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INTRODUCTION

The Saclay 81 cm hydrogen bubble chamber
was exposed to a separated beam of antiprotons
produced from an internal target in the CERN
proton synchrotron. A total of 120,000 photo-
graphs were taken of 0.8 X 10 antiprotons of
3.0 GeV/c momentum. From d-ray counting
and total cross section measurements the conta-
mination of the beam has been estimated to be
about 12% p’sand 2% ni’s. The primary momen-
tum spread was +1.5%. Results on hyperon-
antihyperon production have been published
previously [1]. We now discuss annihilations

into KK- and n-pions, where n is 1 to 5.

CROSS SECTIONS

The film was scanned for events in which
one or two K®decays were associated with an
interaction giving 0, 2 or 4 charged tracks.
From two independent scans, the overall effi-
ciency for these types of event is estimated
to be 97%. Approximately 1100 events at
3.0 GeV/c were measured by semi-automatic
measuring machines, and their geometry and
kinematics have been computed using the
THRESH — GRIND system of programmes.

About 400 events were rejected as having
more than one missing neutral particle, mainly
events with 0 or 2 charged tracks. Of the remai-
ning 700 events approximately 10% were not
measurable or did not give a good geometrical
reconstruction after several remeasurements.
Events were classified into the reactions shown
in Table 1 on the basis of the %2 calculated
by the kinematics fitting programme. When
several interpretations were possible, ioniza-
tion measurements were made, thus reducing

the number of ambiguous events to less than
20%.

The numbers of unique fit events used in the
graphs are indicated in Table 1. Of these about

Table 1
Partial cross sections for pp — KK --nx

n Reaction g,%’n?sf o, ub
1| KK*a® 10 1745
K{K{n0 1 ]0.5+0.5
2 | KOK*aFa’ 73 | 272432
KYK{mta— 35 80-£20
3 | KiK*aFata™ 137 | 210430
KIK9mtsu—m0 63 | 14030
4 | KK*EaFata«d 183 | 275+37
KYK{ntata—n— 56 90425
KYK{ntata—n— 20 52+15
5 | KiKjntata—n—no 13 3012
6 | KOK{n+atn—rno04nOs 3 5-£3
|
1
]

60% depend on ionization measurements. The
partial cross sections shown in Table 1 have
been corrected for scanning losses and unseen
decays.

Ambiguous and non-measurable events have
been included in proportion to the welliitted
events.

PRODUCTION OF K*, ¢ AND o

Only events with 4, 5 or 6 particles in the
final state have sufficienlly good statistics
for a detailed study of resonance production
to be worthwhile. For events with a charged K
the third component of isotopic spin (7T7) is
known unambiguously for all combinations ol
particles, so that these events have been studied
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in more detail than those with K°K°. In most
cases the percentage of a resonance has been
determined by fitting to the experimental

nations with charge 1 or 2 give reasonable
agreement with phase space (modified to inclu-
de @ production in the amounts given in the

Table 2
Production of K * and @

No. of particles Reacti No. of (Km) com- | Percentage of K* | N&'ngtfic()gf)“g?g\' Percentage of
in the final state action binations/events production charge 0 or | p production

4 KOKOmttn— 4 30+12 1 15410

4 KoOK*nFx” 4 15410 1 10--10

5 KOKOttr—n0 6 504-20 3 40420

5 K'KEnTata~ dwithTz= +1/2 65--15 2 35410

6 KKt atn—m— 8 504-30 4 304-20

6 KKEaFata—a’ bwithTy= 4+ 1/2 60410 1 5 504-20

ideogram a curve consisting of Lorentz invariant
phase space together with a Breit — Wigner
with the known mass and width of the resonance.

Invariant mass distributions for (Km) com-
binations. All (Km) combinations with T, =
= +3/, give invariant mass distributions
which are in agreement with phase space. For
Ty = +', (Kmn) combinations the amounts
of K3, production are shown in Table 2 for
different reactions. The percentage of K* pro-
duction is defined as the number of (Kmn)
combinations above phase space per 100
events.

Fig. 1 shows the invariant mass distributions
for 4, 5 and 6-body evénts with a charged K.
In the case of the 4-body events an enhancement
is observed at a mass of 1400 MeV (2.5 standard
deviations).

Invariant mass distributions for (mm) com-
binations. The mass distribution for (n*m-)
combinations in K°K°nu*m~ final states
(Fig. 2, a) gives some indication of ¢ production,
in the percentage given in Table 2. There is
also evidence for [ production of approxima-
tely 15%.

For 5-body events the m*m~ distribution
(Fig. 2, b) shows the °. From the corresponding
ideogram we estimate 40% of o production.

Fig. 2, ¢ shows all (mn)# combinations for
6-body events with a charged K, and Fig. 2, d
indicates those events which have no (*m-n?)
mass in the o region (740—820 MeV). It can
been seen that the o production becomes more
significant when the background is reduced in
this way.

Invariant mass distributions for (mnm) com-
binations. For 5 and 6-body reactions, combi-
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previous section). Also, the m*m~n® masses
from the final state K°K°n*m-n® show no
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Fig. 1. Distributions of invariant mass for all (Km)
combinations with Tz =4 1/2, for (a) 4-body, (b) 5-bo-
dy, (c) 6-body (for final states with a charged K).

significant © production. However, the reac-
tion K'K=n*a*n-n® gives a clear o peak.
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The curve shown in Fig. 3 represents phase
space modified in accordance with the obser-
ved amount of o production (50%) and 25%
of o production per event. The shaded histogram
in Fig. 3 is for those events which do not contain
a ()t 70 mass in the g region (675—825 MeV).
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Fig. 2. Distribution of invariant mass for:

a — (wtm-) combinations for KOKOm+m- firal  states;

b — (;wtn-) combinations for KOKEnFa+n- final states; o

d — (qtn-) and (w£n0) combinations for the KOKTgTatm o

Iinal states for cvents which do not contain a (mtm-m0)
mass in the o region.

We estimate that the production of w in the
final state K'K*nFatmn-n® is 25 +5%.

Associated production of resonances. From
the amounts of K*, g and o production indicated
above, it appears that the average number of
resonances per event is approximately one or
more for 5 and 6-body events with K*. We
have therefore studied the associated produc-
tion of these resonances.

Five-body K= events were selected which
have a (Km) mass in the Kj,, region (830—
945 MeV). For these events other possible
(Km) combinations with T, = =41/, are shown

in Fig. 4, a. From this we estimate that 20 +
+ 5% of the events contain K* 4 K* (after
corrections for K* which are outside the selected
region, and for the background which has been
included). Similarly, the production of K* +
-+ 0 is 10 &= 15% in these events.

For 6-body K= events, those with (a nt*n—n?)
mass in the @ region were selected, and the
o 4+ K* production is estimated to be 7 4 6%.
For these events the background included when
considering the K* and ¢ regions is large.
However, we observe no ¢ -+ @ production,
and K* 4+ K* is less than 10%. From these
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Fig. 3. Mass distributions for (tm—m0)

combinations from the final state

KOK*a¥ata—n0. The shaded histogram

indicates events which contain no (mm)*—0)
masses in the @ region.

percentages and those for K*, ¢ and o produc-
tion, we estimate that 20 + 20% of the events
will contain K* + ¢. This agrees with the
distribution of (Kn) mass for events containing
a ¢ (Fig. 4, 0).

OTHER POSSIBLE RESONANCES

In addition to the mass distributions studied
above, we have plotted masses for all combina-
tions of 2, 3 or 4 particles (including K*, @
and o). From these we observe two further
possible resonances, which we shall now discuss.

611



KK at 1410 MeV. The invariant mass disti-
bution for (K?, K=a¥) is shown in Fig. 5, a
for the 5-body final state K®K*nFn*n~. This
shows some enhancement (2.5 S. D.) in the

KK minra
(k) |Tz1=12
with ™

w15
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Fig. 4. Mass distributions for:
a — (Km) combinations with 7==% 1/2
for KOK+ 5 F atm- final states which
contain another K:ss; b — (Km) combi-
nations with Ty==xt1/2 for
KoK+ Emta-n0 final states which con-
tain a p.

region of 1410 MeV, as observed previously by
Armenteros et al. [2]. We observe no departure
from phase space for (K{KYn® masses in the
final state KK9n*n—n® but the statistics are
insulficient to draw any conclusions concerning
the quantum numbers of the KKz state.
Fig. 5,b shows the (K*K) mass distribution
for events in which one Kn (T, = =& /)
combination has a mass in the interval 830
to 945 MeV; the peak at 1410 MeV is then
more evident. We do not observe any accumu-
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lation of events in the K, interference region
of the Dalitz plot for the decay of this object.

KK ¥t o

¢
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Fig. 5. Mass distribution for the
KOK*a¥ata— final states:
a — (KOKExF) combinations with T,=0;

b— (K¥K)T 5= 0; ¢ — (K*K) T 7 =0 for events
not containing a p.

In addition, events which have no ¢ have been
selected, and the background is then further
reduced. For 6-body events there is less eviden-
ce for any KKmn peak.

Kamt at 1270 MeV. For the 5-body events
the (Knm) mass distributions show no signi-
ficant deviations from phase space. The distri-
butions for (Kniw) are shown in Fig. 6 for 6-body
events with a charge K. Since we have 8 pos-
sible combinations with 7, = +1/, and 4 with
T, = =4=*/,, any resonance in this system
would need to be strongly produced in order
to be observed. Therefore, we have selected
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events with a K, and studied the (K*m)
mass distributions, which are shown as shaded
histograms in Fig. 6. In Fig. 6,b we observe
a K% peak at about 1270 MeV for Tz = £3/5;
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Fig. 8. Cenire ol mass angular distri-

butions for @, K~, Ky, K* (plus refel-
cted out, K+, KO, K*).

-1

it is more difficult do draw any conclusions
for T, = 41/, because of the larger backgro-
und.

The (Kg) T, = +*/, distribution is shown
as a shaded histogram in Fig. 7,a, and this
also provides some evidence for an excess of
events above phase space in the same mass
region. The larger histogram in Fig. 7,a is
the sum of (K*mn) and (Ko) with T == £3/,,
and it shows a 4 standard deviation peak at
about 1270 MeV.
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To determine the mass and width of this
enhancement, we show in Fig. 7,6 a Gaussian
ideogram of mass for (K*n) with T, = +3/,
calculated using estimated errors of 14 MeV
on the masses. Lorentz invariant phase space
modified by a Breit — Wigner resonance was
itted to this ideogram, and from the besti
fit we obtain a mass of 1270 + 20 MeV and
a width of 60 %= 30 MeV. This should be compa-
red with the results obtained by Armenteros et
al.- [3], who find a resonance with a mass of
1230 = 10 MeV and a width of 804 10 MeV
in the T, = =41/, combination K{n*m".

ANGULAR DISTRIBUTIONS

In order to study the mechanism for anti-
proton annihilation in flight we have plotted
angular distributions for particles and resonan-
ces (Fig. 8).

The genetal characteristics of these distri-
butions can be qualitatively understood in
terms of a fermion exchange model for high
energy annihilations of antiprotons (as suggested
by Gribov [4] and Pilkuhn [5]), viz:

a) the K~(K*) angular distribution differs
from the n~(n*) distibution in that the latter
is symmetric about cos ¢* = 0. whereas the
former is asymmetric with the K"K*) going
preferentially forward (backward) in the c. m.s.;

b) the K°(K®) angular distribution is similar
to the K-(K*) distribution;

¢) the K distributions are more peaked
foward cos 8 = 41 than the x’s;

d) for the 5-body event the K*’s are more
foward cos 8 = 41 than the K’s.
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. ) DISCUSSION
E. Kladnitskaya
Has the KKn resonance been observed in (K°K*)
+ @, ic., in the system of two bound kaons and a
m meson ?
B. R. French.
We observe some enhancement in the K°K* in
the region 1,0 = 1,1 GeV/c in the reaction pp—
— KSKEaFaat,



