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The reaction yy —2n *2n ~2n" has been studied using the ARGUS detector at the e *e - storage ring DORIS 11 at DESY Pro-
duction of ® mesons 1s observed and, 1n particular, the reaction Yy -~ 1s seen for the first time The cross section for Yy —wo
has an enhancement at ~ 1 9 GeV/c* of about 10 nb The cross sections for yy —2n *2n ~2n" and yy »wn *n " are also given

This report presents the first observation of the re-
action yy—»w® Earlhier measurements of vector me-
son pair production in photon—-photon interactions
have been published for yy —p®° [1] and, recently,
yy—®p® [2] Measurements of other channels have
resulted only 1n upper limats [3,4]

The vy —p°" cross section showed an unexpect-
edly large enhancement at threshold [1] while the
reaction Yy —»p*p~ was found to be suppressed [4]
Explanations in terms of the production of four-quark
states [5] in photon-photon collisions were 1ntro-
duced {6,7] Such an interpretation works well for
both pUp® and p*p~, but 1t explains only part of the
op’ cross section [2]. At t-channel factorization
model [8] can also describe the p°p® cross section,
but again, only part of the wp® cross section To fur-
ther test these models, measurements of other vector
meson pairs produced 1mm photon-photon interac-
tions are needed

The analysis of the reaction Yy »wo —2n+2n~2n°
presented here 1s based on a data sample correspond-
ng to an integrated luminosity of 234 3 pb~' The
data were collected using the ARGUS detector at the
e*e” storage ring DORIS II at DESY operating at
center-of-mass energies around 10 GeV The AR-
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GUS detector 1s described elsewhere [9]

Candidate events for the reaction yy —»2n*2x ~2x°
were selected by requiring four charged particles with
zero net charge orginating from a common event
vertex These particles had to be identified as pions
with a likelithood ratio [9] larger than 5% Exactly
four photons were required to be seen 1n the elec-
tromagnetic calorimeter, with a minimum energy
ranging from 50 to 70 MeV depending on the run-
ning conditions Any photon pair with an mnvarnant
mass between 60 and 220 MeV/c? and with an open-
ing angle smaller than 90° was considered a n° can-
didate These were constrained by a kinematical fit
to the nominal n° mass Events were required to con-
tan at least two n° candidates

By requiring at least one combination of six pions
with a scalar momentum sum P*"= 3} |p|<3.5
GeV/c and a total transverse momentum
Pt = |3 pr| <100 MeV/c, 553 events are selected
These two cuts suppress T-pair events and incom-
pletely reconstructed annihilation events Since these
selected events contain four photons, up to three dif-
ferent pairs of n° candidates can be formed per event
This combinatorial ambiguity was removed by
choosing only that pair of n° candidates with the
smallest P (fulfilling the cut P*"™< 3 5 GeV/c) The
loss of events due to this cut 1s only about 5%, as de-
termined both by Monte Carlo and 1n data from the
o fits to the n *n~n° invariant mass spectra

To determine the acceptance, a Monte Carlo pro-
gram was used to generate photon—photon reactions
according to the exact QED expression for collisions
of transverse photons [ 10] Isotropic phase space was
used to simulate final states of 2r*2n—2xn°,
on*n n’ oo, and 2r*2r ¢ The appropriate
matnx element was used for the decay of ® 1nto
ntn-n® All Monte Carlo event samples were gen-
erated with a beam energy distributed according to
the data and were passed through a full detector [11]
and trigger simulation The trigger simulation used
shapes of threshold behaviour for the detector com-
ponents as determined from data This takes 1nto ac-
count the variation of the actual trigger conditions
The simulation of random noise in the calorimeter
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was determuned from data using events Y'(1S) »e e~
and Y(1S)—-pu*u-, tagged by the pions from the
transition Y'(2S) »n*n T (1S)

The 2n*2n~2n° acceptance 1s zero for W, <12
GeV/c?, rises to a sensitivity of about 1 event/nb of
the yy cross section and per 100 MeV/c? of W, at
W,,~2 GeV/c?, and slowly decreases towards higher
values of W,, The sensitivity 1s approximately the
same for ox *nn° events, while 1t 1s about 25%
lower for ww events. The systematic uncertainties in
the overall scale of the final cross sections are esti-
mated to be 14% for yy—-2n*2n-2xn° 15% for
yy-ontn Y and 25% for yy > ww, by adding the
following contributions 1n quadrature luminosity
measurement 5%, trigger simulation 5 1%, accep-
tance calculation 10 8% for 2n*2nx2x" and
on*n~x" events, and 17 3% for ww events, back-
ground estimation 5% For yy-on*tn n° and
Y- oo there 1s an additional uncertainty of 4 6%
from the o fits and finally, an uncertainty of 15%
1s estimated for ww 1n the derivation of the mass
spectrum for these events. The systematic uncertain-
ties are not shown 1n the cross section plots

In order to derive the cross section for
vy—2r*2n-2x°% a study of possible background
processes was performed Backgrounds divide into
two classes (1) incompletely reconstructed annihi-
lation events and t-pair events, and (2) yy-—
2n*2n ~nn’ events where n#2 The first class, as well
as part of the second, has unbalanced P¥* Com-
pletely reconstructed yy events have a (P¥')? dis-
tribution which peaks strongly at (P'')>=0, while
for incompletely reconstructed events and t-pair
events this distribution 1s approximately flat close to
zero, as shown by Monte Carlo studies The first class
of background 1s estimated to be 27 S events Part of
the second class, Yy —»2n*2n ~nn® with n=1 and two
noise photons faking a second n°, was found to be
negligible by studying our data on yy-»2n*2x "
together with a Monte Carlo simulation The same
holds for y—2n*2n~nn® with n>3 where one or
more ns escape detection. This conclusion 1s based
on the absence of y »2x *2x ~3n° events 1n our data
The case with two n’s where one photon escapes de-
tection but 1s replaced by noise 1n the calorimeter 1s
more serious This background 1s estimated to con-
tribute 35 4 events Thus, 63 out of the total number
of 553 events are estimated to be background events
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Fig 1 Topologtcal cross section for yy—2rn+2n ~2n" versus ¥,
The errors shown are statistical The systematic uncertainty 1s
14%

and are assumed to be equally distributed over the
available W, range The resulting topological cross
section for the reaction yy —2n *2n~2n" 1s shown 1n
fig 1 A smooth distribution rising to about 40 nb at
22 GeV/c* 1s observed

The invariant mass distribution of all x*x—n"
combinations 1s shown 1n fig. 2a (8§ entries per event)
The distribution 1s fitted by a Breit—-Wigner function
with the parameters of the w (783) meson [12]. con-
voluted with a gaussian describing the mass resolu-
tion of the detector, and a fourth-order polynomial
background The w peak contains 263 = 30 entries
Fig 2b shows a scatter plot of the invariant mass of
one n "1~ n° combination versus the invariant mass
of the other n *n ~n” combination A clear enhance-
ment 1s seen 1n the ww region Note that each event
contributes four entries to this plot

To investigate whether this enhancement 1s due to
o production or just due to the overlap of two 1n-
dependent ® bands, the invariant mass distribution
of the three pions recoiling against an @ was plotted
(fig 3) This was derived by making projections of
the scatter plot (fig 2b) onto one n*x —n” axis for
different mass intervals 1n the second, and vice versa
These spectra were then added for each mass bin, and
fitted to determine the number of @ mesons The
presence of an ww signal would manifest itself as an
enhancement in the bin between 680 and 880
MeV/c® To estimate the expected distribution for
events with only one ®w, Monte Carlo generated
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Fig 2 (a) Invariant ¥ x ~n° mass spectrum The fit consists of
a Breit-Wigner distribution with the parameters of the w (783)
meson convoluted with a gaussian to describe the mass resolu-
tion of the detector, and a fourth-order polynomial background
(8 entries per event) (b) Scatter plot of the massofonen*n—n"
combination versus the mass of the remaining n *n 5" combi-
nation (4 entries per event)

y—on*n-n’ events were used, with the W, dis-
tribution adjusted to agree with the observed
2n*2r~2n° mass distribution The resulting non-
resonant © *n~n° mass distribution from Monte
Carlo 1s also shown 1n fig 3, normalized to the data
at masses above 1 1 GeV/c? A clear excess of o
events 1s seen Two other methods to determine the
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Fig 3 Invariant mass of the n *n ~x" system recoiling against an
® meson The data points are shown with error bars The non-
resonant three-pion mass distribution. as expected from o * g~
Monte Carlo events, 1s shown as a histogram

background were used 1n order to estimate the sys-
tematic uncertainty. Monte Carlo generated
YY—2n*2n-2n° events and wrong-sign combina-
tions, such as ® *n *x°, 1n the data All three meth-
ods agree very well Subtracting the non-resonant
background leaves an excess of 57+ 16 + 3 entries due
to w® events The second error 1s the systematic un-
certainty derived from the maximum difference be-
tween the three methods Thus, we observe 29+ 8+2
y—~owo events This 1s the first evidence for o pro-
duction 1n photon-photon interactions

To derive the cross section for yy - . the six-
pion mass for events containing two different
7t~ n® combinations with masses between 680 and
880 MeV/c? was plotted The shape of the back-
ground was estimated by wrong-sign combinations
n the data fulfilling the @ mass requirements, nor-
malized such that 29 events remain when subtracted
from the data After correcting the six-pion mass dis-
tnbution of the 29 ww events for acceptance and for
Br(®w-»n*r~n%). the cross section for yy »ww 1s
derived (fig 4) An enhancement of about 10 nb can
be seen at ~19 GeV/c? This measurement dis-
agrees with the predictions by the f-channel facto-
rization model [8] Note that the enhancement ap-
pears at the same W,, as the enhancement seen 1n

yY—o0p’ [2]
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Fig 4 Crosssection foryy—wo versus ¥ ,» Theerror bars shown
are statistical The systematic uncertainty 1s 25%

A check of the method used to extract the w® cross
section was made by determining the number of o
events in three 2n* 21~ 2n° mass bins, employing the
same technique used to determine the total number
of ®w events The result 1s that 1545, 17+ 7 and
14 ww events appear 1n the W,, ranges 1 6 to 1 8,
1 8 to 2 0 and greater than 2 0 GeV/c2, respectively
The cross section derived by this second method 1s
almost 1dentical to that shown 1n fig 4

To determine the Yy »w= *n~7° cross section, the
ow mass distribution was subtracted from the dis-
tribution of the number of ® mesons as a function
of the total 2r *2x ~2n° mass This distribution was
found by dividing the data into 200 MeV/c? bins of
the total 2n*2n~2n° mass and fitting the corre-
sponding © *1 ~n® mass spectra The only important
background process 1s the reaction yy—-ontnn°
1tself, where one photon escapes detection, but a fake
photon appears 1n the calornimeter 11 5 events of this
kind are expected from Monte Carlo studies After
subtracting this background, and correcting for
acceptance and for Br(w—n*n —n®), the cross sec-
tion for yy—wn *n~n°1s derived (fig 5) No struc-
ture 18 evident with the present statistics

In summary, we have observed for the first time
the process yy —2n*2n~2rn° Evidence for oo pro-
duction was found, and the cross sections for
221 2n% won*n - n°and oo were given The cross
section for Yy »w was observed to be concentrated
around 1 9 GeV/c?

W, [Gev/c?]

Fig 5 Cross section for yy»on*n-xn° versus n,, (vy-oo
events have been removed) The error bars shown are statistical
The systematic uncertainty is 15%
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