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Abstract

Exclusive p°and q~muoproductionon deuterium,carbonand calciumhasbeen studiedin the
kinematic range2 < Q2 <25GeV2 and40 < ii < 180GeV.We discussthe Q2 dependenceof the

crosssections,the transversemomentumdistributions for the vectormesons,the decayangular
distributions and, in the caseof the p°,nucleareffects.The datafor p°productionarecompatible
with a diffractive mechanism.The distinct featuresof q5 productionare a smallercrosssection
and less steepp~distributions thanthosefor the p°mesons.

1. Introduction

In this paperwe presentresultson exclusivep0 and~ productionin DeepInelastic
Scattering (DIS) of muonson deuterium,carbon and calcium. The experimentwas
carriedout at CERN by the New MuonCollaboration (NMC) usinga 200 GeV muon
beam.The data discussedhere were partially coveredin Ref. [1]. The presentpaper
extendsand supersedesthe resultspresentedthere.

The exclusivep0 (or ~) productionreactionis

(1)

in which theonly particleproducedis the p°(or ~) meson.This is sometimesreferred
to as elasticproduction.If the target is a nucleuswhich remainsintact, thereactionis
coherent.In incoherentreactionsnucleonsare ejectedfromthenucleusby the interaction.
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Fig. I. Diagramof the exclusivemuoproductionof vectormesons.

The reactionscanbeviewedasproceedingaccordingto thediagramshownin Fig. 1 and
thuscanbe describedin tennsof thevirtual photoproductionprocessy~’N —* p0 (~) N.

The quantumnumbersof thep0 and~ mesons,J~= I ~, are thesameas thoseof
thephoton.Henceonecandescribethe abovephotoproductionprocessby theexchange
of a colourlessobject carrying the vacuumquantum numbers,commonly referred to
as the pomeron.The pomeron wastraditionally used to describediffractive hadronic
interactions [2]. In real photoproductionand small Q2 electroproductionof vector
mesonsthe characteristicfeaturesof diffractive processesare also observed[3]. The
similarity to hadronicprocesseshas beenaccountedfor in the frameworkof theVector
Meson Dominance(VMD) model, in which it is assumedthat photonsfluctuate into
vectormesonsof thesamequantumnumbers.

At large Q2, it may be moreuseful to describethe photonas fluctuating into quark—
antiquarkpairs than into hadrons.Further, the y*_N interactionmay be describedin
perturbativeQCD in terms of the exchangeof two gluons between the nucleonand
thevirtual q-4 pair. In additionthe q-~pair transverseseparation,andhenceinteraction
probability,decreaseswith increasingQ2. Both hadronic(VMD) andPQCDdescriptions
may be appropriatein the kinematicrangeof this experiment.

The paper is organisedas follows. After a brief review of the experimentaland
theoreticalstatusof the field, we describeourp°sample.We presentcrosssectionsas a
functionof Q2 andv of thevirtual photonandas a functionof thetransversemomentum
of themesonswith respectto the virtual photondirection. The nucleardependenceof
the crosssectionsis presented.The angulardistributionsof the decay particlesand R,
theratio of the longitudinalto transversevirtual photoproductioncrosssections,are also
discussed.The exclusiveq~productionresults are then similarly presented.

Kinematic variablesusedin this paperare listed in Table 1.

1.1. Resultsofpreviousexperimentsand theoreticalmodels

Exclusive virtual photoproductionof p°and4 mesonshasbeenextensively investi-
gated [3—6]at small Q2 (< 2 GeV2) while at larger Q2 only few experimentalresults
are available [6—8].

We briefly summarisethe main characteristicsof the small Q2 data.
— The shapeof the Q2 dependenceof the crosssectionis well describedby VMD: the

crosssection for productionby transverselypolarisedvirtual photons,O~r, falls with
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Table 1
Kinematicvariables.

k Four-momentumof theincidentmuon
Four-momentumof thescatteredmuon

p Four-momentumof thetargetnucleon
v Four-momentumof thevectormesonV (p

0 orq5)
q = k — Four-momentumof thevirtual photon

= Invariantmasssquaredof the virtual photon
p = (p . q)/M,, Energyof the virtual photonin the laboratorysystem,

M~is theprotonmass
x = Q2/(2M~z’) Bjorken scalingvariable
y = (p . q)/(p’ k) Fractionof thelepton energylost in the laboratorysystem

= (p + q)~ Total energysquaredin they — N system
p,2 Transversemomentumsquaredof the vectormeson

with respectto thevirtual photondirection

my = (p2) i Invariantmassof thevectormesonV
M~= (p + q — v)2 Missing masssquaredof theundetectedrecoiling system
I = (M~— M~)/W2 Inelasticity

increasingQ2 as (1 + Q2/m~)2whereasthat due to longitudinalphotons,°L, ~5

proportionalto Q2(1 + Q2/m~Y2.
— The dependenceof the crosssection on the photon energy, 1/, abovethe resonance

region(v> 2 GeV) is weak.
— Thedistribution over t, the squareof thefour-momentumtransferbetweenthevirtual

photonand the vectormeson (t = (q — v)2), is approximatelyexponentialat small

I t~ values (< 1 GeV2). Forthe p°case,at low energies,the slopeof the distribution
is about6—7 GeV2, rising to about 10 GeV2 at HERA energies.The t-distribution
for 4~productionis flatter, with slopesslightly smallerthan 4 GeV2.

— Thefraction of longitudinallypolarisedp°mesonsgrows approximatelylinearly with
Q2 from 0 for real photoproduction(Q2 = 0) to about0.5 at = 2 GeV2.

— s-channelhelicity conservation(SCHC),in which thevectormesonretainsthehelicity
of thephoton,is observedto be approximatelyvalid.

— Thenucleardependenceof thecrosssectionis well describedby theGlaubermultiple
scatteringmodel [9] in conjunctionwith VMD.
At large valuesof Q2, the EMC results [7,8] show a different behaviour,with a

fasterdecreaseof the crosssection with Q2 and a harder t-dependencethan observed
for thesmall Q2 data. The dataalso indicatesubstantialviolationof SCHC.Our results
on the t-dependenceand SCHC do not confirm thesefeatures;an explanationfor the
discrepancybetweenthe t-dependenceswas alreadypresentedin Ref. [1].

Thenucleardependenceof coherentandincoherentp0 and4 productionhas recently
beeninvestigatedby the FermilabexperimentE665 [6]. It was foundin particularthat
the ratio of boundto free nucleoncrosssectionsfor exclusive incoherentvectormeson
productionis less than unity.

Severalmodelsattemptto describediffractivevector mesonproductionin DIS [10—
161. All assumepomeronexchange,with the pomerongenerally treatedas a pair of
gluons.Individual modelsdiffer howeverin theway thesegluonsare described,ranging
from non-perturbativeapproaches[11—13]to perturbativeones [14—16].Models also
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differ in the description of the intermediatequark—antiquarkpair and of the vector
mesonwave function. In spite of thesedifferences,in the kinematicregionQ2 >> m~
and W2 >> Q2 >> —t, all models give qualitatively similar predictions for the cross
sections:
— Q2 dependenceof the type 1/Q6,
— weak dependenceon the virtual photon energy,
— linear growth of R = erL/o-T as a function of Q2,
- approximateSCHC.
In this paper R, oj. and0~Trefer to the exclusivevector mesonproductionprocess(see
Sect.3.2).

2. Experimentandanalysis

The experiment(NMC — NA37) wasperformedat theM2 muonbeamat theCERN
SPS.The datapresentedhere were takenduring 1987 simultaneouslywith the structure
function measurements[17]. The nominal incident muonenergywas 200 GeV. About
equalamountsof the datawerecollectedwith beamsof positiveandnegativemuons.

A complementarytargetarrangementwas used,which was primarily designedto opti-
misemeasurementsof theratios of deepinelasticinclusive crosssectionsfrom different
nuclei. Eachtarget set containedseveralsegmentsof different material (D, C,Ca) si-
multaneouslyexposedto thebeam,onebehindtheotheralong the beamdirection [171.
Eventsfrom different targetswere well resolved.

The forward spectrometer[181 was used to detect scatteredmuons and forward
hadrons.The apparatushad good efficiency for the detectionof chargedhadronsof
momentagreaterthan 4 GeV. The dataon exclusivep0 and 4 productionwere taken
with thestandardtriggerwhich acceptedmuonsat scatteringangleslargerthan 12 mrad.

Thedatawereprocessedon aneventby eventbasis [181.Forthis analysiswe selected
events with only two tracksof hadronsof oppositechargeassociatedwith the vertex
definedby the incident andscatteredmuon tracks.

The spectrometerallowedidentification of muonsandelectrons.For thepresentanal-
ysis it was essentialto remove backgroundfrom electron pairs from bremsstrahlung
photons.For the analysisof the q~meson data the electron rejection was doneusing
the information from a calorimeter [191. The efficiency of the calorimeterto reject a
singleelectronwasabove80%.Forthe analysisof thep°datathe informationfrom the
calorimeterwas not used.Insteada cut was appliedon the invariantmasssquared~
calculatedassumingthe tracksaredue to electrons.The electronrejectionmethodsare
discussedin moredetail in Sects.3.1 and4.1.

A MonteCarlosimulationwasusedto correctthedatafor acceptancelosses,kinematic
smearingand reconstructionefficiencies. The events generatedcontainedexclusivep°
and ~ mesonsproducedcoherentlyand incoherently.All outgoingparticles, including
the scatteredmuons and radiativephotons, were trackedthrough the target and the
apparatus.Secondaryinteractionsof hadronsinsidethe target,photonconversionsand
multiple Coulomb scatteringweretaken into account.
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Table 2
Kinematiccuts appliedto the data.

Q~(GeV~] 2
P-range[0eV] 40—190

Ymax 0.9
Minimum energyof scatteredmuon [GeV] 20
Minimum hadronmomentum[GeVI 4

For eachgeneratedevent,theresponsesof thedetectorswere simulated.Theseevents
were then processedin the same way as real events. The overall acceptancefor a
distribution in a given variable wascalculatedas the ratio of the distribution obtained
afterthe eventprocessingto thedistribution for generatedevents.

There was no attempt to generatea backgroundto the exclusiveprocessesin the
Monte Carlo simulation because,as discussedin Ref. [13], different fragmentation
modelsgive substantiallydifferent results.The amountof backgroundwas estimated
from the data, and for eachdistributionwas either subtractedor its effect includedin
the systematicerrors.

In this experimenttherewas no hadron identification, and so the hadronenergies
and the value of my were calculatedboth using the pion mass and the kaon mass
correspondingto eachof two hypotheses:p0 —÷ or —~ K+K.

3. Exclusivep°production

3.1. The event sample

The selectionof the p0 mesonsampleand the correctionsappliedto the data in the
presentanalysisare similar to thoseused in Ref. [1]. The few improvements,in the
methodof electron suppressionand in the acceptancecalculation,do not significantly
changethe results reportedpreviously.

To avoid large acceptancecorrectionsand large radiativecorrectionsthe kinematic
cutslisted in Table2 were appliedto thedata.To separateeventsoriginatingin different
targetmaterials,cuts on the coordinatesof the interactionvertexwere used.The main
sourceof electron backgroundis due to e+e pairs from the conversionof photons.
This backgroundwassuppressedby a cut

~ >0.02GeV2, (2)

wherem~+e_is the invariantmass for a pair of trackscalculatedassumingthe electron
massfor both particles.The lossof exclusivep°mesonswith this cut is negligible.The
efficiency for removingelectronsfrom the samplewith this cut was checkedusingthe
calorimeterdataandprovedto be high (~99%), resulting in a negligible background.

The exclusivep0 signalis shown in Figs. 2 and 3 for thecombineddatafor thethree
targetnuclei.The distributionsfor the differentnuclei are similar.

In Fig. 2 the acceptancecorrecteddistribution of thetwo-pion invariant mass,m~.,
is given for the eventssatisfying the Table 2, vertex and m~+e_cuts mentionedabove
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Fig. 2. Acceptancecorrecteddistribution of thetwo-pion invariant mass. The data from deuterium,carbon
and calciumtargetswerecombined.The full line representsthe result of a fit assumingthesuperpositionof
a p-waveBreit—Wigneranda non-resonantcontribution.The brokenline showsthenon resonantcontribution
parametrisedas atj(m~,.— 2m~)°’e°

2°”~,whereaij, ai, a~are fittedparametersand m~is thepion mass.

andan inelasticitycut

—0.1<1<0.08. (3)

Fromthe distributionwe excludedthoseeventswhich, for thehypothesisthat the tracks
are due to kaons,gavethe invariant mass mK+K- in the rangeof the ~ mass (1.01 <
mKK_ < 1.03 GeV). It was checkedwith a Monte Carlo calculationthat the overlap
between the exclusivep0 and q5 eventsis negligible (< 0.2%). A superpositionof a
p-waveBreit—Wignerdistributionfor the p0 [20] anda non-resonantcontributionwas
fitted to the data. Satisfactoryfits wereobtainedwhich yielded the p0 massandwidth
consistentwith the known values [211. No skewing factor was necessaryto describe
the resonanceshape,as also reportedpreviouslyfor large Q2 data [7], in contrastto
the small Q2 and small ti data [3]. The full line shows the result of the fit and the
brokenline thenon-resonantcontribution.For thecentralpart of the p0 peak,0.62 GeV
<m,~< 0.92 GeV, the non-resonantbackgroundcontributionis about25%.

In Fig. 3 the inelasticitydistribution uncorrectedfor acceptanceis shownfor the data
samplesatisfyingthe cuts listed in Table2, the vertexcuts, thecut on m~~_anda cut
on the invariantmass

0.62<m~<0.92GeV. (4)

The peak at 1 = 0 is the signal of exclusivep0 production. Non-exclusiveevents,
where in addition to detectedfast hadrons,slow (pj, < 4 GeV) undetectedhadrons
were produced,appearat I > 0. Due to the finite resolution, however,they are not
resolvedfrom theexclusivep°peak.The line showsa parametrisationof the inelasticity
distributionfornon-exclusiveevents.It wasobtainedby fitting thedistributionin thenear
inelasticregion (0.08 < I < 0.20) with the convolutionof a linear dependenceanda
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Fig. 3. Inelasticity distribution of p
0 mesonsuncorrectedfor acceptance.The data from the deuterium,

carbonandcalciumtargetswerecombined.The solid line representstheparametrisationof thenon-exclusive
backgrounddescribedin the text.

Table 3
Numbersof eventsin the samplesof exclusivelyproducedp0 and~j’mesons.

Targetmaterial
D C Ca All

p0 591 266 427 1284
44 14 39 97

gaussiandescribingthe known experimentalresolution;thesefits were thenextrapolated
to the elasticregion. As discussedin Ref. [1] we observeno significant nuclearor
dependenceof theamountof backgroundin the elasticregion.

For the regiondefinedby cut (3) the amountof backgroundis 0.23±0.11. On the
otherhand,in the morerestrictedrange

—0.05<1<0.00 (5)

theamountof backgroundis only 0.04+ 0.04. For thepresentanalysiswe selectedtwo
different samplesby applyingthe two inelasticitycuts.

Thebasicp0 samplewas definedusingthekinematiccuts listedin Table2, thevertex
cuts andcuts (2)—(4). The numberof eventsfor this sample is given in Table3. This
sample is aboutthreetimes as largeas in previousexperimentsin a similar kinematic
range.

For some partsof the analysis(transversemomentumdistributions,incoherentcross
sections) as well as for cross checks, inelasticity cut (3) was replacedby the more
restrictivecut (5). The importanceof this for the transversemomentumanalysiswas
discussedin Ref. [1]. Changingthe inelasticity cut reducesthe numberof eventsby
more than a factorof two.
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The averagevaluesof Q2 and ~ for the two samplesare similar, (Q2) = 6.3 GeV2
and(v) = 112 GeV.

3.2. Virtual photoproductioncross section

We now discussthe crosssections for the processy*N —~ p°Nfor different nuclei
as a function of Q2 and v. They include coherent and incoherentcontributions. A
discussionof the coherentand incoherentparts separatelyis given in Sect. 3.4. To
facilitatethe comparisonbetweendifferent nuclei, the cross sectionspresentedin this
paperare alwaysper nucleon.

The total crosssection for exclusive p°production for virtual photonsin a given
(Q2,i.’) intervalmay beobtainedby normalisingthenumberof eventsN~corresponding
to the reaction

~aN—*,ap0N (6)

to the total numberof scatteredmuonsN,,~,for thesameinterval. Using thecrosssection
of the reaction

(7)

derived from the valuesof thestructurefunctionsof Refs. [17,22], the crosssectionof
reaction (6) is then obtainedby the relation

d2cr(~N—* ~p0N) /d2uCaN—~ ~~rX)— ~ N~, ~ ‘(N ) (8)
dQ2d~ / dQ2d~ — A(pI,L) / /L 77

Here A(pI,a) is the conditionalprobability to observethe p°when the scatteredmuon
is observedin reaction (6), ands~is the radiativecorrectionfactor [23] for reaction
(7). In the determinationof N~,no correction was applied to account for radiative
processes.The factor A accountsfor detectoracceptanceeffects estimatedby Monte
Carlo simulation, lossesdue to secondaryinteractionsin the target of pions from p
decay andbackgroundcorrections.In the latter it was assumedthat the non-exclusive
and the non-resonantbackgroundsare uncorrelated.This assumptionis supportedby
resultsof fits of themassdistributionsobtainedwith differentinelasticitycuts ((3) vs.
(5)).

The crosssectionsfor exclusivep°productionandinclusive virtual photonabsorption
are relatedto the muoncrosssectionsby

2 1 d2u(~.tN—~sp°N)
~Y*N~~P0N(Q ,~) .-i,m2.-i ‘ (9)

1T

2 1 d2r(itN—~sX)O~*N.x(Q ,~)=— 2 (10)
dQdi’

Here,FT is the flux of transversevirtual photons
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Fig. 4. Exclusivep0 virtual photo-productioncrosssectionasa functionof Q2. The dataarefrom thepresent
experiment(full symbols)and from the EMC [7] for the proton (open symbols).The crosssectionsfor
carbonand calciumare scaledby factorsof 0.1 and 0.01 respectively.The lines arethe resultsof empirical
fits to thedatadescribedin thetext.

— a(~— Q2/2M~)
(11)

a is the fine structureconstantande is the virtual photon polarisationgiven by

— 1 — (ii/E,
5) — (Q

2/4E~) 12

C- 1_(p/E~)+~(p/E~)2+(Q2/4~Y

The crosssection (9) is the sum of two terms due to transverseand longitudinal
virtual photons

ffy*N_.poN = UT + �cTL, (13)

or equivalently,

UY*N..PON = tYT(l + eR), (14)

where R = O~L/UTfor the exclusivereaction.
To investigatetheir Q2 dependencethe crosssectionswereaveragedover r’ in each

Q2 bin. We observeno significant dependenceon ~ as is discussedbelow.
In Fig. 4 the Q2 dependenceof the crosssection for exclusivep0 virtual photopro-

duction is shown. Also shown are the EMC data on protons [7]. The cross sections
measuredin this experimentare also given in Table 4 togetherwith the meanvalues

~i) and (e) for each Q2 bin. The errorsshownare statistical;the systematicerrorsare
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Table 4
Total crosssectionso.(y*N .—+ p

0N) asa functionof Q2.For eachQ2 bin theaverage~ ande are indicated.
The errorsare statistical.There is anadditionalnormalisationuncertaintyof about20%.

Q2 [0eV2] (v) [0eV] (C) o~(y*N—. p0N) [nb]

Deuterium

2.5 140 0.50 170 ±31
3.5 116 0.66 60 ±10
4.5 117 0.66 65 + 11
5.5 106 0.72 41 ± 7
6.9 99 0.76 23 + 3
8.8 93 0.78 15 + 2

11.9 87 0.82 5.8 ± 0.9
16.9 87 0.81 2.6 + 0.7
22.5 92 0.80 1.7 + 0.5

Carbon

2.4 146 0.45 165 + 54
3.5 139 0.52 70 ±18
4.6 122 0.62 47 + 13
5.5 116 0.67 29 ± 9
7.0 97 0.77 32 + 7
8.8 94 0.77 14 + 4

11.9 87 0.82 6.4 + 1.3
16.8 92 0.79 5.9 ± 1.4
23.1 85 0.86 1.5 ± 0.5

Calcium

2.5 139 0.52 192 + 41
3.5 124 0.61 76 ±17
4.5 104 0.72 64 ±14
5.5 101 0.74 31 ± 7
6.9 94 0.78 27 ± 5
8.9 90 0.80 12 ± 3

11.9 87 0.82 6.0 + 1.2
16.9 100 0.76 4.8 ± 1.3
25.9 96 0.79 2.1 ± 0.8

about20% (25%for thedataof Ref. [7]). The dominantcontributionto the systematic
error comesfrom uncertaintiesin the backgroundestimatesand is common to all data
points.This error is thus largely independentof Q2, r’ andA.

The measuredtotal cross sectionsfor carbon and calcium are close to those for
deuterium.Fig. 4 indicatesfair agreementbetweentheproton [7] anddeuterondata. It
shouldbe notedthat thecrosssectionsdependboth on R, which may be Q2 dependent,
and e which was lower in this experiment(see Table4) than in Ref. [7], where (e)
was 0.84. At Q2 = 6 GeV2, using R = 2.0 as obtainedin Sect. 3.5, this accountsfor
abouta quarterof thedifference.
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Fig. 5. The exclusivep0 virtual photoproductioncrosssectionas a function of atomic mass,A, evaluatedat
= Qg. The full points were obtainedusingall data; the opensymbolsare for the dataat small andlarge

Q2. The full line showsa parametrisationx Aö, fitted to all data. The dashedlines havethe sameslopeand
werescaledto the dataat the otherQ~values.

Table 5
Total crosssections(coherent+ incoherent)per nucleon for the y*N —. p°Nreactionat Q2 = Q~.The
errorsarestatistical. Thereis anadditionalnormalisationuncertaintyof about20%.

range[GeV2] Q~[ 0eV2] D C Ca

2—25 6.0 26.2±1.6 nb 27.4±2.5 nb 29.2±2.2nb

2—6 3.9 64.1 + 5.8 nb 58.6±8.3 nb 69.1 ±7.6 nb
6—25 9.6 10.7±0.9nb 12.9±1.5 nb 11.6+ 1.2 nb

To comparethe Q2 dependencefor thedifferentnuclei,we haveparametrisedthedata
accordingto

/Q2\ /3

cr(Q2) Uo (\~) (15)

wherecr
0 and /3 are fitted parametersandQ~is set equalto the averageQ

2 of a given
data sample.The fits yield values for /3 of 2.05+0.09for deuterium, 1.96+0.13for
carbon and2.04+0.13for calcium. Thesefits are shown in Fig. 4. The results of the
fits are compatibleanda combinedfit to all data yields /3 = 2.02±0.07.

The valuesof ‘mo, the crosssection at = Q~,determinedfor various Q~and ranges
of Q2, are given in Table 5 and Fig. 5. The dependenceof the crosssection on the
atomic numberA can be parametrisedas cx A8, with 5 = 0.035±0.032.The result is
compatiblewith no A dependence.

The v dependenceof thecrosssection00 is given in Fig. 6 at = 6 GeV2. Thereis
no significant variationbetween~ = 70 and 140 GeV. Fig. 6 also showsthetransverse
crosssectionderivedusingEq. (14), taking R = 2.0 ±0.3 (Sect.3.5). It was assumed
that R doesnot vary with v.
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Fig. 6. The 71 dependenceof theexclusive p

0 virtual photoproductioncrosssectionsfor different targets at
= 6 0eV2. Full symbolscorrespondto the measuredtotal crosssections,the opensymbolsto the cross

sectionsfor the transverselypolarisedphotons.

In order to search further for possiblenuclear effects we studiedthe ratio of the
averagecrosssectionsfor carbon andcalciumto that for deuterium.In Fig. 7 this ratio
is shown as a function of Q2, l,~= 2~/(Q2+ m~)andx = Q2/(2M~~).The variable
I~canbe viewed as the length of thevirtual p°fluctuationof the virtual photon in the
laboratorysystem[3]. The ratios are everywhereconsistentwith unity.

In conclusion,we observethat the crosssectionsare approximatelyproportional to
1/Q4 in the range2 < Q2 <25 GeV2. The data showno significant v dependence.The
crosssectionsdo notappearto dependon the atomic numberA.

3.3. The transversemomentumdistributions

In this section we presentthe differential crosssectionsdo-/dp~andgive parametri-
sationsof them to facilitatecomparisonswith otherexperimentsandwith models.The
results on transversemomentumdistributionswere partly coveredin previouspublica-
tions [1,24]. The effect of the non-exclusivebackgroundon the transversemomentum
distributionsand the waysto reduceit werediscussedin Ref. [1].

In Fig. 8 the differential crosssectionsfor the differentnuclei are shown. They were
obtainedfrom the data in the range 2 < Q2 < 25 GeV2 and were normalisedto the
virtual photoproductiontotal crosssectionsat = 6 GeV2. Thep,2 distributionsgiven
herewereobtainedwith the restrictiveinelasticitycut (5) * We observeclearcoherent
peaksat small p,~values(<0.05 GeV2) and less steepdistributionsfor the incoherent
events.

We presentthept-slopesfor the incoherenteventsin Table6. The function

(16)
dp~

* The distributionsshownin Fig. 3 of Ref. [1] weregivenfor a differentinelasticity cut.
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Fig. 8. Thep,2 distributionsfor differentnuclei.The crosssectionswereobtainedwith therestrictiveinelasticity
cut (5) to reducetheeffect of the non-exclusivebackground.

Table 6
The fittedpt-slopesin [0eV 2l for incoherentevents.The fits weremadein therange0.2 <p,2 < 1.00eV2
for the interval 2 < < 25 0eV2. The errorsare statistical.Thereis an additional systematicerrorof 0.7
GeV2.

D 7.1±0.9
C 4.5+1.5
Ca 5.4±1.2

All 6.3 + 0.6
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was fitted to the p~distributionsin the range 0.2 < p~< 1.0 GeV2. The lower cut
was introducedto eliminatecoherentevents.Thefitted slopesare given for thedifferent
nuclear targetsseparatelyand for the combineddata.The quotederrors are statistical;
the systematicerroris 0.7 GeV2 [1].

The averagept-slope for incoherentevents for the combineddata in the full Q2
interval is bin = 6.3±0.6±0.7 GeV2. In themorerestrictedQ2 interval 6—25 GeV2,
~ is 4.6+0.8GeV2,consistentwith ourearlierwork (4.3±0.6GeV2) [I]. The slope
for thefull Q2 rangecorrespondsto a meanp,2 valueof (p~)= 0.16±0.015+0.018GeV2
for theexclusiveproductionof p0 mesonson a singlenucleon.This value is substantially
smallerthan the meanp~values (0.6—0.7 GeV2) for leadinghadrons(z> 0.5, where
z is the fraction of the photon energy carried by the hadron) producedin inclusive
deepinelasticscatteringin comparableQ2 and W2 ranges [25]. This indicatesthat the
mechanismof exclusivep0 production is different from that for hadronproduction in
inclusive hardscatteringprocesses.

We do not presentthe p~-s1opesof the coherentpeaksbecausedue to kinematic
smearingthey are poorly determined.However, the coherentcrosssectionsintegrated
overp~are much less sensitiveto smearing.We parametrisedthe full p~distributions
in the following way:

do- t’ 2 2~
+ (1—c) b

10 e~~’ . (17)
dp~

The values of the slopes for incoherentevents,~ were fixed to be those of Table
6. The slopesfor coherentevents were taken to be b~oh= (r

2)/3, where (r2) is the
mean squareradius of the chargedistribution of a nucleus. The values of bCoh used
for deuterium,carbonandcalciumwere38.0, 52.2 and103.7GeV2, respectively.The
total crosssection0~totis that given in Table5 for the full Q2 range.The parameter
c, which quantifiesthe pt-integratedrelativecontributionsof the two exponentials,was
found from the fit. The valuesdeterminedfor c do not dependsignificantly on those
assumedfor bcoh.

The valuesof c determinedfor thedeuterium,carbon andcalciumtargets are 0.23±
0.10, 0.70±0.09 and0.71±0.06, respectively.No significant Q2 dependenceof c was
found. Our results do not agreewith thoseof Ref. [8], which howeverwere affected
by non-exclusivebackground[1].

3.4. Nucleardependenceof theincoherentand coherentcrosssections

In Sect.3.2we haveshown that thereis no A dependenceof thetotal crosssections.
In this sectionwe investigatethe nucleardependenceof the incoherentcrosssections
presentedin terms of the nucleartransparencyfor carbon and calcium, as well as the
ratios of the integratedcoherentcrosssectionsfor thesenuclei. The data are compared
with theresults of the experimentE665 [6].

Nuclear transparencyis definedby

T= do~1~~~s/, (18)
dp~ / dp,
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Fig. 9. The Q2 dependenceof thenucleartransparencyT for incoherentexclusivep0 virtual photoproduction.
The data are from the presentexperiment(full symbols) and the preliminary data from E665 [6] (open
symbols).
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Fig. 10. The Q2 dependenceof the ratio (Tcoh/Ucoh for coherentp°virtual photoproduction.The dataare from
thepresentexperiment(full symbols) andthepreliminarydatafrom E665 [6] (open symbols).

wherecr~~is the incoherentcrosssectionevaluatedin the rangewherecoherenteffects
are negligible.The nucleartransparencieswereobtainedby fitting formula (16) to the
data in the range 0.1 < p,2 < 1.0 GeV2 with a common slope ~ for all nuclei, and
dividing thenormalisationcoefficients,a, for carbonor calciumby that for deuterium.
Theresultingtransparenciesare T = 0.51+0.13 and0.44±0.08for carbonandcalcium,
respectively,with an estimatedsystematicerror of 0.10. The nuclear transparencies
obtainedfor two Q2 rangesareshownin Fig. 9, in which thepreliminaryresultsof the
experimentE665 [6] are also displayed.The presentresults confirm the nuclearmass
dependenceof the incoherentcrosssection seenin experimentE665.

Thetotalexclusivecrosssections(Table 5) togetherwith the valuesof theparameter
c describing the p,2 distributions (see previoussection) were used to calculate the

pt-integratedcoherentcrosssections.They were correctedfor the effects of the finite
minimum four-momentumtransfer t,,~ and for the suppressionof incoherentcross
sectionsat smallp~[9]. The correctionfor finite minimum four-momentumtransferis
equalto 1.02—1.04 for carbon and 1.17—1.40for calcium dependingon Q2 andv. The
correctionfor suppressionof the incoherenteventsat small p,~is equal 1.09 for carbon
and 1.03 for calcium. In Fig. 10 we show the ratio ~ for the presentdatafor
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two Q2 rangestogetherwith thepreliminaryresults of theE665 experiment.

3.5. Rho decay angular distributions

In this section,from the analysisof the p0 decay polar angledistributions,we deter-
mine the fractionsof p°mesonsproducedwith longitudinal polarisation(helicity 0).
Further,we presentazimuthalangulardistributionswhich indicatetheconsistencyof the
datawith the hypothesisof s-channelhelicity conservation(SCHC).AssumingSCHC
andusingthe measuredfractionsof longitudinallypolarisedp0 mesons,we determine
theratio R of crosssectionsfor exclusivep°productionby longitudinal andtransverse
virtual photons.

The p decay acts as an analyzerof its spin states.Hence the analysisof the decay
distributionsallows us to studyspin-dependentpropertiesof theproductionprocess.The
relevantformalism hasbeendevelopedin Ref. [26].

Usually the p°decay angulardistribution W(cos0, q5, ~) is studiedin the s-channel
helicity frame, which is the most convenientfor describingthe p decay after photo-
andelectroproduction[3,27,28]. The p0 direction in the virtual photon-nucleoncentre
of masssystemis taken as thequantisationaxis. The angle0 is the polar angle and q5
the azimuthalangle of the ir+ in the p°centreof mass system.The angle4 is then
thatbetweenthe decayplaneand the p0 productionplane (the y~_pplane).The angle
~ is thatof the p0 productionplane with respectto the lepton scatteringplane. SCHC
hypothesisesthat the helicity of the virtual photonis retainedby the p, in which case
theangulardistributionreducesto W(cos0,~t) [26,28], wherecli = — c/i is the angle
of thep decayplanewith respectto the lepton scatteringplane.

For unpolarisedelectroproductionmost of the densitymatrix elementswere experi-
mentallydeterminedfrom theanalysisof themomentsof thedistributionW(cos0, 4, c/i)
[28]. In the presentexperiment,due to the limited statisticsand complicateddepen-
denceof the acceptanceon the angularvariables,it was not feasible to perform a full
multidimensionalanalysisof the angulardistributions.We thereforelimited the analysis
to the singlevariable distributionsin cos0, ~ and~li.

3.5.1. The cos9distribution
After integratingW(cos0, ~/,c/i) over 1 andc/i thedistribution is

W(cos0)=~{l_r~+(3r8~_1)cos20} (19)

and dependsonly on the densitymatrix elementr~, which can be identified as the
probability that the p0 was longitudinallypolarised(i.e. helicity 0).

In Fig. lithe cos9 distributions,correctedfor acceptanceandnonnalisedto unity, are
shown. For all data setsa clear cos29 dependenceis observedindicating a substantial
fraction of longitudinally polarisedp0 mesons.The curves representfits of the function
W(cosO) to the data.

The fitted values of r~ from this analysisare correctedfor the contribution from
the non-exclusivebackground.In the nearinelasticregion (0.08 < I < 0.2) the cos9
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Fig. 12. The fractionof p0 mesonswith helicity 0 (r~)as a functionof Q2. The dataare from the present
experimentfor D, C and Ca (full symbols) andfrom theEMC 17] for theproton (opensymbols).

distributionsfor p0 decay are flat. We assumethesamedistribution for the background
underthe exclusivepeak. The resultsfor r0~are shown in Fig. 12 as a functionof Q2
for all the nuclei.No significant A dependenceis observed.The averager~ for all Q2
andall nuclei is 0.58±0.04.

Also shown in Fig. 12 are the EMC data for the proton [7], which are in fair
agreementwith thepresentresults.A direct comparisonis howeverdifficult as r0~may

dependon the polarisatione, for instanceif s-channelhelicity is conserved.
The coherentprocesson nuclei can be regardedas a “filter” for spin amplitudes,

as in this case the spin-flip amplitudesare suppressedto a large extent.Then, if for
exclusivep0 productionlongitudinal virtual photonsdo not contribute,as suggestedby
Ref. [7], the valuesof r0~might be smaller for coherentthan for incoherentevents.
To investigatethis possibility samplesof coherentand incoherenteventswereselected.
The sampleenrichedin coherenteventswas obtainedby applying anadditionalselection
p~<0.05GeV2. Theresidualincoherentadmixturein thecoherentsampleis about10%.
Likewise the incoherentsamplewasobtainedby applying a selectionp~> 0.2 GeV2
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Fig. 13. The azimuthalangle i~i distributions for pions from p
0 decay.The distributions are normalisedto

unity and are given separatelyfor the data obtainedwith positive andnegativeincident muons.The dashed
lines correspondto theuniform distributions expectedif s-channelhelicity conservationholds.

and replacing the standardinelasticity cut (3) by the restrictive inelasticity cut (5).
The p~cut removespractically all coherenteventsandthe inelasticitycut substantially
reducesthe non-exclusivebackground(cf. Sect.3.3).

The valuesof r3~for thecoherentandincoherentsamplesfor all nuclei combinedare
0.63±0.07 and0.64±0.13 respectively.Thereis no indication of a differencefor the
two samples,which is consistentwith the SCHC hypothesisfor incoherentproduction.

3.5.2. The 4, distribution
After integratingW(cos9,q5, ~) over 0 and c/i the distributionis

W(q5) = ~_ {i — 2r~
1cos2q~+ Ps/i — e

22Imr~
1sin2~}~ (20)

wherer?
4

1 and r~_1are the p°densitymatrix elements,e is the virtual photonpolari-
sationand P polarisationof the muonbeam.About equalamountsof data were taken
with ~ and~a beams.ThesehaveoppositepolarisationsP = +0.82 [29] so that two
separatemeasurements of W(q5) wereobtained.

The anglecli is subjectto large kinematicsmearingfor eventswith small transverse

momentumandso the q~distributionswere analysedafter removing events with p~<
0.05 GeV

2. For the remainingeventsthe smearing is 150 mrad.
The 0 distributionscorrectedfor acceptanceandcombinedfor all nuclei are shown

in Fig. 13 for both beamsettings;they are normalisedto unity. The dashedlines show
the uniform distribution expectedif s-channelhelicity is conserved;in this case both
r?~.iandr~

1arepredictedto be zero.
Simultaneousfits of Eq. (20) to bothdistributions yieldedr?~i= —0.03±0.04 and

Imr~1= 0.02±0.07, consistentwith SCHC predictions.

3.5.3. The c
1’ distribution

As we mentioned,W(cos0,çb,c/i) takesa simpler form W(cos9,çl’ = 0 — c/i), if
s-channelhelicity is conserved.In this case,after integratingover cos0, the distribution
becomes
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Fig. 14. The azimuthalangleifr distributions for thepionsfrom thep

0 decay.The distributionsarenormalised
to unity. The curvesrepresentthe fitted decayangulardistributionsobtainedassumingSCHC.

W(~li)=1 {1+2erLicos2cl’}. (21)
2ir

If, in additionto SCHC,thereis naturalparity exchangein the t channel,observedto
be a good approximationat small Q2 [3], rj

1 is related [26,28] to r
0~by

r~_~= ~(1 — r~). (22)

The kinematicsmearingof the angleci’ was acceptablysmallfor all p~,about80 mrad.
The ci’ distributionscorrectedfor acceptanceandnormalisedto unity are shown in

Fig. 14. The curvesshowthe resultsof thefits of W(~i)to the datawith rI_
1 as a free

parameter.The quality of the fits is acceptable.ThelargestX
2/NDF is 17/9, but if one

assumesa uniform distribution,this becomesX2/NDF = 24/10 which is significantly
poorer. No significant A or Q2 dependencewas observedfor r1

1 whosevalue was
0.16±0.06for the combineddata.This valueincludescorrectionsfor thenon-exclusive
background,which was assumedto havea uniform W(çls’) distribution as suggestedby
the datain the nearinelasticregion. If we useEq. (22) with the r~measuredin the
presentexperiment,we obtain r~ = 0.21+ 0.02 in agreementwith the fitted value.

3.5.4. Determinationof R
The resultson the0 and ci’ distributions,as well as the similarity of r~for coherent

andincoherenteventssupportthehypothesisof SCHC.
AssumingSCHC andusingthe measuredr

0~onecanestimatethe ratio R ( = UL/UT

for exclusivevirtual photoproduction)with the expression[28]

1 04
R=— r~ (23)

C 1 — rtu

From our combineddatawe obtain R = 2.0±0.3 at (Q2) = 6 GeV2.
This result may be comparedto that of Ref. [7], R = —0.38±0.l3~t~?~evaluatedat

Q2 = 2 GeV2 using,however,a different method.The two results are consistentwith
the increaseof R with Q2 predictedby many models [10—16].
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Fig. 15. Acceptancecorrecteddistributionof thetwo-kaoninvariant mass.Thedata from deuterium,carbon

andcalciumtargetswerecombined.The full line representstheresult of a fit assuminga superpositionof a
gaussianand a non-resonantcontribution.The brokenline showsthe non resonantcontribution parametrised
asac,(mKK — 2mK)I~1e~2mKK,whereao, a

1, a~are fitted parametersand mK is the chargedkaon mass.

4. Exclusive ~ production

4.1. The eventsample

The procedureof selectingthe sampleof exclusive0 mesonswas similar to that for
exclusivep

0 mesons.Most of the cuts andselectionswere the samefor bothsamples.
Different cuts wereappliedon the invariant massof the final statemesonpair and the
only otherdifferencewas in the methodof suppressingelectron background.

Cut (2) on m~+e_,which was applied to the p0 sample,could not be usedhere
becauseof the overlapbetween0 eventsandphoton conversionsin the invariant mass
spectra.Instead,to suppresselectron backgroundwe usedthe measurementsof energy
depositedin the electromagneticand hadronicparts of the calorimeter [19]. For each
showerin thecalorimeter,theratio EMAGF (ElectroMAGneticFraction) of the energy
depositedin the electromagneticpart to the total depositedenergy,was calculated.The
responseof the calorimeterto electronsandhadronswas studiedwith both a sampleof
eventswith a singlerealphoton(convertinginto e+e), and with a sampleof exclusive
p0 or 0 events.For theshowersinitiatedby electronsthe EMAGF distributionpeaksat
valuescloseto unity, whereasfor hadronsthedistribution favourssmallervalues. Thus,
in order to suppressthe electron background,the eventswere rejectedif at leastone
trackinitiated a showerin the calorimeterwith

EMAGF>0.8. (24)

Thisprocedureleavesa residualelectronbackgroundof about2% of thedataandresults
in a 3% uncertaintyin the 0 crosssection.

The exclusive0 signal is shown in Figs. 15 and 16 for the combineddata for the
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Fig. 16. Inelasticitydistributionof ~ mesonsuncorrectedfor acceptance.Thedatafrom deuterium,carbonand
calciumtargetswerecombined.The solid line representstheparametrisationof thenon-exclusivebackground
describedin thetext.

threenuclei. In Fig. 15 the acceptancecorrecteddistribution of the two kaon invariant
mass mKK is shown. The massspectrumis not correctedfor kinematic smearing.The
data satisfy inelasticity cut (3) and the remainingselectionsof the 0 sample except

for the invariantmasscut. From the distribution we excludedthoseevents which, for
the hypothesisthat the tracksare pions, gavethe invariantmass m~+~-in the central
region of the p mass (0.695 < mIT.+IT.- < 0.845 GeV). The full line is the result
of a fit to the data of a superpositionof a gaussiananda non-resonantcontribution.
Satisfactoryfits were obtainedwhich yielded the 0 mass Mç~.= 1.0207±0.0009GeV
and o- = 0.0053±0.0008GeV. For the invariant massrange

1.005< mKK < 1.035GeV (25)

thefraction of non-resonanteventsis (28 ±6) %. This backgroundis reducedto (19±
6)% if inelasticitycut (5) is used.

In Fig. 16 the inelasticitydistributionuncorrectedfor acceptanceis shown. The data
satisfy the invariant masscut (25) and the remainingselectionsof the exclusive 0
sampleexceptfor the inelasticitycut. The signalof exclusive0 productionis seenwith
non-exclusiveeventspartially overlappingas for the p0 case,cf. Fig. 3. The line is a
parametrisationof the inelasticity distributionfor non-exclusiveevents.It wasobtained
as for the p°sample(see Sect. 3.1). For theregiondefinedby the inelasticitycut (3)
the non-exclusivebackgroundcontributionis (22+ 11)%. With therestrictiveinelasticity
cut (5) it is reducedand equals(3 + 4)%. Thesevaluesare aboutthe sameas those
for thep0 sample.

Wedefinedour 0 sampleusingthe kinematiccuts listed in Table2, the vertexcuts,
thecut on EMAGF, the invariantmasscut (25) andthe inelasticitycut. Onceagain,for
mostof the analysiswe usedcut (3), exceptfor thetransversemomentumdistributions,
when cut (5) was used (cf. Sect. 3.3). The numbersof exclusive0 eventsobtained
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Fig. 17. The Q2 dependenceof exclusivevectormesonvirtual photoproductioncrosssections.The dataare
for q~(full symbols) and for p0 (open symbols) both from the presentexperiment.The crosssectionsare
averagedover thethreenuclei.

with cut (3) are given in Table3.
The averagevaluesof Q2 and i’ for the0 sample are (Q2) = 6.4GeV2 and (z’) = 108

GeV. They are closeto thecorrespondingvalues for thep°sample.

4.2. Virtual photoproductioncross sectionas a functionof Q2

To extract thecrosssectionsthe samemethodas for the p°samplewas used(Sect.
3.2). The crosssection o-y.N.ØN(Q2) was calculatedaccordingto a formulaanalogous
to Eq. (9). The cross sectionswere correctedfor detectoracceptance,lossesdue to
the secondaryinteractionsof decay kaons in the target,non-exclusiveandnon-resonant
backgrounds,efficiency of suppressingelectron backgroundand for thebranchingratio

of 0 —i K+K. In thecorrectionsa possiblecorrelationbetweenthe non-exclusiveand
non-resonantbackgroundswastakeninto account.Within the somewhatlargeerrorswe
do not seeany A dependenceandonly the combinedcrosssectionsfor all nuclei are
presented.

In Fig. 17 the Q2 dependenceof thecrosssection for exclusive0 virtual photopro-
duction is shown togetherwith the crosssection for exclusivep0 productionaveraged
over the threenuclei. The errors shown are statistical.Not shown are the systematic,
mostly normalisation,errorswhich are about20%.Thecrosssection for 0 productionis
aboutoneorder of magnitudesmallerthan that for p°production,but hasa similar Q2
dependence.The crosssectionscan be parametrisedas cx (1 /Q2)~,with the parameter
/3 equalto 2.27+ 0.39 for 0 and 2.02±0.07 for p°.
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Fig. 18. The ratio of the ç~andp0 mesonproductioncrosssections,o~/o~,asa functionof Q2. The dataare
from the presentexperimentfor the deuterium,carbonand calciumcombined(full symbols) and from the
EMC for ammonia[81 (open symbols).

The ratio of the0 andp°mesonproductioncrosssectionsis shownas a function of
Q2 in Fig. 18 togetherwith the resultof a previousexperiment[8]. The errorsshown
are statistical.Thesystematicerroron this ratio is about10%.Onemay expecttheratio
0 /o,, to be related to the ratio of the squaresof the chargesof the valencequarks
[3,8,16], which in this caseis 2/9. The presentresults give a ratio which is abouta
factor two lower than this. It is interestingto note that theratio of photoproductioncross
sections (Q2 = 0) is also abouta factor two below the expectationof a quark-VMD
model [3].

4.3. Transversemomentumdistributions

The results presentedin this section were obtainedwith the restrictive inelasticity
cut (5), which reducesthe non-exclusivebackgroundto about 3% at theexpenseof
reducingthe numberof eventsby a factor of abouttwo.

In Fig. 19 theacceptancecorrectedp,~distributionsof exclusive0 mesonsare shown
separatelyfor the deuteronand for the combineddata from the threenuclei. The dis-
tributions wereobtainedfor 2 < < 25 GeV2. The curves representthe fits to the
exclusivep0 data normalisedto the 0 data in the range 0.2 < p,2 < 1.0 GeV2. The
comparisonillustratesthat incoherent0 productionhas less steepp,2 distributions than
incoherentp°production.The pt-slopesfor the 0 datawere found by fitting a single-
exponentialdependencein therangep,2 > 0.2 GeV2. The fitted valuesof the slopesare
3.4 + 1.0 GeV2 for the deuteronand3.7±0.9 GeV2 for the combineddatafor the
threenuclei. Thesevaluesare smallerthan the correspondingonesfor p0 production:
7.1 ±0.9 GeV2 for the deuteronand6.3 + 0.6 GeV2 for the combineddata (Table
6).
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Fig. 19. The p,2 distributions for exclusive~ productionfor deuteronand the three nuclei combined.The
distributions were obtainedwith a restrictive inelasticity cut (5) to reduce the effect of the non-exclusive
background.The normalisationof eachdistributionis arbitrary.The line in eachfigure showsthep,2 slopefor
incoherentexclusivep0 productionfrom a fit to our combineddata (seeSect.3.3).
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Fig. 20. The Q2 dependenceof the density matrix element r~ for i~/i (full symbols) and for p° (open
symbols).The datawerecombinedfor deuterium,carbonandcalcium.

4.4. Decay angulardistributions

We only discussthe cos0 distributionsof the kaons from the decay 0 —~ K~K.
They display predominantlya cos29 behaviour.Fitting Eq. (19) to the distributions
for the combined data from all threenuclei yields the values of the matrix element
r~shown in Fig. 20. The 0 datawere correctedfor the non-exclusivebackgroundas
describedfor the p°casein Sect. 3.4. For comparisonthe valuesfor thecombinedp0
data are also shown in the figure. Over the whole Q2 rangethe averager0~for the 0
datais 0.84±0.18 (for p0 it is 0.58±0.04).Thoughthe errorson r~for 0 are large,
thereis an indication of a dominantcontributionof longitudinallypolarised0.
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5. Conclusions

We havestudiedexclusivep°muoproduction(iaN —÷ ~p°N) andexclusive0 muo-
production (1aN —~ ~a0N) at large Q

2 (2—25 GeV2) and in the s.’ interval 40—180
GeV. The datawere takenwith deuterium,carbon andcalcium targets.The data from
differentnuclei havesimilarcrosssectionsand distributionsas a functionof mostof the
kinematicalvariablesexceptp~.

The measuredtotal crosssectionsfor the processy~N —+ p°Nas a function of Q2
can be parameterisedby a function cx i/(Q2)~,with /3 closeto 2. We do not observe
any significant v dependence.The total crosssectionper nucleoncan be parametrised
as a function of A by U(A) = O~OAo,with ô = 0.035±0.032.

Thep,~distributionsof exclusivep0 productionexhibita significantcontributionfrom
coherenteventsin additionto incoherentones.For the range0.2 <p,2 < 1.0 GeV2, we
found that thept-slopesfor incoherentdistributionsare about6 GeV2. We observeno
significant Q2 dependenceeitherof theseslopesor of theratio of coherentto incoherent
total yields. The slopesare closeto thosefor p°photoproductionandelectroproduction
at small Q2 measuredin previousexperiments.Nuclear transparenciesfor carbon and
calcium are significantly below unity.

From the analysisof the decay angulardistributionswe found that the fraction of
longitudinally polarisedp0 mesons(helicity 0) is large. The decay azimuthalangular
distributionsand the similarity of the fractionsof longitudinally polarisedp0 for the
coherentand incoherenteventsare in agreementwith s-channelhelicity conservation
(SCHC).AssumingSCHC andusingthemeasuredpolar angulardistributionswe have
estimatedR, theratio of thecrosssectionto producea p0 by longitudinalvirtual photons
to that for transverseones.The valueof R is found to be 2.0±0.3 at = 6 GeV2.

Most of the results of presentpaper are in fair agreementwith those from the ex-
perimentsof Refs. [6-8]. However, significant differencesto the resultsof Refs. [7,8]
were found for the slopesof the incoherentp,~distributionsas alreadyreportedin Ref.
[1] andalso for the fractionsof coherentevents.

The largeslopesof thep,~distributionsfor the incoherentcrosssections,the approxi-
mateSCHC andthe weak v dependenceobservedin this experimentare characteristics
of diffractive processes.

Exclusive0 productionwas also studied,usingthe decay channel0 —~ K+K. The
productioncrosssection is aboutan order of magnitudesmallerthanfor thep0, but its
Q2 dependenceis similar. The p~distributionsare less steepthan thosefor the p0. A
largefraction of 0 mesonsis polarisedlongitudinally.
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