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ABSTRACT

Inclusive and semi-inclusive production of A and A in K+p interactions
is studied at an incident momentum of 70 GeV/c. Cross sections and single
particle distributions are presented and compared with data at lower
energies. Scaling is observed between 32 and 70 GeV/c in the Feynman x
variable in the target and the beam fragmentation regions for A and A
inclusive production respectively. An increase of A(R) production is
observed in the beam (target) fragmentation regions, whereas the data at 70
and 32 GeV/c are reasonably close in the central region. The dependence of
the A(A) polarization as a function of x is measured and found to be in
general agreement with the results at 32 GeV/c. The (AR) pair production
cross section increases significantly from 32 to 70 GeV/c. The A and A

production associated with an identified proton is also studied.



1.

INTRODUCTION

In this paper we present results from an analysis of the inclusive A
- . . + . . . .
and A production in K p interactions at an incident momentum of 70 GeV/c,

using data from an exposure of the Big European Bubble Chamber (BEBC).

In similar studies at lower beam momenta, 8.2, 12.7, 16 and 32 GeV/c
[1-3], scaling is not observed in the Feynman x variable although early
scaling conditions [4] are satisfied in the beam and the target fragmenta-
tion regions for A and in the beam fragmentation region for A. However, in
the 32 GeV/c data, [3], dominance of target and beam fragmentation
processes is demonstrated for A and A production respectively. Thus, the

extension of the study of A(R) inclusive production to 70 GeV/c is of
interest.
The reactions studied here are
+ ++
Kp+ A+ X (1)
+ - -+
Kp+ A+X (2)

and the semi-inclusive production processes

k'p » AR+ X7 (3)
+ +
K .

p*Ap .+ X (4)
+ - +
K ] .

P> Ap g Lt X (s

We also estimate the cross sections for the reactions
+ * 4 +
Kp* Ziges * X (6)
+ o +4++
K p* Iiges + X - (7

In sect. 2, the experimental procedure, the data sample used and cross
section results are presenﬁed. The differential cross sections for
reactions (1) and (2) are presented in sect. 3, and wherever possible
comparisons with the results in lower energies are made. In sect. 4,
reactions (3), (4) and (5) are studied and finally the conclusions are

summarized in sect. DJ.



2. EXPERIMENTAL PROCEDURE AND CROSS SECTIONS

The data were obtained from an exposure of BEBC, filled with hydrogen,
to an r.f. separated ' beam of 70 GeV/¢ nominal momentum. Details of
the experimental set-up and the total, elastic and topological cross
sections for K+p interactions at 70 GeV/c are given in a previous

publication [5].

The present analysis is based on a sample of ~ 51 000 events
corresponding to a semsitivity of ~ 2.8 events per microbarn. After
double scanning, measurement and remeasurement, all events were processed
through the Hydra geometry program. A modified version of the Hydra
kinematics optimized for V°/y fitting, [6], was then used to fit the usual
hypotheses for K", A, A decay and e e pair production at each V°/y

(*)

vertex .

Only 3C fit unambiguous A(A) events associated to an even topology
pPrimary vertex were considered. The obtained samples of 1152 A and 518
A events were appropriately weighted for the following momentum dependent
losses: (a) decays outside the fiducial volume, (b) decays very close to
the production vertex, (c) secondary interactions, (d) K™/A and Kn/;
ambiguities. In the latter case the "Podolansky-Armenteros" method was

applied, [7], as described in ref. [8].

Finally, correction factors for scanning efficiency (97%) and data
processing efficiency (94%) were used which lead to an overall systematic
error of 2Z4. No attempt has been made in the present analysis to
distinguish between directly produced A's (A's) and those resulting from

I°'s (T%'s) decays.

Using the aforementioned experimental procedure and the topological
cross sections of ref. [5] we obtain for the total A(A) cross sections the
values: 0, = 1.09 % 0.05 mb and of = 0.65 * 0.04 mb. These values
are given in table 1 together with the topological cross sections for

reactions (1) and (2).

(*¥) A paper dealing with the neutral kaon production is forthcoming.



In fig. 1 we compare the total A(R) inclusive cross sections of
this experiment with those at lower energies. The cross sections increase
approximately as &ns. In fig. 2 the topological cross sections for
reactions (1) and (2), at lab momenta from 8 to 70 GeV/c, are presented.
The general feature in this figure is the increase of the higher multi-
plicity cross sections with increasing energy. More specifically in
fig. 2{a) and 2(b) the 2-prong cross section decreases between 32 and
70 GeV/c, whereas the 4-prong cross section is almost constant and for

6-prong and above the cross sections increase with increasing energy.

Tn table ! the cross sections for reactioms (3)-(7) are also
presented. The cross sections for reactious (4) and (5) were calculated

from the number of A(A) events with an identified proton (Pyap € 1.2 GeV/c)
[9l.

*+ . e
The estimation of I,sss Cross sections was made by fitting to the

dc/dMAﬂi experimental distributions, fig. 3, the following expression

do/dM = (1 + a, . BW) . BG (8)
where,

BG = a, (M - M, )%« expl-a, (M - M) - a; (M - M )] (9)

h

and BW is the relativistic Breit-Wigner functionm. Comparison of the cross
. *t . .
sections for I,3ss with data obtained at 32 GeV/c, [10], suggests that
*t .
the fraction of A's coming from Z;.4s resonances 1s about the same at

both energies, (v 25%), for identical parametrizations of the background.

SINGLE PARTICLE INCLUSIVE DISTRIBUTIONS

3.1 General features

The Chew-Low plots for reactions (1) and (2) are shown in fig. 4. 1In
both reactions the data accumulate near the boundaries of the plots, as
expected, mainly in the high mass regions and are consistent with a dominant
production of A(R) in the target (beam) fragmentation region. Figs 5 and
6, show the projectioms of the Chew-Low plots together with data at lower
energies. The M;/s distributions at 70 and 32 GeV/c are seen to be
compatible for M;/s £ 0.7 whereas the four momentum transfer distributions,

fig. 6, start to differ for {tl > 2(GeV/c)?, for both A and A production.




3.2 Longitudinal momentum distributions

The invariant Feynman x distributions for reactions (1) and (2),

*
E d*g
f{x) = < dx . dap? dp; (10)
P T
max

are shown in fig. 7 and given also in table 2(*). These distributions
clearly show that A's are produced preferentially in the target fragmenta-
tion region, whereas the A's are produced mainly forwards, i.e. in the
beam fragmentation region. This effect is quantified in the

forward~backward asymmetry values and average x values given in table 3.

Fits of the expression A(1 - {x|)™ to the experimental invariant x
distributions for reactions (1) and (2) yield the values of n given in
table 4. Within the limited statistics the values obtained are in general
agreement with the predictions of the quark counting rules based on a gluon
exchange hadronic interaction mechanism with point-like sea-quark pair

production [11}, as also found for lower energy data [12].

It is interesting to compare the f(x) distributions at 70 GeV/e with
the corresponding distributions from lower energies, [1,3], as shown in
fig. 7. In both A and A inclusive production, these distributions are
near to scaling between 70 and 32 GeV/c over the full x region. Closer
inspection reveals that for reaction (1) scaling is present for the region
x < -0.4 and for reaction (2) for the region x > 0.2. Outside these
regions the distributions from 70 GeV/c tend to lie systematically above
the 32 GeV/c data. This is particularly evident for the backward A

production.

The regions where A/A production is higher at 70 GeV/c than at
32 GeV/c are more clearly identified in the rapidity distributions, fig. 8.
A shoulder appears at y* ~ 0.8 for A and at y* ~ ~0.8 for A, suggesting a
rising contribution of the beam (target) fragmentation component in the
A(X) production. The rise of the A production from the kaon fragmentation
component (already indicated at lower energies) could be attributed to the

contribution of the u-valence quark recombination process (as, for example,

(*) We have omitted the constant 1/7 factor for direct comparison with
other data.



—

in the . 14 A fragmentation processes at 32 Gev/c [13])}. However, the A
target fragmentation component (not seen at lower emergies) cannot be
explained by such a process. We note that the observation of the rise of
the beam (target) fragmentation processes could be easily missed if the
central A(R) production processes were alse increasing. In figs 7 and 8
the data at 70 and 32 GeV/c are reasonably close in the central region.
Similar conclusions are suggested by the comparison of the A inclpsive X
and y* distributions in K#p interactions at 110 GeV/c with lower energy
data, [14], where the decrease in the hypercharge annihilation chanunel with
increasing energy is not compensated by an increase of the central A

production.

3.3 Transverse momentum distributions

The differential cross sections as functioms of p% for reactions
(1) and (2) are shown in-figs 9(a) and 9(b) and the average values of p
and p% are given in table 3. The corresponding data from lower

energies, [1,3], are also presented in these figures.

All distributions exhibit an approximate expounential behaviour. The
values of the slope parameter b, resulting from a least squares fit to the
expression '

do
2
de

= A . exp(—bp%) (11)

are given in table 5. From this table it is eclear that the slope decreases
with increasing energy. Further, the slopes for reactions (1) and (2) are
very similar at least above 16 GeV/c and for the 70 GeV/c data the values

of <pT) and <p%> (table 3) are the same for the two reactions.

The wvariation of the average transverse mOmentum,t(pT), as a
function of x is presented in figs 10(a) and 10(b), for reactioms (1) and
(2) respectively, and compared with the 32 GeV/c data. For both energies
the distributions are consistent for reaction (1) for x < 0.4 and for
reaction (2) for x > -0.2. The small but systematic rise of (pT> for
x > 0.4 for reaction (1) may be a reflection of the rise in the beam

fragmentation processes mentioned in sect. 3.2.



3.4 Polarization

The polarization of the A(A) was determined from the A -+ pr (A + §n+)

decay, using the formula [15)

{cose > [{cos?8_ (1 - aPcosd )2>]1/2
aP £ A(eP) = ~———r§—~ + 1 N Ty N (12)
{cos N> /R {cos N>
where,
ON: is the angle between the normal to the production plane and the
direction of the decay proton (antiproton) in the A(R) rest frame.
N: is the total number of events.
a: is the weak decay asymmetry parameter with value: a = 0.642 0.013

for A's and o = -0.642 * 0.013 for A's.

The normal to the production plane is defined as:

"= Bk X Ppa) IPach) X P! ' (13)

The average value of the polarization was found to be P(A) =
0.10 * 0.05 and P(A) = -0.18 * 0.07 for A's and A's respectively. The
variation of P as a function of x is shown in figs 11(a) and 11(b). The
data at 13 and 32 GeV/c, [15}, are also presented for comparison. The
distribution for reaction (1), fig. 11(a), is consistent with the lower
energy data and there is no evidence for polarization over the full x
region. On the other hand, our data for reaction (2), fig. 11(b), exhibit
a behaviour similar to that at 32 GeV/c with a negative polarization in the

high x forward region.

be (AM), (Apgiow) AND (Apeiow) PRODUCTION

In this section a study of reactions (3), (4) and (5) is presented.
The sample used and the corresponding total and topological cross sections

for these reactions are discussed in sect. 2 and presented in table 1.



The scatter plots of the individual x variables for the particles of
each pair are presented in figs 12(a), 12(b) and 12(c) for reactioms (3),

(4) and (5) respectively.

In fig. 12(a) it is observed that the A's and A's are produced
mainly at small x values. This can be interpreted as an indication that
the (AA) pairs are produced by a multiperipheral mechanism. Alternatively,
contributions from fragmentation processes of the type K (EA)X would
tend to give the observed A and A at small x values. The present level
of statistics is insufficient to distinguish between these and other

similar processes.

The distribution of the points in figs 12(b). and 12(c) as a function
of xp is directly influenced by the slow proton selection.

From fig. 12{c) it is seen that the general features of inclusive A
‘production are independent of the presence of'tﬁe slow proton as expected
from the dominance of the K fragmentation processes for A production.
Indeed, as A carries the massive s quark of the projectile it is.expected

to be produced in the positive x region.

The A production in the process of reaction (4) appears to be less
central than that observed in reaction (3) (fig. 12(b) and table 3).
Although this could be due to a preferential selection of K+ fragmentation
processes, such as K+p + A; + X, it could also be due to a kinematical bias
induced by the trigger on slow protons with x near —1. ‘The same remark
applies when comparing the characteristics of inclusive A's produced with

a slow proton to the results of reaction (1.

Finally, comparison of our data with the data at 32 GeV/c, [3], shows
an increase of the cross sections for reactioms (3), (4) and (5) (for
reaction (5) comparatively smaller) but a similar behaviour for all

reactions in the x scatter plots at 32 and 70 GeV/c.
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CONCLUSIONS

The conclusions of the study of A and A production ‘in K+p

interactions at 70 GeV/c are summarized as follows:

(a)

(b)

(c)

(d)

(e)

The total cross sections at 70 GeV/c are: o, = 1.09.£ 0.05 mb and
o7 = 0.65 % 0.04 mb increasing approximately as &ns. Moreover, the
cross sections for multiplicities above four are increasing rapidly

above 32 GeV/c.

A's are produced preferentially in the target fragmentation regiom
and A's are mainly produced in the beam fragmentation region. In
these regions the reactions (1) and (2) are consistent with scaling

between 32 GeV/c and 70 GeV/c.

The slopes of the dd/dp% distributions for A's and A's are
essentially the same, but these slopes for both reactions are

decreasing with increasing energy.

Polarization for A is consistent with zero over the complete x
range, whereas the A data show negative polarization values in the

forward direction, in agreement with the 32 GeV/c data.

The inclusive (Kpslow) and especially the (AA) and (Apslow)

cross sections increase with increasing energy.
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TABLE CAPTIONS

TABLE

TABLE

TABLE

TABLE

TABLE

1

Total and topological cross sections for A and A production

in K+p interactions at 70 GeV/c.

The dependence of the structure function on the Feynman x

variable for reactions (1) and (2) at 70 GeV/c.

Asymmetry A and the average values.of X5 Py and p% for
reactions (1) to (5) at 70 GeV/c. [GF (UB) refers to the

c¢ross section for x > 0 (x < 0)].

Values of n resulting from fits of the expression A(1 - |x|)®
to the experimental data at 70 GeV/c.
Values of the exponential slope parameter b of the p%

distributions.
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TABLE 2

: *
£(x) =f§ o ant
Phax T
XF A K
(~1.0) - (-0.9) 51 % 26
(-0.9) - (-0.8) 213 £ 44
(~0.8) - (-.07) 269 * 43 1 2t 5
(—0.7) - (~0.6) 341 £ 45 j
(-0.6) - (-0.5) 422 t 45 } 11t s
(-0.5) - (-0.4) | 503 % 45
(-0.4) - (-0.3) 527 + 42 30 10
(-0.3) - (-0.2) 413 t 35 99 + 17
(-0.2) - (-0.1) 342 * 30 118 + 17
(~0.1) - 0.0 333 & 28 152 19
0.0 - 0.1 233 £ 25 235 £ 25
0.1 - 0.2 201 * 26 295 + 33
0.2 - 0.3 168 + 30 347 £ 42
0.3 - 0.4 98 + 26 375 £ 53
0.4 - 0.5 } 59 + 20 } 201 * 33
0.5 - 0.6
0.6 - 0.7 } ok
0.7 -~ 0.8 41+ 18
0.8 - 0.9
0.9 - 1.00
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TABLE 3
a2 CB
Reaction A= - x> P> <p.zr>
F %
K'p+n+ X - 48% .04 | - .19% .01 | .51 % .01 | .35% .01
+ - ++
K'p > 1 + X .53 ¢ .05 16 % .01 | .51 % .01 | .35 % .02
A from
Ry SR B o4 %t 02 | - .03% .05 | .64t 07 | .52% .10
A from 25+ .11 07+ .03 | .50 £ .05 | .32 & .06
Kp=* A +X '
A from
+ + + +
Koo hp 4 X .28 £ .09 11 % .05 | .44 % .04 | .28 % .04
sk
K from
$HTOM_ + .65t .17 22 + .02 | .51 % .03 | .37 & .05
Kp* f\psy‘ + X
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TABLE &
X region x2/ND
> A 0.8 - 0.2 1.66  0.76 2.6/2
A 0.8 - 0.3 2.14 * 0.57 0.15/1
K
* A | (-1.0) - (~0.3) | 0.77 * 0.09 2.1/5
¥ 5] (~0.8) - (-0.2) | 6.00* 1.60 | 3.0/2
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TABLE 5

K+p PN X++ K+P e x++
Beam momentum

(Gev/c) p% interval b p% interval b
(GeV/c)? (GeV/c)? (GeV/e)? (GeV/c)"?
8.2 0.0 - 1.92 | 4.16 * 0.17 0.0 - 1.28 | 5.57 * 0.40
16.0 0.0 - 1.92 | 3.46 % 0.11 0.0 ~ 1.76 | 3.96 t 0.20
32.0 0.0 - 1.90 | 3.21 % 0.09 0.0 - 2.00 | 3.11 * 0.14
70.0 0.0 - 2.25 | 3.01 * 0.12 0.0 - 1.95 | 3.00 £ 0.18

[T ry LTI TYN R [T B TR LT NITE IR LR
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FIGURE CAPTIONS

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

10

Inclusive A, A cross sections as a function of the c.m. energy

.. +
squared and of the incident K momentum.

(a)-(b) Topological cross sections for A and I production
versus the incident momentum. The lines are drawn to guide the

eye.

. . . . +
(a)-(b) Effective mass distribution of the (An>) system. The

e
curves are the results of a fit using the L35 resonance and

the background (relation (8)).

{a)}-(b) Chew-Low plots for reactions (1) and (2) at 70 GeV/c.
Y %k
The lines correspond to several comstant values of x = P;/P

max’
(a)-(b) Mi/s distributions for reactions (1) and (2) at 70
and 32 GeV/c.

The differential cross sections do/dt for reactions (1) and (2)

at 8.2, 16, 32 and 70 GeV/c.

(a)-(b) The dependence of the structure function, integrated over
p%, on the Feynmman x variable at 8.2, 16, 32 and 70 GeV/c
incident momenta for reactions (1) and (2). The curves are the

(1 - |x1)™ fits described in the text.

*
(2)~(b) The differential cross sections do/dy , at 8.2, 16,

32 and 70 GeV/c for reactions (1) and (2) respectively.

(a)-(b)} The differential cross sections dc/dp% for 8.2,
16, 32 and 70 GeV/c data for reactions (1) and (2) respectively.
The lines are the results of the fits of expresssion (11) to the
data.

% %
(a)-(b) The dependence of the <pT>'on the x = pL/pinc
at 32 and 70 GeV/c¢ incident momenta for reactions (1) and (2)

respectively,
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FIGURE CAPTIONS (Cont'd)

Fig. 11  (a)-(b) Polarization of A(A)'s as a function of x, for

reactions (1) and (2) respectively at 13, 32 and 70 GeV/c.

Fig. 12 (a)-(e) xp scatter plots for (AA), (Apslow) and (Aplew)

respectively, at 70 GeV/c.
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