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Results on the reaction yy—n*n~n’n® are presented. There is clear evidence for correlated p*p~ production. The cross section

is much lower than for yy—p°p°.

The unusually large cross section [1-5] of the
reaction

TY—-p°p° (1)
near threshold has caused great interest #!, and sev-
eral models [7-9] have been proposed which at-
tempt to reproduce the experimental results. The pe-

culiarity of reaction (1) was further enhanced by
preliminary upper limits [ 10] for the reaction

TY—p*p” 2)
which were much lower than the cross section values
of reaction (1) near threshold and had a different de-
pendence on the two photon invariant mass W,,. This
ruled out the interpretation of (1) as a single reso-
nance decaying into pp in the W,, region where the
reaction showed a large enhancement. The enhance-
ment and the small cross section for reaction (2)
could be explained, however, if one assumed produc-
tion of several /=0 and /=2 resonances which inter-
fere with each other [7,8]. Specific states which have
been considered are exotic /=2 qiqg mesons as pre-
dicted for example by the MIT bag model [11]. A
more conventional explanation of reaction (1) can
be obtained by using factorization [9] to connect data
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from p photoproduction, nucleon—nucleon scattering
and yy— pp reactions. This model predicts the cross
section values of reaction (2) to be considerably lower
than the measured upper limits. A model using a dual
picture between perturbative QCD and resonance
production gives predictions [12] which are very
close to the upper limits of ref. [10].

It is thus of interest to measure the cross section of
reaction (2). In this letter we present positive evi-
dence for charged p pair production in yy interac-
tions. Parallel to our work, the ARGUS Collabora-
tion has also found evidence for the existence of this
reaction [13].

The experiment was performed with the CELLO
detector at the e* e~ storage ring PETRA at a center-
of-mass energy of 35 GeV. The data correspond to an
integrated luminosity of 86 pb~—!. Charged tracks are
reconstructed in the central detector consisting of nine
cylindrical drift chambers and five proportional
chambers in a 1.3 T magnetic field provided by a su-
perconducting solenoid, yielding a momentum reso-
lution of 6(p)/p=0.02p(p in GeV/c) which can be
improved by a vertex constraint. The central detec-
tor is surrounded by a fine grained lead-liquid-argon
calorimeter which consists of 16 barrel and 4 end cap
modules with altogether 10 688 electronic channels.
The identification and removal of signals due to noise
and to charged pion reactions in the coil is made pos-
sible by means of its good spatial resolution in both
the longitudinal and the lateral direction. A detailed
description of the CELLO detector has been given
elsewhere [14].

Low multiplicity no tag yy events were triggered by
a fast track finding processor [15], which basically
required two tracks with transverse momentum pr
above 650 MeV /¢ or two tracks above 250 MeV/c
with an opening angle in the plane perpendicular to
the beam ¢ larger than 45° (135° for part of the ex-
periment ). By applying the same algorithm to the hit
pattern of Monte Carlo events, the trigger decision
could reliably be simulated.
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In order to select the final state p*p~ an event is
accepted if it fulfills the following criteria:

- one positively and one negatively charged track in
the angular region | cos 8] <0.9, 8 being the polar an-
gle with respect to the beam line;

— 3 or 4 neutral showers in the liquid argon calorim-
eter not linked to charged particle tracks;

- no energy measured in the forward lead giass arrays
(no tag) in order to avoid events arising from yy pro-
cesses where one of the photons is highly virtual.

The charged particles particles are assumed to be
pions. To ensure that this final state is produced by
the interaction of two photons, the total invariant
mass is limited to 3 GeV. The events are further sub-
jected to an interaction vertex cut of +2.5 ¢cm along
the beam line to reduce the beam-gas interaction
background.

In the event sample containing 4 photons clear evi-
dence for the production of two correlated n%s is
found. The n° mass resolution is in accordance with
the Monte Carlo expectation. To suppress combina-
torial background we combine the highest energy
photon with that nearest to in space. Monte Carlo
studies show that this procedure leads to the correct
combination with 95% probability. Fig. 1 shows a
scatter plot of the invariant mass of this yy pair against
the recoiling photon pair. One sees a clear signal for
n°n° production. Further Monte Carlo studies indi-
cate that the event yield can be increased by a factor

m(yy)/GeV
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Fig. 1. m,, versus m,, in the 4 photon sample.
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of more than 4 (the acceptance increases from 0.13%
to 0.6%) if one also accepts events where one photon
is missing. In this case we combine those two photons
which have the smallest azimuthal angle difference.
Fig. 2 shows the invariant mass of two photons in the
3 photon sample. The shaded part shows those com-
binations that are selected as n° candidates. The in-
variant yy mass is required to be between 75 and 200
MeV. The other photon is accepted as a n° if it has an
energy larger than 150 MeV, points well into the cen-
tral barrel calorimeter, and has an azimuthal angle ¢
between its momentum and the vector sum of the
other three pion momenta larger than 140°. Finally,
we restrict the total transverse momentum squared
to be less than 0.1 GeV? in order to suppress non-
exclusive background.

The vector meson content is analysed by fitting the
M +z0 VETSUS M1, .0 correlation plot (2 entries per
event, see fig. 3a) to the sum of a (Bose symme-
trised) p*p~, a p*n¥n” and a non-resonant 4% Monte
Carlo simulation in W-bins of 300 MeV width. We
observe clear evidence for correlated charged p pro-
duction. The correlation plot of neutral tr combina-
tions (fig. 3b) does not show p signals. Leaving out
the p*p~ contribution results in a fit which is worse
by 4.7 standard deviations. A fit without a prn con-
tribution is, however, possible, resulting in a p*p~
cross section about twice as high as in the 3 parame-
ter fit with only a marginally worse fit probability.
The results are summarized in table 1, where both
the 2 and the 3 parameter fit results are presented.

entries per 0.01 GeV
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Fig. 2. m,, in the 3 photon sample. Selected (shaded) and re-
jected (unshaded) combinations.
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Table |
Yy—p ™ p~ cross section results.

PHYSICS LETTERS B

W, /GeV Oyy—p+p- /1D Oyy_p+p- /1D
3 parameter fit 2 parameter fit

1.35 20 %13 48+ 19

1.65 20.516.5 40+8

1.95 22 6 50+ 10

2.25 13 +7 38+12

2.55 3 *5 8§12

2.85 2 *5.5 1+7

The errors given are statistical only. Within these er-
rors the results of the fit were not sensitive to chang-
ing the event selection cuts, nor to the binning in the
scatter plot. We estimate a 25% systematic error. Fig.
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4 shows the cross section values for reaction (2) ob-
tained from our 3 parameter fit.

It is not possible to disentangle the spin parity con-
tent and interference effects with the low statistics and
limited resolution available; thus we remain con-
fined to this simple model. As pointed out in ref, [7],
a basic amplitude p°n*n~ with the pions in an /=0
state is forbidden by C parity. In the reaction p*n—n°
it is allowed only if the yy system as well as the n—n°
system is in an =2 state. Other isospin states neces-
sarily lead to odd angular momentum between these
pions and thus should be dominated by the p~. The
pnr partial cross section in our model can also con-
tain an interference term between 4z and pp as well
as final states such as a,n or a,n, which lead to one p
and two largely uncorrelated pions. Thus, the exis-
tence of a pax term appears to be quite natural, al-
though the fit does not necessarily require it. There-
fore the result of the 3 parameter (i.e. a non-zero pnn
contribution) fit is the more plausible one. In the ab-
sence of more detailed knowledge, one could inter-
pret the result of the 2 parameter fit as an upper limit.
The 3 parameter fit result is in good agreement with
the result of ARGUS [13].

We turn now to a comparison with the models (fig.
4). As mentioned in the introduction, four predic-
tions have been made for the cross section values of
reaction (2). Two of these are based on the produc-
tion of exotic qgqg mesons. Achasov et al. [7] as-
sume one exotic /=2, J=2 resonance which inter-

a(yy-p*p~)/nb
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Fig. 4. Cross section for yy—»p*p~ as extracted from a 3 param-
eter fit. Errors are statistical only. Predictions: t-channel factori-
zation [16] (shaded), 4-quark [7] (dashed), 4-quark [8] (dash-
dotted) and dual QCD [12] (full line).
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feres with two /=0, J=2 resonances to give the
observed enhancement seen in reaction (1) and to
obtain the relative supression of reaction (2). Li and
Liu [8] need six 4-quark resonances; three J?=0"
and three J?=2* with one of the resonances in each
spin state being exotic. Though both models give
similar results for reaction (1), they differ substan-
tially in their predictions for reaction (2). Achasov
et al. predict a low energy enhancement around 1.3
GeV followed by a secondary maximum near 1.5 GeV
and then a gradual decrease of the cross section to a
value of about 2 nb at 2.5 GeV (dashed line in fig.
4). The calculations of Li and Liu give a single peak
of about 10 nb around 1.6 GeV and a sharp decrease
to 0 at 1.75 GeV (dash-dotted line in fig. 4).

The t-channel factorization model of Alexander et
al. [9], which describes well the behaviour of the dif-
fractive reaction (1), attempts to apply factorization
also to m-exchange reactions. Using measured cross
sections of the reactions yn— pp and np—pn, the au-
thors predict the cross section of reaction (2) to rise
from a value of about 1 nb at 1.5 GeV to about 8 nb
around 1.9 GeV and then to decrease gradually to
about 2 nb at 2.9 GeV [16] (shaded region in fig. 4).

The perturbative QCD model of Brodskyetal. [12]
uses a dual picture, which is well understood for heavy
quarks, and assumes its applicability also for light
quarks. Using the standard quark masses, a value of
A=200 MeV and restricting < 1, they predict the
cross section of reaction (2) to rise gradually from 0
at 1.2 GeV to a value of about 30 nb around 2.1 GeV
and then decreasing gradually to about 20 nb at 2.7
GeV (solid line in fig. 4). Above this energy the dual
representation of the vector mesons by the colour
neutral blobs used in ref. [12] ceases to be valid and
no predictions are given.

As is evident from fig. 4 none of the models gives a
good description of the data over the whole available
W,, range. However, we should stress again that the
measured error bars are statistical only and we esti-
mate a systematic error of about 25%. Thus, while
the Li and Liu model can be excluded and the agree-
ment with the Alexander et al. prediction is only
marginal, we are unable to conclude about the re-
maining two models.

In summary, we have analysed the final state
n*n~n°n’ in yy reactions in the no-tag mode in the
energy range of W,,=1.2-3.0 GeV. We have mea-
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sured the cross section of the reaction yy-»p*p~ and
find it to behave differently from that of the diffrac-
tive reaction yy—p“p°. None of the existing models
for non-diffractive yy— vector-vector mesons can
describe the behaviour of our measured cross section
completely satisfactorily. However, the limited pre-
cision of the measurement does not allow us to ex-
clude all of the models.
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