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Are the reactions gg˜VV8 a challenge for the factorized Pomeron at high energies?
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~Received 8 June 1999; published 8 November 1999!

We would like to point to the strong violation of the putative factorized Pomeron exchange model in the
reactionsgg→VV8 in the high-energy region where this model works fairly well in all other cases.
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The factorized Pomeron exchange model is one of
most well-grounded and good working phenomenologi
models in high energy physics. Currently this model is p
ticularly used in analyses of the DESYep collider HERA
and CERNe1e2 collider LEP2 data ongp andgg interac-
tions ~see, for example, Refs.@1–5#!.

About five years ago, immediately after the ARGUS o
servation ofgg→r0f @6#, we intended to publish a work
entitled ‘‘Is the reactiongg→r0f a challenge for the fac
torization model at high energies?’’ As a result, there a
peared the paper: ‘‘Estimate ofs(gg→VV8) at high ener-
gies’’ @7#, in which, on the basis of the factorization mode
the cross section for the reactiongg→r0f was estimated in
the range 11.5<Wgg<18.4 GeV ~where Wgg is the gg
center-of-mass energy!: s(gg→r0f)5(1.2–2.4! nb. We
obtained the estimate taking into account all possible com
nations of the existing sets of the data on the reactionsgp
→r0p and gp→fp, in the incident photon laboratory en
ergy range from 70 to 180 GeV, in the factorization relati
for the gg→r0f, gp→r0p, gp→fp, andpp→pp cross
sections@7#. A comparison of this estimate with the ARGU
data, s(gg→r0f)5(0.1660.16) nb for 3.25<Wgg
<3.5 GeV, has shown that between 3.5 and 11.5 GeV
gg→r0f reaction cross section can increase by an orde
magnitude. Nothing of the kind has yet occurred in elas
and quasielastic reactions with the Pomeron exchange
with particles involving light quarks. Therefore, such an u
usually strong rise ofs(gg→r0f) expected from the fac
torization model and from the ARGUS data would be ess
tially a real challenge for our current ideas about t
dynamics of quasi-two-body reactions. Why is thegg
→r0f cross section so small near 3.5 GeV? In Ref.@7# we
concluded that either we faced a new physical phenome
in the reactiongg→r0f or the ARGUS data@6# were un-
derestimated for some reason.

In Ref. @7# we also applied the factorization model
other reactionsgg→VV8„V(V8)5r0,v,f…. In particular,
for the r0r0 and r0v channels in the range 11.5<Wgg
<18.4 GeV, we obtained the following estimates:s(gg
→r0r0)5(9.9–21! nb and s(gg→r0v)5(1.9–3.8! nb.
Note that the central values of our estimates fors(gg
→r0r0), s(gg→r0v), ands(gg→r0f) are in excellent
agreement with the similar ones obtained in Ref.@3# for the
other purpose.

Here we want once again to question the factorizat
model for the reactionsgg→VV8 in connection with the
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imposing data obtained by the L3 Collaboration on the re
tion gg→r0r0, which has been reported at the Internation
Workshop one1e2 Collisions fromf to J/c in Novosibirsk
@8#.

Figure 1 shows the cross section for the processgg
→p1p2p1p2 measured by the L3 Collaboration in the e
ergy range from 0.75 to 4.9 GeV@8#. For Wgg
,2 GeV, s(gg→p1p2p1p2) is rather large and is
strongly dominated byr0r0 production @8,9#. Let us now
look at the highWgg region. For 4.5<Wgg<4.9 GeV, as is
clear from the L3 data shown in Fig. 1,s(gg→r0r0) is
certainly less than 1.5 nb. Thus, for the reactiongg→r0r0

one can repeat exactly the same statements which have
done in Ref.@7# and mentioned above in connection with th
data onr0f production and the factorization model predi
tion.

However, we now assess the situation of the factorizat
model as more critical. The fact is that the L3 Collaborati
has already measured the rate ofgg→r0r0 events up to

FIG. 1. The L3 preliminary data on thegg→p1p2p1p2

cross section@8# ~open circles! and the ARGUS data on the
(JP,uJzu)5(21,2) partial cross section forgg→r0r0 @10# ~full
squares! andgg→r1r2 @11# ~open triangles!.
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Wgg510 GeV @5#. If the gg→r0r0 cross section does no
increase approximately by an order of magnitude with
creasingWgg from 5 to 10 GeV, then it will signify that the
factorization model for the reactiongg→r0r0 is a failure in
the energy region where this works fairly well in other cas

A failure of the factorization should be expected not on
in ther0r0 andr0f channels but in ther0v, vv, vf, and
ff ones, too, because, at high energies, the reactionsgg
→r0r0, gg→r0v, gg→r0f, gg→vv, gg→vf, and
gg→ff are due to have similar mechanisms.

Thus, it may happen that either thegg→r0r0 reaction
cross section reaches the magnitude expected on the ba
the factorization model only at still higher energies, a
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there is a need to look for a specific dynamical reason fo
defiant a phenomena in the formation mechanism of
Pomeron exchange for quasi-two-body reactions, or the
detection efficiency for the processgg→r0r0, which is
small at highWgg @5#, has been, however, overestimated
an order of magnitude. Both of these possibilities are th
extremely important and require an immediate elucidati
However, it seems almost improbable that the same acci
has occurred in measuring the two different reactionsgg
→r0f and gg→r0r0 with the two different detectors
ARGUS and L3, respectively.

We would like to thank V. Schegelsky for the discussion
the L3 data.
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