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ABSTRACT

Results on cross sections, longitudinal and transverse momentum
distributions for Kg. A and A production in 360 GeV/c pPp interactions are
presented as obtained from EHS equipped with the Rapid Cycling Bubble
Chamber (RCBC). The A and A polarizations are measured. The cross section
for the diffractive components is given using the recoil spectrum. The

data are discussed with respect to charm production.



1. INTRODUCTION

Strange particle production from proton-proton interactions at high
energies is of considerable interest in the context of heavy flavour
production in the gquark-parton picture. Gustafson and Peterson [1] have
argued that the amplitudes squared for diffraction dissociation into

pions only, strangeness and charm are related as 2/m’ : llm: : 1/m:

u,d
times a Regge factor asccounting for the eppropriate thresholds. With the
introduction of flavour excitation models [2,3), heavy quark-antiquark
production has become more complicated and has not yet been applied to the

experimental data of strange particle production.

The observation of strange particle production in proton-proton
interaction has been reported for various incident energies ([4-14], and
shows the genersal following characteristics: whereas both the K° and A
production increase rapidly with increasing energy, and occur predominantly
in the central region, the A production is only slowly increasing and has

a large contribution from the fragmentation processes.

In this article, we present a new determination of the strange
particle inclusive cross sections and an attempt to separate the
diffractive dissociation contribution. We also present results on the
polarization of the A and A. We finally compare our results to the charm

production cross section observed at the same energy.

2. EXPERIMENTAIL PROCEDURE AND CROSS SECTIONS

This experiment (NA23) has been performed at CERN with the European
Hybrid Spectrometer (EHS) equipped with the Rapid Cycling Bubble Chamber
(RCBC) filled with liquid hydrogen, exposed to a beam of 360 GeV/c protons
coming from the H2 beam line. The experimental set-up together with the

triggering conditions are described in ref. [15].

The data used in this analysis are based on a sample of 8564 inelastic
events containing at least one V°. This sample which represents ~ 80% of a

160 K picture exposure corresponds to a sensitivity of ~ 1.3 events/ub.



- 4 -

The events were measured by automatic and/or manual devices; the
measurements were processed through the CERN hybrid geometry program GEOHYB
“-and then a kinematics program tried to fit 3C V°'s and y's to the production

vertex, A check of the compatibility of the measurements obtained by the

"different machines was performed.

In what follows only unique 3C-fits events will be considered and to
correct for ambiguities among different hypotheses the V© decay angular
distributions were studied. In fact, a simple kinematical calculation
shows that ambiguities are expected to occur in well defined regions of
the relevant angular distributions. For example, nearly all K°/A, K°/A and
K°/y ambiguities are expected to be located in the regions icose*l 2 0.8,

X . .
where © is the decay angle in the strange particle c.m.s.

" In fig. 1 we show the decay angular distributions for unique fits. We
. *

"observe for example that nearly all the forward A region (cos® > 0.) is
-domineted by the K®/A ambiguity. These angular distributions justify the

following cuts applied to extract from the unigue events the inclusive

cross sections:

3
- Only K°'s with |cos®@ | £ 0.8 are accepted, and the cross sections are
1.25);

corrected sccordingly (wKo

*
~ Only A's with -1.0 £ cos® £ 0. are accepted and a correction factor

w, = 2.0 is applied.

- Only A's with —.90 £ cos® £ —.55 and .05 £ cos®* £ .95 are acceptéd,

with a correction factor wK = 1.6.

In addition to these correction factors, we have applied some further

. cuts to improve the gquality of the data:

(a) We remove all V° having at least one charged track badly measured
{(Ap/p > 20%);

(b) We accept an hypothesis as uﬁique if:

- its kinematical solution has a probability 2 2%,
~a
— all competitive solutions have a probability < 10 .



Each event was individually weighted to correct for the probability

to decay outgide a fiducial volume or too close to the production vertex.

This momentum dependent weighting factor is

-1

ol | e

where % = Byct; %, = 1 .n/cosk and & = potential length. We have found

amin = 3.0 cm for all E;rticles and all momenta. The interaction
probability was properly taken into account using a rough parametrization
of the K°, A and A cross section momentum dependence. We corrected for
scanning efficiencies and for the different losses during the various
stages of the processing (measurements, geometry and kinematics

inefficiencies).

Finally, we took advantage of the symmetry of a pp system to avoid
the losses of strange particles decaying in the spectrometer. 1In fact, we
restricted to particles produced in the backward hemisphere, which are
mainly detected by the bubble chamber alone. With all the weights and
correction procedures described above, we obtained for the inclusive

production cross sections, corrected for unseen decay modes

]

o(pp = K:X) {(8.55 * 0.51) mb,

(4.08 £ 0.40) mb,

s(pp * AX)

a{pp 2 AX) (0.43 + 0.12) mb,

H

where the errors include statistical and systematic effects.

Figs 2 and 3 show a compilation of the cross sections as observed in

proton-proton reactions. Our results agree with the existing information.
The corresponding average number of strange particle per interaction are
<Kg> = 0.26 £ 0.01, <A> = 0.12 £ 0.02 and <A> = 0.013 * 0.004, using
oinel(pp) = 32,80 + 0.50 mb {15]. The topological cross sections are given
in fig. 4 and table 1. The maximum of K: production coincides with the one
for charged multiplicity distribution (nCH = 8), while for A and A it is

gsituated at nCH = 10. The associated average numbers of Kg, A and A are



also given in table 1. They show linear relations which can be parametrized

in terms of <V°>n_ =a + fin_, where n_ is the number of negative particles.

We have determined, for n < 4, the following values of « and B:

[+ 3
KO
s
<
A{
B
[+
A
B
From the above parameters we can deduce thet at our energy
<Kg>n_/<Kg> = (0.49 * 0.03) + (0.23 £ 0.05)n_, <A>j /<A> = (0.43 * 0.14) +
(0.25 £ 0.09)n_ and <A>y_/<A> = (0.28 * 0.50) + (0.31 * 0.40)n_ ; it

follows that on(V°)/<V°> = (0,40 + 0.26 n_)on which is very similar to the
value found at 405 GeV/c [11].

0.128 * 0.010,

0.061 * 0,013.

0.051 t 0,013,

0.030 + 0.009.

]

0.0036 £ 0.0063,

0.0040 % 0.0050.

DIFFRACTIVE PRODUCTION

Fig. 5 shows the x—distribution-of the fastest positive particle,
assumed to be a proton. As expected, an accumulation is visible for
x > 0.85, corresponding to the target diffraction. To estimate the
background under the diffractive peak, the x-distribution was fitted in
the range 0.2 £ x £ 0.85 to the form (1-x)", with n = 0.88 % 0.15 for
K: end A events and n = 1.29 * 0.39 for A events separately. The
extrapolation of this functions to x > 0.85 yields a contribution of
~ 29.4% for the background under the diffractive peak for Kg and A events,
and ~ 14.9% for A. 1In addition, a correction of ~ 6.3% is introduced to
account for the diffractive events with a Kg in the forward region.
Finally, taking into account the spectrometer inefficiency at x ~ 1

(~ 12%), we obtained the following values:

o ((Pp)“diff" - K:x) = (0.40 * 0.06) mb,
o (PP, ipew * AK) = (0.18 % 0.05) mb,
o ((PP)pysppm AX) = (0.017 * 0.012) mb.



These diffractive crosgs sections represent ~ 5% of the corresponding

inclusive ones.

INVARIANT CRQOSS SECTIONS FOR Kg,n and A PRODUCTION

To study differential cross sections, we have introduced a momentum
dependent weight for each observed unique decay. This procedure is
illustrated in fig. 6 which shows the distribution of the transverse

momentum of a V° decay product as function of a

+ -
P, - P

a = ,
+ o
P + Py,

(where pi is the laboratory longitudinal momentum of the positive
{negative) particle of the V° decay) for K°, A and A all together. This
picture clearly shows where the ambiguities are concentrated and the most
relevant formulae to account for this ambiguity weight are given in

refs [16,17].

The Feynman-x dependence of the invariant cross section of neutral
strange particle production in high energy pp interactions may be
interpreted by the presence of strange sea quarks in the central region
for the K° and by fragmentation mechanism for the A, which appears to have
a maximum at |x| ~ 0.5 rather than & simple power behaviour in {(1-|x|).
The |x| distribution of A in the fragmentation region is a rather good

test of the counting rules [18].

The invariant cross section for Kg production is shown in fig. 7. Our
values are compared in the same figure to those obtained at 405 GeV/c [11].
The behaviocur of the inclusive spectrum is compared to various theoretical
predictions [18]. The results are given in table 2. Although the quark-
exchange picture (drawn in fig. 7) seems to be favoured, we cannot rule out
the other predictions. Furthermore, the ghape of the distribution appears
rather unaffected when we select the diffractive events. This result is
consistent with factorisation as a dominant feature in diffraction

dissociation.
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The K: differential cross section as a function of p; (fig. 8; shows
break at around 0.3 (GeV/c¢)>. A fit to a double-slope form o PPT gives
good description of the data. The values found are

5.28 + 0.62 (GeV/c)™2 for 0. £ p% < 0.3 (GeV/c)2? and

3.69 * 0.34 (GeV/c¢c)™2 for 0.3 £ p; < 1.5 (GeV/c)2. Comparable

results were found at 405 GeV/c [11]. The double slope form is expected

o o & p
It

*
as due tc the decay effect of K 's of high mass.

The invariant cross section for A production is shown in fig. 9
together with the values obtained at 405 GeV/c [11]. The best description
of the data in the fragmentation region (|x| 2 0.5) is obtained using the
(1-x)* dependence {(the fit of the data to the form (l—x)b in that range of
Ix] gives b = 1.22 * 0.25, in very good agreement with the quark-exchange
model [18]1). The fusion quark-diquark model [19] predicts a form
F(x) ~ xb1 (l—x)bz for the fragmentation region with b, = 1.2 for a spin 0
diquark and 2 for spin 1 and, in both cases, b, = 1. The data fits
b, = 1.13 + 0.37 and b, = 1.59 % 0.23., Within two standard deviations our
data are in agreement with the production of A through a spin 0 valence

diquark.

The do/dp; distribution of the A (fig. 10) shows azclear break at
around 0.6 (GeV/c)®. A fit to a double-slope form e_pr gives
b = 4.40 * 0.70 (GeV/c)~% for 0.1 £ p. < 0.6 (GeV/c)™2 and
b = 2.20 % 0.66 (GeV/c)~2 for 0.6 s pI < 1.5 (GeV/c)~2.

The break in the do/dt’' (fig. 11) at t' ~ 1.5 (GeV¥/c)? indicates that
A production proceeds via twe different mechanisms. The slopes are
b, = 1.21 * 0.10 (GeV/c)™2 for 0 £ t' < 1.5 (GeV/¢)? and
b, = 0.51 * 0.16 (GeV/c)™2 for 1.5 £ t*' < 6.0 (GeV/c)2, In fact, the
contribution to do/dt’' of both the fragmentation production (x| = 0.5) and
the central production (|x| < 0.5) is clearly differentiated in fig. 12.

The invariant cross section for A production is shown in fig. 13

and is compared to a (1 - x)5 distribution. It shows agreement with the



-9 -

gluon exchange model and point-like pair creation [18]. The do/dt’

—(0.42 £ 0.14)t"

spectrum (not shown) behaves as e comparable in slope with

the one for Kg, revealing an essentially central production.

. A AND A POLARIZATION

The A and A polarization has been determined using the distribution

N = % (1 + aP

dcose cos0),

A

-~ - 2> > ->
where 6 is the angle between the unit vector n = (pp X pA)/ipp X pAI and
daughter proton, and a = 0.642 * 0.013. For both A and A we have taken ;p
to be the target proton and o has been taken with a negative sign for A.

The average polarizations of A and A have been found to be

PA =~ 0.24 t 0.09; PK =+ 0,36 £ 0.35.

The A polarization is shown as a function of x, in fig. 14 along with
similar measurements done in 6 and 19 GeV/c pp experiments [20]. All the
polarization data seem to have similar characteristics namely large
positive polarization at large IxAI values which go to small values
(zeroish) as xA approaches zero. On the same figure predictions from the
quark model of DeGrand and Miettinen [21] are shown. The large positive
polarization at large |xA| values cannot be accounted for in that picture.
The A polarization has been plotted as a function of A-transverse momentum
in fig. 15 along with similar measurements in pp experiments [22]} at
24 GeV/c and two ISR energies. Here one sees that the polarization is
small at small Pr and thet it is getting large negative values at large
Py The predictions of quarks models & la DeGrand-Miettinen or Anderson et

al. [23] are compatible with the trend observed in the data.

COMPARISON OF INCLUSIVE NEUTRAL STRANGE PARTICLE PRODUCTION WITH
CHARM PARTICLE FRODUCTION

In order to compare charm to strangeness production in 360 GeV/c pp

interactions, we have used the following results of ref. [24]

+

o(DD) = (19 7 2%) ub and o(A D) = (18 T 7) wb for all x.
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The ratio

o(a By 187 I3 wb .
(4.4

a(A) T~ (4080%400)ub _

3.7) X 10~3’
z.5

is of the order 1/200. This suppression factor applies to the proton

fragmentation region and is characterized by mo+m_ = 4.16 GeV/c?
D
as lowest charm production threshold. ¢

An estimate of o(KK) can be extracted from c(Kg) and g(A), giving:

o{DD)
G (KK)

= (.3’

3
%%y x 107
Q.4

This smaller suppression factor applies to central production. It is
characterized by mD + mﬁ + My = 4.68 GeV/c? as lowest charm production
threshold. Both charm/strangeness suppression factors are not inconsistent
within the errors. The values of the (cE/sE)‘suppression factor obtained
here may be compared with the value (ss/uu) of 0.29 * 0.02 deduced by
Malhotra and Orava [25]1. Thus, the crestion of charm quarks is

considerably more suppressed as compared to the one for strange gquarks.

. SUMMARY OF THE RESULTS

~ The inclusive cross sections for the production of neutral strange

particles have been determined as:

a(pp Kgx)

(8.55 £ 0.51) mb,

o(pp - AX) (4.08 = 0.40) mb,

o(pp » AX)

(0.43 + 0.12) mb.

-~ The values for the inclusive topological cross sections for Kg, A and A

production are given, It is found that cn(V°)/<V°> = (0.40 + 0.26 n )cn.

— The cross sections for proton diffraction dissociation intoc neutral

strange particles have been determined as:

(0.40 + 0.06)mb,

O
Sy {pp » szX>

(0.18 * 0.05)mb,

% {pp » pAX)

op (PP pAX) (0.017 + 0.012)mb.
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— In the K; structure function the central production is dominant. The A

structure function shows a significant maximum at |x{ ~ 0.5.

- The |x| distribution of the K; invariant cross section appears similar
in shape for the whole sample and for the diffractive V® events (the x
of one positive particle is greater thanm 0.85). No relative shrinkage

of the |x| distribution is obtained.

— The A and A polarizations are determined as:

= - . + U9 - o= . * . -
PA 0.24 0.09 PA 0.36 0.35

— Using the charm production cross sections from 360 GeV/¢ pp interactioms,

obtained in EHS with experiment NA16, the following two charm/strangeness

suppression factors have been obtained:

(6.4 7 27 x 1072,
- 2,5

o(AcB)/o(A)

(1.3 7 2% x 1077,

— 0.4

o{DD) /o (KK)
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TABLE CAPTIONS

Table 1 Topological cross sections for pp -+ (Kg, A, A} + X and average

number of K2, A and A per inelastic collision.

*
Table 2 Fits to the 2E /nvs do/dx distributions for the Kg inclusive

production.
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TABLE 2

From Range of |x| Parameters from

2
£it [A(mb)] X /NDF Prob.

(a) Quark-exchange
or annihilation

3 7 _
A [(1-x) +2(1-x) 1] 0.525 A = 0.69

I+
(=)

.03 7.0/10 72.4%

A

0.0% £ |x]|

{b) Gluon exchange

5 9
A [(1-x) +(1-x) ] 0.525 A

0.05 5 |x|

i
[

.26

I+
o

.06 11.5/710 31.8%

A

(c) Gluon exchange +
point-like pairs
creation

F 5
A [{1-x) +(1-x) ]

+
(=

0.05 £ |x] < 0.525 | A = 0.92 .04 8.8/10 55.1%

(a) . N A =0.72 % 0.06
1 2
A Wl-x) s20i-x) 3| 003 8 Ixl <0525 | 5 464 0.48 | 6.3/8 61.4%
L = 6.92 t 0.63
(b)+(c) A =1.07 £ 0.14
bl bz — +
a e iy ®y | 005 8 I1xl <0525 | b, =4.050.89 | 6.4/8 60.7%
, = 7.22 + 3.55
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FIGURE CAPTIONS

Fig. 1

Fig. 2

Fig. 3

Fig. &

Fig. 5

Fig. 6

Fig. 7

Fig. 8

Fig. 9

- *
Distributions of the A, A and K: polar angles © in their c.m.s.

s dependence of the inclusive cross section for the reaction

PP Kg + anything.

s dependence of the inclusive cross sections for the reactions

PP ® A + anything and pp * A + anything.

K:. A and A topological cross sections. "h is the number of

charged particles at production.

Feynman-x distribution for the fastest positive secondary track

with proton mass assignment.

Armenteros-Podolanski plot of the neutral strange particle
decays in the variable a = (p: - p;)/(p; + p;), where p: are

the longitudinal momenta of the positive and negative decay
products in the laboratory system with respect to the laboratory

momentum of the decaying particle.

Feynman-x distribution of the invariant cross section for fully
inclusive and diffractive K: production. The line corresponds

to the function (1-x)? + 2(1-x)7. Comperison is made to the

distribution obtained at 405 GeV/c pp interactions [11}.

K: inclusive production differential cross section as function

£ p2.
of p7

Feynman-x distribution of the invariant cross section for fully

inclusive and diffractive A production. The line corresponds to

the form (1-x)!. Comparison is made to the distribution obtained
at 405 GeV/c pp interactions [11].
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FIGURE CAPTIONS (Cont'd)

Fig.

Fig,

10

. 11

12

13

. 14

15

A inclusive production differential cross section as function of
2
Pr-

A inclusive production differential cross section as function
] 3z [ I _
of t' with t' = |t tminl'

do/dt’ for A in the regions: |x| < 0.5 (+) and Iz 2 0.5 ().

Feynman-x distribution of the invariant cross section for fully

inclusive A production. The line corresponds to (1-x)5,
Dependence of the A polarization on X,

Dependence of the A polarization on the A transverse momentum.
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