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SUMMARY

A study of fast baryons emitted from 12150 K meson interactions at rest
in emulsion has been made in order to determine the nature and extent of K~
meson-multinuclecn capture processes. Fast I hyperons are produced in at
least 9 per cent of all interactions while direct A° hyperon production is
indicated by the presence of 3 protons with energies exceeding 200 MeV. An
upper limit of 30% is obtained for processes producing fast hyperons from
consideration of » meson emission. The energy spectra for fast 3 hyperons

.and fest protons are given and mass determinations on a sample of so-called
fast protons have revealed about 10% of deuterons and tritons. The suggestion
in K-_Europeén qu;aboratioﬁ Part II of an apparent infrequency of the reaction
K"+ n+n—I"+n has been confirmed and an a-particle model of K meson
multinucleon interaction has been put forward to explain both this and the

emission of deuterons and tritons.
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Introduction

In continuation of the work of the K~ European Collaboration an
efforﬁ has been made to study K meson multinucleon interactions
at rest with emulsion nuclei. For this purpose a search has been
made for fast X -hyperons of energies exceeding 60 MeV, Since the
presence of such'a fast hyperon is the only certain indication that
the capﬁure has not taken place vla a one-nucleon process. The ex-

perimental procedure and the results of the study of fast X



hyperons are given below.

Experimental Method

A stack of Ilford K5 emulsion of dimensions 18 x 20 x 18 cms.
exposed to the filteped 300 MeV/¢ K -meson beam from the Béwatron
was used for this expériment° Grey tracks in the beam direction
were picked up at about 1 cm. from the entrance edge of the stack
and followed to their end pointg. Those track endings falling
within 50w (unprocessed) of either emulsion interface were discarded,
as were also K;,’ s or K5's whose only charged secondary was

found to be a 7T meson. The nunber of K:r stars sc obtained has

been corrected using the results presented elsewhere lo

The aim of this study was the identification of every baryon
which hafl at emission, a residual range in emuision exceeding 1 cm.
In order to distinguish between tracks of baryons and 7 mesons the

scanning procedure was as follows:

(1) The dip angle of each track which was possibly due to a
fast baryon was measured. Since previous experigphm z has shown
that 1t is difficult both to identify hyperons dipping steeply,
and to measure their energies, ctracks for which the dip angle
exceeded 40° were discarded from the analysis. However, in the
stars in which a fast baryon of dip < 40° vas emitted, all prongs

were followed to their ends.

(11) 200 blobs of each light track were counted in the first
instance. If the blob density was less than 25/100 jon s the track
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was taken to be that of a m meson. If the blob denéity exceeded
25/100 um a further 400 blobs were counted. If the blob density
was less than BO/ICO pm the track was again taken as that of a =
meson, if.gfeaterfthan 30/100 um the track was followed to its end

peint.

The blob density of the most energetic hyperon expected is
36/100 pm and all tracks with blob densities greater than 30/100 pm
were followed. Therefore it“ié\concluﬂgd that the loss of fast

hyperons by'these'procedures'is negligible,

All baryon tracks whose -lengths exceed 1 cm., or would have
exceeded one cm., had the baryons not decayed or interacted in
flight, were followed under high magnification and these features

recordeds

(i) All changes in dirgctioa,‘gréaﬁer than 10° for a
- residual range;exceedingvgfmm;, or greater than
45° for residual range less than 2 mm., whether

or not accompaniéd by a change in grain density.
'(i1)  All observable changes in grain density.
(iii) Length of track folldwed in emulsion.

(iv) Co~ordinates and depth of each ending.

The grain densities of tracks.of particles decaying or inter-
acting in flight were measured by appropriate methods at the end

points such that the energies at emission could be determined with
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standard errors less than 104 waenever possible. (For FZ;J in 27
cases the error was less than 5 per cent, in 20 cases it lay
between 5% and 10% and in 8 cases it was greater than 10%). For
FZ§ events the energies were alsc obtained from decay dynamics

and “the better estimates are quoted.

The enfiings of these tracks have been examihed for evidence
of either a nuclear interaction or a decay secondary. All recorded
changes in grain density and/or direction have been checked for

compatibiltity with the dynamics of F3§ decay.

In order to reduce the effects ¢’ observational loss of fast
hyperons, the following depth cut-offs have been applied to

thelir end points:

(1)  For Fz;fr and RY] (also stops in flight)
beiecccennane ceeseean PR 50 pm (unproceksed)
(ii) ing RZE, RX™  and FZE interactions (alse fast baryon
interactions in flight)

Ceevascesceineaaserenanse .» 20 pm {unprocessed)

Since the observational loss of light. tracks in this stack 1s

small 4

and the number of stops in flight is consistent with that
expected from the observed proton track length, no correction for
T meson loss has been made to the number of X hyperons. The

" decay angle distribution of Fiﬁ events in the C. M. system was

consistent with isotropy. (7 forward, 8 backward) so that mno
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correcticon has been applied to the observed numbers of such events.
However, since confusion often exists between events classed as
'FE§> decays and proton scatterings, the details of the 15 quoted

FXp decays are presented in Table I. The number of observed S _

2

hyperon interactions at rest (RZE), defined as previously ~; needs

correcting for"RE}, events and 1 prong capture stars where the

length of the prong is less than 200 pm. A correction factor of

+ 0.6
s 004

dapa 3, has been applied to these events.

2.8 obtained from a recent compilation of K~ + H capture

A1l X~ meson capture stars which were found to emit a fast
baryon have been fully analysed, looking particularlyrfor the

presence of w mesons and strange particles.

Results

The results presented here have been obtained from 9,130 K~
meson interactions at rest. The relevant data from 3,020 K~ meson
captures analysed in the previous work 2 are included separately.
The prong distribution of X meson stars seen to emit X hyperons
of energies exceeding 60 MeV are presented in Table II. This
table is subdivided to show_whether or not an accompanying proton

of energy greiiter than BO'MQV_was enitted.

The energy spectra of observed fast charged = hyperons are
showh in Table III.  The corrected spectra for both s and s
hyperons are given in figs. 1la and 1b. To obtain these, the

numbers of szthave been corrected for observatiohal loss,
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geometrical corrections have been applied and a value of unity
accepted for the branching ratio X —>p + 7° ¢ % —sn + 77 5,
The final corrected rewults of the eﬂergies exceeding 60 MeV
emitted from 12150 X meson absorptions at rest is thus found to

be 275, of which 96 are sV and 179 are I hyperons.

All baryons other than identified hyperons have been regarded
as protons and their spectra are given in figs. Za, b and ¢. Flg.
2a& 1s the spectrum of protong accompanying fast charged X hyperons .
and is extended down to 30 MaV., fig. 2Zb is that of protons unac-
companiad by any cther charged particles at the parent X~ meson
stary, whilst fig. 2¢ 15 a composite spectrum of all protons except
thoge emittea in association with hyperfragments, charged m mesons

Cor X hyperons.

The masseg of a gampls oﬁfpartieles which came to rest in
emulsion after a range exceeding one centimeirs have been determined
from ionization and ﬁange-measurementso Figo. 3 shows the resulting

mass distribution.

No further example of arn exothermic Interaction % has been
found but two =+ hyperon inelastic scattering  have been reportedéi
A total of 1328 cms. of baryon tfack length in the energy range
$2-210 MeV has been followed and the mean free path for interaction
(including inelastir scattering) in emulsion is found to be
(33,2 7 5:) cms. 7,
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Discussion

From Table II it can be seen that identified fast =~ hyperons
are often agsociated with protons of energy greater than 30 MeV
whereas identified ¥ are in general not. There are 15 cases of

%" hyperons of energies ‘> 60 MeV and of these 10 have a fast
proton > 30 MeV in association and mome was emitted without

other charged particles 80

Further, there are only two examples of a fast 2# hyperon
accbmpanied by a fast proton but 11 cases where the fast Z* is
the only charged secondary. This sﬁggests that the ¥ hyperons
assoclated with protons > 30 MeV aﬁe méStly negative, whereas'

those emitted alone are positive.

Assuming the fast hyperons arise from K~ meson interactions
with two nucleons, the =~ hyperons could be produced in the

following two reactions:

K+ n+n—3 + n (1)

K™ + n+p———>Z’_+p (2)

The non-observation in this investigation of fast =~ emitted
wilthout other accompanying‘prongs 9 could then be interpreted to
ﬁean that the transition amplitude leading to (l) is much smaller
than that leading to (2). The interpretation has in fact been
advanced previously 10 . The results could also be explalned,

however, if the K~ interaction with more than one nucleon occurs.

predominantly with a cluster of nucleons in which at least one is
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a proton 23 11. In particular the results are consistent with the
assumption that the commonest cluster with which K~ interactions
occur is the alpha particle. Recent observations in the helium
bubble chamber have indicated that a considerable fraction of =+
hyperons observed following K~ capture at rest originated from
mulfi-nucleon interactions 12. This has to be compared with the
observations that less than 1 in 250 K interactions 13 at rest
in the deuterium bubble chamber involve both nucleons in the
deuteron. The emission of energetic deuterons and tritons;ras

observed, is to be expected if the K mesons sometimes interact

with o« particles.

The direét estimate of t@e fraction of multi-nucleon K meson

absorptions is restricted by the followin} uncertainties:

(i) The energy distribution at creation of the = hyperons.

(ii) The extent of the degradation of the fast 3 hyperon
energy distributions by inelastie scattering processes
within the parent nuclei.

(iii) The absorption probabilities gpplicable to X hyperons,

(iv) The fraction of direct /\O hyperon proddCtion.

If it is assumed that the multi-nucleon ﬁrocesses do in fact
take place with two nucleons and the calculated spectra z are
correct, and that cﬁérge independence holds, on applying the X
hyperon absorption probabilities obtained from a study of one
nucleon proceSseé (i.e. ~ 0,5)y 9% of K meson interactions

at rest occur with two nucleons to produce ¥ hyperons. This value

must be considered a lower 1imit of XK~ meson multi-nucleon capture
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processes since resolutionagf the uncertainties mentionéd above
seems likely to increase this value. Akso the contribution from
direct A° hyperon production has to be added and the presence
of three fast protons in the sample with energies emceeding 200

MeV suggests that this process does occur.

An alternative method of estimating the fraction of multi-
nucleon K™ meson absorptions is provided by the study of m mesons
emitted from K~ meson captures. The m=/K~ ratio has been found
to be 40% 1 and after allowance for w meson absorption and
assuming charge independence, this ~ implies that at least 709
of K~ meson captures at rest create m mesons. If any w7 loss |
‘remains and/or the absorption probability assumed for 7 mesons
created with A° hyperons is too low, this figure will increase.
Thus the upper 1limit for multi-nucleon processes which do not
produce 7w mesons deduced from our work is 30% 15. This is

consistent with the result quoted in Part II 2 on incomplete data.

Conclusions

(1) 2.3% of K meson interactions at rest with emulsion
nuclei are seen to emit charged = hyperons of energiles greater

than 60 MeV.

(1i) 1In general fast hyperons accompanied by protons > %0 MeV
are negative whereas those emitted with no other charged secondaries

are positive.

(i1i) The above results could indicate an intrinsic infreguepn

cy of the reaction
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K+ n+n—=3"4+ n

They.could also be explalned however in terms of a K meson o
particle interaction model. In support of such a hypothesis 1s
the observation of a substantial admixture of deuterons and tritons

amongst the so-called fast protons.

(iv)  The upper limit of the frequency of multi-nucleon
processes producing fast hyperons as deduced from the w??K" work

1s 304. The lower limit obtained from this study of fast I hyperons
is 9%,

{v) Also the production of = hyperons occurs with about

twice the frequency of that of = hyperons.

(vi) The presence of protons with energies greater than 200
. MeV strongly suggests direct N byperon production in X meson

multi-nucleon interactions.
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TABLE 1)

a) No accempanying proton = 30 MeV

2 3 4 5 6 Total
1t & 2 3 2 31
5 1 4 - - 15
1 - - - = 2
2 - - - - 3
1 - - - - 1
Previous Stack
3 4 1 3 1 16
2 - - 1 - ?
- - - - - 1
- - - - - 0
2 - 1 - - 3

b) Associated proton 3 30 Mev

2 3 4 5 6 Total
T B T T
- - - - - .0
- - - - - 0
- = e o= - 0
- 2 2 1 - 5
Prevjous Stack
5 4 2 2 - 15
- i 1 - - 2
- - o= - - 0
- e = a - 0
1 o« = 1 - 2

1 found to be positijve

1 found to be negative
1 found to be negative
df 2 found to be negatlve

by following decay meson,
by fellowing decay meson.
by following decay meson.

by following decay meson,
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