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THTERAGTIONS

II. XK production and AK and KK cross sections.
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In this letter are presented data on the reactions

i+ P> P+ 7° 4 K+ (1)
e s p R4k (2)
7-5++ P - P+ z° + K+ + EO (3)
T+ D v K 4w o (4)

studied in 140.000 pictures of n+p interactions at (8.04 : 0.06) GeV/c,
taken in the 81 cm Saclay bubble chamber exposed at the CERN proton

synchrotron. Details of the experiment have been reported in Part I

(1)

of this communication , concerning AK production.

Table I gives the cross sections, corrected for unobserved

(2)

decays, for each of the reactions listed .
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IABLE T
e , B : . i
Reaction | Number of events i Cross section in pb j
{ ‘ ; +
(1) 17 ! 54 = 8
f
(2) | 59 + 25 x 0.5 g 88 I 16
(3 27 + 25 z 0.5 } 69 T 17
(4) | 22 + 21 z 0.5 % 63 © 18

i
-

+
n and p K T are

In reaction (2) the partlal cross—seotlons for pK 155

171
(29 : 7)ub and (30 - lZ)ub, respectively. These numbers were deduced fronm

the number of events with one or two observed KO decays. The total cross-

section for pKOKOn+ was taken as 20 + C .
KlKl KlKZ

For reaction (1),the distribution of the effective mass of the
=0+ . . .
KK system was presented in another paper(B), where it was used to inves-
tigate the existence of a rare decay mode of the Az-meson into KK. 4is

reported there, the branching ratio (A2 -> KK) / (A2 - np) was estimated

to be 0.03 T+ 0.02.

"Here we discuss in detail reaction (2) for which we have the
largest number of events. In Figs. la and 1b are shown the scatter plots
+ o +
of the effective nass of the uystems (pn ) and (K T ) versus the squared
four momentun tranSfer,'[tI , relative to the system considered. The his-
tograus in Figs. lc and 1d are the corresponding projections on the effective
nagss axis. It can be seen that there is an appreciable production of the

1238) isobar and of K+ (890), and that the points in the N and Ko

T
(
bands tend to cluster towards small It[ values. In Fig. lc the shaded

: . X +
histogram corresponds to the events in which the m does not form a K*.
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The shnded area in Fig. 1d corresponds to the events in which the n+ does
R . . . 0 £

not form an N nor is combined with the other K meson to form a second X .,

It is interesting to note that this selection procedure removes most of

the events with a low Kn mass, largely within a band near the kappa (720)

nmass range, whereas the K*(890) peak remains present.

In the K°K° and K;Kz effective mass distributions for reaction (2)
no distinet peaks are visible. From these distributions, it is however
possible to establish an upper limit for the production cross section of
the 5 and f'-mesong, as well as for the branching r;tio (fo > KK) /

(fo » mn) for the fo-meson. In each case, %he upper limit of the cross
section is defined as twice the square root of the number of events in the

mass region of the resonance considered (which corresponds to about 95 o/o

confidence limit). The results are in Table II.

TABLE IT
Reaction 5 Mass range used (GeV) Upper limit of cross sectipnf
] _
ip - pnid 0 1.00< u(g) < 1.05 8ub
! .
|
> W4 | 1.00 < u(4) < 1.05 4ub
+ i
‘ > pru T L 1.40 < M(f') <1.60 18pb

These results show that the production of ﬁ and f' in n+p interactions

at 8 GeV/c is very low. OQOur upper limits are consistent with the small

crosgs sections reported at lower incoming pion momenta<4). The upper limit
. . c = o] . .

for the branching ratio (f > KK) / (f- - nn) is 0.06. This number was

calculated using the data of the Aachén, Berlin, CERN collaboration for

the process n+p - pn+fo , and taking for the fo the mass band 1.13 to

1.38 GeV.
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Reactions (3) and (4) show less production of K*(890) and N*(1238)

resonances than observed in reaction (2).

From the total number of events with strange particles, the cross
sections GKK for all KK production reactions and o, for all reactions pro-
AN
ducing a hyperon and a kaon have been calculated, after correcting for

unobserved decay modes and for the reactions with 5, 6,... body final

states. The results are

1+

c (1.55 = 0.20) mb

It

K

I+

It

and o (1.55 = 0.20) mb .

X

The total cross section for strange particle production by 8 GeV/c positive

pions on protoné is therefore
o = (3.10 T 0.30) ub
strange particle !

. : , . + . .
which represents about 12 o/o of the total cross section for m p interactions.

/ = 4.3/39 = 11 o/o

This may be conmpared with the ratio o

(5)

obtained for 24 GeV pp collisions .

. o
strange particle’ tot

Our results are plotted in Fig. 2 along with other data on strange
particle production by pions, reported in the literature ’
The cross sections for KK and YK production, as well as their sun, i.e.,
the totel cross section for strange varticle production, are plotted es

) L ] N : i _ + - .
functions of the nouwentun of the inconing pion, for both w p and n p inter-
. . + - . -

actions. It may be noted that the m and m cross sectons are sinilar at
all nonenta. The associated production of hyperon-kaon pairs which has
the lower threshold and rises very steeply, is the nain process of strange
particle production below 6-7 GeV/c. At higher nomenta the YK cross section

levels off, while the production of kaon-antikaon pairs becoiles predoninant.
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In the energy region studied here, the KK cross section appears not to have

yet reached a plateau value.

, . N - . (13,16)
As has been previously shown for 10 GeV/c = p interactions ,

the KK pairs tend to be enitted forwards in the c.n. systen, while in the
case of YK production the hyperons are produced predoninantly backwards and
the kaon predoninantly forwards. If the production of strange particle
pairs is picturedtas an exchange proéess, these facts nay be interpreted

as neaning that. the KK pair is produced at the nesonic vertex, while in YK
production, the hyperon is produced at the baryon vertex, and hence the
eﬁchange of a‘strangeness quantun nuﬁber is required. Thisymight be a
reason for the YK cross section to be smeller than the KK cross section at

energies appreciably above threshold.

We are deeply indebted to the operating crews of the CERN
proton synchrotron, of the 81 ci» Saclay bubble chanmber and of the 02 bean.
We‘wouid like tolthank the scanning, neasuring and computing staffs atieach
of our léboratories. Wle are pleased to acknowledge helpful discussions

with Dr. R. Arventeros, Prof. M. Danysz and Prof. Ch. Peyrou.
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Figure Captions -

Fig. 1. la) and lb) : Soattef plot of the effective mass of the (pn+)
and (Koﬂ+) syeten, respectively, versus the squared four nmonentun
transfer, [t |, for the reaction n+p > pKOKOn+.
lc) and 1d) : Effective mass.distributions for (pn+) an& (KOK+),
respectively. The shaded area in lc) corresponds to the events
in which a K¥(890) is not observed. The shaded area in 1d) corres—
ponds to the events in which the n+ does not forn a NSE isobar nor

a K* in combination with the other KO.

Fig. 2. Total cross section for production of strange particles and
+
partial cross sections for KX and YK production in w p inter—
actions, as functions of the laboratory momentum of the incident
pion. The curves are hond-drawn fits to the data, ifear the

YK thresholds no curve is drawn as the cross sections arc

influenced by isobar production,

Captions for Tables

TABLE I Cross sections, corrected for unobserved decay modes, for

reactions (l) to (4).

TABLE II Upper linits for the indicated reactions of é and f' production,
as deternined from the KK nass distribution in reaction

n+p - pKOKOn+ .
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