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DISCUSSION 

SANDWEISS : T h e c o m m e n t is t h a t in the events 27+27+ t h a t 

we observed there were 12 identified, a n d in 11 of those the 

ant ipar t ic le went forward a n d the par t ic le wen t b a c k w a r d in 

ag reemen t wi th these resul ts . 

COOL: M a y I a sk if t he re is an apprec iab le a m o u n t of p r o 

duc t ion of E~ wi th add i t iona l m e s o n s ? 

MONTANET: A t 3 G e V / c we c a n n o t p r o d u c e a n in add i t i on 

t o the EE pair . A t 3.6 a n d 4 G e V / c , the resul ts a re far f rom 

comple te , b u t the pre l iminary resul ts tell us t h a t the re is cer ta inly 

n o t a n apprec iab le a m o u n t of such n p r o d u c t i o n . 

SAND WEISS : I n answer t o D r . C o o l ' s q u e s t i o n : I n the 
charged 27 events we seem t o find a b o u t 1 5 % cha rged 27 pa i r s 

wi th an ex t ra TZ°, bu t aga in , in a g r e e m e n t wi th t he o the r s n o 

cascades with ext ra a t 3.3 G e V . 

GREGORY: As M o n t a n e t m e n t i o n e d all t he d a t a a re n o t 

analysed b u t w e have s tar ted the scann ing on t he 4 G e V a n d 

there is one E~TI~~ E° event . 
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I. INTRODUCTION 

We report here results based on 127 selected V° 

pairs produced by %~ of 6, 11 and 18 GeV/c in hydro

gen-like (or free neutron-like) collisions in the Ecole 

Polytechnique 1 m heavy liquid bubble chamber 1 * 

filled with a mixture 86% propane—14% Fréon CF 3Br 

(by volume). Due to the large size (300 litres) of our 

BC our efficiency to detect both V0ys of a pair 

is greater than that obtained in previous 2 ) studies 

made using the CERN 32 cm HBC and the 

Dubna 24 litre propane BC. Choosing events in 

which both neutral strange particles are visible enables 

us to study the correlations of the two strange par

ticles produced in a given interaction and to study 

separately the behaviour of the K\'s from the reactions : 

n~ ••] - nucléon ->K0+Kô+nn+ nucléon 

(hereafter " KKn) 

and n ~ + n u c l é o n Y ° + n n (hereafter " YKn) 

II. BUBBLE CHAMBER A N D BEAM 

Characteristics of the bubble chamber and the 7i-beams 
are summarized in Table I. The BC was about 100 m 

from the fast flip aluminium target in the CERN PS. 

The beam momentum was defined by the PS field, 

two bending magnets, and associated collimators. 

TABLE I 
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Since the target flip time (and thus the PS beam 
energy) was adjusted so that the pions were emitted 
at momenta close to the kinematical limit, the K~ and 
p contamination was negligible. The muon conta
mination was about 5 % at all three beam momenta. 
The beam intensity was set to 4 or 5 pions per photo. 

III. ANALYSIS 

1. Scanning and measurements 

The photos were scanned for interactions of beam 
tracks producing two F°'s. In order to be selected 
such a primary interaction had to be compatible 
with a %~ proton or a n ~ neutron collision, i.e., to 
present at most one (forward) proton and as many 
negative as positive secondaries, or one extra negative. 
After measurement, an interaction was rejected if 
either V° or the system of the two F°'s was kinematical-
ly inconsistent with coming from a beam pion-
nucleon interaction, or if after V° identification more 
than one baryon was present among the secondaries. 

About half the selected interactions occurred on 
free protons present in propane. The other half 
occurred on quasi-free nucléons in nuclei. We 
estimate the contamination of interactions in which 
two nucléons participated is less than 20%. We cal
culate that Fermi motion of the struck nucléon would 
not appreciably perturb the V° production kinematics 
at these beam momenta. 

2. V° identification 

Each measured V° was fitted by a least squares 
analysis to K°9 A0 and A° assumptions 3 ) . Identifi
cation of the V° decay tracks as %+ or proton, n~ or 
antiproton through ionization, visible stopping point, 
visible track length vs momentum, or Ô ray emission 
was used to remove some of ambiguities. Care was 
taken to resolve (K° or A0) ambiguities symmetrically 
with (K° or A0) ambiguities. Finally each surviving 
V° was classified into one of the categories: K°, 
A0, (K° or A% (K° or Â% ÂP. 

Since the number of / l 0 ' s in these photos is negligible 
we have assumed the (K° or A0) ambiguous cases are 
K°s. Some 2/3 of the (K° or A0) ambiguous cases 
are in fact A°'$ as can be seen from Fig. 1. This 
conclusion is confirmed by the fact that the number 

F ig . 1 Cos & ' where Of = polar angle of positive decay track 
with respect t o V° line of flight in V° rest system. 
F°'s produced at all three beam momenta are summed here. 

of (K° or A°) ambiguous cases is much smaller than 
the number of (J^° or A0). Since we took care to 
resolve the (K° or A0) ambiguities symmetrically 
with the (K° or A0), and since the K° has spin zero, 
we should have as many K°'s decaying into (K°ov A0) 
ambiguous configurations as into (K° or A0). 

As Fig. 1 shows, a simple cut-off in the angle of the 
positive decay track with respect to the line of flight 
of the K° in its rest system (cos (j)'K<0.75) leaves a 
sample of ^° 's not appreciably contaminated by 
wrongly identified A°9s and which still contains 87.5 % 
of the total number of K°'s. In addition this sample 
is unbiased with respect to the production process. 

No such simple cut-off is available for the A°'$ 
(see Fig. 1), and the identified A0 category is strongly 
biased in energy. Fortunately, as discussed above, 
if we take as A0,s all the F°'s which are either identified 
yl 0 ,s or ambiguous (AT0 or A0) the resulting sample 
is little contaminated by K°Js (about 10% at 6 GeV 
beam momentum, 20% at 18 GeV). This K° con
tamination can be subtracted out statistically by 
subtracting out the (K° or A0) events treated as A0,s, 
leaving a sample or A°"s unbiased in energy and pure 
except for statistical fluctuations. 

Selected K°K° pairs are thus those events in which 
both K°9s have cos 0 ' X <O.75 (about 76% of the total 
number of K°K° pairs). 

Selected K°A° pairs are thus those events with 
the K° having cos cj)'K < 0.75 and the A0 either identified 
or ambiguous. Background of K°K® pairs in the 
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K°A° lot is subtracted out statistically by subtracting 
the contribution of the K°(K° or yp) pairs with the 
ambiguous V° treated as a A0. 

Each V° was individually weighted to take into 
account detection loss due to decay outside the BC, 
interaction in the liquid and confusion with electron-
positron pairs. The product of the weights of the 
two F°'s from a given interaction was taken as the 
weight of the event. 

Table II summarizes the data and gives an indica
tion of the detection efficiency of the BC. At 6 GeV, 
most event weights are less than 1.2. At 18 GeV they 
can reach 2 or 3. The last column indicates the 
K°KQ contamination present in the K°A° category, 
before subtraction. This contamination has been 
subtracted out from the " KA " histograms given 
below. 

TABLE II 

General statistics 

After weighting each event and subtracting out the 
K° contamination from our sample of ^40 ,s ? we find 
no evidence of forward-backward asymmetry in the 
A° decay. 

IV. RESULTS 

Tables III and IV give the arithmetic means of the 
various distributions shown below, as well as the 
mean charged multiplicities of the K°K^ and K°A° 
producing jets. 

Fig. 2 shows the interaction CMS longitudinal 
momentum distributions of the K°'$ and yl0's from 
K°A° pairs. 

TABLE III 

Mean values for K°K° production 

The longitudinal component of the momentum of 
the KK system and of the KA system is shown in 
Fig- 4 (p(lA)L = PIL+PALI The KK system tends 
to go forward in the CMS although there is some 
indication of a small momentum backward group at 
18 GeV. The KA system tends to go backwards 
but is most often nearly at rest in the CMS. 

TABLE IV 

Mean values for A°K° production 

The As tend to go backward in the interaction 
CMS but all pi are roughly equally probable from the 
maximum kinematically possible backward to some
what forward. Thus large momentum transfers from 
target nucléon to A0 are not rare (see Fig. 3 showing 

M = V ~ A \ A where: 
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F ig . 2 Ji-P CMS longitudinal momentum distributions for 
the K°'s and A°'s of K° Y° pairs. Arrows show kinematical 
limits. The event marked " KKV at 11 GeV is a K° (K° or A0) 
event with large weight which is probably really a JOT pair, but 
happens by a statistical fluctuation not t o be subtracted out 
by a corresponding K° (K°, or A0) event . 

The relative energy of the two K^s in KK pro
duction tends to be quite small (Fig. 5 shows 

QKK = V ( E K L + EK2)2 - (PK1 + P 0 ) 2 - 2MK). In nearly 
all of our KK events, QKK is less than 0.6 GeV, for 
nearly half the events QKK is less than 0.2 GeV, whereas 
the kinematical limit of QKK for 6 GeV is 1.6 GeV, for 
18 GeV it is —4 GeV. The distribution of QKKdots 
not vary significantly with beam momentum. Also 
the p*(KK)L distribution (Fig. 4) is the same (within 
our rather large statistical errors) for QKK>02 GeV 
and QKK<0.2 GeV. 

Fig . 4 Longitudinal component of nP CMS momentum of the 

KKznd KA system: 

Arrows show kinematical limits, shaded events have £ > k k < 0 . 2 GeV 
(or QkA<02 GeV.) 

The QKA of the K°A° system (Fig. 6) tends also to be 
small relative to its kinematical limit, but only about 
half of our events have QKA less than 0.6 GeV, some 
20% have QKA<0.2 GeV. 

Our preliminary data on the correlations among 
the strange particles and the pions of low multiplicity 

F i g . 3 Proton t o / l 4 -momentum transfer M = V/—~A2

pA where F ig . 5 Relative energy {QKK) of the t w o K°'s of a K°K° pair 
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jets at 6 GeV are shown in Figs. 7 and 8. The 
Q K o K + distribution for the KA jets (Fig. 7) shows a 
peak near the K* mass of 885 MeV which the Q K o n -

distribution does not show. (This is in agreement 
with the assignment of isotopic spin 1/2 to the K*.) 
There is no striking evidence for K* or K* production 
in the KK jets (Fig. 8). Some evidence of peaking 
about the 7* mass (1385 MeV) is visible in our preli
minary 0Ak distributions (Fig. 7). 

Fig . 8 as Fig. 7 but for the # ° ' s of K°K° pairs. 

V. DISCUSSION 

1. Baryon kinematics 

The Baryon goes backwards in the interaction CMS, 
therefore neither K°A° nor K°K° production at these 
energies is a purely statistical process. 

Fig. 2 verifies the well-known 2 ) fact that the A°'s 
tend to go backwards in the CMS. 

That the nucléon in KK jets tends also to go back
wards, follows essentially from the facts that the KK 
pair tends to go forward and that the mean pion 
multiplicity is not large. More than 80% of the nu
cléons would go backwards at 6 and 11 GeV ( ^ 6 0 % 
at 18 GeV) even if the system formed by all of the jet 
particles except the KK pair decayed isotropically into 
two bodies: the nucléon in one direction and all of 
the pions together in the opposite direction. 

2. 7i or K exchange 

The backward peaking of the Baryon suggests that 
" glancing " collisions play an important role in high 
energy pion-nucleon interactions. In a simple model 
the interaction is pictured as taking place through the 
exchange of a single virtual particle between the " pion 
vertex " and the " nucléon vertex " as indicated in 
Fig. 9. 

The square of four-momentum transferred between 
the two vertices is expected to have small negative 
values 4 ) , consequently the momentum of the system 

'K 'Y , 

Fig . 7 Relative energy (QKK or QA7Z) of V° and outgoing pion 
of jet 

If there are for example t w o n v from a given jet t w o boxes 
appear in the Q K ° n + histogram. 
The lowest histogram is "enhanced ", i.e. if a particle "resonates " 
in o n e combination all the other combinations using it are sup
pressed. 

Fig . 6 Relative energy (QKA) of the t w o V°'s of a K°A° pair 
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Fig . 9 Schematic diagrams illustrating some possible " peri

pheral" models of nP collisions producing KA or KK pairs. 

of all particles emitted at one vertex should tend to be 
as close as possible to the corresponding incident 
particle momentum. 

Some groups of our events agree qualitatively with 
each of the models shown in Fig. 9, but none of the 
models seems to explain all the general features of the 
data. 

One is tempted to interpret the backward peaking 
of the / l 0 , s and the forward peaking of the ^° ' s in 
KA production by predominance of model a. 

This model would not seem to be dominant, how
ever, since the K0,s longitudinal momenta (Fig. 2) are 
smaller on the average than would be expected if they 
were emitted isotropically from the pion vertex. Also 
small momentum transfers are not dominant (Fig. 3). 

The fact that the K°'s from KA pairs are emitted 
predominantly forward in the CMS would seem to 
contradict model b. 

/C-exchange in KK production (model c) should give 
more backward JTs and larger Q values for the KK 

system than observed (Fig. 5). 

These conclusions could be weakened of course by 
the presence of extra pions at the two vertices. For 
example if a diffraction-like scattering were predomi
nant in graphs a) or c) one might expect the K° 's to 
have predominantly small pL* . 

The longitudinal momentum for the KK system is 
predominantly forward (Fig. 4) contrary to model d. 
Some events especially at 11 GeV are in good agree
ment with model e but the longitudinal momenta of 
the KK system are too small for this model to be 
predominant unless some pions are emitted along with 
the two Af's. 

3. QKK and QKA 

The QKK distribution (Fig. 5) seems independent of 
available CMS energy (i.e. beam momentum). Events 
mthQKK <0.2 GeV have p*(KK)L distribution (Fig. 4) 
similar to that for QKK>0.2 GeV. This apparent in
dependence of QKK from the production kinematics is 
evidence of a strong correlation between the K°s of 
K°K° pairs. It is tempting to attribute this correla
tion to a low energy KK interaction, or to a resonant 
state of mass ~ 1.1 GeV which could decay into a 
K^K* pair <*>. 

It is not, however, necessary to invoke a KK reson
ance to explain our data. The baryon is known to 
go strongly backwards in the CMS, thus the target 
nucléon (or nucléon plus created pions) could retain 
such a large fraction of the available CMS energy and 
momentum that little phase space be left for relative 
energy of the two K°'s. Further study is in progress 
of the jets associated with the V° pairs in hope of 
shedding light on this point. 

In contrast to the KK case, the QKA distribution 
does depend on beam momentum, also small QKA 

tends to be associated with jets of many pions and 
large QKA with low multiplicity jets (in fact we have 
three events consistent with no pions being created 
along with the KA pair). 

4. K*zndYÏ 

The presence of a peak in our Q K o n + distribution 
(Fig. 7) at a mass consistent with the K* mass 
(885 MeV) and the absence of such a peak in our 

*) F o r spin 0 a n d m a s s 1.05 G e V the decay in to n-^n (if a l lowed) wou ld be favoured by p h a s e space a lone by a b o u t a factor 3 over 

the decay in to K+ K. F o r sp in 2, m a s s 1.05 the fac tor would be a b o u t 250 for sp in 2, m a s s 1.1 G e V a b o u t 60. 
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Q K o n - distribution (which peak should not occur if the 
K* has isotopic spin y2) is evidence of K° production 
v ia i£* + in KA jets. Since the "background " in 
the QKQn+ distribution might include K°'s from K*° 

decay, it would seem that a very large fraction of 
KA production at 6 GeV occurs via K*. 

There is evidence of a peak in QAn_ , perhaps also 
in QAn+ at a mass consistent with the Yt* mass 
(1385 MeV). We have found only 4 events out of 29 
which might be examples of simultaneous production 
of Z * + and Y±* . 

We see no evidence of peaking in the K* mass region 
of our QKon+ and Q K o n - distributions for the K°'s 

produced in K°K^ pairs (Fig. 10). Note, however, 
that we cannot distinguish K°9s from K°'s so the 
" background/peak " ratio should be relatively larger 
here than for the K0,s from KA pairs. 

T O SUM UP 

(i) We confirm 2 ) that the A°'s are peaked back
wards in the CMS but with longitudinal momentum 

distributed roughly uniformly from slightly forward to 
the maximum kinematically possible backwards. 

(ii) Analysis of our K°K° events gives evidence of 
similar backward peaking of the nucléon in KK® jets. 

(iii) CMS longitudinal and transverse momentum 
distributions show little difference in the behaviour of 
the Z°'s from WW pairs and those from K°Y° pairs. 
Both tend to go forward in the CMS but small mo
menta are most probable. 

(iv) The main features of our data cannot be 
explained by phase space alone, nor by any single naive 
peripheral model. 

(v) The £ 0 ' s of K<>K* tend to come off together with 
^ 5 0 % chance of relative energy QKK<0.2 GeV, 1 / s 

(V5o) of the energy available in the CMS at 6 GeV 
(18 GeV) beam energy. The QKK distribution is 
approximatively independent of beam energy. 

(vi) Preliminary data on correlations among the 
strange particles and the pions of the K°A° producing 
jets show evidence for K*+ and Yt* production by 
6 GeV n ~. We see no evidence for production 
in K°K° producing jets. 
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