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Abstract

The reactionpp — p s (x%7%7% ps has been studied at 450 GaV The 707070 effective mass spectrum shows clear
n(547 andmr(1670 signals. Branching ratios for thg547) andz2(1670 are given as well as upper limits for the decays of
thew (782, a1(1260 anday(1320 into 370. 0 2001 Published by Elsevier Science B.V.

In a previous analysis of the centrally produced were observed to decay dominantly j@r. The
ntr~nCfinal state clear signals of the(547), m2(1670 was observed to decay par and f2(1270 7.
w(782), a1(1260), a»(1320 andm2(1670 were ob- In order to gain more information on the decays
served [1]. In particular, the;1(1260 and a2(1320 of these states it would be interesting to study the
%790 final state since only isospin zero isobars can
contribute to this final state.

E-mail address: ak@hep.ph.bham.ac.uk (A. Kirk).
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Fig. 1. TheM (yy) when the other twg y pairs lie in ther® mass
region.
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This Letter presents new results from the WA102 .
experiment on the centrally producedz =0 final Mass (3m") GeV

state in the reaction _ . o o
Fig. 2. Thex 97970 effective mass spectrum, with fit described in

pp—>pf(7T07T07T0)ps (1) the text.

at 450 GeVc. The subscriptsf and s indicate
the fastest and slowest particles in the laboratory,
respectively. two 2y-pairs lies within a band around the® mass
The data come from experiment WA102 which has (100-170 MeV). A clearr? signal is observed with
been performed using the CERN Omega Spectrome-a small background. Events belonging to reaction (1)
ter, the layout of which is described in Ref. [2]. have been selected using a kinematical fit (7C fit, four-
Reaction (1) has been isolated from the sample of momentum conservation being used and the masses of
events having two outgoing charged tracks plus six threex%s being fixed). The major background to the
s reconstructed in the GAMS-4000 calorimeter, by 7°%7%70final state comes from the decay of thieand
firstimposing the following cuts on the components of  1(1285 to nz°7°. A kinematical fit has been used
the missing momentunimissing P;| < 14.0 GeV/c, to remove these events. The final sample consists of
Imissing P,| < 0.20 GeV/c and |missing P;| < 3590 events and has less than 2% contamination from
0.16 GeV/c, where thex axis is along the beam direc-  the %7 ° final state. The combinatorial background
tion. A correlation between pulse-height and momen- is also reduced by the fact that only the combination
tum obtained from a system of scintillation counters with the lowesty? is retained.
was used to ensure that the slow particle was a proton.  Fig. 2 shows the acceptance correctetr %0 ef-
Fig. 1 shows the two photon mass spectrum (5606 fective mass spectrum renormalised to the total num-
events) for g-events when the mass of the other ber of observed events. In addition to a clegb47)
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Fig. 4. Ther 97070 effective mass spectrum, with superimposed

0.8 1 12 14 16 1.8 2 the number of events expected from th€1260), see text.
0
M(3m°)  GeV m(2(1670) = 1685+ 10+ 30 MeV,
Fig. 3. Results of the spin parity analysis. and

I'(72(1670) = 265+ 30+ 40 MeV.

signal there is a broad enhancement which is probably A Dalitz plot analysis of ther%z°x%final state

due to ther»(1670). has been performed using Zemach tensors and a stan-
The 7°%7%7%mass spectrum shown in Fig. 2 has dard isobar model [3]. The analysis has assumed

been fitted with a Gaussiaw (= 16 MeV) to de-  f0(980, f2(1270 and fo(1370 intermediate states

scribe then(547), a Breit-Wigner convoluted with a ~ @nd that only relative angular momenta up to 2 con-

Gaussiand = 32 MeV) to describe the»(1670 and tribute. Theo stands for therw S-wave amplitude

a background of the form(m — mmn)? exp(—cm — squared, and the parameterisation of Zou and Bugg [4]
dm? — em3), wherem is ther %7979 mass;n is the has been used in this analysis.

threshold mass and b, ¢, d, e are fit parameters. The The geometrical acceptance of the apparoattés has
fitis found to describe the data well and yields masses also been evaluated over the Dalitz plot of ttfer %

for the n(547) andm2(1670 of: system in 40 MeV intervals between 0.8 and 2.0 GeV.

In order to perform a spin parity analysis the log
m(n(547)) =545+ 0.6+ 0.5 MeV, likelihood function,£; = ", log P; (i), is defined by
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combining the probabilities of all events in 40 MeV
797979 mass bins from 0.80 to 2.0 GeV. In order to
include more than one wave in the fit the incoherent
sum of various event fractiors is calculated:

L= Xijlog(;a/l’./(i) + (1_ ija’))

where the terngl — Zj aj) represents the phase space
background which is a free parameter in each bin.
The negative log likelihood functionHL£) is then
minimised using MINUIT [5]. Different combinations

)

17

There is no evidence for a°7°7° decay mode of
thew(782), a1(1260 or a2(1320 therefore an upper
limit has been calculated. The masses and widths
determined from the fit to the Tz~ % channel have
been convoluted with the experimental resolution for
the 7% %7 final state. The number of eventa,
within 90% of the predicted resonance profile has been
determined and the upper limit has been calculated
using 2/N. For thew (782

(782 — 797070

_ 4 o
T8 a0 <9 107t (@0% e

of waves and isobars have been tried and insignificantto be compared with the PDG upper limit of 3

contributions have been removed from the fit. The fit

104 [6] which came from one experiment.

generates the phase space background as that part of Forthea;(1260

the data not associated with a given wave on a bin by

bin basis and one requirement is that this background
| a1(1260 — ata—n0

is a smoothly varying function that shows no residua
resonance structure.

Above 0.8 GeV only the addition of thé?¢ =
2-1 £2(12707° S-wave produces a significant change
in the likelihood. We can not exclude up to 3% contri-
bution of theJ P€ =2t £,(12707° D-wave in the
2(1670 region. Nor can we exclude that up to 10%
of the 72(1670 comes from a  final state. The ad-
dition of any I+ wave changes the log likelihood by

126 0..0_.0
(1260 > x 7w o o3

(90% CL)

if on the other hand we used the total number of events
in the I+ wave we would get:

a1(1260 — 797070
a1(1260 — 7+7—70
This imposes tight constraints on the decay of the

a1(1260 to isobars which have isospin 1. In particular,
it is in disagreement with the claimed observation of

<9x10°% (90% CL).

less than 1 unit and hence is classed as insignificant.o, fo(13707 and f2(1270x decay modes of the

However, in order to estimate an upper limit on the
amount ofa1 (1260 decaying tor%7°7%we include
both the Iton P-wave and the I f,(1370x P-
wave in the final fit. The results of the final fit are
shown in Fig. 3. The/ P€ = 2=t £,(12707° S-wave
well describes the peak in they(1670 region. The
1T+ wave is small and flat.

a1(1260 in Ref. [7]. This claim was based on a Dalitz
plot analysis of thez1(1260 observed int decays.
Combining all thel = 0 decays claimed in Ref. [7] we
have calculated the number of events we would expect
to observe in ther%7%7% mass spectrum based on the
number ofa1(1260 observed in ther Tz~ Cfinal
state of experiment WA102 [1]. Superimposed on

Using the acceptance corrected number of eventsthe 7°%7°7% mass spectrum in Fig. 4 is tha (1260

from fits to thex%7%7%and 7tz ~7°[1] mass spec-
tra, the branching ratio for the(547) to 7%7°7%and
nt7~ 79 has been calculated to be:

n(547 — 7% 070
n(547 - ntr—nm0
which is in agreement with the PDG value [6] of
1.40+ 0.03. The branching ratio for thex(1670 to

79790 andx * 7~ 7% has been calculated in a similar
manner to be:

=1.35+0.06+0.09

72(1670 — 707970
72(1670 — wtr— 70

=0.294+0.03+ 0.05.

signal we would expect to observe based on this
number of events. As can be seen, irrespective of any
results from the spin analysis, the number of events
in the 7%7% % spectrum is much smaller than the
predicted signal. The fact that thebranching ratio
we have measured is in agreement with the PDG
value indicates that our normalisation between the
7%7% % andx+7~x% channels is correct. Therefore,
this discrepancy in the possible= 0 decay modes of
thea1(1260 could either be due to an overestimate of
the number of:1(1260 events in ther *7 ~79final
state of the WA102 experiment or due to an error in
the spin analysis performed by CLEO in Ref. [7].
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Finally, for thea2(1320 we obtain ucation, Science, Sports and Culture of Japan (grants
0_0_0 nos. 1004100 and 07044098), the French Programme

a2(1320 > 7 'w7” o 453 (90% CL). International de Cooperation Scientifique (grant no.
a2(1320 — 7t~ 7O 576) and the Russian Foundation for Basic Research

In summary, a study of the centrally produced (grants 96-15-96633 and 98-02-22032).
797970 system shows prominent signals of §1&47)
and 72(1670. Branching ratios for the)(547) and
m2(1670 are given. Upper limits are calculated forthe References
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