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Abstract

We have studied the 7w and A K svstems centrally produced in proton proton colii-
sions at 300 GeV/c and 7~ /p proton collisions at 85 GeV /¢ using the CERN Q spectrome-
ter. Clear evidence for §=/f(975) production is observed. An analysis performed on the
#¥ 7~ mass spectrum in the 1.0 GeV region, using a coupled channel formalism. shows that
it is possible to describe the §%/f,(975) effect with one single resonance once interference
of the §/f3(975) with the S-wave background is introduced. The resulting 5*/fe(975)
parameters are mg = 979 =4 MeV, g, = 0.28 £0.04, gx = 0.56 = (.18 corresponcing to
a pole position on sheet II at (1001 = 2) — (36 = 4) MeV. Evidence is also found for a
structure having a mass of 1472 = 12 MeV and a width of 195 = 33 MeV.
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1. INTRODUCTION

.
i

The understanding of meson spectroscopy is of fundamental importance in the s'é'a;‘rlc‘:h‘ J

for gluonium or hybrid states which are expected, from QCD, to populate the low mas§

region of the hadron spectrum. Two gluonium candidates already exist: the J PC - o=+
¢/n(1440) observed in J/% decay [1] and the JFC = 277 §/£,(1720) observed in J /¢ decay
2,3,4] and central production [5]. Several theoretical models predict the J©¢ = 0%~
glueball to be the lightest and to lie in the mass region between 1.0 and 1.5 GeV [6].
However, the present situation of light-meson spectroscopy is rather confused in this mass
range. For this reason it is now clear that the discovery of gluonium states can only come
from the comparison of resonance production from different mechanisms, i.e. J/¢ decay,
central production, v+ collisions, pp annihilation and peripheral reactions.

The search for narrow scalar mesons below 1.4 GeV has been carried out in a study of
radiative decay of J/% to 77 and K K, with negative results {7]. There still exists, however,
an unexplained structure around 1.45 GeV in the radiative decay of the J/¢ to =7 [8].
The hadronic decay of the J/¢, on the other hand, shows good evidence for §*/fo(975)
production in the #¥7~ mass spectrum recoiling against ¢{1020) and somewhat weaker
evidence when recoiling against the «(783). An unexplained structure is also visibie in
the 1.4 GeV region of the 777~ mass spectrum opposite the ¢(1020) for which a scalar
contribution seems to be present [9).

High statistics studies with incident pions {10! of the I = 0, J¥¢ = 07% 777~ system
lead to the conclusion that a broad e/f,(1400) and a narrow S”/fp(975) exist. Weak
evidence for the production of the §*/f(975) in 4~ collisions has been reported [11].
Evidence for the §%/f0(975) has also been found in the decay D, — §*/fo(975)7 where
S /fo(975) — wT=~ [12]. The above results suggest a substantial s§ component in the
5*/ fo(975) wavefunction. A recent analysis [13] of central dipion production {14] indicates
a different scenario: the §*/f,(975) is a gluonium state while an s5 scalar resonance may
be present in the threshold region of the KA spectrum. There are also suggestions that
the S*/fo(975) could be a 4-quark state [15] or 2 KK molecule [16]. A particular property
of the §*/£,(975) is that it often appears as a sharp drop in the #* 7~ mass spectrum and

only in a few cases as a narrow peak.

In this paper we describe the results from a search for gluonium states in the centrally
produced 77 and KK final states by using data from two different runs of the WAT76
experiment performed at the CERN {1 spectrometer. The first run studied the reactions

77+P - W?(Xg)ps (1)
and
pp — ps(X°)ps (2)

using an 85 GeV/c incident beam momentum. The second run studied reaction (2) only
with an incident beam momentum of 300 GeV /c. This paper begins by showing the results
coming from the 300 GeV/c run, which gave the higher statistics data on the =r final state,
and then we compare these results with those coming from the 85 GeV/c run. Details of
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the layout of the apparatus, trigger conditions and data processing for the two experiments
have been given in previous publications [17,18..

2. STUDY OF THE =*n~ SYSTEM AT 300 GeV/c

The reaction
pp — pe(r w7 )pe (3)

has been selected from the sample of 4-prong events by requiring momentum balance, i.e.
lmissing P.| < 20 GeV/c, imissing P,| < 0.16 GeV/c and jmissing P.| < 0.08 GeV/c. The
energy balance was ensured by requiring the Ehrlich mass squared {19] (shown in fig. 1(a})
to be in the range from -0.14 to 0.16 GeV®. Events having one of the ceniral particles
identified by the Cherenkov system as a K, p or ambiguous A/p {for which the Ehrlich
mass squared is shown in fig. 1(b), have been removed. Events where the slow particle was
identified as a 77 using a pulse height momentum correlation, have also been removed.
The trigger of the present experiment was set up in order to antiselect forward or backward
difiractive contributions. The psm™ effective mass (fig. 2(a)) shows evidence for a residual
ATY signal which has been removed by requiring the centre of mass rapidity of the ==
to be smaller than 1.6. The p,#™ effective mass (fig. 2(c)), on the other hand, shows no
AT signal. Resonance structures in the prm~ mass distributions (fig. 2(b.d)) are rather
weak. The final sample consists of 302 619 events whose 7+ 7~ effective mass spectrum is
shown in fig. 3. We observe a small p(770) signal, some f2(1270} and & sharp drop around
1 GeV. The Feynman-zr distributions for the slow proton, the central dipion system and
the fast proton are shown in fig. 4.

3. A FIT TO THE ="~ MASS SPECTRUM

In order to extract the $*/f;(975) parameters, a fit to the #7#~ mass spectrum has
been performed using relativistic P and D wave Breit-Wigner formulae to describe the
p(770) and f2(1270) and a coupled channel Breit—-Wigner [20] to describe the S*/fo(975)
region.

Taking +/T; to be the coupling of the exchanged particles to the X° system, vT, and
VT x to describe the couplings of the X° system to the 77 and K K final states respectively
and neglecting final state interaction effects, we have written the coupled channel Breit—
Wigner which describes the S*/f,(975) resonance as

Fw(m)= ~ mU\/fi\/fw

m§ —m? —imo(I'r + k)

(4)

in the 77 channel and

movTivTx

m2 — m? — img(T'» + Tx)
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in the KK channel. The value of T'; is unknown and has been absorbed into the intensity
of the resonance. I'; and 'y describe the 5/ f,(975) partial widths to 77 and K A

I, = gn(m®/4—m2)?

Tx = g /2[(m? /4 — mi )2 4+ (m? /4 = mio)'V?]

where g. and gx are the squares of the couplings of §*/f(975) to 7= and K A systems.
The background has been parametrized as

G(m) = (m —mp)® e O (6)

where my; 1s the n7 threshold mass. Inserting incoherently the F.{m) in the fit gives a
poor description of the data. In order to have a satisfactory description of the 5%/ f,(975)
region it was found necessary to introduce an interference between the coupled channel
Breit—-Wigner F.{m) and the background. The S-wave contribution was parametrized as

By(m) = {1+ A Fr(m)e® P (7)

where §; is a mass independent phase. In order to have a satisfactory fit in the low mass
region around 0.5 GeV, it was also necessary to introduce an w(783) reflection in the low
mass region of the 777~ mass spectrum. Some events from the 777~ =’ final state have a
slow 7¥ with a small transverse momentum which falls inside the momentum balance cuts
which define reaction (2). We have selected events belonging to the reaction

pp — pe(n a=0)p,

from the sample of events having two gammas detected in the electromagnetic calorimeter.
Figure 5 shows the 777~ #? effective mass spectrum requiring the two gammas to come
from a 7° decay: above the 77, a strong w(783) can been seen. The w(783) reflection in the
7T 7~ channel, w(m), has been computed using a Monte Carlo simulation and included in
the fit as a histogram whose amplitude was a free parameter.

The expression used for the fit to the #7 7~ mass spectrum is the following:
AN /dm = w(m) + G(m)[Bu(m) = A,B,(m) + AsBs(m) + AeBo(m)

where B,(m) and Bys(m) represent the p(770) and f»(1270) Breit—Wigner amplitudes
- having parameters fixed to the PDG values [21]. Bg(m) represents the contribution of the
6/f2(1720) which has been observed to decay to 777~ [3], with mass and width set to the
values from the fit of the K~ A~ mass spectrum of the present experiment [5]. The coupled
channel Breit-Wigner used to describe the 5%/ f;(975) resonance has been convoluted with
a Gaussian representing the experimental resolution which has a ¢ of 10 MeV in the 1.0
GeV region. In this hypothesis the fit gives a good description of the data in the first part

of the mass spectrum but fails to describe it in the 1.5 GeV region as can be seen from fig.
6(a).



Several attempts have been made to describe the 1.5 GeV mass region. We tried
first an interference between the f2(1270) and a possible n7 decay mode of the f3(1525)
but this hypothesis did not improve the fit by a large amount. The inclusion of a new
incoherent Breit-Wigner did not describe the data satisfactorily either. It was found that
by introducing an interference between the f»(1270), f3(1525) and the background the
fit improved but the fit probability remained low (0.2%). In this hypothesis we measure
a branching ratio T'(f; — =#7)/T(f; — KK) = 0.21 + 0.08. If, however, we include a
Breit—-Wigner shape having free parameters and interfering with the background. i.e. by
replacing {7} with the expression

Bi(m) = |1 + A Fp(m)e'® + Ax Fx(m)e'®:|? |
the fit probability increases to 51% and we obtain

mx = 1472 £ 12 MeV
I'x =195 %33 MeV
6, = 159 + 8°

as parameters for this new Breit-Wigner. This structure may be related to the signal
observed in radiative and hadronic J/¢ decay [8,9] and in 7 induced reactions {10:. The

result from this fit in the 1.5 GeV region is shown in fig. 6(b). The resulting §*/f,{975)
parameters are

me = 979 £4 MeV

g = 0.28 = 0.04

gr = 0.56 £ 0.18

8 =23=4"
with a pole position on sheet II at {1001 £ 2) — ¢(36 = 4) MeV. The resonance full width
1s given by twice the imaginary part of the pole position resulting in T's- /¢ ety = 72 =8
MeV. The results of the fit are given in table I and shown, as a curve superimposed on the
data, in fig. T{a.b}.

For the #/f,(1720) we measure a branching ratio

B(8/ £2(1720) — =)

= =0.39+0.14
B(8/£,(1720) — KK)

consistent with that measured in radiative J/¢ decay [3].

We note that the gx parameter which has been measured from the =7 data has a
large error, despite the large statistics. We have tested the sensitivity of the data to this
parameter by fixing gx to zero and leaving all the fit parameters free. The fit probability in
this case decreases from 51% to 4% thus still giving an acceptable description of the data.
This is to be compared to the case where we put to zero the interference of the §*/f,(975)
Breit-Wigner with the background and found it impossible to obtain a reasonable fit to
the data.
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4. COMPARISON WITH THE A~ A~ DATA

Using the results from the fit of the # 77~ spectrum it is possible, by means of ex-
pression (5) and the intensity coming from the fit, to have an absolute prediction of the
expected number of events for the §*/f,(975) in the K™ A~ spectrum.

The reaction

pp — ps (K~ K™ )ps

has been isolated from the sample of 4-prong events by first requiring momentum balance
with the criteria used for reaction (3), then selecting events having one of the central par-
ticles identified by the Cherenkov s¥stem as K, p or ambiguous K/p, and finally requiring
the Ehrlich mass squared (shown in fig. 1(b})} to be in the range 0.18 to 0.56 GeV>. This
leads to 6564 events, whose mass spectrum is shown in fig. 8(a}. The requirement of the
Cherenkov identification puts the AT A~ system in a different kinematical configuration
with respect to the 777~ final state. The relative normalization between the =77~ and
K™K~ spectra in the 1.0 GeV region has been estimated using two different methods.
Firstly, we have computed the geometrical acceptance for the two channels. Since we are
interested in the same mass region for both final states, we have not considered the con-
tributions to the geometrical acceptance due to the fast and slow protons. We have then
taken pions from different events, rotated them isotropically around the beam axis in the
laboratory system and translated along the hydrogen target; finally the trigger conditions
have been applied in the two hypotheses where the two tracks simulated the #7 7~ or the
K~ K~ final states. The resulting acceptances estimated by this method are shown in figs
9(a) and 9(b) as functions of the 7*7n~ and K~ R~ effective mass. respectively.

The second method made use of the presence of the #(1020) signal. In order to
estimate the loss of events in the 1.0 GeV region produced by the selection described
above, we have produced a different unbiased K ¥ K~ spectrum, where only events having
positively identified ='s have been removed. This spectrum has 2 large =7 7~ contamination
as can be seen from fig. 10(a) where the Ehrlich mass is shown for this selection, but the
narrow ¢(1020) is still clearly visible (fig. 10(b)). By fitting the number of &(1020)
events in the two spectra we obtained an estimate of the change in geometrical acceptance
introduced by the K identification in the 1.0 GeV region. The values given by the two
methods have been found to be simuilar.

The contamination, in the K ~A ~ channel, from the 777~ channel where one pion
has been misidentified as a K, has been estimated to be of the order of 10% by using
the distribution shown in fig. 1(b). This contamination is shown in fig. 8{a) as a dashed
histogram. By subtracting this contribution we obtain the K~ K~ effective mass spectrum
shown in fig. 8(b). The black band drawn in the threshold region of fig. 8(b) represents the
predicted 57/ fo{975) contribution after having taken into account the different geometrical
acceptances of the two channels and Clebsch—Gordan coeficients. Function (5) has been
convoluted with a Gaussian representing the experimental resolution which has a o of
6 MeV in this mass region. The band shows the one-standard deviation limits of the
prediction. Such a contribution is easily accommodated in the threshold region of the
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K+ R~ mass spectrum.

5. COMPARISON WITH THE K!K? DATA

It is interesiing to compare the above result with the K$ A{ mass spectrum. Although
this channel suffers from low statistics, it has the advantage of not being complicated by
the presence of the ¢(1020) in the threshold region.

The reaction
pp — pr(KSKS)p,

has been isolated from the sample of events having two reconstructed V?%s which balance
momentum. In order to remove the background due to random 7“7~ combinations, a
decay length of at least 3 c¢m was required for each of the two V%. The #¥7~ mass
spectrum of the two Vs, for the 300 GeV/c data, is shown in fig. 11(a) and reveals a
clear K signal over little background. Selecting events having the A° mass in the range
0.475 to 0.520 GeV produces the K2 RS mass spectrum shown in fig. 12 for the combined
85 and 300 GeV/c data. The ALK Y mass spectrum shows similar features to the K+ K~
mass spectrum, viz. a threshold enhancement, the f;{1525) and the 8/72(1720). The
curve drawn in the threshold region represents the §*/fo(975) contribution to the K3AS
final state. The K™K~ and K¢KY{ channels have been normalized to each other by firstly
correcting the channels for the geometrical acceptance of the apparatus and for the losses
due to the detection of two K% (shown in fig. 11(b)) and then by using the presence of
the f,{1525} seen in both mass spectra. It can be seen that the projected curve in fig. 12
can easily be accomodated in the threshold region of the K3 K2 mass spectrum.

6. STUDY OF THE t DEPENDENCE

The uncorrected four-momentum transfer distributions |#1], [f2] and ¢t = [t; + ¢3!
(fig. 13(a)) for the double exchange graph for reaction (3) are shown in fig. 13(b.,c.d)
respectively. A depletion of events can be seen for small values of 15 due to the loss of slow
protons with momenta below 200 MeV /c.

We have studied the t dependence of the resonances observed in the 77~ mass
spectrum by dividing the data sample into two t regions. Figure 14(a,b) shows the 7%« ~
effective mass distributions for t < 0.3 GeV? and t > 0.3 GeV2. In the high t region
the presence of 5%/ f,(975),p(770) and f2(1270) can be seen, while in the low t region the
p(770) and f2(1270) signals are suppressed. This observation is in agreement with previous
measurements of centrally produced ##~ mass spectra at ISR energies [14,22]. The data
from ref. [14], produced at low t, show no signs of the f2(1270), while the data from ref.
[22], at high t, show a strong f2(1270) signal.

In order to obtain a quantitative measurement of this eflect we have performed fits
to the 777~ mass spectrum in different t regions, fixing the §*/f(975) parameters to
the values obtained from the fit to the total mass spectrum but allowing the interference
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phases §; and §; to vary. The 777~ effective mass distributions in each of the t intervals
are shown in fig. 15 together with the results from the fits. It can be seen that the
description of the data is good in all cases, with fit probabilities which range between 23%
and 89%. The values obtained for & and é, as a function of t are plotted in fig. 16(a).
The average geometrical acceptance of the apparatus as a function of t has been estimated
by Monte Carlo simulation and is shown in fig. 16(b). The corrected and uncorrected t
distributions for §*/fo{975), f2(1270), p(770) and X(1470) are shown in fig. 17.

It can be noticed that, while the §*/f(975) and X(1470) distributions behave like a
simple exponential having slopes respectively 8.7 = 0.2 GeV ™2 and 11.2 & 0.9 GeV ™2, the
p(770) and f-(1270) distributions are consistent with zero in the first t interval, suggesting
a turnover at low t.

It is interesting to compare the t behaviour of the f2(1270) with that of the two
other I = 0 tensors observed in the same experiment, the f3(1525) and the 6/ f,{1720), in
the K* K~ channel. Figure 18 shows the K™K~ effective mass distributions for ¢ < 0.3
GeV? and t > 0.3 GeV?, We observe enhanced production of 6/f2(1720) at iow t, in
contrast with the behaviour of f»(1270) and f;{1525). Thus, the data indicate a different
production mechanism for the gluoninm candidate #/f2(1720) with respect to the other
two I = 0 tensors f2{1270) and f5{1525), in the central Feynman-zr region covered by this
experiment, in agreement with the expectations for a tensor glueball [23]. By dividing the
K+ K= data into four regions of t and correcting for geometrical acceptance, we obtain
the t distributions shown in fig. 19. Fitting them by simple exponentials we obtain slopes
of 6.1 = 0.4 GeV~2 and 9.6 &+ 0.4 GeV ™2, respectively for the f1(1525) and 6/f.(1720).

In order to obtain the corresponding t behaviour for the ¢(1020) the selection criteria
described in sect. 4 have been used to maximize the available statistics. This can be done
since the ¢(1020) can be detected even in the presence of a substantial background. The
K™K~ effective mass distributions in the &(1020) region for t < 0.3 GeV? and t > 0.3
GeV? are shown in fig. 20(a,b). Evidence for a suppression of the ¢(1020) in the low t
region can be seen. By dividing the data into four t regions the distribution shown in fig.
20(¢) is obtained.

7. STUDY OF THE =°7° FINAL STATE

The reaction
pp = ps(7°7°)p
has been selected from the sample of 2-prong events having four reconstructed ~’s each
with an energy greater than 1 GeV in the electromagnetic calorimeter. This energy cut
was increased to 2.5 GeV in a 30 cm radius around the fast proton impact point on
the ~ calorimeter. Momentum balance was obtained by requiring |missing P,| < 30
GeV/c, |missing P,| < 0.16 GeV/c and |missing P.| < 0.08 GeV/c . Figure 21 shows
the scatter diagram m(v1v2) vs m(v3v4) (3 combinations per event) where a clear peak
is visible at the position corresponding to the #°#? channel. The vv effective mass af-
ter having required the other v+ pair to lie in the #° region {0.1-0.18 GeV), is shown
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in fig. 22(a). Selecting the two ~~ combinations in the #%7" region. the momenta of
the 7's have been fitied to the #° mass. The psr? effective mass distribution shows a
strong AT (fig. 22(b)) which has been removed by requiring m{psn") > 1.50 GeV.
The remaining sample of 5578 central #°x° events have a mass spectrum which is
shown in fig. 23. The distribution shows a drop at the .5*/fs(975) position similar to that
observed in the 777~ channel. The solid line is the result of a fit performed using the
same formalism used to fit the #¥ 7~ mass spectrum with fixed §*/f,(975) parameters

but allowing the phase to vary. The experimental resolution has been estimated to have a
o of 25 MeV in the 1.0 GeV region. The fit has a ¥*/NDF of 63/41.

8. STUDY OF THE REACTIONS (=% /p)p — (7 /ps)(n 77 )ps AT 85 GeV/c

Reactions (1} and (2) have been isolated from 2.5 x 10° four-prong events. Momentum
balance was obtained by requiring |missing P.| < 4.0 GeV/c, |missing P} < 0.12 GeV/c
and |missing P.i < 0.10 GeV/c. The energy balance was ensured by requiring the Ehrlich
mass squared m% (shown in fig. 24) to be in the region —0.07 < m% < 0.15 GeVZ.
Compatibility with Cherenkov information was required for both pions. A comparison
between fig. 1(a) and fig. 24 shows enhanced signals from the K™K~ and pjp centrally
produced final states in the 85 GeV/c data. This is due to a K trigger present only in the
85 GeV/c experiment which suppressed by a factor 2.7 the # ™7~ channel with respect to
the K™K~ and pp channels. The above selection gave 59 953 and 117 802 =™ 7~ events
for the 77 and p beams respectively. '

The trigger considerably suppressed beam and target diffraction in the data; the tar-
get diffraction was almost completely removed. The residual effects of the beam diffraction
in the central zy dipion region were further reduced through direct removal of resonances.
Fig. 25(a) shows the rr}:"m-"‘:rr* effective mass distribution for reaction (1}. A broad struc-
ture around 1.3 GeV indicates the presence of 2,(1260)/a2(1320) and the m(1670) is
clearly visible together with higher mass structures. The 7.-};’7.-_ mass spectrum is shown
in fig. 25(b) where strong p(770) and f»(1270) resonances can be seen. These are re-
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moved by requiring m(7; 7~ ) > 1.5 GeV. This cut also removes the a1(1260)/a2(1320)
and m2(1670) signals in the 7rf+7r+7'r‘ mass distribution. In reaction (2), the forward A™™
{fig. 26(a)) is removed by requiring m(ps7~) > 1.33 GeV while no cut has been applied
to the pyn™ mass distribution {fig. 26(b)). After application of these cuts 54% and 57%
of the events of the original sample are retained for #+ and p beams respectively. The
resulting Feynman-zp distribution for the p,, 'rr}*"/pf and the dipion system is shown in
fig. 27. The total geometrical acceptance was found to be essentially flat as a function of
dipion mass m{7r "7 ").

The central # 7~ mass spectra are shown in fig. 28(a,b) for the 77 and p beams
respectively. For the p data we notice an enhanced p(770) signal with respect to the 300
GeV/c data, a drop in the 5%/ fo(975) region and some f2(1270). The strong p(770) signal
in these lower energy data indicates that here the contribution coming from I = 1 exchange
plays an important role; this effect decreases with energy up to ISR energies where the



o(770) signal almost vanishes [14]. The suppression of p(770) and f2(1270) signals in the
low t region, already observed in the 300 GeV /¢ data, is also present in the 83 GeV/c data
as can be seen in fig. 29, where the combined 77 and p data are shown for ¢ < 0.3 GeV?
and t > 0.3 GeV?.

In order to investigate whether the parametrization used to describe the #7777 mass
spectrum at 300 GeV /c will also describe the 85 GeV /¢ data, a fit has been performed to the
7T 7~ mass spectra using the same formalism as described in sect 2. A few modifications
have been applied:

{a) The S*/f0(975) as well as the X{1470) parameters have been fixed to the values
from the 300 GeV/c data. leaving free only the phases which describe the interferences of
S*/f0(975) and X{(1470) with the background. '

(b) The p(770), which is much larger here than in the 300 GeV /c data, was allowed to
interfere with the the 777~ decay mode of the w(783) which was parametrized as a Breit-
Wigner having 20 MeV full width in order to take account of the experimental resolution
(£ 10 MeV 1n this mass region). The interference was parametrized as

Bp(m) + aBu(m)e® (8)

The results from the fits are shown in fig. 28 and give a reasonable description of
the data (x?/NDF=112/86 and 130/86 for 7~ and p beams respectively). We obtain, in
expression (8), ¢ = 180+ 20° and ¢ = 36 =26 for #7 and p beams respectively, indicating
a negative p — w interference for the 7= beam and a positive interference for the p beam.
In order to search for w(783) production, we have studied the reactions

7 p — W?(ﬁ+ﬁ-ﬂo)ps
and
pp — pi(m w77 ),

Since, in the 85 GeV/c run, we did not measure ~’s, we reconstrucied the 7% as a
missing particle. After having removed events belonging to reactions (1) and (2}, which
balance momentum, events having a missing 7° have been selected by requiring the missing
mass squared to ﬁ}:“ /(77 )ps to be in the range —0.2 to 0.2 GeV?. The missing #° was
then reconstructed by giving it the missing momentum and the »% mass. The resulting
7Tr~ 70 effective mass distributions for the two reactions are shown in fig. 30, and show
the presence of 7 in both spectra, but a reduced w(783) signal in the =™ incident data with
respect to the p incident data.

It 1s interesting to compare the cross section for production of p(770),5*/fo(975) and
f2(1270) in the 85 GeV/c p data with the 300 GeV/c experiment. We prefer to give
the relative cross sections since, having similar detector and apparatus, svstematic errors
cancel. We obtain

=]

O'(S /fo 975 ))300/0(5*/‘]"0(975))35 =3.12 - 1.00
(fg(l 7 ))300/0’(f2(1270))35 = 083 i 020
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Thus, we observe a decrease of the p(770) and an increase of the §*/f,(975) cross sections
as a function of energy.

9. CONCLUSIONS AND COMPARISON WITH OTHER EXPERIMENTS

We have studied the 77 and KA systems centrally produced in proton proton colli-
sions at 300 GeV/c and in 7 /p proton collisions at 85 GeV/c. The n7 =~ effective mass
distributions show a p(770) signal decreasing as the centre of mass energy increases from
Vs =12.7 GeV to /5 = 23.8 GeV. Clear evidence for $*/f,(975) production is observed.
An analysis performed on the #7#~ mass spectrum in the 1.0 GeV region was made us-
ing a coupled channel formalism. We found that it was possible to describe the data
in the $%/f(975) mass region only if we allowed the S*/f3(975) to interfere coherently
with the S-wave background. The resulting §*/f,(975) parameters were determined to be
mo = 979 = 4 MeV, g = 0.28 £ 0.04, gx = 0.56 = 0.18 giving a pole position on sheet If
at (1001 = 2} —4(36 = 4) MeV and a full width of T's- /g (e75) = 72 = 8 MeV. The value
9K /9= = 2.0 = 0.9 is in agreement with that found in hadronic J/+ decay and D, decay
suggesting a substantial s§ contribution in the §*/f,(975) wavefunction. The expected
contribution from the §*/fo(975) in the K K threshold region is easily accomodated in the
observed threshold enhancement present in the KA~ and K%K % mass spectra obtained
in this experiment. Thus, it is possible to describe the §*/f5(973) effect with one single
resonance.

Evidence is found, in the 777~ spectrum, for a structure with a mass of 1472 + 12
MeV and a width of 195 = 33 MeV. This structure may be related to the signal observed
in radiative and hadronic J/4 decay (8,9] and in 7 induced reactions [10}. If it is a scalar
state it may be identified with the ¢/ fo(1400).

In order to test if the formalism and §*/f,(975) parameters used in the present anal-
ysis are also able to describe the data coming from other experiments, we have fitted
the 777~ mass spectrum from the ISR experiment [14] and from hadronic J/v¢ decay to
é7+w~ [24]. The fits have been performed using the same formalism described in sect. 3
but fixing the $*/f,(975) and X(1470) parameters while the interference phases, as well as
the resonance amplitudes, have been aliowed to vary. The results from the fits are shown
in fig. 31(a,b) for ISR and Mark III data respectively and show good agreement with the
data.

A study has been performed of the four-momentum transfer behaviour of the p(770).
5%/ f0(973), &(1020), F2(1270), f1(1525) and #/f2(1720). We observe that S*/fo(975)
and 6/ f2(1720) are produced more at low t relative to the p(770), ¢(1020), f2{1270) and
f2(1525). We find a decrease of the p(770) and an increase of the S§*/f(875) cross sections
as a function of energy in the Feynman-zr range covered by these experiments.
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Table |

Fit parameters of the n+n- spectrum at 300 GeV/c.

o 0.813

p 5.528

Y -0.764

Ao 0.0314

A 0.0971

Ag 0.216

A 0.195

Ax 0.0247

81 23°

52 | 159°

My | 1472 MeV

Ty | 195 MeV

Mg 979 MeV

On 0.28

BK 0.56
Pole sheet Il 1001 - 361 MeV
Pole sheet |l 912 - 94i MeV




FIGURE CAPTIONS

Fig. 1

Fig. 3
Fig. 4

Fig. 5

Fig. 6

Fig.

-~J

Fig. 8

Fig. 9

Fig. 10

(a) Ehrlich mass squared distribution for candidates to the reaction pp — ps(x™ 7~ )ps
at 300 GeV/c.

(b) Ehrlich mass squared distribution for events having one particle identified as K, p
or ambiguous K/p by the Cherenkov information.

pr efleciive mass distributions at 300 GeV/c:
(8) mlpn*); (b) mlps=); (c) mper)s (d) miper).
717~ effective mass distribution at 300 GeV/ec.

Feynman-zr distribution for the slow proton, the dipion system and the fast proton
at 300 GeV/c.

+ -0 : : . s : 0
o~ w" effective mass spectrum for 4-prong events having two 4’s coming from a 7
reconstructed in the electromagnetic calorimeter at 300 GeV/c.

{a) Expanded view of the fit to the #7#~ spectrum in the 1.5 GeV region at 300
GeV/c. The fit has been performed without including a Breit—~Wigner in the 1.5 GeV
region. :

(b} Asin (a) but with a new Brejt—-Wigner term to describe the 1.5 GeV region and
a 8/f2(1720) contribution included in the fit.

(a) 7t~ effective mass distribution at 300 GeV /c. The line is the result from the fit
described in the text.

(b) As in (a) but on a logarithmic scale.

(a) K™ R~ effective mass spectrum at 300 GeV/c. The dashed histogram represents
the estimated contamination from the 7~ %~ channel.

(b) KT K~ effective mass spectrum with the 777~ contamination subtracted. The
band drawn in the threshold region represents the estimated contribution from the
5%/ f0(975) measured in the 77~ spectrum with one-standard deviation.

(a) Geometrical acceptance for the 777~ system as a function of the 77 =~ effective
mass at 300 GeV/c.

(b) Geometrical acceptance for the K™ K~ system as a function of the KT K~ effective
mass.

(a) Ehrlich mass squared distribution, at 300 GeV/c, for candidates to the AT K~
final state after having removed only events having identified pions.

(b) K™K~ effective mass distribution, for the Ehrlich mass squared shown in (a), in
the threshold region.
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FIGURE CAPTIONS (Cont'd)

Fig. 11 {a) #¥»~ effective mass at the V° vertex for events candidates to the KZA'Y channel

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

12

13

18

19

20

21

22

for the 300 GeV/c data.
(b) Geometrical acceptance for the KZR L system.

K{K¢ effective mass distribution obtained by combining the 85 GeV/c and the 300
GeV/c data. The curve represents the §*/f,(975) coniribution from the fit to the
777~ data.

(a) Double exchange graph.

(b) Four-momentum transfer distribution at the upper vertex, |t;].

{c) Four-momentum transfer distribution at the lower vertex, [t].

(d) t = [t; + ta].

(a) 777~ effective mass for ¢ < 0.3 GeV? and (b) 777~ effective mass for ¢ > 0.3
GeV? The data are from the 300 GeV/c¢ run.

x+ 7~ effective mass distributions in different t intervals at 300 GeV/ec.

(a) Phases distributions as functions of t; §;: open points, &;: black points.

(b) Geometrical acceptance as a function of t.

(1/t) dN/dt distributions for: (a) §*/f5(973), (b) f2(1270), (c) p(770) and (d) X(1470).
Open points: uncorrected data; black points: data corrected for geometrmal accep-
tance.

(a) K7 K~ effective mass distribution for ¢t < 0.3 GeV*® and (b) K"K~ effective mass
for t > 0.3 GeV?. The data are from the 300 GeV/c run.

(1/t) dN/dt distributions for: (a) f5(1525), (b) 8/f2(1720). Open points: uncorrected
data; black points: corrected data.

K1 K~ effective mass distribution for: (a) ¢ < 0.3 GeV? and (b) ¢ > 0.3 GeV? at
300 GeV/c after having removed only events having identified pions. (¢) {1/t) dN/dt
distribution for ¢(1020}. Open points: uncorrected data; black points: corrected data.

m{~y17v2) vs m{vsvs) lego plot for events having 4 v reconstructed in the electromag-
netic calorimeter which balance momentum. The data are from the 300 GeV/c run.

{a) v effective mass distribution for four-y events after having required the other
combination to be in the #° region. (b) psr® effective mass distribution. The data
are from the 300 GeV/c run.
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Fig.

Fig.
Fig.

Fig.

Fig.

Fig.
Fig.

FIGURE CAPTIONS (Cont’d)

23

24
25

. 26

28

29

30
31

7070 effective mass distribution at 300 GeV/c. The curve is the result from the fit
described in the text.

Ehrlich mass distribution for the 85 GeV/c data.

(a} w?w*‘m’_ effective mass distribution for #7 beam data at 85 GeV/c.
(b) 7?’}—71'— effective mass for =7 beam.

(a) psrT effective mass for p beam data at 85 GeV/c.

(b) psr~ effective mass.

" Fevnman-zz distribution for the slow proton, the dipion system and the fast proton

for the 85 GeV/c data.

77~ effective mass distribuiions for: (a) »7 beam and (b) p beam at 85 GeV/c.
The curves are the results from the fits described in the text.

777~ effective mass distributions summed over 7 and p beams at 85 GeV/c for: (a)

¢ < 0.3 GeV? and (b) £ > 0.3 GeV?2.
7777 w0 effective mass distributions for: (a) 7% beam and (b} p beam at 83 GeV/c.

(a) w77~ effective mass distribution from ISR [13,14]. The curve is the result from
the fit described in the text.

(b) 7% 7~ effective mass from hadronic J/¢ decay to ¢n¥n™ [24]. The curve is the
result from the fit described in the text.

16



=

1 3y

N8I «xrc
S0 0 S05
400z
400t &
1]
3
o
~.
o
REE
$
{008 *
(a 4 0001

A2 W
S0

‘0

SOx

-

OL=

A2D  Z0'0/SijusAs



*10

b)

| I I R B S S
O~ @ <+ M N — O

A99 mo.o\mycgo

N

1
1 0]
N

| | 1 1 I M —
QO W N 0O < O
N —
CH)

AS9 GO'0/S)uand

m(ps 7©7) GeV

m(ps 7*) GeV

M

d)

| IO WUUVUN DU S BUST
M~ O un <+ M N «~ O

A29 GO'0/Siudns

I O N SR MR T
NS W D F M N — O

A29 mo.o\mucm%

m(ps ) GeV

m(ps 7t*) GeV

Fig. 2



events/10 MeV

x10

Nttt e,

1

~M‘

0.4

1 I
0.8 1.2 1.6 2.
| m(n* ©7) GeV

Fig. 3

2.4




*10

Pr

L
-0.5

0.5

0 F
80

Q Q O

No.o\mucm\,m

101

ol

X

Fig. 4



1.5
m(n* n~ ©°) GeV

.5

x10
1.4
1.2F

o
i 1 A 1
© © ot N :
o o o o o

k)
——

ABW 0Z/sjuans

Fig. 5



1.8 2.2

1.4

J
0 :

1
0
™

/4

A8Y 200

0.75

0
o

/Slusns

0.25 |

m(r* 7)) Gev

*103

1.75

I
g}
0
/A

A®O Z20°0

0.75 |
0.25 |

0
o

/S1uans

2.2

1.8

1.4
m(n* n7) GeV

Fig. 6



tl[llll

I

Il

ll!!!li I

I |
1.25 1.75

m{n* ®7) GeV

i i
0.75

1
0.25

<t
o

—

M
Q

AN rbz/s;ua/\e

*10

a)

1 i
1.25 1.75

m(n® ) GeV

i
0.75

1

1
0.25

10 |

x

w

AW Qz/s;ue/\a

*

Fig. 7



I°K4

A9 (X Mw

A

g "9y

o
o~
—

@)
O
A9  Z0'0 / S}UsAS

4074

ove

08¢

07AY

A9 (1 Hw

0S

ele]}

Q
79

o
o
[t ]
A29 ZQ‘O/S}USAQ

Qo
e
™~

00¢

0s¢



/o,

1
1.75

rh(rr**n") GeV

@@ o .
O O o
80un}daooD

| |

b)

00

o

© ¥
o o
82uD}dedoD

N

o

2.5

1.75
m(K* K™) GeV

Fig. 9



*
—
(6) &)

S
T
O

p

 events/0.02 GeV*

0. 0.75 1.5

400
> 350 | b)
© 300+
o 250
2200}
73]

+ 150
@

>100 |

] 1 | 1
Q3 1.3 1.3
m(K* K*) GeV

Fig. 10



320
280 |
> 240 b
200 F
N 160 -
120 F
80 |
40 F

5

events

LS

|
0.3 0.5 0.7
m{n* ") GeV

0.6 F —

0.4

acceptance

0.2 - b)

11 l

i | 1 1 1 ]
0. 7 1.75 55

m(K% K%) GeV

Fig. 11



1 1 L

120

100 |

o O
8 8 ®

A% $0O’0Q/Sjusne

20+

% K%) GeV

m(K

Fig. 12



b)
2.4

it
1.6

t, GeV?

0.8

10
0
0

10
1

89 no.o\ﬁ:m%

Tp

LY
X

Y
t

m'p

19
O

<t M N
o O o O

99 €0°0/Siuans

-~

1.8

0.8

t GeV?

t, GeV?

Fig. 13



*10

-3

[th]

)

N

o

(]

N

wn

=

L

-

13

3

x10
40 —
3.5F b) t>0.3

>

[4D]

&)

N

O

[

~

0

[

@

>

L

] ] | | [

0. 605 1 1.75

m(rn" 7)) GeV

Fig. 14




events/0.02 GeV

events/0.02 GeV

*10

600
500
400
300
200
100

0.08<t<0.14

| 1 H

/
%.25

3
*10

1. 1.75
m(m* ©7) GeV

2.
1.6
1.2

0.8

0.18<t<0.24

m(n* n7) GeV

Fig. 15

0.14<t<0.18 |

1.75
m(m* 7)) GeV

0.24<t<0.30

1.75
m(r* ©7) GeV




events/0.02 GeV

- events/0.02 GeV

*10

0.30<t<0.40

1. 1.75

0.52<t<0.80

m(r* ©7) GeV

*10

0.40<t<0.52

1. 1.75

m(n* ©7) GeV

320

280

240 |

200
160
120
80
40

Fig. 15 (cont)

2.

0.80<t<1.50

| | ] l

b
1. 1.75
m{rn* ") GeV



160 | taety +

20

10 b)

acceptance

Fig. 16



10

10

1045—0
- L 4
S o)
5.3 _*
10" g o0 &
prd SR
o ~ —O—e—
N - ——
‘_102 = —
= —0—
1 1 1
10 0. 0.4 0.8
t GeV?
104_5_-
: ?++ °)
4 3 ~ ] -
kS,
Z : —__ o
L ar ——
—10 ¢
10 R | I L
0. 0.4 0.8
t GeV?

10

T 1 IIIHII

10

LI lllllll

10

T IIIHl]

10

©




—_— A
D0 O N
O O O O

events/0.04 GeV
n
o

N
o

O

Fig. 18




Ww/NP 1/

0.8

0.4

t GeV?

—~~
0

0.8

R

4
O O O -] —
w/NP /L

0.4

t GeV?

Fig. 19



175 |
%150_ 200"'
C 125+ 160 |
o
3‘100" 120_
o 75+ 20 |
C | o
® 501
" 25t 40

I i i |
%3 1.1 1.3 -%.9_
m(K* K™) GeV
1045—
E —— c)
5. 30 +—¢—
J10° &
2 e
< HF *
‘—1025— ¢
10 i 4[ 1 I ]
0. 0.4 0.8

Fig. 20




Fig. 21



events/ 5 MeV

events / 40 MeV

2800

2400

2000

1600

Irll]ll]ll]llllllllll

1200

800

rTrT T T
{ |
-

400

T T T

]
“.
* Whee,
Las XY
M ‘”'uo'uﬂ.”t.

) | I | T il

PRt L7 VY
i

ey,
P e wart e

0.2 0.3

m(yy GeV

0.4

0.5

I'l!l

2800

———
——

2400

——

2000

—_
—_

1600

1200

800

400

-

-

-—

-

[
’0t+,+¢l'+"1‘*’49"‘*,’*i,

Pt

et

llllIl[ll]l_!—llllIIIIIIIIIIIIIIIFII
-

)
o'uu‘.’“‘.
.

.
0 NI ITES NI W ANV AT T S ARSI 0 I AR A hviin ok & 12 P

15 2 25 3 35 4 45 5
m(pr°®) GeV

pu—y

Fig. 22



] 1
1.25 1.75

m(n® n°) GeV

]
0.75

300

400

1 1
o o
O o
~N

M
ARD $0°Q/sjuans

100 -

0055

Fig. 23



*¥10

0.5

30

40 -

20

!
O
M

2O 20°0/spuans

10 -

GeV?

m?,

Fig. 24



sg Ay

A®9 P: RTERTAIVT

5¢0 0 S*¥ v G'e ¢ SZ R4 Gl ‘1 m.@

A®D Jpo'o/smet\a

1 T 7 T T T T T
4¢0
-4 00¢
4+°0
o
>
- @.O w . oo*
0
~
o
4180 8 |
© it -4 009
®
4 1 < m _
471 | 4008
(g 441 (o
i
OL* 000



*10

10 F
8
6
4
2
0

L
™~

14 -

A9 $0°0/s1usns

| I ! J —

2.8

m(p, ©7) GeV
Fig. 26

1.2

.0 .0
Mo N =

A9 ¢o.o\3cm>o

I
0
o)

<



7T+F/ Pr

2.5

o

~

L0

0.5

Xr

Fig. 27



82 “B1q

A%9 (Lx w)w A9 (Lx ,u)w
Gl GZ'1 L0 GZO0 . SL'} GZ'1 SL°0 Gz'0
AL 1 ! T T 1 0 | T T T T T
' \
41620
47
i i
Hit 4 G0 t
—1¥
4G40
(1]
>
.3 19
- —.13...
~
o]
46¢ —H 48
Ly/]
= |
161 *
46471
d (q A (o 1¢
1 Z
Ol=
¢ ¢ m

0

o el ]

AW QZ/siuaAs

*
-—

1

L=



62 81

| A (Lu u)w A9 (1 w)w
e — G b S40__6Z0 ., Sl STL 610 sz,
) :.:n::z B .:::_:
____ 120 __:_____*__:_
_z____a_{_ I 4001
_ tdvo _ _
_ ! 5 *_ | 002
_____ *__ 190 W ___ |
| I S *_ [ 4oog
0 <3 _ *:___:* 17° g | |
by €0 > - __ _ ___ Loos
d 1 -
+ 1 (q : __ P d + ,u (p __= ______ ____
| {2 | oos
Ol

A®O 0Z0°0/syusns



8¢

vy e

A29 @k A L&E

T

K4 9l c'l 8°0 ¥'0
I

T 1 )

+0

8'0

[ANE

9°l

0¢ "Jgq

A2D GZ0'0/siusnrs

Z wh | N“ l B0 ¥'0

A9 (¥ _x au)w

001

00Z

Q
Q
p]

Q
Q
<

00L

1008

006



b) Markll

—
49
o
———
1<
o
! 1 1 i I 1 | ]
0 o o) Q To) o To' o
~ < ) ! o~ ~ - - ©
AP GZ/sjuane
!
o
-—
*

Imprimé au CERN.

Prix :

1.45 Fr.

ARD GZO'0Q/SiusAe

m{n* n7) GeV

m{rx* ) GeV

Fig. 31



	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48

