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ABSTRACT

The structure observed in the reaction yy » p%9 is

7 262 states with a

interpreted as due to ot (I =0,2)Q
background contribution from ot (1 = 0,2) Qzﬁz'states.
Both states decay predominantly via two vector mesons.
The predictions of the other two vector channels are

presented, and the possibilities of search for QZQZ in

hadron scattering processes and J/y radiative decay are

discussed briefly.
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* reaction e

Recent experimental measurements [1,2] of the cross section for the

+ - +

+ e"n'm m m have revealed a dominating process yy -

e” » et

0°° » 7T nTn~ which exhibits a large enhancement around the p©p°
threshold. The possible channels for this reaction yy » p©° to occur
with lower spins are JPC(IG) = ott (0+,2+) and 2% (O+,2+), since the
two real photons do not couple to J = 1.

An analysis in terms of the QG mesons has been performed by
Goldberg and Weiler [3]. The possibility of a 0t or 2t gluonium
resonance at 1660 MeV has been suggested by Layssac, Renard [4] and

Brodsky [5]. In this letter, we consider the possibility that QZQZ type

of four-quark mesons may account for this structure.T

TAfter this work was finished, B. A. Li learned from the talk given by
M. Chanowitz in the Summer Institute at SLAC. He proposed a search
for a second observable ggQqQ 01 state (I = 0, uddd M(1450) » pp,ww)

: o 0
in yy » p7p"e

The existence of the S-wave QZQZ states have been considered by
Johnson and Jaffe [6 7] in the MIT bag model. A tentative
interpretation of the structure observed in the process yy - 0%0° due to
AR (0+,2+) Q262 states and OTF (O+,2+) Q262 states is based on the

following properties of these states,



(1) The masses of these QZQZ states as calculated by Jaffe [7] in
the MIT bag model, are 1.65 GeV, 1.45 GeV and 1.8 GeV, respectively.
They are right in the energy domain of the yy + p®?© enhancement.

(2) The wave functions of the QZQZ states have two parts:

a color singlet-color singlet part and a color octet-color octet part.
Their decays obey the OZI rule. The ot QZQZ states only decay into two
vector mesons (zeroth order), and the O++ states which are flavor SU(3)
9*—plet, 36*—plet decay into two vector mesons predominantly.

The yy * p%?0 enhancement can be understood in this picture: the
real photons form QZQZ states which decay into p°?©° predominantly. 1In
fact, the threshold enhancement in the VV chanels have been predicted by
Jaffe [7].

The QZQZ states which contribute to the process yy > p%p° and their
recoupling coefficients which are taken from ref. 8 are shown in
table 1. We use Jaffe’s symbols to indicate QZQZ states.

We start by considering the diagram in fig. 1 as the physical
process for yy + p%°? . The two photons collide to produce QZQZ mesons
via the vector meson dominance. The intermediate QZQZ states in turn
decay into popo. As shown in table 1, there are six QZQZ states which
contribute to this process.

The S-matrix in this picture can be written as
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where kl,k2 are the momenta of the incoming photons and P;,p, are the
momeHta of two pO. AI’KZ are the helicities of two p respectively. W
is the total energy of the two photons in center—of-mass frame. m, is
i
the mass of the QZQZ state A;. T, is the total width of the QZQZ state
i

Aio

The summation is over the intermediate QZQZ states Aj.
According to the Bag model [6,7], these QZQZ states are in the

S-wave, their decay obeys 0ZI1 rule, hence they are S-wave decays. For

a 2t intermediate state Ag» the transition amplitudes can be written as
follows
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where ) is the helicity of QZQZ state Ai(2+)‘ wpl and wpz are the

energy of the two p mesons respectively. w

Y and sz are the energies

of the photons respectively. eﬁ is a spherical vector, eA“(p) is the
polarization vector of the vector mesons. e(1) and £(2) are photon’s
polarization vectors. aiopo(2+) and bi(2+) are dimensionless amplitudes
respectively.

For a 01 state Ay, the transition amplitude is

i + .
o o + mAl apopo(O ) Al A
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(Ai(O YTy = 1772 { e(1)-e(2) il e e k1°€(2) k2'€(1) }
(8my w @ ) 1772
i1 V2

(5)

We have taken the center-of-mass frame of two photons in which Kl and KZ
are along the z—-axis.
. i + i +
The amplitudes a”  (2") and a” | (0 ) depend on the flavor
PP PP

representation, and the recoupling coefficients to color-singlet VV.

For the six states in table 1, they are
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Because the mass difference between the o7 states and the 2t states
are smaller, we take the parameter a to be the same for 0++ and 27F
states. The first numbers on the right hand side are the coefficients
of p%° in the flavor representation and the second numbers are the
recoupling coefficients for color-singlet VV in table 1. a is then
defined as the reduced amplitude for the process A; » VV. We take it to
be a parameter.

According to VDM, bl is related to a%v as follows
b= ) TE Ay 7

for the corresponding QZQZ state A;. fV- is the coupling constant of
i

photon and vector meson V.



Specifically
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By using formulas (1)-(8), and (10) we obtain the differential

cross section
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where my and m, are the masses of the two vector mesons respectively.

For the reaction yy » p%°, we have m; = my = m,. 8 is the angle

between the directions of a photon and a p-meson. A , and A , are the
0 :

amplitudes of ot and 2% QZQZ states respectively,
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From table 1 it is known that 2+ states decay into two vector
*
mesons, and ot states (36" ) decay into two vector mesons
predominantly. Therefore, the total widths of those states are readily

calculable. By using egs. (2) and (4) we obtain
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0 0
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Here the mass difference between p and @ are neglected.

~The mass of the state (O+,9*) is below the threshold of two
mesons. Therefore, it cannot decay into two vector mesons. The width
of this state is expected to be narrower than those of other states.
Therefore we choose FO+(9*) to be 150 MeV to calculate the cross
section,

We have chosen a? = 45 to fit the data [1]. The cross sections are
plotted in fig. 2. From fig. 2 it is seen that the contribution of the
O++ state are fairly small. The major contribution is from three 2t

states. If only the three 2% states are considered we have

; OW=1.65 GeV 55 nb (16)

which is independent of the parameter a2. This is quite compatible with

the experimental data of 77 + 12 nb [1] at this energy range. The

angular distribution defined as an averaged over the photon’s total

energy
2.5 do
(o - [ R an
1.54

is given in fig. 3. The results are rather insensitive to the parameter
a’. The downward behavior with cos® agrees with the Tasso data [1]

except at very small angle, but it seems inconsistent with SPEAR

data [2].
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We have also calculated the cross section of the process

+ -
Yy > p p

The I=0 part of the amplitudes A.0+ and A2+ of the p+p— channel is twice
of those of the p©®?° channel, and both of I=2 the parts of these two
channels are the same. The peaks of both of them are at W= 1.6 GeV but
because of the reasons mentioned above the cross sections at peak are
different, The calculation shows

c[b+p 1.69 o(popo) (18)

)at peak at peak

The cross section of the process yy » p+p— is plotted iP fig. 2. The
distribution of p+ (or p ) production angle is the same as that of o° in
Yy > 0%°.

The total widths of the QZQZ states which contribute to the process
Yy > pp can be calculated by using formulas (14) and (15), and by
considering the corresponding coefficients. The widths decaying into

two photons can also be calculated. They are as follows

2
m a
+ 2

i 0 2 i +
FO+ = 87T ( '[% ) b (0 ) ’

7m a2 (19)
1_|l - 2+ ( o )2 b12(2+)
St 2407 A :

The subscript i indicates different QZQZ states, The numerical results

of the widths are listed in table 2.



-12-

Similarly we have calculated the cross sections of the processes

o o} +%_~* —o* o% o _+% ~* —o* o%
YY" > b, ¢p 5 dws p w, ww, K K, KK, J/¢yp , D D , D

The values of these cross sections are shown in table 3. 1In the

calculation of the cross sections of the channels J/wpo, D+*D—* and
—0%*_o%*
DD we have used the results of ref. 10, and we have taken
2
YJ
e 3.12 (20)
m
from e'e” annihilation.

In conclusion, we find:

l. The enhancement of the process yy *» p%p® can be understood in
terms of the Qzﬁzstates and VDM. The major contribution is from the A
states. The three 0'' states provide a background. If ¢(700) can be

2

considered as a Q262 state [7] we can use the parameter a“ to estimate

the width of e(700). It is about 400 MeV. The angle distribution of
the p-meson production is quite insensitive to the parameter aZe

2. The isospins of the QZQZ states which contribute to the process
YY > pp are 0 and 2 respectively. Because of this point we obtain the

ratio in eq. (18). It is different from the other models [3,4,5]. When

the isospin of the intermediate state is zero, and they predict
+ - o o
o (pe ) = 4o (00 ) (21)

Hopefully, these predictions in eqs (18) and (21) can be tested in

the future.
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3. As shown in table 3 the cross sections of other yy + V1V2 are
much~smaller than yy + pp. This is due to VDM assumptions and detailed
properties of the QZQZ states., Especially, the cross sections of
channel K°*R°* and D°*D°” are much smaller than of KY"k™* and D™ p~*
respectively. This is because both isospin 0 and 1 are contributing to
these processes (yy » K*K*,D*ﬁ*).

4. As predicted by Jaffe [7], there are some QZQZ states whose
major decay channels are two vector mesons, and whose masses are a
little bit heavier than the sum of two vector mesons masses. They can

be found in other processes; for instance, two hadron scattering

processes

The data [11,12] of the reaction n p > ¢¢n shows that there is a
threshold enhancement between 2.1 and 2.5 GeV in the ¢¢ mass spectrum.
In the MIT bag model [7] there is a 2™ state whose mass is 2.25 GeV and
which only decays into ¢é4.

Another possible process which can be used to search for QZQZ
states is J/y radiative decay. 1In QCD, this process can be described

[13] as
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The gluons can directly couple to the color octet vector—color octet
vector (vev) part of the QZQZ state, The QZQZ states which have
bigger vev components can be found easily. From the recoupling
coefficients it can be seen that 21T states and 0++Q2A§g) can be found
easier. The 2TTstates decay into two vector mesons and the O++(21§§)
states decay into two pseudoscalar mesons. The pp resonance (2++) can
be seen in this process (peak at about 1.65 GeV) and the ratio (21) is

also valuable.

B. A. Li would like to thank S. Drell for hospitality.
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- Table 1

The masses and recoupling coefficients of the states which contribute
to the process yy + pp. P and V are color-singlet pseudoscalar

and vector QQ mesons, P and V are color-octet of the same.

SU(3) JPC¢ (1) Mass PP vy PeP VeV
Multiplet (GeV)
9* ott (0) 1.45 -0.177 0.644 0.623 0.407
36" ott (0,2) 1.80 0.041 0.743 -0.646  =0.169
+—|—
9 2 (0) 1.65 V373 - 1//3

36 2t (0,2) 1.65 /Y3 V273
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Table 2

The total widths and the two-photon annihilation widths

state JPC(I,N) r,, (kev) I (GeV)
0t*t(0,9%) 1.9 0.15 (input)
0*%(0,36) 2.36 2.54
0t*(2,36%) 10.6 2.93
21(0,9) 0.81 0.55
21%(0,36) 0.3 0.21

2t%(2,36) 1.37 , 0.24
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Table 3

Channel Peak Position (GeV) o (nb)at peak
b 2.25 0.9
p° 1.9 9.8
ow 1.9 1.3
0% 1.58 3.
o 1.6 5.7
AH ¥ 1.81 L.
KO*FO* 1.81 0.12
3/ 9p° 4,02 15.
D+*D-* 4.3 ~ 0.06
Do+5o* 4.06 0.015




Fig. 1.

Fig. 2.

Fig. 3.
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Figure Captions
. . oo + -
Diagram for the reaction yy + p“p~,p o

with QZQZ mesons as the intermediate states

The cross sections of the reactions yy -»

090,070~ "0T" denotes the cross section

which is only from 01T QZQZ states.

The angular distributrion of p-meson of the

process yy + p%°.
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