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ABSTRACT
Production of po, K*o, T*o

sions at the CERN Intersecting Storage Rings (ISR) at low Py in the central

Their rapidity distributions are all consistent with being flat for ly| < 1.

transverse mass spectra are well described by exp (—auT), with a = -6.4 £ 0
The cross—sections for dO/dy|y=0 are 6.5 + 0.8 + 1,2 mb for p%, 1.9 £ 0.3 *
for K*°, 1.9 £ 0.3 £ 0.3 mb for K*", and 0.60 % 0.12 * 0.13 mb for ¢, where

first error is statistical and the second is systematic.

region,

, and ¢ have been measured in proton-proton colli-

The

.2 GeV !,

0.3 mb

the
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INTRODUCTION

We have measured inclusive vector-meson spectra at the CERN Intersecting
Storage Rings (ISR) at /s = 63 GeV for [y| < 1 and fransverse momentum (pT) up to
1.5 GeV/c. Experimental data for vector mesons are relatively scarce at these
energies, in ﬁarticular in the central region [1]. At lower emergies, however,

their production has been more systematically investigated [2].

Previous results indicate that in high-energy hadron collisions vector-meson
production dominates over the production of pseudoscalar mesons. This is in quali-
tative agreement with spin statistics [3] which predict that most observed particles
are decay products of vector-meson resomnances., More detailed quark-parton models
give quantitative predictions on the behaviour of vector-meson productionm [&].
Furthermore, it is of interest to know how much of the short-range correlations

in hadron collisions can be explained by vector mesons.

The paper is organized as follows. In Sections 2 and 3 we describe the ap-

paratus and the data analysis, and in Section 4 the results are given.

EXPERIMENTAL SET-UP

The experiment was performed using the Axial Field Spectrometer (AFS) shown
in fig. 1. The magnet provides an azimuthally symmetric field of ~ 0.5 T over the
central region containing the track chambers. These cylindrically symmetric drift
chambers are divided into two parts, to accommodate supports for the beam pipe.
They are 1.42 m in length, and extend radially from 0.20 to 0.80 m from the inter-
section point. The material traversed by a charged particle before entering the
drift chamber amounts to 0.045 radiation lengths, coming predominantly from the

stainless—-steel beam pipe (at 12 cm) and an inmer scintillator hodoscope (at 18 cm).

The drift chamber is described in detail elsewhere [5], Briefly, it is a
single—gas—volume chamber‘opergting‘at atmospheric pressure with a mixture of argon
(50%) + ethane (50%Z). Each half chamber (fig. 1) conmsists of 41 sectors, of 4°
width, leaving dead regions of 8° width up and down in azimuth. Each sector has

42 radially distributed sense wires oriented parallel to the magnetic field, and
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organized into three groups or 'crowns'. The wires are staggered *0.4 wm azimuthally
to remove left-right ambiguities. The drift-time information is complemented by
pulse heights recorded from both ends of the.sense wires and used to obtain the
position along the wire by charge division as well as the particle identity by ioni-
zation. The drift times give an average resolution of 230 Um, and the charge di-
vision v 1.5 cm, after correcting for effects such as bending of the electron drift
paths by the magnetic field, differences in electronic delays, and time-slewing ef-
fects caused by finite thresholds in the electronics. The resulting momentum re-

solution in the central part of the drift chamber is given approximately by &p/p =

= V(0.025p)% + (0.01)2 (p in GeV/c), where the first term comes from measurement

errors and the second from multiple scattering in the chamber gas and wires.

The event time was recorded using the cylindrical scintillator hedoscope, .
placed between the vacuum pipe and the drift chamber. Timing on the inner hodo—
scope 1s also used to reject multiple events, occurring within the read-out window
of %600 ns. Two sets of scintillators were placed in the forward regions (1.2° <
< 8 < 6°) to moniter the luminosity and for use in the trigger. The trigger re-
quired a coincidence between these forward counters or a hit in the central scintil—
lator hodoscope (minimum bias trigger). This trigger records " 90% of the inelastic

cross—sectiomn.

3. DATA ANALYSIS

This analysis is based on v 2 x 10° triggers as defined in the previous section.

The luminosity was 2 x 103! cm™2

s ! during data taking. The events were passed
through a track-reconstruction program, which found track candidates in space

{r, ¢, z). Events containing at least one track candidate were then passed through
a fitting program to determine the track parameters, using the spline method [6].
.The track parameters and errors were then used to estimate a common event vertex

position, and associate a subset of all reconstructed and fitted tracks with the

event. From the initial sample, 9 x 10" events contained a vertex.

All tracks in the remaining sample were required to originate from the event

vertex, and contain 10 or more space points. These cuts were necessary to reduce
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contamination from background sources such as beam—pipe interactions, upstream
beam~gas interactions and old hits in the drift chambers. In addition, we required
a x?/degree of freedom < 3.0 for the single-track fits. This was particularly use-
ful for rejecting errors introduced earlier at the track~recomstruction stage. A
final selection was applied on the measurement errors of the individual track para-

meters.

Particles in this sample were identified using the information on the ionizationm
from the drift chamber. The ionization for a track was defined as the mean value
of the lower 707 of the individual pulse heights. Figure 2 shows the truncated mean
pulse height versus track momentum for negative particles. Each particle type ap-
pears clearly. Particles were defined as kacns in a regiom of this plot where the

contamination from other particles is < 5Z%.

The single-particle acceptance as a function of particle type (either kaon or
any hadron), charge, rapidity, Py and azimuth for the observed particles was de-
duced by comparing their densities with previously measured spectra [7]. The de-
tection efficiency with the chosen cuts for all hadrons rises to a level of ~ 507
for Pr > 300 MeV/c and remains approximately constant. Kaon efficiencies rise to
a peak value of v 40% at a Py of ~ 400 MeV/c, and drop to zero at approximately
700 MeV/c, as dE/dx separation fails. We estimate the systematic uncertainty in
acceptance introduced by this technique to be 15% and 5% for kaons and hadrons,
respectively. These errors arise predominantly from the normalization and our

representation of the previous measurements.

To translate these single-particle acceptances into detection efficiencies for
two-body vector-meson decays, we employed a Monte Carlo technique.. Vector mesons
were generated with a P-wave Breit-Wigner distribution. They were assumed to be
produced unpolarized, with y and Pr distributions consistent with the measured dif-
ferential cross-sections quoted later. It was checked that there was no azimuthal
variation of the vector mesons and that the decay was indeed isbtrépic. The momenta
of the decay particles were smeared with the deteﬁtbr resolution. The vector meson

was then given a weight equal to the product of the acceptances derived from the
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single-particle acceptance tables. The resulting vector-meson acceptances are shown
in figs. 3a-f for p?, K*®, and $, as a function of Py and y. The acceptance calcu-
lated from uncorrelated single-particle spectra does not fully account for losgses

in the detector introduced by the two-body kinematics of the decays. We have es~ s
timated such effects to be < 1%, < 1%, and ~v 4% for p, K*,‘and %, respectively, and

have included these uncertainties in our acceptance errors.

The invariant masses of T*n~ and K¥*1* were formed. The mass spectra are shown
in figs. 4a and 5a, where the solid line represents the shape of the uncerrelated
background determined by combining particles from alternate events of the same
multiplicity. Background shapes comstructed in this way also agree well for mirnt
combinations. For p® and K*?, the background-shape normalization was chosen to
remain positive in the regions surrounding the signals after subtraction. F¥or the

0 this was obtained by normalizing above 2 GeV/c?, while for the K* the lack of

p
statistics in the high-mass tail of the K7 spectrum forced an arbitrary normali-
zation. The resulting spectra are shown in figs. 4b and 5b, where prominent p°

and K*? signals appear.

A fit to each subtracted mass distribution was performed using a P-wave Breit—
Wigner formula with nominal mass and width, together with an assumed exponential
non-resonant correlation background in the p° case, and a linear form for the K*°.
We have found that the shape uncertainties in resonance and background forms lead
to changes of less than 157 and 4% in the p? and K*° signals, respectively, while

still retaining acceptable fits,

Figure 6 shows the K*K~ invariant mass spectrum. The ¢ resonance is well fit
by a Breit-Wigner of width 10 MeV/c? (consistent with the detector resolution) and
4 constant background. : i
RESULTS ' -

The distributions of produced resonances haye bgen studigd as a function of

transverse mass (uT) and rapidity (y). In determining absolute cross—sections,

we have included in the tables an overall systematic uncertainty of 207, coming
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from our luminosity measurement (77) and event selection criteria, in addition to

the acceptance and fitting errors. However, the errors shown in the figures are

purely statistical.

The cross—sections as a function of My are summarized in tables 1 to 4 and
displayed in fig. 7. The inclusive spectrum for each resonance is well fitted by
a simple exponential

d3u
E;E-g * exp (-auT) 2

with a = 6.4 + 0.2 GeV™!, The data can also be fitted to similar expomentials in
Pp and p% . The results of these fits are presented in table 5. We see from fig. 7
that the distribution for the p° is in agreement with the previous measurements

of ref. 1, at the same centre—of-mass energy, but rescaled to the same rapidity
region.
. . . . * .
The centre—of-mass rapidity distributions for c%, K*, and ¢ are shown in

fig. 8, and summarized in tables 1 to 4. The data are consistent with no variation

with rapidity over the range covered by this experiment.

The ratic of (pu)/fﬂ“) is shown in fig. 9 as a function of P+ The rise of
this curve from * 0.0 at low p, levels to a level of ~ 0.7 at p; v 1.2 GeV/c ap-
pears to be approaching the similarly high ratio of 0.87 * 0.17 previously measured
for (w)/(T?) at /s = 63 GeV with Pp > 3andy = 0 [8]. In addition, the following

particle ratios have been extracted from the data, in the range p; < 1.5, |y} < 1:

(p%y/{T™) = 0.20 £ 0.03 * 0.04
(R*Y/(X™) = 0.64 * 0.09 £ 0.03
(K*y/(x*) = 0.55 = 0.08 + 0.03
(63/{p") = 0.09 + 0.02 £ 0.02,

where the first error is statistical and the second is systematic. These particle
ratios are shown in figs. 10 and 11, together with lower energy data covering larger
rapidity. The dashed lines in these plots indicate a quark-model prediction based
on spin statistics. Assuming isospin invariance and equal production of p? and w,
the above ratios imply that ~ 607 = 15% of all pseudoscalar mesons are decay pro-

ducts of vector mesons.
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Table 1

p° data

a) Cross—section versus P

3 3
Pr (Pp) {ig) E(d’v/dp®) 2/ NDF
(GeV/c) | (GeV/c) | (GeV/e) (mb /GeV?)
0.00-0.25| 0.17 0.79 7.8 * 0.8 * 1.4 |33/25
0.25-0.50 | 0.38 0.86 3.85 + 0.41 % 0.69 | 31/25 |
0.50-0.75 | 0.62 0.99 1.94 + 0.19 + 0.35 | 30/25
0.75-1.00 | 0.86 1.15 0.64 + 0.09 £ 0.12 | 26/28
1.00~1.50 | 1.15 1.37 0.17 * 0.02 = 0.03 | 29/25
b) Cross-section versus y
y i do/dy ¥2 /NDF
! (sub)
!
0.00-1.00 | 6.5 + 0.8 £ 1.2 | 29/25
0.00-0.3316.8 * 1.0 * 1.2 |22/25
0.33-0.67 } 6.7 + 0.6 * 1.2 |27/25
0.67-1.00 [ 5.3 + 0.9 *+ 1.0 |18/25
[ TLIR L TRt KR TILE L R LI TITTTILN T IR LI LT TR T TR RN NV IR R BT R T AR YRR T TE LR Tt d B CIUE SRR R BT BT T T D TR T (T TN R N T S T TR LR RO T NI Y I T



Table 2

K*? data

a) Cross—-section versus Pp

Py (Pp) {(Hp) E(d%0/dp?) W /NDF
(GeV/c) (GeV/e) | (GeV/e) {mb/Gev?)
0.006-0.25 0.17 0.91 1.97 * 0.51 = 0.35 22/18
0.25-0.50 0.38 0.97 0.9 + 0.23 £ 0.17 26/18
0.50-0.75 0.62 1.08 0.65 * 0.16 * 0.12 17/18
0.75-1.00 0.86 1.24 0.26 * 0.07 % 0.05 23/18
1.00-1.50 1.15 1.435 0.033 + 0.022 + 0.006 | 17/18

b) Cross—-section versus y

y do/dy x2 /NDF
(mb)

0.00-1.001] 1.94 =+ 0.28 + 0.35 22/18

0.00-0.331 2.26 = 0.37 % 0.41 15/18

0.33-0.67 | 1.45 * 0.47 * 0.26 17/18
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Table 3

K*® data

a) Cross—-section versus Pr

Pr (Pp) (Mp) E(d3c/dp®) + /NDF
(GeV/c) | (GeV/c) | (GeV/c) (b /GeV?)
0.00-0.25] 0.17 0.91 1.41 % 0.51 2 0.25 | 23/18
0.25~0,50 | 0.38 0.97 1.12 + 0.23 % 0.20 | 20/18
0.50-0.75| 0.62 1.08 |[0.52 *0.16 =% 0.09 | 16/18
0.75-1.00 | 0.86 1.26 | 0.16 * 0.07 * 0.03 | 9/18
1.00~1.50 | 1.15 1.45 10.050 + 0.024 + 0.009 | 23/18

b} Cross—section versus y

-
y do/dy %2 /NDF

(mb)
0.00-1.00 | 1.87 * 0.28 + 0.34 | 23/18
0.00-0.33 | 2.22 + 0.39 =+ 0.40 | 15/18
0.33-0.67 | 1.43 + 0.38 + 0.26 | 32/18

* IFRRMRRARY #MM1 PPN PR 1O PP ERN N OO W01 0 4 0P UL 00003 000 D LR SRR O 4] 31 OO0 10 100 0 - PP R T A 1 R O 10 PR Y000 00D 7)1 000 BRI ELE NI W00 - S e
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Table 4

¢ data

a) Cross—section versus Py

Py (Pp) | (Hp) E(d%c/dp®)
(GeV/c) (GeV/c) | (GeV/c) {mb/GeV?)
0.25-0.50 0.38 1.09 0.22 *0.12 + 0.05
0.50-0.75 0.62 1.19 0.17 = 0.05 = 0.04
0.75-1.00| 0.86 1.33 0.061 + 0,023 £ 0.015
1.00-1.50 1.15 1.53 0.023 £ 0.011 £ 0.006
b) Cross-section versus y
do/d
y /dy
(mb)
0.00-1.004%0.58 + (.12 % Q.13
0.00-0.3310.44 + 0.11 * 0.10
0.33-0.67]0.55 * 0,22 * 0.12
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Figure captions

Fig. 1
Fig. 2
Fig. 3
Fig. 4
Fig. 5
Fig. 6
Fig. 7
Fig. 8
Fig. 9

a) Schematic drawing of the Axial Field Magnet and the vertex drift
chamber.

b) End view of the drift chamber.

c) Expanded view of a sector structure. The staggering of the sense

wires, shown as crosses, has been exaggerated by a factor of five,

df/dx identification: truncated mean pulse height versus the momentum

for negative particles. The contours represent a factor 2 in density.

Vector-meson acceptances as a function of Pr and rapidity: a) o%;

b) K*o; c) ¢.

T~ invariant mass spectra.

a)} Combinations within the same event. The full line describes the
non-resonant background determined by mixing events.

b) The background-subtracted signal. Fitted curves are described in

the text.

K*1¥ invariant mass spectra.

a) Cowbinations within the same event. The full line describes the
non-rescnant background determined by mixing events.

b) The background-subtracted signai. Fitted curves are described in

the text.

KK~ mass spectra for all combinations. The curve is a fit to a
Breit-Wigner together with a constant background.
X0

E(dadfdpa) as a function of transverse mass (uT) for p%, K*u, ,

and ¢. The lines represent a global fit of the form exp (—auT).
. s . . . %*
Rapidity distributions do/dy: a) p% b) K % ) ¢.

py dependence of [TALm
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Fig. 10 o/m as a function of Vs: ® - this experiment; O - refs. 1,2.

Fig. 11 : aj) K*/K as a function of vVs. B K*/K_, ® K'/K* - this experiment;
0 K*—/K;, o) K*"'/K; - ref. 2.
b) ¢/p as a function of Vs: @ - this experiment; Q - ref. 2. The

dashed lines are predictions from ref, 3 for the central region.
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