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Diffractive production of vector mesons in high-energy photon-photon collisions
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We examine here the energy dependence of the production of vector mesons in photon-

photon collisions based on a model applied earlier to the calculation of diffractive pho-
toproduction cross sections with a derived form of the vector-dominance model. We ob-

serve here that production of heauy vector mesons is considerably suppressed.

I. INTRODUCTION A t(x) =eJ/M(x)A&(x)+ K(x), (2.1)

At present many experiments are performed to
study photon-photon collisions. ' Such collisions
are expected to reveal some clean features of
quantum-choromodynamic calculations, as well as
to give some insight into the dynamics of the pho-
ton, i.e., its hadronic nature or otherwise in the
context of vector dominance, deep-inelastic col-
lisions, or photon-gluon-fusion models. Besides
Ref. 6, a derived form of vector dominance also
yields an energy dependence for diffractive pho-
toproduction of heavy vector mesons in agreement
with experiments. In the present analysis we use
this model to calculate the cross sections for the
diffractive processes yy~ V& V2, where an energy
dependence for heavy vector mesons is predicted.

II. CALCULATIONS

The interaction Hamiltonian in quark space for
the process yy~ V& V2 is taken as

where JEM(x) is the electromagnetic current, " and
the effective interaction /~(x) in quark space was
introduced to yield diffraction scattering and dif-
fractive dissociation processes. F (x) had the
form

F (x)=fgg Jg"(x)Jg q(x) . (2.2)

With the Hamiltonian (2.1) we now consider the
matrix element through the perturbation steps
such as yy~V~y~V~ V2~V& V2, where V~ and
V2 are intermediate vector mesons, and the corre-
sponding diagram with an obvious notation for the
spins and the four-momenta of the initial and final
particles, as well as for the two intermediate states,
have been drawn in Fig. 1. Considering all such
contributions, we obtain the matrix element for
yy~v', V', as'

MI; = —ie (2n.)' X 2 X 2fgg (k )
—k v ) '(2k 2

—2k v, )

x (kv, A'(
I
Jg(0)

I kv, A))(kv, k2
I
Jgq(0) kv, k2)

X (kv, k)
I
JEM(0)Aa(0)

I
k)i~ ) (kv212

I
JEM(0)Att(0)

I k2i2 ) . (2.3)

In this equation we have used the "old-fashioned" perturbation technique as in Ref. 7, with, e.g., the two en-
ergy denominators as in (2.3) for the two intermediate states. We shall also use here '

my 2

(kv~
I
JFM(0}

I
vac ) = (2m) (2kv) & (kv ~), (2.4)

v

where fv is experimentally known from the coupling of the vector mesons to the e+e channel. Other
hadronic matrix elements in (2.3) can be related to the form factors, which are parametrized as '

Gv (t'~ =}e Px(8 vt'~ /2) and Gv (t2}=exP(Bv,t2/2) with tI ——(kv —kv, ) and t2 ——(kv, —kI ) . We take

the c.m. frame of reference for the evaluation of (2.3) and, after a straightforward but lengthy calculation in-
volving spin summations, we finally obtain

2 6 6do, , 16fgg' 4na 4na m~ mv

dt ~ 2
K f 2 f 2 4 2kO 2kO 2(kO kO )2(kO kO )2

p V] 1+ v2 2 f (
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In the above the kinematics is as in Fig. 1, and we remember that in "old-fashioned" perturbation theory,
7momentum is conserved. %e have also substituted k~-k v ——k2-k v

——x;~y cos8 with ~; and xy as the mag-

nitudes of the initial and final momenta. In (2.5) the t dependence is mainly given by the form factors.

f(8) is an extremely complicated expression, which for 8=0 is given as

f(0)=(64nzy my') ' 4[(ky +ky )(ky +ky )+(«t —try) ]

(ky ky —«;try )
0 iO

1 1+2 —~v, +
PBv

(ky k) —«;«g )
0 qO 2

2 2 2
mv +

m
(2.6)

Equations (2.5) and (2.6) qualitatively demonstrate
the energy dependence which will be present. In
the asymptotic high-energy limit we obtain from
(2.5) that

16do. fgg' 4n.a 4ma

1 2

(2.7)

This is the same as for the conventional vector
dominance model when we remember that for dif-
fraction scattering

80 I«aa'
dt

( Vl V2 Vl V2 ) expl(By +By )tI .
7T 1 2

(2.8)

I

tained. " In a crude manner, they are also con-
sistent with the "size" of the vector mesons, and
thus link spectroscopy with high-energy diffractive
scattering. ' %e next come to flavor symmetry
breaking in strong interactions needed to estimate

f~ in (2.2). The factorization of total hadronic
cross sections will, e.g., imply that uv v

1 2

=oy y ay y, which, with Eq. (2.8), yieldsfor the

quark space the relation

2=
fq, q, =fq, q,fq, q, .

For diffraction scattering and for the production
of vector mesons, earlier fqq, fq)„, fq„and fqb

In the next section we shall numerically integrate
(2.5) to obtain the total cross sections for the pro-
cesses yy V1V2, which includes the advertised

energy dependence.

III. RESULTS

20-
C
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We now apply the above for yy —+ V'~ V2 for dif-

ferent vector mesons. The slope parameters By for
form factors have been determined earlier while

considering diffractive photoproduction of vector
mesons and diffraction scattering, ' where they
were regarded as free parameters so that the ob-

served slopes and the energy dependence were ob-
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FIG. 1. The perturbation diagram for the matrix ele-

ment for the process yy~ V1 V2 which corresponds to
yy~V1y~v1 V2~V1 V2 as in Ref. 7.
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FIG. 2. Cross sections (a) 0(yy p p ), (b)

o(yy~por0) and o(y) ~p P), and (c) o(yy~coco) are

plotted against c.m, energy ~s.
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plG. 3. o(yy~pp) and cr(yy~p g) are plotted

against c.m. energy &s.
FIQ. 4. o(yy p Y) and o(yy~gg) are plotted

against c.m. energy &s.

had been estimated. ' We may recall that this
symmetry breaking is already observed in diffrac-
tive photoproduction processes yp~pp and

yp~cop as compared with yp~Pp and yp~gp.
In quark space we now use (3.1) to calculate fq)„,f, and feb.

%e now calculate the respective "elastic" cross
sections cr(yy~ V'& V2 ) by numerically integrating
(2.5). For the different pairs of vector mesons,
these have been plotted against yy c.m. energy in
Figs. 2, 3, and 4. The energy dependence near
threshold is seen to be appreciable even for
yy~p po in Fig. 2(a). In the other diagrams it
may further be seen to be extremely relevant for
heavy vector mesons, similar to what was earlier
seen for yp~gp, both theoretically and experimen-
tally. We feel that it will be desirable to look for
diffractive P or P production along with a p in yy
collisions, as noted in Fig. 2(b) and Fig. 3, or for
the diffractive process yy~PP as in Fig. 3, since P
and ttj signals, being relatively sharp, may be easier
to detect against background. .

We next calculate the asymptotic values of the
total cross sections which, in decreasing order of
magnitude, are given as o(yy~p p ) =26.6 nb,

cr(yy~p co) =3. 1 nb, cr(yy~p P) =0.91 nb,
o(yy~coco) =353 pb, o(yy~gg)=33 5pb, .
o(yy~p g)=16.9 pb, cr(yy~p Y)=0.017 pb,
o(yy~gli) =0 014 pb, a.nd cr(yy~ YY)
=0.24)& 10 pb. %e may further note that with
the scattering amplitude as pure imaginary, as is
true for diffractive processes, we have
(d~~dt)( Vl V2~ Vl V2 )

I t=0 ~t ( Vl V2)~(16~)
such that from (2.8) we get o., ( V~ V2) =16fgtv.
This yields the total cross section for photon-
photon collisions as

4m'
oi(yy)= g

v, , v, fv,

4m'
cr, (V) V2), (32)

fv, '

which on direct evaluation gives"'2 o, (yy) =253.4
nb. This may be compared with the measured
asymptotic values" of o., (yy) =233+38 nb of
PLUTO and cr, (yy) =380 nb of TASSO. Clearly,
more careful experimental analysis seems to be
needed. With the TASSO data being prelimi-
nary, ' the predictions appear to be reasonable.
%e may also note here an anomalous situation re-
garding the above total cross section: this cross
section appears to rise quite sharply at low ener-
gies' around 2 —3 GeV. %e believe that at such
energies the vector-dominance model as in Fig. 1

(or otherwise) is inadequate, and other processes
which are not diffractive are present. ' '

We may conclude this paper with the following
remarks. Firstly, the present form of the vector-
dominance model through Ref. 7 has clear predic-
tions regarding the diffractiue production of vector
mesons in case of photon-photon collisions, just as
for diffractive photoproduction, and without fresh
parameters. The energy dependence arises here
from the matrix element of Fig. 1 through the
kinematic factors, and will be observed when this
dependence is not swamped by nondiffractive
dynamics. This may arise as in Ref. 14 or from
the diagrams of quantum chromodynamics' at
low energies. In fact, it is quite possible that dif-
ferent dynamical approaches may be equivalent.
%hat is done here to isolate one source of energy
dependence, so that other effects, complementary
or supplementary, may also be separately con-
sidered. Similar to the case of diffractive pho-
toproduction of vector mesons, we expect that for
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light vector mesons near threshold, nondiffractive
processes will dominate, whereas for heavy vector
mesons, the present calculations will be useful. 7

%e share the common belief that we should ulti-
mately be able to explain everything in terms of
quantum chromodynamics. However, with our in-
complete understanding of the same at low ener-

gies, where it is not clear which diagrams will
come into picture, ' we feel rather helpless regard-
ing even order-of-magnitude estimates. ' In this
context it is useful to separately consider individual

effects, which has been the motivation of the
present paper. We expect that the present calcula-
tions will be particularly relevant for the produc-
tion of heavy vector mesons in yy collisions.
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