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Abstract It is shown that the Pomeron could be regarded as a Reggeized Tensor Glueball
with a trajectory of «,() = 1.08 + 0.2GeV ~?1. Under this theory, the total cross section
measured for pp elastic scattering at high energies is reproduced successfully. The best fits
to experimental data lead to a F = =9+ 3MeV and I', > 50MeV, and J=4 for spin
of the tensor glueball m,(2230) is precluded.
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In order to explain high energy elastic scattering and diffractive processes an imag-—
inary object called Pomeron was introduced in hadron—hadron strong interaction by
Pomeranchuk in 1958". Pomeron has been playing a crucial role in explaining the
asymptotic behavior of the hadron—hadron interaction in the framework of Regge
theory™. To fit high energy experimental data the Pomeron requires a Regge trajectory

ap () = a,(0) + & *+ t with @,(0) greater than 1.0 which is larger than that for any
existing hadron whose «,(0) is less than 1.0. Moreover, comparing with all existing
particles which have their own Regge trajectory, no physical particle has been, so far,
found to lie on the Pomeron trajectory™. That is, no particle can be identified with
the Pomeron, and the nature of the Pomeron remains unclear for a half centery.

Over years, a phenomenological Pomeron exchange model with a vector type Pomeron—

nucleon coupling vertex, y*, was proposed™”

Vit = By* -« F(, (D

where F(f) is the isoscalar form factor and B is a parameter. This vertex has been
used in a number of fits to high energy experimental data. Good fits to pp and pp
elastic scattering” and diffractive dissociation as well as p—meson electroproduction™
have been obtained with a value of B = 6.0GeV ™.

In our previous work”, we have pointed out that the Pomeron is associated with
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gluonic content. We showed that a Pomeron may be related to the Regge trajectory
defined by a light scalar glueball/sigma systems which involves complicated non—perturbative
QCD. We derived the vertex parameter with non—perturbative QCD by assuming that
the Pomeron is associated with a glueball/sigma type trajectory and using known properties
of glueball and a conjecture of a light scalar glueball /sigma system. With these assu-
mptions, a non—perturbative treatment of the Pomeron—nucleon vertex, V'™ has been
carried out in terms of the glueball solutions obtained by QCD sum rules. We found
B = 6.6GeV ™" if the mean value of the quark mass is taken to be 6.0MeV. The
result is compatible with the phenomenological value of 6.0GeV ~'.

In this report we show that the tensor glueball €(2230) with quantum number J™
= 2%" could be one of the long-sought Pomeron members. This £(2230) was first
observed in the radiative decay of the J/ Y to KK by the MARK III collaboration®.
Interest in the £(2230) resurrected when the BES collboration® measured the reaction
J/y—yE and determined that this state has a mass of 2230MeV, nearly identical with
the mass of 2" tensor glueball predicted by various theories. In addition, the
observed relative strength of each decay mode shows a remarkable flavor symmetry,
which is one of the most important characheristics of a glueball state. However, the
spin of £(2230) is still uncertain, being either 2** or 4**, but will be determined
by BES or other experiment groups.

As has been shown, Pomeron has a trajectory required by experimental data

(1) = 1.08 + 0.2GeV "2« ¢, )

We claim that if J= 2 is confirmed, the £(2230) satisfies the phenomenological spin—
mass relation of Regge theory"”

ot =) =, 3)

where the mass of the tensor glueball m, = 2.23GeV. Needless to say, the intercept of
@, (0) = 1.08 certainly explain the asymptotic behavor of the total cross sections for
high energy elastic scattering, o(s)ocs%©@ "

Let us consider pp elastic scattering denoted by 12— 34 in s—channel. The corresponding
t—channel process is, therefore, the pp scattering denoted by 13—24 via a formation
and decay of the tensor glueball £(2230). The t-channel helicity Feynman amplitude
can be written as!"

M, , 0 1) = —4mCaAn(2J, + 1) < As A I M(s)| A Az > d7i (2, 4)

where A =4, - /15, A= /15— A, C =% is the isospin factor, and
L

( L >G%%®%ub
S A, | M Az) = —— — 5
A A M @) ) = 5 )
with I being the total width of the £(2230). In Eq.(5), H denotes the form factor
for Epp vertex in the helicity basis. The G is coupling constant related to decay width
I'. . For the detailed explanation and the calculations we refer readers to our

coming paper in Phys. Lett. B"". However, it should be emphased that the vertex H
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proposed initially here is a relativistic and singularity free form factor satisfied the
crossing symmetry transfered from t-channel to s—channel.

H()|? = 14 — m’ /A oot ’ ©
| )| - qu ]3(__)(_‘)_1\_61//1,2 R(XS)+e—t//{; s

where g, = m;/4 — m’ is the square of the p~wave threshold behavior of a smgle H(p),
= (t—4m’)/ A°, with i being s and t m is the mass of baryon and t, = m.,. The
functlon R(x) is defined by

ax

Rax) = % (1 + tanh(ax)) = e @)

Using Egs. (3—7) we predict total cross section of pp elastic scattering at high
energies as shown in Table 1.
Table 1 Comparison between the present predictions and experimental o)

s/ GeV A(A)/GeV W(A)/GeV of /mb o1® /mb
15 3.66(0.84) 3.66(0.84) 67+40 3943
3.66(0.84) 3.73(0.60) 65+39 3942
60 3.66(0.84) 3.66(0.84) 8350 4243
3.66(0.84) 3.73(0.60) 8149 42+3

The large uncertainty in our predictions reflects those of the I}_ .. We emphased

that the results are not sensitive to the range parameters. Conversely, from the known
o 77(s) we predict a I',_- of 9+ 3MeV, and from ratio of the branching ratios, a I, >

50MeV, which is consistent with conclusion of Ref.[12].

Our predictions also preclude the spin of tensor glueball to be 4 (/= 4), since if
J =4 the decay width I is too small ( = 1MeV), a very unlikely possibility.

In summary, we regard the Pomeron as a Reggeized tensor glueball £(2230) with
J¢ = 2**  which lies on the Pomeron trajectory of a(f) = 1.08 + 0.2GeV ’t. The
theory gives a good explanation of total cross section for pp elastic scattering at high
energies, lending a strong support of gluonic content of the Pomeron. Of course, this
interesting conclusion needs to be confirmed by experiments. Therefore, experimentally
searching for glueball is an extremely interesting and important work. More work is
needed to be done in future.
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