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Reaction yp F+F p as a possible test for 0++ glueball state
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The reaction yp F+F p, which seems most appropriate to throw some light on the existence of a
scalar glueball, and which also could be used to decide about the mass scale of this object, is examined.
The total-invariant-mass and squared-momentum-transfer distributions are obtained, and the coupling of
the glueball candidate to F+F is estimated.

Quantum chromodynamics leads in hadronic spectroscopy
to the possibility of a new type of hadrons, called glueballs. '

The present status of these objects is summarized in many
reviews. 2 For the J~=0++ glueball state, phenomenologi-
cal predictions based on some different models lead to a
large mass-scale range. Indeed we find the following predic-
tions: from potential theory3 m(0+) =1.15 GeV; from the
effective-Lagrangian approach41. 0 & m(0+) & 2.0 GeV; the
string model predicts a J =0~' unstable state with mass
equal to 1.7 GeV; lattice theory6 gives m(0+) &1.0 GeV;
and the MIT bag model7 gives m(0+) —1.0 GeV. The
ITEP group~ predicts a mass m(0+) —1.4 GeV.

In this Brief Report we wish to propose a reaction which
can be used to throw some light on the question, and even
on the existence of the glueballs, if m(0+) —4.0 GeV.
This choice is based on the assumption that a good place to
search for glueballs is in reactions in which it is possible to
observe a violation of the suppression due to the Okubo-
Zweig-Iizuka (OZI) rule, 9 as has been stressed in an earlier
paper. ' There, a model was proposed which explains the
main features of the experimental data of the reaction
n p qhPn (Ref. 11) starting from the introduction of a
2++-glueball-exchange mechanism to generate the violation
of the OZI rule. ' ' The fact that in the 2—3-GeV range of
the $$ mass no S wave of QP was observed as would be
produced by a spin-zero glueball is in agreement with Refs.
3—8, i.e., m(0+) =1GeV.

In the framework of that model we study here the glue-
ball contribution to the final state I"+I" . In order to ob-
serve such a state and simultaneously test the ITEP-group
mass prediction, we consider a reaction of the type yp Lp
with X in a S-wave state, where we assume the following.

(i) The vector-dominance model for the photon-induced
reaction is good. Thus, the photon amplitude can be related
to the vector-meson-'induced amplitudes as

~ (~)~ photon ~ ~ ~ V meson
2+I

where I/2y, is the photon-(i)-meson coupling strength
and the summation is over all vector mesons (V'),
p, co, $, . . . . The fact that we observe a proton both in the
final and in the initial states and that X is in an S wave
determines the exchanged particle as V'.

(ii) The OZI rule can be applied and for this X cannot
have quarks u and d as we will discuss below. This limits
our analysis to the possibility m(0+) —4.0 GeV.

(iii) The invariant mass of X must be near 4.0 GeV,
which suggests observing charmed mesons as X Indeed the

e(st) = [st —M'+ iMI'(st) ] (3)

is the glueball resonance propagator with mass M, and T
represents the decay amplitude. The production mechanism
can be treated as a high-energy 2 2 reaction well
described by a standard V '~-exchange Reggeized ampli-
tude 4

R(Vt"p~ Gp) = glppggG(I exp( i-1(t2)l)
gPPP gPPG

1

x —., (t, )s 1

se
'

sinew&(t2)
(4)

where a, (t2) is the V' trajectory, se=l GeV, g~~~=g~»/
g~~~, and gaG= guG/g-G As in Ref. 10 we avoid nonessen-
tial complications taking into account the spin structure only
in the decay amplitude, which is very simple in the case of a
coupling 0+ 0 0, when it is given by

T(G F F )= gGFF
+ — 1

J4n. (5)

where gGFF is the coupling constant between glueball and

$(p ) Y G(0')
F' (pi)

S(
F (p, )

p(pb)

FIG. 1. Diagram representing the yp F+F p reaction using
the vector-dominance model and a scalar glueball in the sl channel.
s= (p~+ p~), s~=(pl+ p2), and t2= (p~ —p3) .

only charmed and (or) strange meson'3 satisfying'these con-
ditions is the F(1971) with JP=O, which is a (cs) state.

The A ' amplitude representing the reaction yp
F+F p via V~'~ can be easily constructed using the same

model used in Ref. 10 (see Fig. 1):
A(1) R(V(~ p Gp)C'(st) T(G F+F ) ~ (2)

where R represents the production amplitude, via V '~,
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2MFF [2'orr4X (s, 0, m~2) ]
dMPF dt2

~s, 'z"'(s,-, m 'F, m 'F)IA I',
where A is given by (1) and the terms in front of it come
from phase-space and flux factors. %e stress that the ob-
tained distributions are normalized up to a factor rtGFF/

2
(gtw gtsG) .

In order to obtain these distributions we use some ap-
proximations justified as follows: The to and P contribu-
tions can be neglected because of their small couplings to
the photon, '7 which is in fair agreement with the quark-
model prediction

1 1 1,1 9'128, y 'I4m=064+012' 2 2' 2
' ' ' ~P

Yp Neo Yp YQ

(8)

F+F mesons. The glueball width in the FF (S-wave)
channel can be obtained by the well-known' formula:

IPFI (gGFF) „( ) (6)~GFF 9 GFF $1
$1

where we have introduced the branching ratio 'g GFF
= I'GFF/I", and

I p~I = X' '(st, F2,mF2)/2 Js,
is the F-meson momentum in the rest frame of I'+I'
The coupling constant is calculated by replacing st by M in
expression (6). Although the width of the glueball is a cru-
cial parameter for its observability, not much is known
about it. It is reasonable to expect I" to be in the range
50-350 MeV for a glueball state, ' ' ' Thus, we can esti-
mate the value of gGFF to within a factor 2.

The differential cross section is defined by

Values of the coupling constant gG+F (upp«hmit)»-
tained from Eq. (6), for several width values.

I' (GeV) gGFF /( IGFF)

0.05
0.10
0.15
0.20
0.25
0.30

'

0.35

5.1
7.2
8.8

10.1
11.3
12.4
13.4

The P contribution (and also the @ one) can also be disre-
garded because the OZI suppression factor for the coupling
Ppp is much larger than the Ppp one, and we know

g@pp &( g pp and g„pp 1 Then the p contribution is dom-
inant and the Reggeized amplitude is dominated by a p ex-
change where'~ n~(t2) =0.55+0.9t2 (t2 in GeV ). Now as
p contains only u and d quarks, it is clear why we have re-
quested Xnot to have quarks u and d as we wish item (ii) to
be fulfilled. Thus, keeping only the p contribution in Eq.
(1), we have integrated (7) in the limits given below. We
have used different values for the full width. They are list-
ed in Table I, where we also show the coupling constants
gG FF obtained. The values found are comparable, if

S

qG FF = 1, to other hadronic coupling constants, and, in par-

ticular, comparable to gG e@ (Ref. 10) if qG &e=1. We

have used p1,b=24 GeV. The total-invariant-mass distribu-
tion da./dM + is obtained from expression (7) integratedF+F
in t2 in the range —1 GeV ~ t2 ~ 0. Figure 2 shows th1S
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FIG. 2, M distributions for S wave using different values for the width as shown in Tab . pwn in Table I. We resent only three curves andF+F—
the circles represent the maxima of the other ones.
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distribution for some values in Table I. The squared-
momentum-transfer distribution do/dt2 can be parametrized
by exp(bt2), and the slope obtained is b = 6.6 GeV 2, calcu-
lated for 0.65 ~ ~t2~ ~0.75 GeV2 and 4.04~ Mqq~5. 04
GeV. The value of the slope shows the peripheral character
of the studied reaction.

To conclude, we wish to point out that the experimental
study of the proposed reaction would lead to a clean-cut ob-
servation of the scalar glueball and thus it may be con-
sidered a crucial experiment. If some "resonance" were
observed in the mass spectrum indicating a glueball in the
region —4.0 GeV, we would understand why such a scalar
glueball did not contribute to the S wave of the system $@
in the reaction 7r p Q$n, " which did not reach the 4-
GeV region. Ho~ever, if no "resonance" were observed,
there would be two possibilities. First, the suppression due
to the OZI rule is not violated by glueball production.
Thus, the total cross section o-(7p F+F p) would be
comparable with that of a reaction where the OZI ru1e can
be applied. A second case could be that scalar-glueball mass
lies below the threshold of the F+F production, between 3
and 4 GeV. Notice that a possible glueball below 2 GeV
will have no influence in this reaction.

Concerning the feasibility of the measurement proposed

the main problems are related to the detection of the pair
FF. The first evidence of FF has been found by the DASP
group in an e+ e experiment with one F having the decay
F+- pm +. Subsequent photoproduction experiments
done at CERN, 2' using the Omega spectrometer with a
20-70-GeV photon beam, observed F signals in qm and
g3m among other channels. However, these results were
not confirmed in e+e collisions with the Crystal Ball ex-
periment. 22

New evidence for Fproduction in e+ e collisions, look-
ing for the decay mode F*~$m -+, indicates a peak at
1970+S MeV in the invariant mass. Although the experi-
mental status of the Fmeson is not yet well established, the
existence of a photoproduction experiment, in the same re-
gion of energy, as referred above, seems to be an indication
of the feasibility of the measurements proposed in this pa-
per.
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