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1. INTRODUCTION

The aims of the WA76 experiment at CERN were to:
a) Study the characteristics of exclusive central meson production, and

b) Search for possible signs of glueball states in the reactions*)

@y +p > (/R + o+ X ™

at 85 GeV/c incident momentum.

The idea was to look in the central region where the rise in the

gluon structure functiom at small x
Feynman

duction of states coupled to glue and to look in exclusive channels

can be expected to maximize pro-—

where combinatorial problems are absent and therefore lower background

can be expected.

The layout of the Q' spectrometer used for this experiment is shown
in Fig. 1 and it was designed in order to enhance the double exchange
graphs (Double Pomeron, Regge-FPomeron, Regge-Regge), of Fig. 2, with re-

spect to single Pomeron (diffractive) ox single Regge exchange.

1.1 Trigger and apparatus

The positively charged H; beam (45% p, 47% m) in the West Area was
incident on a 60 cm long hydrogen target and two Cerenkov counters in the

beam allowed positive identification of the pions and protons.
The trigger required:

a) A fast particle defined by a hit in the counter A(54 * 60 cm?)
placed after Cerenkov C;, > 1 hit in a single plane of the forward

MWPCs T, and T; and no hit in the beam veto countexr Ag;

b) A slow particle defined by demanding one hit on any of the fourteen
horizontal slabs of the Slow Proton Counter (SPC), (56 x 88 em?),
and > 1 hit on a single plane of the MWPCs situated on one side

of the target. In addition, a hit was demanded in the side of the

*) 1In what follows the suffices f and s refer to the fastest and slowest
particle in the laboratory system.
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box counter (TS), surrounding the target, which was nearest the

SPC.

c) In order to reduce the backward diffraction or excitation no hit
was requested in the other three sides of the box TS counter which
was left open at its front end to allow particles produced centrally

to escape downstream.

d) To reduce the forward diffraction or excitation no hit was requested
in two counters (DFC) of dimensions (30 X 60 cm?) which were placed

either side of the beam and just downstream of drift chamber 2 (DC2).

e) Elastic events were vetoed by demanding a forward multiplicity of

2 2 in the "A3" MWPC outside the beam region.

£) 1In addition to the above conditions (called a T trigger) a K/p
trigger was imposed to select events having a negatively or posi-
tively charged kaon or proton by demanding correlated hits in the
hodoscopes H;, H,, and H; along with no correlated light in the
appropriate region of the multicell Cerenkov countetrs C; and C,.

The Ceremkov counters C; and C, were filled with Freon 114 and Co,,
respectively, resulting in threshold for w/K/p of 2.8/9.8/18.8 GeV/ce
for C; and 5.0/17.4/33.0 GeV/c for C,. An air bag was placed inside
C; in the beam region in order to reduce the multiple scattering on

the fast track.

The two triggers (m and K/p) operated in parallel for most of the
data taking by imposing a reduction factor (2 to 4) on the 7 trigger.
The experiment was completed in June 1982; 8 x 10° triggers were recorded
with a beam flux of 5 x 10° per pulse and 1.3 x 10° triggers were recorded
with the K/p only trigger using a beam flux of 2 x 107 per pulse. The
sensitivity of the experiment is of the order 2 events/nb for the
trigger and v 10 event/nb for the K/p trigger for a centrally produced

meson of mass in the region 0.5 to 2 GeV (acceptances included).

The data was processed by a modified version of the pattern recogni-

. . . 1 ..
tion and geometrical reconstruction program TRIDENT ). Software conditions

were applied to the data by asking for reconstruction of only one positive
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slow track and a fast triggering track. The fraction of events satisfying
the above conditions and processed for further analysis was 65%. FPurther-
more, the events were processed through a special program to improve the

efficiency in reconstructing V° vertices.

RESULTS

The results presented below are preliminary and utilize v 50% of the

data,

Figure 3 shows a scatter plot of the pulse height recorded in the SPC
versus the momentum of the track as measured in the MWPC at the side of
. +
the target. Separation of the slow m from the slow proton can be made

below 1 GeV/c. 1In the case of the fast forward particle, generally

> 40 GeV/c, it was assumed that its nature was the same as the beam particle,

. + o, s 2 . . .
i.e. T or p. For X > 0.7 it is known ) this assumption is correct 987
of the time. The Xg distributions for the slow and fast track selected

by the trigger are shown in Fig. 4a.

2.1 The four-prong events

Amongst the various channels present in the data we have analysed

the following reactions:

T /p ('rT+/p)f tp_+ () (2)
K'K) (3)
(pp) (4)
L (5)

In order to isolate the events with no missing neutrals (4 con-
straint or "4c" events) we first plot the missing transverse momentum
(pt) to the four charged tracks as shown in Fig. 5a where the peak at
small P, (< 150 MeV/c) shows clear evidence for the 4c¢ channels. When
we select the sample with |py| < 0.2 GeV/c and ipz| < 0.12 GeV/c and
plot the missing longitudinal momentum along the beam (x-axis) we obtain
the distribution shown in Fig. 5b which shows that the py’z selection is

selecting events in which momentum is balanced within the errors of meas-

urement. A "4c" sample is selected by limiting |px| to < 4 GeV/c. Events
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with low momentum 7°s (< 4 GeV/c) with lpy} < 0.2 GeV and 1pz[ < 0.12 Gev

are not excluded from the sample.

In order to try to separate chamnels (2), (3), and (4) we have used
the method of Ehrlich et al.s). This method first sets the beam momentum
vector equal to the sum of the four outgoing particle momenta and then

computes the mass X of the particles in the reaction
+ + + -
m/p+p> (W /p) tp + (X)) . (6)

The distribution of the mass of X squared, m?(X), after removing any events
which have a track going into the Cerenkovs C; or C; which can be identified
as a K, K/p or p, is shown in Fig. 6a. The peak at the T mass is evidence
for the chamnel (2). Figure 6b shows the m?(X) distribution when events
with a particle in C; or C; which can be identified as a T or p are re-
moved. The peaks at the K mass and p mass provide evidence for the pre-
sence of channels (3) and (4) in the data. If events with a particle in

C; and C, compatible with being a w, 7/K or K are removed Fig. 6¢c results
and a peak at the proton mass with little background is seen. Events

where the two charged tracks do not go into C; or C, are present in all

the plots. Event samples for the reactions (2), (3), and (4) were selected

by making cuts on these m*(X) plots.

, - + -
2.1.1 Reactions pp > pcgs(ﬂ+ﬂ ) and T p > ij (ﬂ+ﬂ )
L 1=

In order to understand the dynamics of the reactions we have plotted
in Figs. 7a and 7b the c.m.s. rapidity (y*) of the T against that of the
+
7 for the reactions

PP * PfPS(ﬂ+W_) (38782 events) {(2a)
and
ﬂ+p > ﬂ;ps(ﬂ+ﬂ_) (21062 events) (2b)

respectively. The presence of the forward peak in the y*(ﬂ+) distribution
of Fig. 7a is associated with N production (see Fig. 8a for the pfﬂ+
effective mass distribution), which could not be vetoed out by the forward
diffraction counter. However, when selecting off-line events of reaction
(2a) in which the ﬂ+ and T are both in the central y* region, viz,

+ - ++
ly*(r” and ™ )| <1, no A is seen.
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A broad accumulation at high positive yi_ is evident in Fig. 7b in-
dicating the presence of diffractive contributions associated with p°
and £° production shown in Fig. 8b where we plot the ﬂ;ﬂd mass distri-
bution for reaction (2b).

The target box counter was much more efficient in vetoing the target
excitations and this is shown in Figs. 9a and 9b where the spectra psw+
and psﬁ“ for reactions (2a) and (2b) together are presented. Weak A++

. . . . . . + -
signals are seen in Fig. 9a. The Xp distribution of the T T sgystem as

selected by the trigger acceptance is shown in Fig. 4b.

The effective mass distributions of the ﬂ+ﬂ_ system for reactions (2a)
and (2b) are shown in Figs. 10a and 10b. The 0% and £° are evident. How-
ever, in between these two well-established meson resonances indications
for another bump at a mass of 0.94 GeV is seen in both plots. If we limit
the y* of both mt and T to the central region, viz, -1.0 < y*(ﬂ+ and T ) <
< 1.0, in order to remove possible reflections of the forward A or ?
production we obtain the distributions shown in Figs. 10c¢ and 10d. The
enhancement at 0.94 GeV remains. It is known that the S*(975) can give
rise to enhancements in this mass region, and the observation of a thresh-
old enhancement in the K K channel (see Fig. 14) suggests a description
of the T T mass spectrum in terms of the s* u). The e mass spectrum
has been fitted with an exponential background plus the p® and £° with
masses and widths fixed at the PDT valuesu). Figure 11 shows the mass

. . + -
spectrum after background subtraction. The mass resolution of the 7 T

system at 950 MeV is *10 MeV,.

+ - + + + -
2,1.2 i -+ mTp >
1 Reactions pp prS(K K ) and 7 p fES(K K)

+ - .
The scatter plot of the K and K rapidities in the c.m.s. for the

reactions
PP PfPS(K+K_) (2051 events) (3a)
W+p - ﬂ;pS(K+K“) (1132 events) (3b)

. . . . . . . + - :
is shown in Fig. 12a while the Xp distribution of the K K system is shown

in Fig. 4d.
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In contrast to the reactions (2a) and (2b) the kaons restrict them-—

selves to central y* values and there are few kaons with ly*| > 1.

The pK spectrum shown in Fig. 13a does not show any structure while
. +,— .
a weak K;(1420) is observed in the WfK spectrum (Fig. 13b). The above
: . + - )
observations lead to the conclusion that the K K system is mostly produced

céntrally.

+ - .

The K K mass spectrum summed over the two reactioms (3a) and (3b)
is shown in Fig. 14 and it is dominated by a threshold enhancement contain-
ing a small contribution from ¢; some indication of £’((1520) is also

available.

- + —
2.1.3 Reactions pp > p.p (pp) and 7 p > ﬂcgs(pp)

The scatter plot of the p and p rapidities in the c.m.s. for the

reactions
pp * pfpS(Pﬁ) (1288 events) (4a)
ﬂ+p > ﬂ;ps(pﬁ) (537 events) (4b)

is shown in Fig. 12b, while the pp system Xg distribution can be seen in
. . + - - . .

Fig. 4e. As in the case of the K K channels the y*(p) and y*(p) digtri-

butions are concentrated around y* = 0 indicating a central production

of the pp system.

The pp effective mass distribution is shown in Fig. 15.

. 4 - -
2.1.4 Reactions pp > pp(n 1 1°) and mp > 1 p(r 7 1)

The momentum balancing "4c" events were first removed from the total
four-prong sample and the missing mass squared [MMz(Xo)] to the four charged
prozgs,+assuming the presence of the reactions pp + pfpsﬂ+ﬂ_x° and ﬂ+p -+
-+ MeP T ﬂ_XO, was plotted and is shown in Fig. 16. A clear peak is seen
at the m° mass above a considerable background. Selecting the events in
the m° peak [‘0:2 < MM%(X°) < 0.3 GeV?] provides a sample of events con-

taining the reactioms
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PP * PfPS(W+W_F°) (ﬁ7626 events) (5a)
and
ﬂ+p - ﬂ;ps(ﬁ+ﬂ“ﬂ°) (18807 events) . (5b)

The RAREL effective mass distribution is shown in Fig. 17a and with a
selection ]y*(ﬁ+, m and m°)| < 1.2 is shownin Fig. 17b. This y* selec—
tion, as with channels (2a) and (2b), removes events with forward At
production in (5a} and p?/£% production in (5b). The figure shows evidence

O and w’ resonance production in the central region and shows that

for n
the resolution in the "lc" channels is sufficient for the detection of
narrow states. No other clear signals are seen. The p distribution for

the three-pion system is shown in Fig. 18a.

2.2 The four prong + V° events

After selecting events in which momentum is balanced (potential "4c™
events) the mass distribution for the V's in the region of the K’ mass is
shown in Fig. 19. A clear peak at the K’ mass is seen with little back-

ground. The width of the peak is 0 = %6 MeV.

The K° was selected between the limits 0.485 < m(ﬂ+ﬁ—) < 0.51 GeV

and these events were then assumed to be due to the channels
0t F
pp * PfPS(KlK ) (1306 events) (7)
and

. T
mp + ﬂ;ps(KgK_ﬂ+) (705 events) . (8)

Reactions (7) and (8) were selected by using the Cerenkov information
and requiring iA| to be < 1.5 GeV? [A = missing mass squared to (1T+/p)f
and P, " mass squared of (KgKiﬂ;)]. In the case where one of the charged
particles in brackets went into the Ceremkov C; or C, the resulting mass
identification was used to antiselect the wrong combination otherwise the
two-fold ambiguity on the nature of the charged particles remained. Reac-
tion (7) shows a weak a** production in the pﬂ+ combination which is re-

moved by requiring m(pﬂ+) > 1.28 GeV.
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The KgKiﬁ; effective mass distributions for reactions (7), (8) and
their sum are shown in Figs. 20a, b, and c¢. Clear signals are seen at
the masses of the D’ and E° mesons above a relatively low background. A
fit to the spectrum with two Breit-Wigners and a polynomial background
parametrization, without taking out the resolution, yields masses and

widths for the DY and E° of

1285 + 2 MeV (%) = 26 * 5 MeV

]

M(D?)

It

1432 + 3 MeV I'(E®)

M(E®) 58 = 9 MeV .

+ F
No other peaks are observable in the KgK T mass spectrum.
. . . ¥ . . .
The Xp distribution of the KJK'm system is shown in Fig. 18b,

2.3 The six-prong events

Among the six-prong events we have isolated, in a manner similar to

the four-prong events, the channels

+ + 4+, -

™ /p 4 p > (T /p)p (27 21 ) (18148 events) (9)
and

ﬂ+/p +p > (ﬂ/p)fps(2ﬂ+2W_ﬂ0) (34428 events) (10}

+ = -
2.3.1 The reactions pp - p££S(2w 2T ) and W+p > ﬁ:BS(2W+2ﬂ )

As usual the A;+ is seen in the mass spectrum of the pfﬂ+ combina-
tion and the pg in the W;ﬂ_ combination. These peaks disappear when we
limit the (2W+2ﬂ—) system to the central region by demanding that the
[y*(ﬂ+)] and ]y*(n_)| of the two 7 and two T are all < 1.5. Figure 2la
shows the total 2ﬂ+2W- effective mass spectrum and Fig. 21b the same spec-
trum with the y° cut on the T's. A narrow peak is seen at the D° mass of

1.28 GeV and is probably the 47 decay mode of the D’. The X distribution

of the 4T system is shown in Fig. 18c.

2.3.2 The reactions pp * p:25(2ﬂ+2ﬂ_ﬂ°) and W+p -+ W;p (2ﬂ+2ﬁ—w°)

+-..
In these channels we have looked for the n’m 7 decay modes of the
. . ¥ _. . .
D and E°® mesons which were seen in the KgK 7 final state in reactions

(7) and (8). The n® and w® are seen as shoulders in the 7 7 7° mass
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mass to be in the region 0.51 < m(ﬂ+ﬂ-ﬂo) < 0.59 GeV. To this ﬂ+ﬂ_ﬂ0 system
we have then assigned the n mass and formed the nﬂ+ﬂ_ mass spectrum weighting
each event by the inverse of the number of combinations selected. This
yields the mass spectrum of Figs. 23a, b, where clear signals can be seen

at the n' and D’ masses but not at the E’ mass. The same plots are shown

in Figs. 23c¢, d, by requiring |y§i| < 1.5. The Xg distribution of the

five-pion system is shown in Fig. 18d.

DISCUSSION AND CONCLUSIONS

We have performed an experiment aimed at searching for states with a
relatively large gluon coupling which could therefore, due to the foxrm of
the gluon structure function, be expected to be produced preferentially

in the central rapidity regiom.
We find:

s s . + - .
a) Activity in the 7 7 mass spectrum around 1 GeV which may be due
. . * .
to the S*(975). Interpretation in terms of § 1is also favoured
. . + -
by the observation of a threshold enhancement in the K K mass

spectrum,

b) Clear signals of D® and E° production above relatively little back-
ground. The signal to noise ratio here is larger than for p° and E°
production in the exclusive production channels ﬁ-p - (K:Kiw;)n at
3.95 and 15 Gev/e %) )

- + F 7
and X p +~ (KgK m A at 4.2 GeV/c.

\ + - * F . .
c) No signal for the decay E® > n®r'm (or § T as is often assumed in
. . . + - .
spin-parity analyses) in contrast to the n’n 7 signals for the

D% and n’ which are clearly seen.
. . *.
d) A clear signal in the 27 27 mass spectrum at the D° mass.

+ - = T F . .
e) The KK , pp and K?K 7 gystems are mainly produced centrally with
little contribution in the diffractive region; this is in contrast
+ - . . .
to the T ™ system, which together with a strong central production,

shows also an accumulation of events in the diffractive region of

*
¥ -
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.. . . *
Summarizing, we see clear signals for the central production of § ,

D’ and E° mesons with a signal to background ratio which is significantly

. . . . 8
higher than that seen in peripheral reactions ) and of the same order

. . . 2,10
as that seen for the E/1 in J/Y radiative decay ’ )
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Figure captions

Fig.

Fig.
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Fig.

Fig.

Fig.

Fig.

1
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..

Layout of the Q' spectrometer as used in the present experi-

ment .

Exchange graphs contributing to the reactions produced in

the present experiment.

ADC pulse height versus the momentum of the recoiling slow

. . . . +
particle. Clear separation is evident between T and -

a) Feynman x distributions for the fast and slow particle.

b) Xg distribution for the 7 m system for incident 1" . The
dashed line represents the effect of the y;i cuts applied
to the data in order to select the central region as dis-
cussed in the text,

c) As (b) but with incident protons.

d) Xp distribution for the pp system.

a) Missing transverse momentum distribution for the four-
prong events.

b) Missing longitudinal momentum distribution for the four-
prong events after having applied Pr cuts as explained in

the text.

a) m; distribution for event candidates of reactions {2a)
and (Zb). Events with either the positive or the negative
track crossing the Cerenkov counters C; and C, identified
as D, p or k/p ambiguity have been removed.

b) As in (a) but removing tracks uniquely identified as 7
or p.

c) As in (a) but removing tracks uniquely identified as m
or K,

The arrows indicate the cuts used to select reactions (2a),

(2b), (3a), (3b), (4a), and (4b).

* .+ *, = .
a) y (m) vs. y (7 ) for reaction (2a).

b) y*(ﬂ+) vs. y*(w_) for reaction (2b).
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Fig. 8 : a) m(pfﬂ+) distribution for reaction (2a).

b) m(ﬂ;ﬂ_) distribution for reaction (2b}.

Fig. 9 : a) m(psﬂ+) distribution for reactions (2a) and (2b) summed
together.
b) m(psﬂ_) distribution for reactiomns (2a) and (2b) summed

together.

Fie. 10 : a) Effective mass distribution m(ﬂ+ﬂu) for reaction (2a).
b) Effective mass distribution m(ﬂ+ﬂ_) for reaction (2b).
c) m(ﬂ+ﬂ_) for reaction (2a) after having selected |y*| of
each pion to be below 1.
d) m(v+ﬂ_) for reaction (2b) after having selected |y*] of

each pion to be below 1.
Fig. 11 : m(W+W_) after background subtraction.

Fig. 12 : a) y*(K+) vs. y*(K_) for reactions {(3a) and (3b).
b) y*(p) vs. y*(ﬁ) for reactions (4a) and (4b).

Fig. 13 : a) Effective mass distribution pr_ for reaction (3a).

b) Effective mass distribution WEK_ for reaction (3b).

, +,.-
Fig. 14 : Effective mass distribution for the K K system.
Fig. 15 : Effective mass distribution for the pp system.

. . . + + - .
Fig. 16 : Squared missing mass to the (Wf/pf)psﬂ m system after having
removed the "4c" events. The arrows indicate the cuts used

to select the m°.

. . . . . + =
Fig. 17 : a) Effective mass distribution for the m T 0 system.
+ - . .
b) m{m 7 m°) after having requested each of the three pilons

to have a |rapidity| in the centre of mass system < 1.2.

-
Fig. 18 : a) Feynman x distribution for the 7 7 o

system. The dashed
line represents the effect of the rapidity cut.

b) XF(KgKiW;).

c) XF(ﬂ+ﬂ‘ﬁ+ﬂ'). The dashed distribution shows the effect
of the rapidity cut,

d) XF(W+ﬂ‘ﬂ+H_ﬂo). The dashed line shows the effect of the

rapidity cut.
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. s . . + - .
Effective mass distribution m(m 7 ) for tracks belonging to
a V? vertex. Momentum conservation is also requested in

this plot.

+ F . . . ‘ .
a) K?K T mass distribution for reaction (7); and
b) For reaction (8).

c¢) Reactions (7) and (8) summed.

Effective mass distribution for the 4T system in reactioms (9).
a) Uncut.

b) Rapidity cuts.

. . . . + - .
Effective mass distribution 7 m 7% for reactions (10) (four
combinations per event).
a) Uncut.

b) With rapidity cuts.

Effective mass distribution nﬂ+ﬁ .
a) ﬁ+ incident.

b) p incident.

c) n incident and rapidity cuts.

d) p incident and rapidity cuts.
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