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\

§
Srudies of exclusive finsl states produced by the v m-photon pro- |
cass have besn made at SPEAR by tha Mark 11 and by chs Crystal Ball B
Collsbora: .ons. Messurerants of ¥4~ and #%° production in the mass
region 5% ¥aV/e? < mpn < 2000 MeV/c2 ave presented. Thess duta
{ncluie stromg signals from the vell-known £(1270) mescn. The As’
has been chsarved via frs v'n decay modo and its partis] wideh to -y
bas been determined. A weasurement of th: cross r¢ tion for the
repction vy « stw=rts~ 19 raported. This chann - fousd to be amall
just abowe the four pion threshold, bur exhibits . irge enhancement
nesr the 0%° threshold.

RESINME

Una $cude des érate £inauvx exclueifs produits par le processus b
daux photons a €té faitc & SPEAR par les collaberations travaillant
avec MARK 11 st avec le Crystal Ball., Des nenurcg de la production
da 2" at *29° dans la reglon dc masse 500 MeV/c? < My, € 2000 Mev/e?
sont prassntées ici. Ces donndes montront un fort signal du bisn
connu meson £(1270). Le Ax(1310) a été svesl observf cane le =cda da
dasintégration % st son amplitude partielle en yy a été detorainde.
Uoe mesure de la secrion efficace de la reaction yy + v s=s¥e™ gst
prasantfe. Ce canal est trouvé étre faible jusce au d€1d du seull
pour 1a production de 4w, mais montre un grand renforcement au
vaisisage du semil dr la production de p9p°.

I, IRTRODUCTION

Tha praduction of a meson resonance or a weson-antizassn pair by
two colliding photons is onc of the simplest of hadronlc reactions —
strong interactions are present in only the Tinil etate. Photon=photan
collisions are an ideal place to study the properties of € » +
resonances)? (J41), and at higher mosses the reoction vy - WA s
expected to be 8 testing ground for an.’) Experioentally these pro-
casses can be readily identified by thuir unique kinemnrical properties.
Tha vy center-of-mass system is characterized by invariont massea that
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ave saall compaved to the a'e~ centar-of-maee energy, and by low trane~
versa uomenta relative to the beam axis., This latter property, which
is due to the dominpnce of the incident flux by photons with smal) qz,
allows almost any topology to be isolated from fesd-doun from highar
multiplicity events produced in the e'e™ anninilatien ch.anoel or in
the two-photon channel itself.

Measursnants of the cross section for the reaction yy + ¥ have
been made with the Mark II detector at SPEAR, and the yy + w*a® process
has been studied by the Crystal Ball group, also at GPEAR, Strong
signale from the well-known £{1270) teson ara sean in hoth final
states, although the resonant mass appeara to be % 3p- 40 Hev/c?
below the value established in hadronic experimenta. The large
acceptance of ¢he Crystal Ball detector alious, for che fixst time,

a determination of the heljcity structure of the production secoanism
of the rosonance. Tha cross saction for tha production of ¥¥s™ pairs
at masses sbove and below the resonant peak has been meanured with tha
Mark I1. The vesult is found te be quite large at masser below the
resenanco, but falls rather sharply at higher masses,

The ¥°n decey mode of the Ay(1310) has been detected in the
Crystal Ball. The measured decay width TA +yy % 0,8 keV ia in agras-
ment with the value of 1.0 keV expected from SU(3) symmerry (with
fractionally charged quarks) and the value Te vy % 2.7 keV measured
with the same detector.

The four plon final statc, studied by the Mark IXI gyoup, is found
to be dominated by the pracess vy + p%? + vhw—1ta~. The croms section
rises Tapidly neor the 0%0° threshold to a value ~100 nh, This is
considerably larger rhan might be estimated from efther the vector
dominance wedel o from QCD.

The Crystal Ball detector?) 1s shown in Fig. L(a}. It consists
of two hemispheres rade from geodesic arrays of sodium iodide crystals.
When the ondcap crystals are included, the datector is senzitive to
electrons and phatong that have laboratory polar angies that saticfy
|=WEL| < 0.98. Proportional and drift chambers provide charge parti-
cle tracking, but there ix no magnetic field. Although the detector
is triggered by & variety of signols, two calorimetyic triggers are
wost germans to the resvlts given here. The Ball wac triggered if
cach hemisphers recorded more than 150 MeV of deposited energy, or if
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¥ig. 1(a). Tha Crystal Ball Detectorx.
the suz of the deposited snergy in the entire detector exceeded a fre-

sat thrashold. ‘Thia lacter total-energy=threshold varied betuween
600 MeV and 1130 MeV for the dats shown here.
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Fig. J(b). The Mark II Detector.
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couprise a charged particle spectrometer that covars the region de— i
fined by |cosd, | < 0.8. The acceptance of the 1liquid srgon calori-
meters that are located outside of the solenoid coll is approxfmately
654 of 4w, The detector was triggered by aveats with at laast one

charged track at IcoseL[ < 0.75 and with p, 2 100 HeV/c, and a second
track at ]-oseLl < 0,85,
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The two~prong mass epectrum, as seen in the Mark II, iz givea in
Fig. 2. Events were selected 1f they containad two oppositely charged
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Fig. 2. Raw two-prong masrR Spectrum
sean by the Mark 1XI. The curves
represent various contributions as
measured sndfor compu-sd.

pronga, both with |cnseb| « 0.6, and no other charged particles. The
net transverse momentum of the two tracks was raquired to be small,
|19yl s 100 MeV/c. The curves in Fig. 2 mumasrize the coatributions
to this sample made by various processes. Photon-photon prodwection
of the n’(958) and p%° have been meamred with the sase detector
Bef. 4a and § VI below), 80 the feed-dowm from theme mpurces has beenm
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ecaleulated with a Monte Carle. The background fvom higher multiplicity
svents has been determined by making extrapolations from highor

values of not transverse momentum. The baam-gas contazination was
weasured in side-banus of the vertex position along the beanm oxis. As
can ba sssn, these backgrounds are quite small compared to the total
two-prong sample, but they become S-30% in the raw yy < ='x~ signal
discussed below.

Excapt in the regiom near 1200 llcvlcz. the two-prong sample 18 do-
alnatsd by QED events yy -+ ee and yy + ypp. The curwe 1n Fig. 2 thac
raprageats these proccases has been calculated with the Nonte Carle
progran of Seith and Versaseren3), and normalired by the measured lu--
minogity of the experiment. Unfortmmately this normslization is un-
certain by & 6X, hence a nseful measurement of the yy - a" rate
could not be made without increasing the w3/QED ratio. The wetassary
sahancement i1 the #n signal over the QED baskground was achieved by
making use of the relatively large probability that a low momantun
pien will interact in the magnet coil befora reaching tha ligquid nar-
gon; charge particles were identificd ag plons {f they were within
tha fiducial arez of the liquid arpon, but daposited less enargy in
tha liquid azgon than would be expected from a minimum lonizing
particle. The details of this identification procedure have baen ex-
tansively studied vith sources of pions, muons, and electrons that
bhave beea unambiguously idenrified without use of che 1iquid argon
signals. At momenta > 300 MeV/e, the pion ldentification probabilicy
is typically a factor of 10 larger then the muon amd electron tisiden—
tification probabilities, although at mowomta > 300 MeV/c the pion
scceptante is reducad to = 15X per track.

The 2%~ signal vas extracted frow events which contained at
least one fdentified plon and, separately, from eventa that uare res~
quiren to contuin tuo idenrified pions. The results, given in Fig.
3(a), have been correcred for the QED background thar remainsd in che
rav data after the pion identification was made. The agreement ba-
tveen the rvesults froo the two levels of plon identification findicates
that this ramaining QED subtraction hag besn done reasonably well (the
QED background {n the " sample 1a completely negligible at naas
x> 700 Hl\’l:zl. The curve in the figure L8 the point-pion Born termb)
without any absorption corrections in the final atate. Its normaliza-
tion iu absolute and it is ineluded only as a theoretical reference
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point. The mmbar of pion paivs produced at masses below the raso=
nance ic ssen to be quite large.

The Tesults shown in Fig. 3(a) are¢ nor terribly convesient simce
they depend upou the detector acceptance amd the spectrom of besn
energies used in taking the data sample. Toe Yy cross section can ba
campyted fron??
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where Bb ia :hn baam energy, 8, 45 the square of the yy inveriant
wags, and 4l i the yy c.m.8. Bolid angle elemene. With the re-
rteietion |coleL| < 0.8, there is not much informaticu in the angular
distribution, but shown in Fig, 3(b) is the acceptance corracted cross
section Ty » w+n"“wn’ integrated over the range ]case*| < 0,35.

Alge ineluded in tids figure is a data point mearured by using the
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Mark 11 muon and ligquid argen systems to directly rejerct electron and
ouen pairs. This point has bean corrected for all backgrounds with
previously described techniques. The data tend te fall below the
point-pion Born cross section, and are censistent with the high mass
tail of the £(1270) resonance. The prediction of a recent QCD calcu-
la:tunz). alse shown in +he figure, indicares that data from PEP/PETRA
will be nzpded in order to reach the intevesting region at still high-
er masses.

It previously has been reporteds) that the resonance Structure
negr 1200 H:Vlcz is not coasistent with the d-wave Breft-Wigner ox-
pected from parameters of the £(1270) determined in hadroaic expectl
ménts. In particular the mass appears to be 30-40 MeV below the value
1273 =+ 5 HeV!cz peasyred in ¥ p reactioms. It can now be seen, how-
ever, that there is a sipgpificant amcunt of #n preduction which is not
sceounted for by the respnant amplitude alone (Fig. 3). The data can
be £itted bv postulating that the pon-i continuum interferes with the
resonant Breit-Wigner in a manner similar to $8ding model fitw made to
the »° mass distribution observed in photoproduction reactions
v§ + r 9. The spectrum of Fig. 2 gives the best accuracy for such
8 study. The number of #n events observed between 700 Hevfcz and
950 HzVIcz in Fig. 3(a) was used to normalize the QED curve in Fig. 2;
the QED normalizatien was chasen such that the excess of events over
QED in Fig. 2 is consistent with the nuwber of 77 events obaerved in
Fig. 3. The ervors on the data of Fips. 2 and 3(a) result in a & 4%
uncertainty in the QED level. Showu in Fig. 4 is the spectrum that
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Pig. 4. Thet non-GED spectrum near the
£(1270) mase. The KK component from
the £'{1515) has been estimated by
weing SU(3} apd BR(F' + KK ) = 50%.
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results from subtracting the QEP distribution normalized by the
central value of its allowed ramge. T is non-QED spectrum has besa
fitced by the sum

nn(m) = £{m) + a-C{m) + 2B+coss(w) ~/a-Clm}+£(n) + £'(m). (2)

in this equation, £{m) is the detected nr yield appropriate for a re-
lativistic d-wave Breit-Wigner with resonance mass and width equai to
1270 Hev/c? and 180 Hevlcz, tespectively. The resonance was assumad
ta be oroduced only with helicity & 2, and all relovant photon fiux
factors have been included. Two extreme cases for the shape of the
non-{ ww production, C{m}, were coneidered. The £irst was the simple
Born term at all masses, and the second consisted of using the Born
term at masses below 1 GeUIcz, but repilacing it with the QCD predie-
tion at higher masses (see Fig. 3{b)). The third term in Eq. (2) is
a postulated interference between the first two terms. The non-f
amplitude was taken to be real. Since no partial wave decomposition
was done, the parameter B was included and fits were made with varicus
values -1 s 8 < 1. The last term represents the centribution of the
proceas yy + £1(1515) + K'K™ vhere the kaons have been misidentified
as plans. The ratio Ty | - ! Te 4 gy W8S caken from SU(3) and the
BRE' - gty was assumed to be 50%. The result of a Monte Carlo cal-
culation, which included losses due to kaon decays, was that this term
it 3.8% of the £f. The yield of f' events is showm in Fig. 4 for the
value of Ff - Yy obtained below.

The fitted partial width of the f depends very little on either
the QED normalizaticn, the value of B, or the choilce for the con-
tinuvum. The result is (for helicity = t 2)

T . w" 3.6 t 0.3 (statistical) * 0.5 (systematic) keV. (3)
Shown in Fig. 4 are the fite to the data that have busen schieved for
B =0, 0.5, and 1.0 {(with C{w) = Bern). If the non-f cdgtinuuu is
parametrized by the QCD prediction above m _ = 1.0 GeVIcl then the
fitted values of Pf -y increase by = 10% {included in the systematic
error), and the data prefer & esomewhat larger value of 8.
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The absence of a QED background to the *°2° fingl state makes
this a particularly clean hadronic channel. Furthermore, the direct
coupling of photens to neutral pions is expected to be small, so
rescmance structure, such as the f, can be studied in a relatively
straightforwvard maaner. The Crystal Ball detector is beautifully
matched to this process. Events were pelectel as %y candidates if
they contained four photons with total visible energy in excess of
700 MeV and no charged tracks. The distribution of the square of the
net transverss mOmEentum, i!;rfz, of all such events is shown in
Fig., 5{a). Tha distribution of the invariant mmss of the photons in
events v .n IE;TIZ < 0.03 Gevzlc?' is shown in Fig. 5(b).
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Fig. 5. (a) The [Ep lz distribucion
for 4y events as seen by the Crystal
Ball. (b) Invgriint mass, o, for
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For demonstration puwrposes, events were pelected with

1040 Mev/e? s m,_ < 1480 MeV/c® (i.c., the £(1270) mass range) and
the scatter plot of photon pair masses (three combinations per cvent)
shown in Fig. 6 was constructed. In addition te the spectacular ﬂoﬂo
signal, a cluster of 1r°n events is clearly discarnabie.
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Fig. 6. BSeatrcer plot o, 2gainst myy for events with oy,
in the £f(1270) region. ere are three entries per event.

The yy + n°x° gsignal has been extracted from the total sampie of
41 events (with [E;le < 6.03 Gevzlnz) by making a two-dimensiqmal
cut that required a 7°1% combination to exist with
100 l‘lev.f::2 5 LI 170 He‘.’lcz. Backgrounds from other processes were
measured in two-dimengional sidebands around the w°%° ares. They were
found to be guite small at invariant masses above BOO Hevicz. Beam-
gas backgrounds ware estimated to be £ 1X. The background-subtracted
n°4° mass plot is given in Fig. 7(a). The subset of these data that
was taken with a low total-energy-trigger threshold (600 MeV to

=-10=-
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Fig. 7. Backgrouns-subtracted »"s”
mass apoctrum, (a) Ald events,

and (b) the subsat taken wirh a

low trigger threshold, The solid
hisrogrss is a Monte Carlo doseribed
in the text, snd tha dashed hisco-
gram is the solid histogram shifted
dowsward one bin (40 MaV).

800 Me¥) is showm 1a Pig. 7(b). Although there be a

slightly larger portion of avants balow 1000 NeV/c” in the low-

threshold date, it sppears that the remalnder of the trigzer scheme

vas sufficient to prevent sny ssrfous distortion of the sssw spectrum.
The data in Fig. 7 have neither Lean corrected for detection ef-

ficlency nor has the disgortion dus to the photon flux been removed.
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The salid histogram in the figure is a Monte Carle simolation of the
digtribution (approximately normslized to the data) thar is expected
to be produced by the £{1270) assuming the nowinal wmass and width.
Belevant effictencies (except the trigger) and photon flux factors have
been included in the Moate Carlo. The detector efficiency falls
smoothly from % 352 at 800 MeV/c® to ™ 15% at 1600 MeV/e>. The dotted
1ine, vhich ie the came histagrsm shifted downward by ome bin

(40 HeV/e?) gtves 2 good deseripeion of the complete spectrum at
magses > 200 ehm'.

As 2 check o tha calibracion of the eaergy scale of the crystals
in the detector, the 22 mass spactrum from events in tha f region
(1040 MeV/e? ~ 1480 H4¥/c?) was axsmined. The *° mase was fownd To be
134.8 ¢ 0.6 mw.e’ vhich can be compared with the value
135.8 * 0.3 MaV/c? pradicted by tha liente Carlo. The energy scale was
deliberataly altered by X (¢ha amount needed co aceount for the shift
in the f mass) and the analysis of the dste was repaated. The 7° mass
wvas then found to ba 138.5 : 0.8 H:Vh:z. It would gppear that if the
shift in the £ mass is crastad by the detector, then it is not a
simple linear srror in the ensrgy calibration. It must be noted that
the mass of tha n(549) as mezsured by the Bill has at times baen as
wicn 86 1.5 = 2.0% balow its acceptad valua.

The large acceptance of the Cryatal Ball makes
it posaible to study the angular disteibution of the £ - 2°r° decay.
Most theoretical models!) expect the production of the f to be domina-
ted by photon pairs that hava oppostte helicity (i=2). The chgerved
diptribution of the angle in tha yy ¢.m.5. between one of the ontgoing
w’'c #nd the inceming ¢ is given in Pig. 8 (The incident phorons axe
primarily at mgln-bn.nbuathmt to the beam axis). This dis-
triburion han bhasn fitted by the fors

st)cont’]) = agl? + u,I1% + & 151% ()

which is walid gince the experimantal data have been integrated over
the asimorhal angle. The resuit of this fit is inciuded in Pig. 8 snd,
as can be seen, th¢ A=2 plece iz doainant; anlaz-o.lzto.nmd
allazno.ot £ 0.11. Alcernstivaly, a fit of the distributiom to a
sum of the £ with A=2 and an s-wava background vields the ratio

-12-
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Pig., 8. Decay angular distribution
in the process F(I1270) + 1%n%, The
curves ate a fit described in the
raxt.

‘a-me"z = 0,05 2 0.29.

Ynowledge of the helicity structure of the Yy + f proGuction me-
chanisn 1s aleo important because the sxperimental acceptance of most
detactors depends critically on the f deray distributicn. After com-
puting the acceptance of the Crystal 8all for each helizity ehannel
&nd weighting the ovarall acceptance by the weasursd helieity frac-
tions, the partial width of the f to yy was found %o be

Pt wyy = 2:90 230 (statistical) : 0.38 (systematic) kaV. (%)

This is the oaly nessurvcaent of rf*“mde to date that dees not
taly oo an sssumed helicicy structure of the production cechanism. In
oTder to allow comparisons with other results, a value of
tf,,"-z.? % 0.2 ¢ 0,6 keV has besn computed from the obsarved num-
bt of events under the assvoption that the £ is produced only in the
helicicy 22 state (thin is the assumption usually made by othar expe-
rimenters, e.g.. casult (3) abov.).

V. The £(1270} ot SPEAR

The two measurqmente of rhe radiative width of the £ prasented
hera, 2.7 2 0.2 * 0.6 keV (Cryutai Ball) and 3.6 £ 0,3 & 0.5 kaV
(Maxk II), can be coopared with the value 2.3 £ 0.5 & 0,33 previously
publighed by the PLVTO collaboration'®s?!?. (Thess values all assume
hweldeity + 2.) A variety of theoretical approaches have lad to pre-
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dictions for the abmolute eize of Te o ¥y that 1ie between = & keV and
20 keVl). The experimental values ave consistently a factor of 2 to 7
smaller than these expectations, and place constraints on the models
which, {2 some casas, may be fatal.

The nu of the f produced in yy collisions appeara to be
30-40 !h\’lc below the value :stablished by phase-shift analyses of
hadronic reactions’?’, This shift of ¥ 3% has beon reproduced in the
charged final state by postulating the existence of an interfercuca
with the neasured non—f s’ production. The appazent absence of a
nonef componeat in the =21 final state, however, eliminates this me-
chaniem in the neutral chanuel. The possibility that the obeerved
+*v° Ghift arises from 3 geometrical problem in the Cryatal
Bsll detector is still being pursued'®,

it is, of course, well known that brosd resonances produced in
photoproduction experimente (e.g., yH + p”H) are observed to have
distorted line chapesg). These effects, however, are confined pri-
marily to the diffractive kinemaric region at low momentum transfers,
and have been thought to be due to interference with othar ampli-
tudes!*) or to properties pecullar to the corresponding hadronle dif-
fractive process predicted by WDIS) (e.g., o°N » g°N). If the data
prasentad in this raport are taken at face value, then neither of
thesa idens is sufficient by itself to axplain the process yy—+f+fn.

Q
V. + ¥ N

The x°; signal seen in Fig. 6 has been analyred in the same wan-
ner as the w"s” signal. After making sideband background subtrace
tions, the nmass plot shown in Fig. 9 is obtained. A esignal) of 25 -
events over a background of 5-6 events is seen at the mass of the
4,(1310). There are not enough events to allow determination of the
decay distribution, but with the resonence agsumed to be produced with
helicity & 2 che partial width has baen cozputed to de

l‘Ao vy " 0.77 £ 0.18 (ntaristical) * 0.27 (systematie) keV, {6)
]

The 52(1310) ard the £(1270) are :hou;ht to be nearly degeneratas
I « 0 menbers of an ideally mixed 2 nonaet. Nonat symetry predicts
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mass spsctrim seen by she Crystal 2,2
Ball. Data with [Ip, [|* s 0.03 Geve/e®.

the ratio T, | / I‘Ag .yy 25/9 if quarks are fractionslly charged.
The Crystal Ball measurements give the expsrimentsl result

3.7/.77 »27/8. It should be pointed out that even though o number of
systematlic uncertainties might cancel in the ratia, the statistical

arrors are still large. Ngvertheless, the agroement with the SU(3)
prediction i{s notable.

VE._ yy » rr "

The four pion final state has basn studicd with the Mark 11 using
all data taken with beam center-of-nass energies between 4.8 GoV and
6.5 Gey (= 12 pb-l). The mass spoctrun of all events that coutain
four charged tracks with zero total charge is given in Pig. 10 for two
different cute on the net transverse womsatwm of che particles. Im
addition €2 exclusive signals st the beas centar-of-mass etergies
(approximatcly balf of the dsta were acquired at 7@ » 5.2 GaV), there
18 & clear structure around 1.5 GaV/c2. The detector trigger
threshold wvas = 700 &\'Icz and turned on rather sharply. Only évents
with tovarisnt mavses below 3.0 GeV/c were further considered.

Beckgrounds from beam-gas events were found to be only a few per—
eent and corvections have besn made to 211 deta showm here. Feed-dowm
from higher oultiplicity events produced in either the annihilation
channel or the two-photon channel itself were subtracted by making
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extrapolations in the net transverse womentum varisble. Shown in
Fig. 11 are the pp distributions in each of several mass bins. The
dashed lines arc estimates of the feed-down backgrounds that hava baan
made by fitting these distributions with the knoun shape of ths two-
photon process aod an assuned etraight line shape for the background.
The nusbers of tworphoton svents with total transverse moosntua less
than 100 MeV/c as determined by the fits were taken to be the signal.
The errors on thase mmberz were aleo determined by the fits and,
thus, include a zeasonmable estimate of the systematic uncertainty of
the background subtraction- (This wmcertainty deminates ths arrors
in the final answars given below,)

Before the acceptance of the detector for the process yy = 4n was
determined, the phase space structure that the data exhibit wae
studied. Each event contalns 4 aeutral combinations of wia¥ and 2
charge-two combinations »°a°. If the pions are pair-wisa uncorralated,
thenthemsmulhumoflgasmmmldhwe the sape shape as
that for w'a®, The relative normalization. furthermore, would just ba
a factor of 2, The mass distribution of charge-zevro pairs is shoum ia
Tig. 12(a) a= points with exrors, amd the zane distribucien for
charge-two pairs is given as a histogram. The shapes are quite dif-
ferent; the neutral pairs are pasked near the p mass. If ths pions
are completely correlated as o°p°. then the mass distribution of paivs
formed by a v from a p® and a ¥~ from the other o° 1s approxizately
equivalent to the charge-two distribution. The equivalence hara is
ouly approximate bacause Bose syumectry, applied to the four plen final
state, introduces structure into the like-sign mass spectrum.

Figure 12{b) shouws the result of subtracting the . spectrun from
the °5° spectrub. The histogras: in this figure is the vesvit of o
Monte Carlo celtulation using a mass matrix which i the square of the
sympetrized coherent sum of two relarivistic p-wave Breir=Wigner am=
plitudes. Events were generated separately in each wass bin, renor=-
malized to the number of event: obeerved In esch bin, and finally
added together, The same subtraction of the charge-two distribution
from the neutrsl pair distribution was then done. Scatter plots of
the nass of one pair opposite the remaining pair are shown in Fig. 13
for the mass bins that contain a measurable saignal. Maximum likeli-
hopd fits to thése plots have been done using a combination of the

S i
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Fig. 12. Two-pion mase distributions.
{a) Masges for like-sign and opposite-
sign pairs, and (b) the difference be=
tween opposite-sign and like-sign dis-
tributions. The histogram iu (b} is a
Honte Carlo described in tho text.

p°u°-tru¢1mtmdmphmqnm. The fite are consistent
with the two~photon signal being all yy + 0%°, but cannot rule out a
¥y + 4&v (phans space) component ms large as 15- 202 in any given mans
bin. .

The production and decay angular distributions of the p°'s pro-
vide additional ionformation about the production mechanism(s) occur-
ring in this mass region. The subtraction technique used to produce
Fig. 12(b) gives the efficiency correctad distribution of the ¢° pra-~
duction angle (in the vy c.m.s.) shown in Fig. l4{a). The corres-
ponding distribution of rthe p° decay angle (in the 0° rest frame) is
given in Fig. 14(b). Although the errors are large (and the points
are correlatad to each other), tha p® production appears to be peaked

-18-
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(a) Production and (b) decay distribu-

The decay distribution is quite flat, which would indi-

cate that the ¢°'s are not produced with the helicity of the incident

photons.

The acceptanse of the detector was calculatad with the Monte
Carlo by ueing the p°° macrix alement for the v'x mass weightiug,

and using angular distributione consistant with Fig. 14. 4
wag the calculsted (Bg. (2) integrated over dit ), mnd
After tho background subtrac-

section o

Yy + 47
the results are displayed in Fig. 15.

The eross

tion, no aignal was left in either the highest or in the loweat masa

bins, so one standard devistion limics are given.

Shown also in the

figure are the resuits for yy + p°p° that have beed previouasly re-

ported by the TASSO collaborarionlS);

able agreement.

A current algabra ea1cu1a:m"’ of the process yy + w'x

the two vesults are in reason-

-I+'I'- kas

given a value ~ 2ndb for the cross ssction just sbove the four-pion
A parturbative QCD calculation of the eross section
¥¢ * 0% has recently been complated?) and, although its validity at

thraahold,

lcw magses is uncertain, the resnlt is givon in Fig. 15 as a theoreti-

c¢al reference point. Alternatively, wector doninsnce suggests the

estimate
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for the cross esction, again at large c.m.s. energies. Thue observed
crcas section near the p°p° threshold fs considerably larger than
these valuus. Recently, Layseac and Renard have interpretsd this an-
haneement as gvidence for a 0'* glueball wich mass ~ 1600 thcz 18),
Coldberg and Wellar have argued thst the data are consigtent with a
2 orbital excitaclan of the n{549)!9). Both of these assugptions
are able to £it tha observed mass dependence f the crogs ssction, but
the angular gistribition of the ¢”'s (Fig. 14(a)) would favor a
espin-2 object,
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