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Abstract

Central 77~ events produced in pp interactions are studied in terms of correlations between the outgoing protons. It is
observed there is more p%(770) and f2(1270) production in reactions where the outgoing protons are on opposite sides of
the beam. This effect is not attributable to the trigger or the experimental acceptance, and suggests that the vertices do not

factorise.
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Fig. 1. WA91 1994 experimental layout.

The WA91 experiment is designed to study exclu-
sive final states formed in the reaction

pp—psX’p,.

where the subscripts f and s refer to the fastest and
slowest protons in the laboratory frame respectively
and X° represents the centrally produced system.
Reactions of this type are expected to be mediated
by double exchange processes, with a mixture of
Pomeron-Pomeron, Reggeon-Pomeron and Reggeon-
Reggeon exchange.

The WA76 experiment [1] observed that in the
77~ channel the ratio of the cross-sections for the
production of p°(770) at centre-of-mass energies
Vs = 23.8 GeV and /s = 12.7 GeV respectively
was 0.4440.07. Furthermore, WA76 also reported
that p°(770) production is enhanced at high four-
momentum transfer, |7]. Since Double Pomeron Ex-
change (DPE) cannot produce / = 1 states such as
the p®(770), these observations suggest that DPE
becomes relatively more important at low || and high
Vs, in agreement with theoretical expectations [2].
In DPE, factorisation of the two vertices would lead
us to expect no correlation between the resonances
seen in the 77~ mass spectrum and the azimuthal
angle between the outgoing protons.

In this letter we present a study of centrally pro-
duced meson systems, using data from the 1994 run of
the WAS1 experiment, in terms of the directions taken
by the outgoing fast and slow protons. The data were
taken at an incident beam momentum of 450 GeV/c,
equivalent to /s = 28 GeV. The layout of the Omega
Spectrometer used in this run is shown in Fig. 1 and
comprises:

(i) A set of detectors to perform an accurate mea-
surement of the incident beam direction. This
was achieved using a telescope of ten 20 pum
pitch microstrip detectors (Sy and 5z planes).
A 60 cm long hydrogen target and a system of
scintillator hodoscopes for the trigger definition
(as described below).

Fifteen 2 mm pitch (A and B) Multi-Wire Pro-
portional Chambers (MWPCs), one 1 mm pitch
MWPC and two Drift Chambers (DC) to mea-
sure the medium momentum charged tracks.
Sixteen (eight left and eight right) 2 mm pitch
(C) MWPCs to measure the slow proton.

(v) A system of microstrip detectors placed in two
stations 5 m and 10 m downstream of the centre
of Omega in order to measure the outgoing fast
track, which was typically in the momentum
range 350-450 GeV/e.

Two threshold Cerenkov detectors, C1 and C2,
and three scintillator hodoscopes, HY1, HY2

(i1)

(iit)

(iv)

(vi)
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and HY3, used for charged particle identifica-
tion.

(vii) The GAMS-4000 electromagnetic calorimeter
used for the energy and coordinate measurement
of photons.

The trigger required:

(i) A fast particle crossing the downstream mi-
crostrip telescope. This requirement was ful-
filled by asking for a coincidence between two
scintillation counters (Al and A2) placed close
to the microstrip detectors at 5 m and 10 m. A2
was split vertically into two 2.5 cm x 5 cm ele-
ments, A2L and A2R, in order to determine the
y-direction, in the Omega coordinate system,
taken by the fast track.

(ii) A slow particle left [right] was defined by re-
quiring one hit on any of the fourteen slabs of
the Slow Proton Counter Left (SPC(L)) [Right
(SPC(R))] in coincidence with a hit in the left
[right] clements of the box counter (TB) and
at least one hit in each of two planes of the C
MWPCs on the left [right] side of the target.

(iii) In order to reduce backward diffraction or ex-
citation events, zero hits were required in the
other three sides of TB, which was left open at
its front end so that the fast track and centrally
produced particles did not veto the event.

After selecting the slow and fast particles, the ma-
jor background to centrally produced events is elastic
scattering. When the slow and fast particles are on the
same side of the beam, i.e., a slow left proton and a
hit in A2(L) (classified as LL), or a slow right pro-
ton and a hit in A2(R) (RR), elastically scattered
events are excluded by momentum conservation. For
the combinations slow proton left and A2(R) (classi-
fied as LR) or slow protonright and A2(L) (RL), the
number of elastic scattering events triggered on were
reduced by requiring that at least one hit be detected
in the downstream hodoscope HY 1. Reactions of the

type
pp — py (T 77 ) ps s

were selected from the sample of four-prong events
by requiring

|missing p,| < 14.0 GeV/c,
|missing p,| < 0.16 GeV/c.

|missing p.| < 0.08 GeV/c.

In addition, the Ehrlich Mass squared, m§( [3], defined
by
s (Ep+my—Ep — Ep)* —pZ, —p2 12

—4pZ,p:_
my ﬂ
4(Ep+mp — Ep, — Ep)°

»

was required to be in the range

—0.3 GeV? < m} < 0.16 GeV?,

and finally the principal diffractive production chan-
nels in the p7r spectra were removed by requiring

mpr > 1.5 GeV,

where m,, represents the mass of the p7 system.

Although the hardware trigger vetoes most of the
elastic events, it does not uniquely define events which
have a fast track with p, > 0 or p, < 0, since fast
right tracks with low p, bend in the magnetic field so
that they sometimes hit A2(L.) instead of A2(R). In
order to remove bias caused by this effect, we do not
use the hardware trigger condition in the analysis to
define the direction taken by the fast track. Instead,
we define a fast left proton as being one which has a
positive p, relative to the beam, and a fast right proton
as being one which has a negative p, relative to the
beam.

As mentioned above, RL and LR triggers have an
extra constraint imposed on them in order to reduce
the elastic background, namely at least one hit must
be detected in the downstream hodoscope HY1. In
order to ensure that the same conditions apply to all
trigger types, we require that both pions trace to the
hodoscope plane for all events. In Fig. 2 the w7~
mass is plotted as a function of trigger type. Large
enhancements of the p°(770) and f,(1270) signals
are observed in the RL and LR cases.

Since we have higher statistics for triggers with a
slow left proton than for triggers with a slow right
proton, and also since slow left protons are generally
better reconstructed, in the following analysis we con-
centrate on events with a slow left trigger. However,
events with a slow right proton show similar effects
to those with a slow left proton.

In light of the WA76 observation [4] that the
amount of p°(770) production varies with the 4-
momentum transfer at the vertices, it is important
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Fig. 2. 777~ mass spectra for a) LL, b) LR, ¢) RR and d) RL for events where both 7 tracks reach HY1.
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Fig. 3. Acceptance corrected |f| and |ts| distributions for (a) LL and (b) LR in the p®(770) mass region, and (c) LL and (d) LR for
the f2(1270) mass region.
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Fig. 4. Mass spectra for KYK~ (a) LL, (b) LR, and for #t7 7"~ (¢) LL. (d) LR.

to check whether LL triggers favour low |t} or LR
triggers favour high [¢]. In order to do this, we first
generate a set of Monte Carlo data under the assump-
tion that there is no correlation between the fast and
slow vertices. The Monte Carlo data are tested to see
if they pass through the geometrical acceptance of
the detectors, and from this a set of corrections for
the |¢| distributions of the real data is produced. We
choose data in two mass ranges, 0.7 < M~ < 0.9
GeV and 1.1 < Mmoo~ < 1.4 GeV, corresponding
to the p®(770) and f;(1270) masses regions. The
efficiency corrected distributions, fitted to the form
Ae~ "l are shown in Fig. 3. The values of the slope
parameter « for a maximum likelihood fit in the
region 0.1 GeV? < |t| < 0.6 GeV? for the p°(770)
mass region and 0.1 GeV? < || < 0.45 GeV? for
the f(1270) region are given in Table 1, where the
errors are statistical only. The values of the ¢ slopes
for LL and LR data within one mass region are simi-
lar, although we do observe some variation of the |r|
slopes with mass, since the slopes for the f,(1270)
mass region are rather shallower than those for the
p°(770) region. In summary, the differences in the
resonances observed in the 777~ mass spectra for

Table |
Values of the slope parameter a for acceptance corrected data

TI’iggﬁl‘ ﬂ/p()(”m /GeV‘2 QL (1270) /GCV—Z
LL |1} 8.020.1 6.0+0.2
LL irg| 8.0+0.1 54402
LR |rs| 7.3£0.1 6.0£0.2
LR |1, 7.440.1 56402

the LL and LR triggers are not due to a difference in
acceptance in [¢| for the two triggers.

Shown in Fig. 4 are mass spectra for KYK™ and
7@~ a7~ taken during the same run. The K*K~
mass spectra are shown in Figs. 4a and 4b. The
f,(1525) is a well known qq state, and is seen with a
considerably stronger signal in the LR case. Interest-
ingly, the 8/f;(1710) signal in K*K~ is stronger in
the LL mass spectrum. The 777~ 7t 7~ mass spectra
shown in Figs. 4c and 4d show a clear enhancement
of the qq state f; (1285) in LR triggers.

The SFM Collaboration also observed that the di-
rections taken by the outgoing fastest and slowest par-
ticles in central interactions are correlated with the
centrally produced states [5]. They see an enhance-
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ment of £5(1270) production in the 7+~ channel
in cases where the fastest and slowest particles in the
laboratory frame have a “back-to-back” configuration
of their momenta. This is consistent with the enhance-
ment of f,(1270) production in the WA9I data in
LR and RL triggers. However, the SFM Collabora-
tion concluded that this may suggest that the f,(1270)
has a large glueball content. This certainly does not
seem consistent with the WA91 observation that there
is also an enhancement of the p°(770) signal in LR
and RL triggers, since the p0(770) is well understood
as having only a quark-like, not a glueball, nature.

In conclusion, we have studied the centrally pro-
duced 7F7~ system in pp interactions at a beam
momentum of 450 GeV/c. A strong correlation is ob-
served between the directions of the outgoing protons
and the strength of the p°(770) and £,(1270) signals.
Specifically, in situations where the outgoing protons
are on opposite sides of the beam (LR and RL), more
p°(770) and f(1270) are produced than in cases

where the protons are in the same hemisphere (LL and
RR). This is not attributable to trigger or acceptance
effects. A study of the K*K~ channel shows a signifi-
cant enhancement in the amount of f5(1525) produc-
tion in the LR and RL triggers, but the 8/£,(1710) is
seen predominantly in the LL and RR triggers. In the
7t~ 7~ channel, the f;(1285) is seen to be en-
hanced in the LR and RL channels. These observations
are in in disagreement with simple models of double
exchange mechanisms, where the exchange vertices
are assumed to factorise and hence be uncorrelated.
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