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l) Introduction

The Saclay 8lcm 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 photographs were taken of O.8X106 antiprotons of 3.0 GeV/c
momentum, From S-ray counting and total cross-section measurements the contami-
nation of the beam has been estimated to be about 120/0 ps and 20/0 TS.
The primary momentum spread was I 1.50{05 Results on hyperon-antihyperon pro-
1

duction have been published previously . We now discuss annihilations into

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

2) Cross-sections

The filmkwas scénhed for evenfs inbwhich one or two KO decayé‘ﬁere
associated with an interéction giving 0, 2 or 4 charged:tracké. From two
independent scans, the overall efficiency for these types of event is estimated
to be 970/0. 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 O or 2 charged tracks., 'Of the remaining 700 events
approximately 100/0 were not measurable or did not give a good geometrical
reconstruction after several rcmeasurements, Events were classified into the
reactions shown in Table I on the basis of the jL?Lcalculated’by the kinematics
fitting prograﬂme. When several interpretations were possible, ionization
méasurements wefe madé, thus reducing the hﬁmber’of ambiguous events to less

than 20°/0.

The numberé of uniqﬁe fit events used in the graphs are indicated in Table I.
Of these about 600/0 depend on ionization mcasurements. The pértiél cross-
sections shown in Table I have becn ccrrectéd for‘soanning losses and unseen
decays. Ambiguous and non-measurable cvents have been included in proportion'to

the well-fitted events.
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3)  Production of Ko, p and w

Only events with 4, 5 or 6 particles in the final state have sufficiently
good statistics for a detailed study of resonance production to be worthwhile,.
For events with a charged K the third component of isotopic spin (Tz) is known
unembiguously for all combinations of particles, so that these events have been
studied in more detail than those with Koi6. In most cases the percentage of
-& resonance has been determined by fitting to the experimental ideogram .a curve
consisting of Lorentz invariant phase space together with a Breit-Wigner with

the known mass and width of the resonance.

a) Invariant mass distributions for‘(Kn) combinations

All (Kn) combinations with Ti= 3/2 give invariant mass disfributions which
are in agreement with phase space. For Tzz 1/2 (Kﬁ) combinations the omount“
K*888 production are shown in Table II for different reactions. The percentage
of kK% production is defined as the number of (Kn) combinations above phase space
per 100 events. ‘Figure 1 shows the invoriant mass distributions for 4, 5 and
6-body events with a charged K. 1In the case of the 4-body events an enhancement

is observed at a mass of 1400 MeV (2.5 standard deviations).

b) Invariant mass distributions for (nn) combinations

+n_ final states

The mass distribution for (n'm ) combinations in K K x
(Figure 2a) gives some indication of p production, in the percentage given in

Table II. There is also evidence for f£° production of approximately 150/0.

For. 5-body events the (m'm ) distribution (Figure 2b) shows the p° and a
smaller peak at 570 MeV. From the corresponding ideogram we estimate 400/0 of
p production and 20 * 100/0 production of mass 570 MeV with aiwidth of 40 MeV,

Although of little significance as a single observation, we note that a similar

(2)

peak with this mass and width has been observed by Ferbel et al. and

(3)

Lander et al. .
+ 3 . ‘
Figure 2c¢ shows all (nn)o combinations for 6-body events with a charged

+ - ,
K, and Figure 2d indicates those events whichvhave 10 (n T no) mass in the w
region (740—820 MeV). It can been seen that the p production becomes more

significant when the background is reduced in this way.
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c) Invariant masg distributions‘forV(nnn)wcombinations

For 5 and 6-body reactions, combinations with charge 1 or 2 give reasonable

agreement with phase space (modified to include o production in the amounts given

. . . + - . 0-0 + -

in the previous sectlon). Also, the n+n no masses from the final state K Kon T no
+

o, X F + -
show no significant w production. However, the reaction Kok nmT T T gives a
clear w peak, The curve shown in Figure 3 represents phase space modified in
accordance with the observed amount of p production (500/0) and 250/0 of w

~

production perbevent. The shaded histogram in Figure 3 is for those events which
- .

do not contain a_(nn) © mass in the p region (675—825 MeV). We estimafe that

the production of w in the final state KK n'm n n° is 25 * 5°/o.

d) ‘Associated production of resonances

From the amounts of Kx, p and w 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 a38001ated productlon

of these resonances,.

Five—body"K% events were selected which have a (Kn) mass in the K*888 region
(830-945 MeV), For these events other possible (Kn) combinations with TZ= 1/2
are shown in Figure 4a, From this we estimate that 20 * 50/o_of the,events
contain K¥+Kx (after corrections for KX>which are outside the selected region, .
and for the background which has been included). Similarly, the.proqﬁction of

K*+p is 10 ¥ 150/0 in these events.

For 6-body Ki events, those with a (n+n—no) mass in the w region were
selected, ‘and the w+K5E production is estimated to be 7 i;6o/o. Forithese events
the background included when considering. the KK and p regions is_laﬁge. waever,
we observe no p+p production, and Kx+ KX is less than 1o°/o.. From these per-
centages and those for Kx, p and w production, we c¢stimate that 20 % 200/0 Qf.
the events will contain Kx+ p. This agrees with the distribution of (Kn) mass

for events containing a p (Figure 4b).

4) Other p0ssib1e resonances

In addition to the mass dlstrlbutlons studied above, we have plotted masses
for all oomblnatlons of 2, 3-or+4 pirtlclbs (1nclud1ng K @ and w) From these

we observe two further p0331ble resonances, whloh we shall now discuss,
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a) KKn at 1410 MeV

+ T : .
The invariant mass distribution for (KiK“n ) is shown in Figure 5a for the

S = -
5-body final state K° & n+ n . This shows gsome enhancement (2.58.D.) in the

(4)

région of 1410 MeV, as observed previously+by Armenteros et al. . We observe
no depﬂrture from ﬁhase space for (Kl 1" ) masses in the final state
Kl Kl n n no, but the statistice are insufficient to draw any conclusions

concerning‘the quantum numbers of the KKn state.

o Figure 5b shows the (KXK) mass distribution for events in which one

Kﬁ (Tz= 1/2) 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 accumulation of events in
the K§888 interference region of the Dalitz plot for the decay of this object,
In addition, events which have no p have been selected, and the background is

then further reduced. For 6-body events there is less evidence for any KKn peak.

b) Knm at 1270 MeV

For the 5-body events the (Knn) mass distributioné show no significant
deviations from phase space. The distributions for (Kum) aré shown in Figure 6
for 6-body cvents with a charge K, Since we have 8 possible combinations
with T = 1/2 and 4 with T = 3/2, any resonance in this system would need to be
otrongly produced in order to be observed. Therefore, we have selected events
with a K 888 and studied the(K n) mass dlstributions,‘which are shown as shaded
histbgrams‘iﬁ'Figure‘6. In Pigure 6a we observe a Kxﬁ:peak at about 1270 MeV
for TZ= 3/2; it is more difficult to draw any conclusions for Tz: 1/2'bécaﬁse

of the larger background.

The (Kp) 7= 3/2 distribution is shown as.ﬁ shaded histogram in Figure 7Ta,
and this also provides some evidence for an excess of events above phase space
in the same mass reglon. The larger hlstogram in Flgure 7a is the sum of (K n)

and (Kp) with Téz 3/2, and it shows a 4 standard deviation peak at about 1270 MeV,

To determine the mass and width of this enhancement, we show in Figure Tb
a Gaussian ideogram of mass for (Kxn) with TZ= 3/2 calculated using estimated
errors of 14 MeV on the masses. Lorentz invariant phase space modified by a
Breit-Wigner resonance was fitted to this ideogram, and from the best fit we
obtain a mass of 1270 20 MeV and a width of 60 I 30 MeV, Thls should b com—_

(5)

pared with the results obtalned by Armenteros et al. , who flnd a resonance
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with a mass of 1230 * 10 MeV and a width of 80 & 10 MeV in the TZ= 1/2 combination

‘K§ﬁ+n_.

5) Angular distributions

In order to study the mechanism for antiproton annihilation in flight we

have plotted angular distributions for particles and resonances (Figure 8).

The general characteristics of these'distributions can be qualitatively
understood in terms of a fermion exchange model for high energy annihilations of
(6) and Pilkuhn(7)

antiprotons (as suggested by Gribov )y vizi-

a) the K (K+) angular distribution differs from the T (n+) distribution in
thet the latter is symmetric about cos Qiz 0, whereas the former is asymmetric

-+
with the K (K') going p ferentially forward (backward) in the C.M.S.;
ey -+
b)  the K°(K°) angular distribution is similar to the K (K') distribution;.
c) the X distributions are more peaked toward cos ©= %1 then the n's;

a) for the 5—b0dy‘eveht the Kx's are more peaked toward cos @fs T1 than the K's.

We acknowledge the assistance of the CERN proton synchrotron staff, members
of the CERN T.C, Division who built the separated beam, and the crew of the 8lem
Saclay bubble chamber. The CERN group would like to thank Mr, W. Tejessy for

help in the computetions,
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Figure Captions

Fig. 1

Fig, 2

Fig. 3

‘Fig. 5 -

Pig. 6

Pig, 7

Fig. 8
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Distributions of invariant mass for all (Kn) combinations with Tz=il/2,

for (a) 4-body, (b) 5-body, (c) 6-body (for finnl states with a charged
K). ‘

Distribution of invariant mass for :

(a) (n'n") combinations for K° K° 1" 1~ final states
(b) (n+n-) . n o KO Ki ﬂ; n+ ﬂf‘" "

+

- + ey -
(c) (n+n ) and (n”no) combinations for the KO K n+ T 7 no final states

(d) " n " n " " " 1
. . . + -0 . .
for events which do not contain a (n n m ) mass in the w region.

Mass distributions for (n+n~no) combinations from the final state

+

I Fa4- ;
KOK'n T T no. The shaded histogram indicates events which contain no

( +~0 . .
(nn) .~ masses in the p region.

Mase distributions for :

(a) (Kn) combinations with T = ¥1/2 for K%

*

, , 888 .\ ot T

(b) (Kn) combinations with T = =1/2 for KK n =
Z

+- .

..++.... .
nnn final states which
contain another X

+ﬂ“ﬁo final states which

contain a p,
ot T 4 -
Mass distributions for the KK n n n final states
ot ¥ . . .
(a)-'(K K™n ) combinations with TZ= 0
(b) (KxK) " " "

(c) (%K) " " " for events not containing a p.

Mass distributions for KOKin+n+n—no final states

(a) (Knn) combinations with T = *1/2. The shaded histogram shows those
combinations which contain a KX888'
(b) The same as (a) for T = * 3/2 combinations.

Mass distributions for KOKin;n+n—no final states

(a) The sum of (Kﬁn) and (Kp) combinations with Tzz * 3/2; the shaded
area indicat@s<(Kp) conbinations only.

(b) Ideogram for (Kxn) combinations with Tz= t 3/2. The curve shows

phase space modified with a Breit-Wigner resonance curve with mass

1270 MeV and width 60 MeV,.

— R
-

Centre of mass angular distributions for n—,'K , KO, Kx (plus reflected

w, K, k0, K. L
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Table T
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Partial cross-sections for pp-=>KK+nm. .

n Reaction No. of events o} (ub)
+~
1 K;K"n+ 10 17 %5,
0.0 O +
“lKln 1 (?.5..0.5
+ F
2 KiK“n 7° 7% 272 * 32
0.0 + - +
KlKln b 35 80 I 20
I F o+ - _
3 KzK TTwT 137 210 ¥ 30
+ -
KgKin e 63 140 * 30
Oi'T"I*—O +
4 KlK TN 183 275 - 37,
KiKgn+n+n-n_ 56 90 * 25
2ok 20 52 15
11
S o SE AT 13 30 ¥ 12
6 K§K§n+n+n—no+nos 3 53
Table IT
. %
Production of K and p
No, of particles Reaction No. of (Kn) Percentage {No. of(ﬁn) Percentage
in the final state ‘ combinations/ |of K combinations|of p pro-
events production jwith chargs |duction
0 or 1
—}-...«
4 xx%n " 4 30 T 12 1 15 * 10
.{..
4 KK 1T 7° 4 15 £ 10 1 10 £ 10
5 K%k 6 50 + 20 3 40 % 20
5 KOrtn T 14 with o=t |65 E 15 2 35 1 10
6 KOKOn+n+n~n~ 8 50 1 %0 4 30 * 20
+ T o -
6 KOK”n$nLn no 6 with Tyzil/é 60 1 10 5 - 50 * 20
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