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_Using the CLEO detector at the CorrEITe’ storage ring CESR we study the two-photon production of
AA, making the first observation afy—AA. We present the cross section fgg—AA as a function of the/y
center of mass energy and compare it to that predicted by the quark-diquark pSf6-282(97)50217-7

PACS numbg(s): 13.65+i, 12.39.Ki, 14.20.Jn

Two-photon interactions are a useful tool for the study ofreal and tend to have a large fraction of their momenta along
the strong interaction. At CLEO we use two-photon interac-the beam line. A typica|qg?| of the photons is 20 Me¥/
tions to test calculations of strong processes as well as thghere q is the photon four-momentum. Consequently, the
understanding of hadron structure. CLEO has previouslywo-photon axis is approximately the beam axis, and the
measured the cross section fpy—pp [1]. Extending this  electron and positron rarely have enough transverse momen-
analysis, in this paper we report on the studyyef/—AA.  tym to be observed. The two photons have rather unequal
The TPC/% Collaboration previously searched for this pro- energies, causing theA center of mass to be boosted along
cess[2] but did not observe a signal. The TOPAZ collabo- ihe peam axis. As the available energy in thedecay is

ration has searched for inclusive or A_production in two-  small, and theyy—AA cross section is peaked near tha
photon processes and observed a _significant si§Bhl  threshold, the decay produciss pm™, usually have rela-
although no completely reconstructed\ events were ob- tjyely low transverse momentum. We select those events in

served. _ which all four hadronic tracks are observed in CLEO.
Using the Brodsky-Lepage hard-scattering approfah In our analysis of 3.5 fb* of data, we use the following

predictions have been made for the two-photon production 0‘i;election criteria to minimize background. We select 4 track

bary'ons. Thg CLE.O mea;urement Of. tl?rer—>pp CTOSS  avents in which the charge sum is zero. We require the can-
section was inconsistent with the prediction of a pure quark

model[5] at energies available to CLEO, but was consistent;j fnastiZtsxtevri‘tr? Tga?r:f'pém?gt;?] h@flfxu?ee?ﬁ;{m egt/sent
with the prediction of the quark-diquark modg,7]. We P ) q

compare the measurgg—AA cross-section to that pre- energy, using these particle assignments, is less than 6.0
dicted by these models. GeV and that the transverse component of the vector sum of

CLEO Il is a general purpose detecf8i using thee* e~ the track momenta is less than 0.6 GeWVe veto events in

storage ring CESHR9] operating at/s~ 10.6 GeV. CLEO || which the candidaté\ or A vertex 'is at the radius of the
contains three concentric wire chambers that detect chargdtf@m Pipe. We also place a requirement on the transverse
particles over 95% of the solid angle. Particle identificationimpact parameters of the reconstructe@ndA with respect
is performed using specific ionization energy lossto the transverse beam position; their root sum square must
(dE/dx) in the outer wire chamber. A superconducting sole-Pe less than 1.0 cm. Finally, cross section predicti@s0]
noid provides a magnetic field of 1.5 T, giving a momentumhave been made fdcoss*|<0.6, where¢* is the angle be-
resolution ofo,/p~0.5% for p=1 GeV. Outside of the tween theA momentum and the two-photon axis in the two-
wire chambers and a time of flight system, but inside thephoton center of mass frame. In order to compare with
solenoid, is a Csl electromagnetic calorimeter, consisting otheory and with yy—pp measurements, we impose the
7800 crystals arranged as two endcaps and a barrel. Forsame requirement on the data. As the acceptance of the de-
100 MeV electromagnetic shower in the barrel, the calorimtector decreases quickly beyomdos#*|=0.6, this require-
eter achieves an energy resolutionogf/E~4%. ment does not significantly affect the event yield. After ap-
Kinematics of two-photon events are strongly influencedplying these selection criteria, there is a clear enhancement in
by the fact that the initial state photons are approximately(my,-,my+) plane at the i, ,my,) point.
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FIG. 1. AA mass average distribution found in data. Inset de- FIG. 2. &7/%7) mass distribution found in data.

picts mass average projection technique. o
Due to reduced sensitivity to other channels and the steep
.W dependence of two-photon production, the dominant

Tt(l) \//\e,nfy tg%the rdecondst_ructted pr?r?cle; tare E’_redom"source of feeddown into the observed signal comes from the
nhantly A's and A's produced in two-photon Interactions, a two-photon production oE°3°% A3° or 3°A, whereW is

number of data and Monte Carlo distributions have bee, two-photon center of mass energy. At this point we have
compared, including event energy, decay distancemo-

NN not used final state photon information to distinguish be-
mentum angular distribution, proper decay length, acoplanar- —

ity, acolinearity, proton momentum, and pion momentum. Intween the four possible final states/&.") (A/X7) for which

all cases there is good agreement between the data and t se this parenthetical notation to indicate alternative pro-

g u
expected distributions. CeTseS'd N th " v th .
The signal and background two-photon Monte Carlo h order 1o measure the cross section we apply the projec-

events were generated using a program based on the Budné{?n technique to the selected data and Monte Carlo events
Ginzburg-Meledin-Serbo(BGMS) formalism [11]. The
simulation of the transport and decay of the final state par- T L I B

ticles through the CLEO detector is performed bgeaNT- 10k | AK, Data =
based detector simulatpi2]. B i)QOOO O pp, Data 1
We use theAA mass averagent,,-+my+)/2, to mea- A AX.V-Model -
sure the number of signal evehi3]. Viewed geometrically, - @ ¢¢ ________ AK, 1
the mass average rotates the,(-,m,+) plane by— /4 1 _ » S - Model
— PP, V - Model

and then scales the projected value by2l/see Fig. 1. The
advantage of this approach is that it naturally maps back:§
grounds fromA-fake, fakeA, and fake-fake into smooth = AN
backgrounds in the mass average plot which are then easi®
to subtract when fitting. b
We reduce the fake-fake background by making a geo-
metric selection in therfy,,-,m.+) plane before the pro-
jection. We require that events are within 6 MeV, nearly 4 _ i,
times theA mass resolution, of thA mass for either axis. 10
This simple cross geometry would underestimate fake-fake
background near th& A enhancement. To compensate for
this, we extend our geometric criteria at the intersection of  _5
the cross so that the area along the projected direction is : 19 ]
constant. This approach is valid as the fake-fake backgrount 20 2.4 2.8 3.2 3.6
e W (GeV)
does not vary significantly near theA enhancement.
Using a signal shape fit to the mass average distribution of g, 3. T yyna(W), o, o5(W) for |coss*|<0.6. Vertical
the Monte Carlo combined with a linear background, weerror-bars include systematic uncertainties. Horizontal markings in-
measure 51.88.6 events in data. The fit and data are dis-dicate bin width. S-model identifies the scalar quark-diquark model
played in Fig. 1. [6]. V-model identifies the vector quark-diquark mogie/10,14.

.
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with the addition that we bin im, -, the effective mass of TABLE I. Two-photon cross sectionyy—AA for |cost*|
the A and A. If the source of the signal igy—AA, then  <0.6.

myx=W. We fit to the background excluding the signal re-

gion and subtract this from the number of events within the My [GeV] Tyy—an [ND]
signal region, which is within about 3 times the mass reso- 22524 42¢1.7+1.6
lution of the A mass. The number of events summed over all 24-25 1.3-0.5+0.4
bins is constrained to be 51.0, the total number of events 2526 0.54+0.27+0.16
measured. We have estimated the systematic uncertainty as- 5,45 2 g 0.15+ 0.06+ 0.04
sociated with binning, selection criteria, and background 29-36 0.0510.019+0.017

shape. The non-negligible sources of uncertainty are assogi-
ated with triggering, 13%, tracking, 14%, and event selec-
tion, 14%. Assuming that these are independent gives eatio of contributions, we estimate the number of contamina-
quadrature sum of 24%, which is conservative in this casetion events by multiplying the observed number &°(2°)

We find thee*e™ —e*e™ (A/2%)(A/2°) cross section in by 4/3 and by the ratio of thA A detection efficiency to the

each bin ofm, by correcting the observeiA vield in that  (2%2°) detection efficiency ire*e”—e*e %30 events.

bin by the efficiency obtained from the Monte Carlo simula-We have used the fact that the efficiency for finding a
tion. Summing these we find the total (3%3° in e'e"—ete 330 events is approximately
ete —ete (A/S)(A/30) cross section fofcoss*|<0.6  twice that for finding E%/2°) in e"e” —e'e (AZU2A)

to be 2.0-0.5+0.5 pb. The first error is statistical, domi- €vents. The estimated number of namk contamination
nated by the statistics of the first bin, the second is the 249gvents is 1+ 8+ 4, giving a contamination correction scale
systematic uncertainty discussed above. This corresponds tactor of [1—(11+=8+4)/51.0]=0.78+0.16+0.08. Apply-

an overall efficiency of 1.8%. ing this factor to the cross section we extract an exclusive

To correctly extract a cross section, the contaminatiore™e”—e e AA cross section of 160.6-0.4 pb for
from feeddown into the observed signal must be removed.cos#*|<0.6. o
As the statistics are limited, we do not use the mass average To calculate theyy— A A cross section we scale the mea-
technique, but instead we search for eithe2&/g° in the  sured signal using
events that pass all A selection criteria described above dat
and that lie within a 6 MeV radius of the pointn{, ,my) in pdata_ nbina/LdataO_MC e
the (m,,-,my,+) plane. To search for%%.°) we combine M e O
eachA or A with selected photon candidates in the event,
using the notationY%/2°) to indicate either &° or 3°. to account for photon flux and efficiency, in eaeh 3~ bin.

We only consider photon candidates in the crystal barre[We correct the cross section using our estimate of the
The energy associated with the photon candidate must b %/3°) contamination. Them, distribution observed in
within the range 40 MeV to 180 MeV. Each candidate pho-data is a good model for the, 1-distributions of the3,°3.°
ton must not be matched with an observed charged track, anghd (A 3°/3°A) contamination. Consequently, we can apply
we apply the stricter requirement that the cosine of the anglghe contamination correction scale factor bin by bin. The
between the candidate photon and the shower matched witlsults are shown in Table I. An additional systematic uncer-
the anti-proton track must be less than 0.9. To reduce backainty associated with the uncertainty of the feeddawy
ground from hadronic interactions, we require that the ratigistribution is included.
of energy deposited in the central 9 crystals to that in the 1,4 predictedyy— A A cross sections appear to disagree
central 25 crystals must be0.9. with this measurement. Due to the failure of the pure-quark

For each E%/X°% we constructmy,.,—my,+m, which  cajculation to accurately predict the cross section for
has better resolution tham,, . We use a signal shape fitto ., y5"at values ol that we probe, we do not anticipate
the Monte Carlo distribution combined with a linear back- that it el dict th " Ne
ground to fit the data. From the distribution in Fig. 2 we It can accurately predict Ine Cross sec ionfor

<0 [5]. However, the quark-diquark model is constructed to pre-
measure the number oE(/3%) to be 7.5-5.6. As the sta- dict the cross section in this energy regime. This model in-

tistical uncertainty associated with this measurement is Very,joq nonperturbative effects through the use of the diquark,
large, the systematic uncertainty is not significant. Althoug qq bound state within the baryon. The original calculations

consistent with zero, this value will be used to estimate feed\'/vere performed using only scalar diquafié. More recent

down into theyy— A A measurement. _ calculations include both scalar and vector diquarks
Because of the low statistics of theS{UZ®  [7,10,14. In the energy regime near threshold, the quark-

measurement, we cannot determine the ratio otliquark model is also expected to fail.

yy—(AZO2OA) to yy—395° We assume that the pro-  The extracted exclusivgy— AA cross section, the pre-

cessesyy—(AX%2°A) and yy—3°5° each contribute viously measuredy— p p cross section, and the predictions

half. We assign the difference between the number given byf the model are displayed in Fig. 3 as a functionvéffor

the above mixture of processes and that using the assumptiggosy*|<0.6. We place the horizontal location of the cross

that all observed X%3° events were produced by section data points at the weighted meanVéfin the bin

yy—3°30 as the systematic uncertainty. Given the abovebased on a- 1/W*? distribution. We do not display the pre-
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dictions of the pure-quark calculation, which are muchappears to be larger than that predicted by either the quark-
smaller than the quark-diquark predictions for beth—p p diquark model or the pure-quark calculation over the ob-
and yy— AA. The unexpected result is that the productionServed range o#.

of 7y—>AA_appears to be consistently larger than the pre-
diction of the quark-diquark model. In the three bins above

2.5 GeV the vector quark-diquark model predicts that we we t_hank P. Kroll and W. Schweiger for access to their
should observe~10 events, but in data we observe 32 calculations. We gratefully acknowledge the effort of the

CESR staff in providing us with excellent luminosity and
events. . o : )
. . . unning conditions. This work was supported by the National
In this paper we presented the first observation oer : dati h f h
— to ete- AN cience Foun atlon,_ the U.S. Department of Energy, t_ e
yy—AA. We measured the"e” —e"e Cross S€C-  Heisenberg Foundation, the Alexander von Humboldt Stif-
tion, and theyy— A A cross section as a function ofy\x,  tung, the Natural Sciences and Engineering Research Coun-
each for|cos#*|<0.6. The measuregty— A A cross section cil of Canada, and the A. P. Sloan Foundation.
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