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1. INTRODUCTION

i

The mass region from 1.0 to 1.5 GeV has been extensively explored, during the last
years, in order to search for mesonic resonances decaying to KK, nar, 4w and py. The

interest is due to the possible presence, in this mass region, of non ¢¢ mesons like glueballs,
hybrids and KK molecules. The situation,however, is rather complex with several reso-
nances being observed in this mass region which in some experiments have J¢ = 0+ and
in others J¥¢ = 1%+ [1]. It is now clear that no single experiment can discover gluonium
states and that the evidence for non ¢ mesons can only come from the comparison of light
meson spectroscopy from several dynamical sources, i.e. J/¢ radiative and hadronic decay,
7 or K induced peripheral reactions, pp annihilation, 4 collisions and central production.

The 7w system has been extensively analyzed, in the last few years, in most of the
above processes. The study of radiative J/v¢ decay to K K7 has led to the discovery of a
new resonance, the ¢:/n(1440) [2] having an important §/aq(980)7 decay mode contribution.
The absence of an ¢/n{1440) signal in the radiative J/¢ decay to nnw has been, for several
years, a source of concern [3]. Recently, Partial Wave Analyses of the KK# and nrm
systems produced in radiative J/1 decay [4,5] have indicated that the ¢:/n(1440) structure
may be due to a mixture of several JP¢ = 0~ and 1%+ resonances whose classification
in the quark model is still unclear.

Another relevant problem in meson spectroscopy is the nature of the E/f;(1420)
meson, a JPC = 1%+ state up to now observed to decay only to K*K, a fact which
suggests a dominant 83 component in its wavefunction. The E/ f1(1420) has been observed
in central production from hadron hadron interactions [6] and in 4+ collisions [7]. However,
this state is not produced in incident &~ reactions [8], where a different J PC — 1++ state
is observed, the f3(1520), which has the expected properties of the s member of the
JPC = 11+ nonet. The E/f1(1420) is then left out from this multiplet and is a candidate
for being a hybrid (u# + dd)g state [9], a K*K molecule or a 4-quark state [10].

The 1.0 to 2.0 GeV region is also predicted [11] to be densely populated with radial ex-
citations of the ground state multiplets, a fact which complicates the search for extra states
beyond the quark model. For example, Partial Wave Analysis of the nzwn system in the
reaction m#~p — grmn [12] provides evidence for the f,(1285) and two pseudoscalar states,
n(1275) and 7(1390), which have been interpreted as radial excitations of the JZ€ = 0=+
multiplet. However, the study of the nnm system in 7y collisions, where radial excita-
tions are expected to appear, does not show evidence for these resonances [13]. On the

other hand, the study of yy* — nmn shows evidence for production of f1(1285) but not of
E/ f,(1420). :

Further information comes from J/4 decay where its radiative decay to nwm shows
evidence for f(1285) and for a pseudoscalar state in the 1.4 GeV region [5] while J/¢
hadronic decay to wnmw shows evidence for structures in the 1.28 GeV and 1.42 GeV mass
regions {14]. :

Thus all the above results show that this mass region is complicated. In order to
contribute to the understanding of light meson spectroscopy and search for non ¢g¢ mesons,
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we have performed a systematic study of exclusive resonance production in the central
region of hadron-hadron scattering. The study of the centrally produced K 2K*r¥ final
state in p p collisions at 300 GeV/c has shown production of £1(1285) and E/f1(1420)
[6]. Tt is therefore of interest to search, in the same experiment, for an nmn decay mode of
these resonances. :

The data come from the WAT6 experiment performed at the CERN Omega spec-
trometer. Details on trigger conditions and data processing can be found in previous
publications [15].

2. SELECTION OF THE REACTION pp — pp(nt 77 n—qy)Ps

The reaction
pp — Pf(w-i-ﬂ'-’?-*’w)Ps (1)

where the symbols f and s refer to the fast and slow proton respectively, has been selected
from the sample of 4 prong events having only two reconstructed v’s each having an energy
greater than 2 GeV reconstructed in the electromagnetic calorimeters (PLUG [16] and
GPD [17]). Showers in the calorimeters associated to charged tracks have been removed.
In order to remove soft photons associated with the fast track the energy cut has been
raised to 2.5 GeV in a region having 30 cm radius in the central part of the electromagnetic
calorimeter. '

Momentum balancing events were selected by requiring |missing Px| < 30 GeV/c,
| missing Py| < 0.2 GeV /c and [missing Pz| < 0.1 GeV/c. Energy balance was obtained by
requiring the Ehrlich mass squared (m%) [18,19], computed for the two charged tracks, to
be [m%| < 0.2 GeV?. Fig. 1shows the yy effective mass for the selected sample where clear
peaks corresponding to 7° and 5 can be seen. Reaction (1) has been selected by requiring
0.48 GeV < m(7y) < 0.64 GeV. The momenta of the two 4's have been constrainted in
order to give the n mass. Diffractive contributions have been antiselected by requiring the
centre of mass rapidities of the =+ and 7 to be less than 1.7 and 2.0 respectively. These
cuts remove a small AT signal observed in the p st effective mass distribution and a
threshold enhancement observed in the pj7 effective mass distribution. The final sample
consists of 1582 events for which the patm~ effective mass distribution is shown in fig. 2.

We observe clear peaks at the 7'(975) and f1(1285) masses and no evidence for struc-
ture in the E/: region.

3. SELECTION OF THE REACTION pp — pf(ar+7r_n_m+ﬂ_ 20 )Ps
The reaction

pp — pr(a T T TN gt no )Ps (2)

has been selected from the sample of 6 prong events having only two reconstructed 7’s
each with an energy greater than 1 GeV deposited in the electromagnetic calorimeters.
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Momentum balancing events were selected by requiring |missing Px| < 30 GeV/c, |missing
Py| < 0.2 GeV/c and |missing Pz| < 0.1 GeV/c. Energy balance was obtained by requiring
the function A, defined as

A = mm?(psp,) — m*(2r 217 27)

where mm? is the missing mass squared to the psp, system, to be |A| < 4.0 GeV?2.

The v effective mass distribution is shown in fig. 3(a) where a clear 7° peak over
a small background can be seen. The 7’ signal has been selected by requiring 0.096
< m(yy) < 0.174 GeV. The momenta of the two 4’s have been constrainted to give the 7°
mass. The pyw?® effective mass distribution (not shown) shows evidence for At production
which has been removed by requiring the centre of mass rapidity of the #° to be less
than 2.1. Fig. 3(b) shows the n*7~n° effective mass distribution (4 combinations per
event). The n(548) and w(783) signals can be seen, showing evidence for the centrally
produced nrt 7~ and wrt 7~ final states respectively. Reaction (2) has then been isolated
by keeping the 7tz ~7% mass combination closest to the n mass and requiring that 0.535
< m{zx*tr~7?) < 0.565 GeV. The momenta of the three pions in the 7 region have been
summed and the energy has been recomputed using the n mass. The selected sample
consists of 469 events whose natn~ effective mass spectrum is shown in fig. 4. The
spectrum is similar to that obtained in fig. 2 for the n — v decay mode.

4. STUDY OF THE MASS SPECTRA

The combined nm 7~ mass spectrum for reactions (1) and (2) is shown in fig. 5. Fig.
6(a,b) shows the pr¥ and m* 7~ effective mass distributions after having removed the n’
region (i.e. Muynr < 1.1 GeV). The nwt mass spectrum shows a strong 6/as(980) along
with some a5(1320), while the 77~ mass distribution does not show evidence for p°(770).
The Feynman z g distributions for the slow proton, the central nm+ 7~ system and the fast
proton are shown in fig. 7.

A fit has been performed to the combined nprtr~ mass spectrum of fig. 5, using
a Gaussian to describe the 7' region and a Breit-Wigner convoluted with a Gaussian to
describe the f;(1285) region. The f;{1285) width has been fixed to the PDG value (I'=25
MeV} [20]. The o of the Gaussians have been left as free parameters in order to obtain
the experimental resolutions. The results of the fit are

My =958+1 MeV |

oy =8+1 MeV
m s = 1282+2 MeV |
Ohass =19+2 MeV

In order to obtain a description of the nr® effective mass and measure the §/aq(980)
parameters we have fitted the combined n7® mass spectrum shown in fig. 6(a). The
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§/a0(980) has been described by a relativistic S-wave Breit-Wigner convoluted with a
Gaussian having a 0=20 MeV; the a3(1320) has been described by a relativistic spin-2
Breit-Wigner having parameters fixed to the PDG values. The result from the fit is shown
in fig. 6(a) and gives the following parameters for the 6 [ ao(980)

m(ao) = 984 £4 MoV |
T(ao) =95+ 14 MeV

In order to study the correlation between the netnx~ system and the resonances
observed in the pwE system we have plotted in fig. 8 the scatter plot m(nprE) vs. m(prtT)
(2 combinations per event). A clear correlation can be seen between 6/ag(980) and the
£1(1285) signal while the vertical band in the f1(1285) region is due to the fact that when
one nm combination falls in the §/a¢(980), the other falls below. Requiring either nw
combination to be in the § region (0.88 < m(nr) < 1.08 GeV), we obtain the é7 mass
spectrum shown in fig. 9(a) where the f;(1285) can be seen. The a3(1320)7 mass spectrumn
is shown in fig. 9(b), where the a;(1320) region is defined as 1.20 < m(n7) < 1.42 GeV. No
evidence is seen for the new resonance X(1900) recently observed in the reaction yy — 5~

[21].
5. SPIN PARITY ANALYSIS OF THE nrtx~ SYSTEM

A mass dependent spin parity analysis of the prtr~ system has been performed in.
order to establish the nature of the structure observed in the 1.28 GeV region and search
for other resonances.

Fits were performed on the Dalitz plot of the naw system using the Zemach tensor
formalism [22]. An isobar model is used assuming the §/ao(980)7, €/ fo(1400)n and p(770)n
intermediate states. The e/ fy(1400) has been parameterized as a n7 phase shift [23] or a
broad Breit-Wigner. These different parameterizations do not affect the results of the spin
parity analysis significantly. Since the spin analysis has been performed only up to an nrx
mass of 1.6 GeV, higher spin isobars a2(1320)x or f2(1270)n have been ignored. Waves up
to spin 1 have been considered in this mass range. Interference was allowed between waves
having the same spin-parity. The list of the tensors used in this analysis is given in table

L.

The geometrical acceptance of the apparatus for reactions (1) and (2) has been eval-
uated as a function of the nrn effective mass and over the Dalitz plot. We found that the
data are not distorted by the geometrical acceptance of the apparatus, so that the analysis
has been performed without corrections. In the spin analysis we used the combined data
samples from reactions (1) and (2). The fits have been performed by maximum likelihood
dividing the data into slices of 30 MeV as a function of the nm7 effective mass. Waves
having small statistical significance have been removed from the fit.

The results are shown in fig. 10 and can be summarized as follows:
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(a) The JPC = 1%+ §/a¢(980)x is the dominant wave and peaks at the f;(1285)
mass. No evidence is seen for other resonant states; in particular, no evidence is seen for
E/ f1(1420) production. This confirms the results from the spin analysis of the centrally
produced K3K*x¥ system [6] which gave a ér contribution consistent with zero in the
E [ f1(1420) region.

(b) The JPC = 0~F waves are small and do not show resonant behaviour. In partic-
ular, no evidence is seen for n(1270) or the pseudoscalar states observed in radiative J /¢
decay.

(¢} There is no evidence for p'(1450) — np(770) suggested by the study of the nr= sys-
tem from incident 7~ [24]. This is not unexpected since the production of p-like resonances
in the central region decreases with the increasing centre of mass energy [19].

The Dalitz plot of the f;(1285) region (1.20 - 1.36 GeV, 626 events) is shown in fig.
11 together with Monte-Carlo simulations of pure JF€¢ = 0=+ and 1+ 8/ao(980)r waves
computed at the f;(1285) mass.

6. COMPARISON WITH THE K2K*z¥ CHANNEL

In order to have more information on the properties of the E/ f1(1420) meson we have
compared the results obtained from the analysis of the nmw system with those obtained
from the study of the K2K *7¥F system in the reaction

pp — p(KEK3xF)p, (3)

Details on the selection of reaction (3) have been given in ref. [6]. The mass spectrum is
shown in fig. 12 where clear signals corresponding to f;(1285) and E / f1(1420) can be seen.
In order to compute the upper limit for the production of E/ f1(1420) in the prr final state
we have fitted the mass spectrum shown in fig. 5 without including that region and using
the interpolated background to obtain an upper limit on the E [/ f1(1420) yield. Taking as
reference the presence of the f1(1285) in both the nmr and K 2K *7¥F mass spectra, and

assuming an f1(1285) branching ratio to K K7 of 12 % [20], we measure an upper limit
for the decay of E/f1(1420) to nrr

B.R.(E/f1(1420) — n77n) < 0.1  95%c.1.

This is in contradiction with the large branching ratio found for E /f1(1420) — pnrw
observed recoiling against the w in the reaction J/4¢ — wymr [14]. This result is par-
ticularly relevant in establishing the E/f;(1420) meson properties. The decay pattern
observed in hadronic J/4 decay to ¢ KX Kn and wK Kn [14] indicates a substantial ui and
dd quark composition of the E / f1(1420) meson which would lead one to expect nmr or 47
decay modes. However, this expectation is in contradiction with the non observation of
the E/f1(1420) decay to other than the IC* K mode [25].




7. STUDY OF THE t DEPENDENCE

Assuming the resonances observed in the present experiment to be produced by a
double exchange graph as shown in fig. 13, we have divided the prm and K £K%r¥ mass
spectra in two samples, i.e. t < 0.3 GeV? and £ > 0.3 GeV? (where ¢ = ¢; +15). The mass
spectra corresponding to these selections are shown in fig. 14. We observe a depletion of
the n' signal in the low t region.

In order to measure the t dependence of the observed resonances, we have divided the
data into four slices of t and then computed the geometrical acceptance of the apparatus as
a function of t. The corrected and uncorrected t distributions for 7’ and f,(1285), from the
nuw channel, are shown in fig. 15(a,b). We observe that, while for the n’ the distribution
shows a depletion at low t, the f1(1285) distribution is consistent with a simple exponential
exp(—bt) with b = 6.5 £ 0.4 GeV—2. The results from the same analysis performed on the
K*K%r¥ data are shown in fig. 15(b,c) for f1(1285) and E/f1(1420) respectively. We
observe that the f1(1285) has a simple exponential behaviour with a slope b = 7.3 £ 0.7
GeV~? consistent with that obtained from the study of the w7 channel.

8. CONCLUSIONS

The reaction pp — ps(nmt7~)ps where the nr¥ 7~ system is centrally produced has
been studied at 300 GeV/c incident momentum. The nn* mass spectrum shows a strong
6/a0(980) signal having a mass of 984+r4 and I'=05+14 MeV. The nm T 7~ mass spectrum
shows n' and f1(1285) signals over little background. A spin-parity analysis of the nate~
system shows evidence for a J¥¢ = 1** peak at the f,(1285) mass but no evidence for
the pseudoscalar states 7(1270) and ¢/n(1440). No evidence is found for the pmr decay of
the E/f1(1420) meson for which we set an upper limit B.R.(E/f1(1420) — n7wr) < 0.1 at
95% c.l. |
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Table I

Decay amplitudes for 3x, e and np modes

JF L Decay Modes Amplitudes
0 0 3n BW(5*12) + BW(5 13)

1* 1 o BW(3%12)p; + BW(8 13)p2
0 0 ne BW(ea3)

1t 1 ne BW(E23)p1

1* 0 mp BW(p®s3)q1

0 1 np BW(p®23)q1 -P1

1- 1 np BW(p°3)q1xpy

X-o>mrtn,
pi(i=1, 2, 3) are the vector parts of the three decaying particle 4-momenta in the X ¢.m. system

q1 = P2 -P3




FIGURE CAPTIONS

Fig. 1

Fig. 2
Fig. 3

Fig. 4

Fig. 6

Fig. 7
Fig. 8
Fig. 9
Fig. 10
Fig. 11

Fig. 12
Fig. 13
Fig. 14

Fig. 15

v effective mass distribution for 4 prong events balancing momentum and having
only two +’s reconstructed in the electromagnetic calorimeters. The inset shows the
7 region.

nrtr effective mass distribution for the events where n — ¥v.

(a) v efective mass for 6 prong events having only two +’s reconstructed in the
electromagnetic calorimeters.

(b) 7t 7~ n® effective mass distribution (4 combinations per events) from the reaction
pp — ps(2n T2 x0)p,.
nrTn~ effective mass distribution for the events where n — =7~ #9.

Combined nrtz~ effective mass distribution for reactions (1) and (2). The Curve is
the result from the fit described in the text. The inset shows the n' region.

(a) nm* effective mass distribution. The curves are the results from the fit described
in the text.

(b) mtx~ effective mass distribution.

Feynman-z r distribution for the slow proton, the nw+ 7~ system and the fast proton.
Scatter diagram m(nm*) vs. m(npr+x).

(a) 67 effective mass distribution; (b) asm effective mass distribution.

Results from the Dalitz plot analysis.

The Dalitz plot for the f;{1285) region is compared with Monte-Carlo simulations for
pure 0~F and 17+ §x computed at the f;(1285) mass.

KYKFn* effective mass distribution from reaction (3).

Double exchange graph for centrally produced pmr and K Kx systems.
(a) KIK*r¥F effective mass for t < 0.3 GeV?;

(b) K2K*x¥ effective mass for t > 0.3 GeV?;

(c) prtx= effective mass for t < 0.3 GeV?;

(d) prta~ effective mass for t > 0.3 GeV?.

1/t dN/dt distributions (in arbitrary units) for: (a) 5' — nrm; (b) £(1285) — na;
(c) f1(1285) —» K Kw and (d) E/f1(1420) — K K7. Open points: uncorrected data;
black points: data corrected by geometrical acceptance.
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