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Abstract

Results are presented of an analysis of the reaction pp—pf(K°sKZ=F)p, at 300 GeV/c. Clear f,(1285)
and f;(1420}) signals are seen. A spin parity analysis shows that both are consistent with being [+
states. The f;(1420) is found to decay only to K*K and no 0=+ or 1*~ waves arc required to describe
the data. ‘The production of the f;(1285) as a function of cnergy is not the same as that for the
f,(1420) whose cross section is found to be constant with energy.
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At prescnt there is some uncertainty as to the number of states present in the (KK=)° mass spéc- .

3

trum around 1.4 GeVY. The interest in this region is that one of these states could be a glueball or hy-
brid state [1]. A state is observed in radiative J/y decays with a mass of 1.46 GeV and a spin parity
analysis favours 0= * [2]. A spin 1 object is observed in two photon physics with a mass of 1.42 GeV
[3]. In hadronic experiments both a 0~ * state [4], and a 1** state [5] [6] have been observed with
a mass of 1.42 GeV. The 1** state, the f,(1420) (E), was thought to be the s's isoscalar member of
the 1** nonet. However, it is not scen in K~ incident experiments where instead an object with
JPC o 1+ 4 i5 observed at 1.526 GeV [7]. It has been suggested that this last state, the ID'(1530), is the
s’ s member of the | ** nonet. If so, then a possible explanation of the state at 1.42 (GeV 1s that it is a
gluonic or four quark state [8].

This paper provides further information about this problem by studying the centrally produced

exclusive final states formed in the reaction

pp—p K sKEF)pg (1)
at 300 GeV/c, where the subscripts { and s indicate the fastest and slowest particles in the laboratory
respectively. A comparison is made with data from the same channel at 85 GeV/c [6].

The data come from experiment WA76 which has been performed using the CERN Omega
Spectrometer. Details of the layout of the apparatus, the trigger conditions and the data processing
have been given in a previous publication [9].

Reaction (1) has been isolated from the sample of events having four outgoing tracks plus a re-
constructed V® by first imposing on the components of missing momentum the cuts
AP, < 20.0 GeV/e, |APy| < 0.16 GeV/c and |AP,| < 0.08 GeV/c, where the x axis is along the
beam direction. The = *x~ mass distribution for the Vs shows a clear K? signal which was sclected
by requiring 0.475<m{r*r~)<0.52 GeV.

Reaction (1) was then selected from this sample by using energy conservation. A cut of
|A| < 1.6 (GeV)? was used, where

A = MM?(pgpg) — MUK gKEnTy .

In addition Cerenkov compatibility was required.



These cuts gave 28.8 % of the events with an ambiguous KosKin; assignment. The Ehrlich
mass [ (0] has been calculated for the V? and one of the charged particles assuming the other to be a
pion. A clear peak is observed in the Ehrlich mass spectrum {not shown) at the kaon mass squared
and suitable cuts were applied to select out the K°gK* =~ and K°gK ™z * channels.

Fig.1 shows the K”SKi'rr; effective mass spectrum {3808 events) where the events that still have
an ambiguous KtrzF mass assignment are plotted twice (6.8 % of the events). A fit to this spectrum,
using two stmple Breit-Wigners and a background of the form a(m—mth)bexp('—cm—dmz) (where m
is the KOSKi‘n; mass, my}, is the threshold mass and ab,c,d are fit parameters), yields masses and
widths of

M; 1278 + 2 MeV [} = 25+ 4 MeV

M; = 1429 £ 3 MeV T, = 58 + § MeV.

A Dalitz plot analysis of the KOSKin: mass spectrum has been performed by using Zemach
tensors and a standard isobar modef [11]. Fits to the {,(1285) region (1.25—1.32 GeV, 200 events)
have been performed using amplitudes describing the 0~ %, t**, and 27 * states decaying through é=,
where the & has been described in terms of the Flatté formalism [12]. The fits show that the best so-
lution is for 70+ 6 % 1** = with 30 % phase space background, which is consistent with the
amount found from a fit to the mass spectrum. Therefore we conclude that we are obscrving the
f,(1285) and that no other wave is required by the fit. This agrees with the results obtained at
85 GeV/c [6].

Fig.2 shows the Dalitz plot for the events in the f;(1420) region defined as
1.37 < M(KUSKinI') < 1.49 GeV together with the K= and KK projections. There are 671 events in
the plot. Well defined K* bands can be scen but there is no enhancement near threshold in the KK
spectrum.

The f,(1420) region has been fitted in 40 MeV slices from 1.33 to 1.69 GeV so that the back-
ground can also be studied. Different combinations of 22 waves, with I<2, decaying to = and K*K
have been used. Full interference between waves having the same spin-parity has been allowed. Inter-

ference was also allowed between the 1*+ and 1%~ K*K waves.



The fit shows that the 1**(K*K) is the dominant wave in the f,(1420) region. The addition of
0~* or any other waves up to J equals 2 docs not increase the Likelihood significantly. The results of
the fit including only 0% and I** S waves, in addition to phase space, is shown in fig.3. If the
f,(1420) region is defined as 1.37 < M(K”SKinﬁ) < 1.49 GeV then the percentage of each wave

present is

0=+ G+2)%

1**+s (56 + 4) %

Therefore it is concluded that the 0~ * waves are consistent with zero and only the 1** wave is need-

ed. A fit with 1** and phase space only gives
1** S (58 + 4y %

with 42 % background which is consistent with the amount found from a fit to the total mass spec-
trum. The result of a Monte Carlo simulation based on the results of the fit is shown superimposed
on the Dalitz plot projections in figs. 2b,c,d and shows good agreement.

The fits have been repeated using a Dalitz plot analysis where the combinations are plotted ac-
cording to their strangeness rather than their charge. The best fit is again found to be for 58 % 1*+
K*K and no other wave is required.

It has been suggested [13] on the basis of a fit to the Dalitz plot projections only, that the
f,(1420) region is dominated by a JPC = [+- wave. We have tested this hypothesis on the present
data and find a Ln(Likelihood) of 44 for the | * = wave compared to 85 for the 1** wave. Therefore,
we conclude that no 1*~ wave is required by the data.

In order to study how the f;(1285) and f,(1420) behave as a function of centre-of-mass encrgy the
ratio, R, of the number of f;{1285) to {,(1420) events at 85 and 300 GeV/c has been calculated. The
mass spectra at both energies have been corrected for geometrical acceptance, which is smoothly vary-
ing with effective mass, and have been fitted using two Breit-Wigners of fixed mass and width. The
masses and widths used come from a fit to the combined 85 and 300 GeV/c specttum. A cut of
{xpl <0.15 has been placed on the Feynman x of the central system to select a region for which the

acceptance is good for both experiments and gives
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at 85 GeVic R = 0.58 + 0.07

at 300 GeV/c R

I

0.34 + 0.03
This suggests that the energy dependence of the f,(1285) production is different from that of the
f1(1420).

The cross sections for the f,(1285) and f,(1420) have been calculated under our trigger conditions
taking into account losses due to detector inefficiencies and tails on cuts. The cross scctions for
|xp] < 0.15 are

85 GeV/c : o(f;(1285)) = 230470 nb  o(f,(1420)) = 4004120 nb
300 GeV/c : o(f;(1285)) = 135440 nb  o(f;(1420)) = 400+110 nb
These results indicate that the f,(1285) cross section decreases with incident momentum while the

£,(1420) cross section remains constant,

In conclusion clear f,(1285) and f,{1420) signals are seen with masses and widths

f(1285) m = 127842 MeV ' = 2514 MeV,

£,(1420) m 142943 MeV [ = 5848 MeV.

A spin parity analysis shows that both are [** states. The f;(1285) is found to decay via = while the
f,(1420) is found to decay only to K*K, no 0=+ or [*~ waves being required to describe the data.
The energy dependence for the production of the f;{1285) 1s not the same as that for the f (1420} and

it 15 found that the cross section for the f,{1420) remains constant as a function of incident momen-

tum.
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1. Figures

Fig. 1 KnsKin:F mass distribution. The superimposed curve is the result of the {it described in
the text.
Fig. 2 a) Dalitz plot with b),c) Kr and d)KK projections for the mass region 1.37~ 1.49 GeV.

The superimposed curve corresponds to the Monte Carlo simulation using 58 % 1** §

wave.

Fig. 3 Result of the Dalitz plot analysis.
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