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Abstract

We have performed a search for vector—vector final states centrally produced in
proton proton interactions at 300 GeV/c using the CERN Q spectrometer. Evidence
is found for wp® production in the reaction pp — ps(2n+27~7%p, and for ww
production in the reaction pp — p;(27+27~27°%)p,. However no evidence is found
for we production in the reaction pp — p;(K* K~ 7tn~#%)p,.
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1 Introduction

The search for non qq mesons such as glueballs, hybrids and multiquark states is the
main motivation of present hadron spectroscopy. Searches for new resonances decaying to
two vector mesons have been performed extensively in hadron induced reactions (1] 12, vy
collisions [3] and J/4 radiative decays [4).

The study of associated ¢¢ production in 7~ p interactions [5] was one of the starting
points of gluonium spectroscopy. The large and unexpected ¢¢ cross section in 7~ p inter-
actions has been interpreted as due to the production of three J¥€ = 2++ glueball states in
the 2.0 - 2.5 GeV region. '

Lvidence for resonant structures in the 1.6 and 2.0 GeV regions has been recently re-
ported in the ww system produced by incident 7~ [2]. The study of K*K* and ¢¢ from K~
induced reactions, on the other hand, did not show any evidence for resonance production
[1].

As regards the J/¢ radiative decays, the ¢¢, ww, K*°K*° and pp final states are dom-
inated by J¥ = 0~ contributions. These spectra show marked threshold enhancements,
whereas the pp final state shows the presence of resonant structures.

Associated vector-vector production in yy collisions has provided evidence for an unex-
pected p%p° threshold enhancement not observed in the p*p~ final state. This observation
has been interpreted as due to the presence of new exotic 4-quark resonances.

Another interesting candidate for a multiquark state comes from pp annihilation at rest
to 3m which led to the discovery of a JP“ = 2*+ resonance decaying to (f2(1520)) [6].

A molecular hypothesis has also been made [7] to explain the nature of the 6(1720) dis-
covered in J/¢ decay and clearly observed in central hadronic collisions by WA76 experiment
[8]. This hypothesis predicts K*°/A*° and ¢w decays for the 6(1720).

The WAT6 experiment, at the CERN () spectrometer, has performed a systematic explo-
ration of resonance production in the central region of hadronic collisions [9]. The search for
vector—vector final states has provided evidence for centrally produced ¢¢ [10] and K*0 i
[11]. It is therefore of interest to study other vector-vector final states which could give new
information and help in the understanding of the dynamics underlying the production of
resonances in this kinematical region. '

Details on the layout of the apparatus of the WA76 experiment, trigger conditions and
data processing have been given in a previous publication [12]. This paper describes the
search for final states involving the w(783) meson, i.e. wp®, we and ww, in the reactions:

pp — pr(wV)ps

at 300 GeV/c, where the subscripts f and s indicate the fastest and the slowest particles in
the laboratory respectively and V is a vector meson.

This paper is organized as follows. In section 2 we describe the study of the 27+27~ #°
final state and the evidence for wp® production. Section 3 is devoted to the search for w¢ by
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studying the K+ K~ntn~n° final state and section 4 shows evidence for the ww system in
the 27727~ 270 final state. Finally section 5 summarizes the results from this analysis.

2 Study of the 27727~ 7" channel

The reaction
pp — ps(2n2n ™ 7%)p, (1)

has been selected from the sample of events having six outgoing charged tracks and only two
~’s having an energy greater than 1.0 GeV deposited in the electromagnetic calorimeters
[13], by first imposing the following cuts on the components of missing momentum: |missing
P.| < 20.0 GeV/c, |missing P,} < 0.16 GeV/c, |missing P,| < 0.08 GeV/c, where the z
axis is along the beam direction. Showers associated with charged track impacts on the
electromagnetic calorimeters have been removed.

The effective mass distribution of the two s is shown in fig. 1, where a clear 7° signal can
be seen. After selecting the 7° events by requiring 0.096 < m(vyy) < 0.174 GeV, the energies
of the 4’s have been recomputed in order to give the 7% mass. The central charged particles
were then required, if passing through the Cerenkov system, to have a mass identification
consistent with that of the pion. Events where the slow particle was identified as a 7% were
antiselected using pulse height momentum correlation. The energy balance was required by
demanding the function A, defined as:

A = MM (psp,) — M*(2nt2x~7%)

to be in the range from —5.0 to 5.0 GeV?. Only 7%’s with a centre of mass rapidity less than
1.9 were retained in order to remove 7%s from diffractive processes. A similar cut was also
used to antiselect diffractive 71’s. The final sample consists of about 8000 events.

Fig. 2 shows the Feynman zp distributions for the protons and the 2rt2r~ w0 system
after having applied the cuts described above. We observe that the central system is well
separated from the fast and the slow particles. The 27727~ n® effective mass distribution is
shown in fig. 3: enhancements can be seen at the n' and f,(1285) positions. Fig. 4 shows the
combinatorial m*#~ 7% mass spectrum (4 entries per event), where clear n and w(783) signals
can be observed, which are due to the presence of the reactions:

pp = pr(nm 17 )p, (2)

pp = pslwntn)p,s )

The nrt 7~ system in reaction (2) has been studied in a previous paper {14] and is dominated
by the presence of %’ and f;(1285) mesons.
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2.1  Study of the wrtn~ system

We have performed a study of reaction (3) by first trying to solve the combinatorial
problem which affects the w(783) signal. Since the w(783) is a J¥ = 1~ state it is useful to
introduce the parameter A which describes the w decay on the Dalitz plot, defined as:

T(Lm? = m2)?

where |p}. x g_| is proportional to the decay matrix element of w — 7+7x 7%, py is the three
2 is the ntn~ 70 squared effective mass,

Fig. 4 (hatched histogram) shows the 7*n~#? effective mass distributions for events
having A < 0.3 where little w(783) can be seen. Thus this cut removes part of the background
with little reduction of the «w(783) signal.

Fig. 5a) shows the ntn~ vs #7779 scatter plot for events havmg A > 0.3. The nt7~
effective mass distributions in the w(783) region (0.74 < m(rtr~ =) < 0.84 GeV) and in
its side bands (0.69 < m(xt7~ 7% < 0.74 GeV and 0.84 < m(x*r~7%) < 0.89. GeV) are
shown in figs 5b) and 5c) respectively. A p°(770) can be seen in the 777~ mass spectrum
associated with the w(783), but no signal is observed in the wings, indicating evidence for

the production of the wp® final state.

momentum of the 7% in the w rest frame and m

2.2 Channel likelihood fit of the wrt 7™ system

In order to extract the mass spectra free from the combinatorial background and to
determine the different reactions that may contribute to the observed final states a channel
likelihood fit [15], has been performed using a modified version of the program CHAFIT [16].
The program performs a maximum likelihood fit of different overlapping amplitudes and gives
to each event a probability that it belongs to one of the input hypotheses. The amplitudes
used in the fit were Breit-Wigner formulae fixed to the PDG [17] values to describe the p(770)
and the 6,(1235). The 5 and w(783) have been described as Gaussians for which mg and ¢
have been obtained by fitfing the mt7m~ 7% eflective mass distribution (m, = 0.549, o, =
0.011, m,, = 0.783, ¢, = 0.018 GeV). In addition, the w(783) amplitude has been multiplied
by the parameter A described above, including in this way the information coming from the
spin-parity of this state. All the amplitudes have been normalized using Monte-Carlo events
obtained by event mixing.

The results of the fit performed to the total 2a+27 ~7% mass spectrum are shown in table
1. The main results can be summarized as follows.

—  The final states involving the production of p*, p® p~ are produced approximately
with the same intensity. There is evidence for associated production of p%p*n¥ but the
pPprn® effective mass distribution (not shown) does not show evidence for a resonant
behaviour.



—  No evidence is found for p®p°#® production.
—  There is small but significant wp® production (3.8 4 0.6% corresponding to 304 + 50
events).

We have then used the following method in order to extract the sample of events be-
longing to reaction (3). From the channel likelihood fit we obtain a probability to each of
the four possible combinations of the 7+ 7~ n° to belong to the w(783). Therefore, in order to
solve the combinatorial problem we have considered the w combination having the highest
probability. In addition, we required this probability to be greater then 0.35. This cut leaves
no w signal in the excluded data, obtaining in this way a sample of events free from combi-
natorials, which are candidates for the wr*#n~ channel. The resulting wr*#~ mass spectrum
is shown in fig. 6a). The wr® mass distribution (fig. 6b)) shows the signal of the b¥(1235)
meson. Selecting events in the range 1.16 < m(wn) < 1.32 GeV we obtain the bf(1235)rF
mass spectrum shown in fig. 6¢), where no significant resonant structure can be seen.

The wtn~ effective mass distribution is shown in fig. 6d), where we observe a peak at
the p?(770) position. The wp® mass distribution shown in fig. 6e) is obtained by requiring
0.68 < m(ntr~) < 0.88 GeV, to select the p®(770) signal.

A spin-parity analysis of the wp® system has been performed using Zemach tensors.
The decay matrix elements for a state X which decays to wn*#~ through the decay chain
X = wp® = wrtr™, with an orbital momentum L between the (7t7~) system and the
w{783) limited to values smaller than 2 are given in table 2. Due to the limited statistics we
were only able to search for the dominant spin-parity wave. For this purpose the different
spin amplitudes have been inserted in different combinations in the channel likelihood fit.
If we assume that one wave dominates the spectrum we find the best description of the
data is obtained with J” = 2. Some information on the angular analysis is shown in fig.
7a,b) where we have plotted the combinatorial distribution of the angle x which is defined
as the azimuthal angle between the normal to the w and the direction of the 7% of the p°
in the wp® rest frame. Here the crosses show the data while the broken lines represent the
expectations for different spin-parity combinations. The geometrical acceptance does not
affect the angular distributions. We notice that the best description of the data is given by
the spin 2 amplitudes which are very similar when plotted as a function of y.

3 Study of the K*K—n*r~ 2" channel

The reaction:
pp — p;([(*[x’”w*’w“wo)ps (4)

has been selected from the sample of six prongs events having two +’s detected in the
electromagnetic calorimeters, each with an energy greater then 1.0 GeV by first requiring
momentum balance as described in section 2. Moreover one of the central charged particles
was required to be positively identified as a. K or ambiguous K/p, the second to have a
mass assignment compatible with the kaon hypothesis, while the remaining two particles
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were required to have a mass assignement compatible with that of the pion, as given by
the Cerenkov information. The energy balance was then ensured by requiring the Ehrlich
mass squared, computed as a function of the two kaon candidates [18] and shown in fig. 8a),
to be in the range: 0.12 < m% < 0.56 GeV”. The three enhancements visible in fig. 8a)
are the signals of the centrally produced 2727~ 7% (due to the inefliciency of the Cerenkov
identification), K* K=n*r~n® and ppr¥r~x° final states respectively. Forward At - per®
has been removed by requiring the centre of mass rapidity of the 7% to be smaller than 2.0.

The final sample consists of 662 events. The K* K~ntnr~ 7% mass spectrum is shown in
fig. 8b) which shows no evidence for any structure. Fig. 9a) shows the scatter plot m(r*z~7°)
vs m(K* K~) where no accumulation of events is visible in the region where the w and ¢
bands overlap. We also observe that the m{A ¥ K =) projection, fig. 9b), shows little signal in
the region of the ¢(1020) meson, as does the corresponding m(pi*p:~pi®) projection, fig. 9c)
in the w(783) region. Therefore we conclude that there is no evidence, with the present
statistics, for associated w¢ production.

We have also searched, in reaction (4), for the K*°K™*%z° final state. Fig. 10a) shows the
Ktn~ vs K~nt scatter plot where little accumulation of events can be seen in the region of
the overlapping K*° bands. The K*#¥ mass distribution is shown in fig. 10b) where a clear
K*? signal can be seen. In order to search for the K*°K*°n° final state, table 3 shows the
event distribution on the K~nt vs K*n~ scatter plot of fig 10a) in 9 bins centred around
the K™ mass. The resulting number of events of associated K*°K*® production, taking into
account the K™ Breit-Wigner tails, is of 30 & 10 events. We conclude therefore that there is
also little evidence for the K*°K*%x° final state.

4 Study of the 2727~ 27" channel

The reaction:
pp —> pf(2:"{""27r_27r0)p_9 (5)

has been selected from the sample of events having six outgoing charged tracks and only four
v’s detected in the electromagnetic calorimeters. Momentum balance was ensured by requir-
ing |missing Pz| < 20.0 GeV /c, |missing P,| < 0.36 GeV/c and |missing P,| < 0.18 GeV/c.
The energy balance was obtained by demanding the function A, defined as:

A= MM*(psp,) — M*(2nt 27~ 27°)

to be |A] € 6.0 GeVZ.

Fig. 1la) shows the y1v2 vs yav4 "lego” plot showing evidence for m%7° production.
Selecting one w° in the region 0.10 < m(yy) < 0.17 GeV we obtain the vy effective mass
distribution shown in fig. 11b).

In order to search for ww production which is affected by a combinatorial background
we have applied to each n¥7~#" combination the cut A > 0.3, where the parameter A
has been described in section 2. Fig. 12a) shows the scatter plot 7¥7n~ 7% vs. 7t 20 (4
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entries per event) where an accumulation of events can be observed at the position of the
ww production. Fig. 12b) shows the combinatorial n¥n~7° effective mass where a clear
w(783) signal can be seen. Requiring one 7tz ~7° combination to be in the w(783) region
(0.742 < m(r*n~7%) < 0.822 GeV) we obtain the 7*7~ 7% mass spectrum shown in fig. 12c),
where the w(783) signal can be clearly seen with little background. The ww mass distribution
shown in fig. 13a) is obtained by selecting events giving combinations with two n*r~x®
assignments in the w(783) region, and giving these the w mass.

An analysis of the angular distributions has been performed in order to estimate whether
the ww production belongs to states with definite spin-parity. We have plotted, in fig. 13b,c),
the distribution of y, the azimuthal angle between the normals to the two decay planes of the
w’s in the ww rest frame. These distributions have been corrected for geometrical acceptance
which is, however, nearly flat as a function of x. The distribution is expected to follow the

formula [19]
dN

— =1+ Feos2x

dx
where 3 = -1, 2/3 and 1/15 for J¥ = 07,0 and 2% (in the lowest angular momentum
between the two w) respectively. The distributions in fig. 13a,b) have been obtained selecting
two ww regions: (m < 1.8 GeV) and {1.8 < m < 2.08 GeV). It can be seen that the 0~ is
less favoured than 0% or 2%.

5 Conclusions

In conclusion, we have performed a search for centrally produced vector-vector final
states in proton proton interactions at 300 GeV/c using the CERN {2 spectrometer. Evidence
is found for wp® production in the reaction pp — p;(27* 27~ 7%)p, and ww production in the
reaction pp — pr(2rt2r~27°%)p,. No evidence is found for w¢ production in the reaction
pp — p(KY K- nta~70%)p,.
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Tab. 1 :
Tab. 2:
Tab. 3 :

TABLE CAPTIONS

Results from the Channel likelihood fit.

Decay matrix elements for X — wp®.

Event distribution on the K~ 7% vs Kt 7~ scatter plot centered around the K*°K*°
position.



Table 1:

Channel Percentage
ps(pPmtm—x%)p, 104424
pi(pta a7 )p, | 82%15
prlo~matetn)p, | 141415
pr(nmtr)p, 4.1+0.3
pilwrta)p, 1224 1.1
ps(wp®)ps 3.8+ 0.6
pr(bE(1235)F)p, | 29408
pr(p°p* 7 ¥)p, 15.4 + 2.0
phase space 28.8 + 2.8




Table 2:

L | J¥ | Matrix element
0|0t -7
0|1t nox
0|2+ a;;(7, 7)
110° fi- (D x7)
L1~ nx (@ x )
1|27 a;(A,dx7)

The symbols used in this table have the following meaning:

a,-j(ﬁ,u?) = %(vt-wj + ’ij,') —

38ii(v - w)

: normal to the decay plane of the w

7
w: three-momentum of the w, in the total rest frame
7

: three-momentum of one =, in the #¥7~

= 1.01
&
— 095
f 0.83
W

= 077

rest frame

Table 3:
5 8 2
18 58 19
12 21 3
0.77 0.83 0.95

m(K*7x~) GeV

10

1.01
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: a) Combinatorial #t7n

FIGURE CAPTIONS

v effective mass distribution for event candidates to reaction (1) which balance
mornentum.

Feynman zp distribution for the slow proton, the 2727~ 7% system and the fast
proton.

2+ 27 =¥ effective mass distribution for reaction (1).

: Combinatorial 7¥7 7 effective mass distribution (4 entries per event)from reac-

tion (1). The hatched histogram represents the events antiselected by requiring
A < 0.3 {see text).

: a) Combinatorial scatter plot #¥7~ vs. 7t7~#° from reaction (1) requiring A >

0.3;
b) n*n~ effective mass distribution opposite to the w;
c) mtn~ effective mass distribution in the side bands of the w.

: Effective mass distributions obtained by using the results of the channel likelihood

fit (see text).

: Angular distributions of the wp® system (see text). The crosses represent the

data, the broken lines the expectations for various spin-parity assignments, a) for
positive parity states, b) for negative parity states.

: a) Ehrlich mass distribution for event candidates to reaction (4);

b) Kt K-n*ta~n° effective mass distribution.

:a) mtr~ w0 vs. KK~ scatter plot from reaction (4);

b) Kt K~ effective mass distribution;
c) mtn~ 70 eflective mass distribution.
a) K—n% vs. Ktr~ scatter plot from reaction (4);

?

b) K effective mass distribution.

: a) ¥y vs. 77 lego plot for event candidates to reaction (5) and balancing momen-

tum;
b) v effective mass distribution after having required the assoctated +’s pair to

come from a 7w° decay.

0 0

vs. mtr~n% scatter plot from reaction (5). A cut A >
0.3 is applied to both combinations;

b) Combinatorial 7*7~ 7% effective mass with A > 0.3;

c) nTm~7? effective mass distribution associated with an w after having required
A > 0.3 to both combinations.

a) ww effective mass distribution;

b,c} ww angular distributions (see text). The crosses represent the data. The
superimposed curves are expectations for: J¥ = 2% (solid), 0~ (dashed), 0%

(dotted) respectively.
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