""'"""U .. HUitllftltltl•ttU 

* It ta warth while noUnq that both hyperons from /2/ flew in the backward direction in the 

o,m.s, 
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To detennine the cross section for· ::-hyperon generation the number of primary rr'": mesons has been 

calculated and the effective length of the chamber for recording z-~hyperons has been determined ( it 

turned outto be 30 + 5 em.). We also took into account the -:orrelations to 1) the admixture of p.- -me­
.sons (52)% 2) the loss of a part of.primary "-: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 :)£ A 0 • - -

Thus, we have found the mean free path of 1T-:: mesons for =:-:..hyperon production in propane: 
+2.86 6 - +0.29 6 e, (202 ) • 10 em. for the IT-meson momentum 6.8 BeV/c, e = (o.68 ).10 em for- 8 BeV/c. 
-0.84 . -0,20 

If we assume the cross section for the production on the carbon nucleus to be -A 213, then for the cross 

sec~ion of Er"-hyperon production we shall have : 

for 6.8 BeV/c 
+2.5 

0'- ( 3,6 )p.b/N 
-2.1 

. +4.4 . 
0'- (10.6 )p.b/N 

-3.2 
for 8 BeV/c 

In /2/ the cross section for the production of '5:" by rr:mesons with the momentum 5.5 BeV /c 
+3 1 . . . .. ' --h 

0""' 2.3_ 1 :6 p.b/N. has been obtained. In Fig. 3 the behaviour of the cross section for .=- yperon 

production is plotted against the energy of incidenrmesons'!'*Finally, in Table IV ~represented the back· 

ground events among which there are four coplanar and 14 noncoplanar ones. The coplanar events can be 

well accounted for by the reactions indicated in Table IV. Since the reaction"- + n -+ A0 + K. is forbid· 
den according to the law of strangeness conservation, and the number· of secondary K. is less than ,+, 
then the major part of coplanar events is due to ,+. mesons. Noncoplanar events may be caused both by 

"+and ,-, K:.mesons. There are 7 interactions caused by,+_ mesons and 7 by negative particles. The 
interactions lSD-286, 99-68, 1144-219 may be due only to K-, since the energy of,- in these events is 

lower than the threshold for A0 production. 

In conclusion the authors express their gratitude to V.I. Veksler and I. V,C~uvilo 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 arranging the experiment, 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:t· 5) em. 

**Let us remind, that the threshold for g:}lyperon production by rr --mesons in the reaction rr- + p .. a-+ ft +K• 
is equal to (2.19r0.6l ) Bev/7/ if we take into account the nucleon motion in a nucleus, 

-0.43 . ' 
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Table IV. 

background events (V0 particles were identified as A 0 particles). 

The number siJ5n the noncoplanarity llPJ. 

of event angle TJ 
MeVjc One of possible interactions 

. f) + 
I 344-314 + I' 225 li'<~-y.n -P A+K 

2 250-35 + 16' 200 ;;+.,., ~ ADf/(+ 

3 267-233 + 1°19' 48 7i++n _,-,.,.,I('~ 

4 150-286 22' 126 K-+ n..,. A'.,,-

2°39 
I + tl + 

5 502-12 + 56 If +17 -"A +I( 

6 185-91 + 1~ 056, 58 71+ +n _.,II o .+H+.,. (I(') 

7 52-246 + 4?57' 16 ;;+f 11 _,. A11 +K+ 

8 189-275 + 5°54' 17 Tr++n ~ /I"+K+ 

9 33-221 + u053' 497 li f.,.(, ..,. ,.. + p -1 ( /{ ')o~- . .. 
IU 273-125 + I0°IO I 827 li'+ + n ....,. A' + (-1- f') + . • . 
II 140-45 + 22°42' 244 li++n ~ 1111+ li+ -l{llf)} .f .. ** 
12 99-68 3°36

1 86 ~-+ n ....,. A11+7T-

D 179-221 4°27 1 125 rr+n -7'/ID+Ji-+, .. * 
14 144-219 - 7°4' 106 ;r+n ~110 .,.;;- + ... 

15 : 152-185 ·. 16°40' 59 · ;;-+ n ....,. 11"-1- ,.-.,. ••• * 
16 64-69 17°30' 70 ii-+ n ._,.A"+ 71-+ •.. * 17 6I-.i74 30° Ji-~, ..,. /1°+/T- ~o!K' 
lO 2Uf.i-I!.l3 40° 50 Ti-+, ~ /1°-111-.,. ... * 

* ( 1<.._111) interaction is possible 

u ln this cas_e another reaction with the generation of A 0 is also possible. 

We have pointed out the most probable one. 
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