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The exclusive diffractive productionof light vectormesongp®,¢) at the HERMES experiment
with 27.5GeV beamenegy andin the kinematicregion 1 GeV? < Q% < 5 GeV? and3.0 GeV
<W < 6.3 GeV is described.The longitudinal component®f the crosssectionsare shavn in
comparisorwith theoreticalcalculationshasedon the GeneralizedPartonDistributions. In addi-
tion, spindensitymatrix elementySDMEs)have beendeterminedrom exclusive diffractive p°
production.BeampolarizationdependenandindependenSDMEshave beenextractedfrom the
dataon hydrogenanddeuteriunmtargetsaccumulatedh theyears1996- 2000.A smallbut statis-
tically significantviolation of s-channehelicity conserationis obsened. Kinematicdependence
of beampolarizationindependenSDMEsont’ is presenteéindcomparedvith availabletheoret-
ical calculations An indicationis seenof a contribution of unnatural-parity-echargeamplitudes
to exclusive p° production.

DIFFRACTION 2006 - International Workshop on Diffraction in High-Energy Physics
September 5-10 2006
Adamantas, Milosisland, Greece

*Spealker.

(© Copyrightownedby theauthor(s)underthetermsof the Creative CommonsAttribution-NonCommercial-ShareAlikeicence. http://pos.sissa.it/



Exclusive Vector Mesons at HERMES A.Borisso/

1. Introduction

New andpublishedHERMESdataon diffractive vectormesonproductionarepresentedand
are comparedo available theoreticalcalculationsbasedon the GeneralizedParton Distributions
(GPDs)[1] which describedynamicalcorrelationsbetweenpartonswith differentmomenta.Ex-
perimentally GPDscan be investigatedn hard-eclusive productionof mesonsor non-resonant
pion pairs by longitudinally polarizedvirtual photons. The HERMES longitudinal crosssection
(op) dataon p° [2] and ¢ mesonproductionhave beencomparedo the GPD basedcalculations
of [3] to estimatethe contrikutions of the two major productionmechanismsnvolved: quark-
exchangeandgluon-exchange.

The spin transferfrom the virtual photonto the vectormesonis commonlydescribed4] in
termsof spin densitymatrix elementSDMESs). SDMEsare usuallydescribedn the centerof-
masssystenof thevirtual photonandtargetnucleorby thehelicity amplitudesT), x; a1, Wheredy
(Ay) is thehelicity of thevectormeson(virtual photon)andAy, A{; denotethe helicitiesof incident
andoutgoingnucleonrespectiely. Thefull expressiorfor the decayangulardistribution is given
in Ref.[4] in termsof SDMEsri"j’, whicharerelatedto theinitial spindensitymatrixelementspﬁw
of thevectormeson:pr/\V, = ﬁ )Yy TAVMZQWTA’ZM. HereN, denotesa normalizationfactor
andZﬁ’yl\, (a =0,1,..,8) arenine Hermitianmatricesdefinedin Ref.[4]. Theindex valuesa =
0,1,2,3 representransersephotons: unpolarized the two directionsof linear polarization,and
circularpolarization.Purelongitudinalphotonscorrespondo a = 4, andtheremainingvaluesa =
5,6, 7,8 areattributableto theinterferencef longitudinalandtransersephotons.Summatiorover
final nucleonhelicitiesandaveragingover initial protonhelicitiesis implied. As the contrilutions
of longitudinalandtranswersephotonsarenot distinguishablet fixedbeamenegy, the alternatve
matrices(hence-fonard referredto as SDMEs)areused[4]: r% = (p°+ eRp*)/(1+€R), 1% =
p%/(L+¢R) for a = 1,2,3, andr® = \/Rp?/(1+ €R) for a = 5,6,7,8, wheree is the virtual
photonpolarizationparameteandR = o0/ ot is thelongitudinal-to-tanserse crosssectionratio.

If s-channelhelicity conseration (SCHC)is assumedthe helicity of the vector mesonis
the sameas of the virtual photon. The validity of SCHC wastested,and as shavn below, the
obsenation of several non-zeroSDMEs for p° productionindicatescontritutions from SCHC-
violating helicity-flip amplitudes.In addition,the relatve contritution of natural-and unnatural-
parity exchangewasestimatedrom the combinationof certainSMDESs. Natural-parityexchange
indicatesthat the interactionbetweenthe virtual photonandthe taget nucleonis mediatedby a
particle of ‘natural’ parity (J° = 0t,1-,... e.g. p°, w, Ay), while ‘unnatural’ parity exchange
denoteshe contritution of exchangednesonswith J° = 0,17, ..., e.g. mor A;.

2. Thecross section of p® and ¢ production

The p° and@ mesonsareobseredin the HERMESspectrometef5] by detectingtheir decay
productsin the following channels;p® — " 1~ (100%)and @ — K*K~ (49%). The p® mesons
areidentified[2] by requiring0.6 GeV < My < 1 GeV, with M;; beingthe invariantmassof the
" system.The ¢ — KK~ backgroundn the p® spectrais removed by the requirementhat
Mgk > 1.04 GeV, if thehadronsareassumedo be kaons.The ¢ mesonsareselectedy requiring
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Figure 1. Thelongitudinalp® productioncrosssection[2] is comparedo the resultsof calculationshased
on generalizegartondistributions (GPDs). The dottedcurvesrepresenthe gluon-exchangecontribution,
thedashedturvesthe quark-exchangecontribution andthe solid curvestheir sum.

0.99GeV < Mk < 1.04GeV. The absenceof a signalin the Cherenkv detectoris requiredto
identify kaontracks.

For the calculationof the longitudinal crosssection[3], highertwist effects have beenin-
cludedin a phenomenologicdiashion,andthe Q?-dependencef the strongcouplingconstanios
hasbeenaccountedor. In orderto extractinformationonthelongitudinalproductioncrosssection,
dataon r33, thelongitudinalfraction of the p° crosssection,have beenused[2]. Usinga param-
eterizationof R the longitudinalcrosssectionfor p® and¢ productionhasbeendeterminedising
0L = Roiatal /(14 €R), wherediqia representshe total measuredrosssection[2]. Theresulting
valuesfor p® and ¢ productionareshavn in Fig. 1 andthe left panelof Fig. 2, respectiely, and
arecomparedo the calculationof Ref.[3]. Thecalculationdor p° arein agreementvith thedata
if boththe quark-excchangeandthe gluon-exchangecontritutionsareincluded.

For ¢g-mesonproductiononly the gluon-exchangemechanisms expectedo contritute, asthe
protoncontainsonly a small populationof s-quarks.Calculationsbasedn this assumptiorj3] are
in agreementvith the dataaspresentedn theleft panelof Fig. 2.

The Q?>-dependencef the crosssectionratio for ¢ to p° productionis displayedin the right
panelof Fig. 2, togetherwith the resultsof otherexperiments[6, 7, 8]. The ratio of total cross
sectionsshawvs a clearW-dependenceBy contrastaW-independentatio of 2/9 betweerthetotal
p° and @ productioncrosssectionsvould be expectedf bothprocessesveredrivenby thegluon-
exchangemechanismalone. This is indeedobsered for the high Q? datawhich, alsocorrespond
to highervaluesof W. The deviation in the @/p° total crosssectionratio from 2/9 confirmsthe
conclusiongderived from Fig. 1, i.e. thatthe quark-cchangemechanisnrepresentanimportant
contritution to the p° productioncrosssectionatintermediaté/V values.
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Figure 2: In theleft panelthe derivedlongitudinal ¢ productioncrosssectionis comparedo the resultsof
GPD-baseaalculationsvhereonly the gluon-exchangecontribution hasbeenused. In the right panelthe
ratio of @ mesorproductionrelative to p° mesorproductionasa functionof Q? is presented.

3. Spin Density Matrix Elements

Theangulardistribution of the scatteredeptonandof the decayproductss describedn terms
of thefollowing angles:® is the anglebetweerthe scatteringplaneandthe p° productionplane,
while © and @ arethe polarandazimuthalanglesof the decayrr* in the vectormesonrestframe,
with the z-axis aligned oppositeto the outgoing nucleonmomentumin the y*p centerof-mass
system[4]. The SDMEs are obtaineddirectly from the measuredjuantitiesby minimizing the
differencebetweerthe 3-dimensionalcos®, ¢, ) decayanglematrix of the dataanda sampleof
fully reconstructed/lonte Carlo events,usingthe maximumlik elihoodmethod.An 8 x 8 x 8 bin-
ning wasusedfor thevariablescoso, ¢, ®. The Monte Carloeventsweregeneratedvith uniform
angulardistributions andwere reweightedin an iterative procedurewith the angulardistribution
W(cosO, g, D, rﬁf ) [4], wherethe matrix elementswere treatedas free parameters.The bestfit
parametersvere determinedisinga binnedmaximumlog-likelihood method. The minimization
itself andtheerrorcalculationwereperformedusingthe MINUIT packageAll theseSDMEswere
analyzedvithouttheassumptiorof SCHC.

The extractedSDMESs for the kinematicregion 1 GeV? < Q? < 5 GeV?, 3 GeV<W < 6.3
GeVand0.03 < xgj < 0.25, arepresentedor the protonanddeuterordatasamplesn Fig. 3. All
unpolarizedSDMEsmeasurean the protonagreewith thoseon the deuterorwithin onestandard
deviation of thecombineduncertainty Thestatisticaluncertaintiesrelargerfor theeightpolarized
SDMEs(in the bottomof the plot) dueto thelimited leptonbeampolarization(0.53).

Thesectionsof the centralverticalline in Fig. 3 indicatethoseSDMEswhich areexpectedo
bezerounderSCHC.Thegapsin thisline correspondo elementsvhicharenotrestrictedoy SCHC
to bezero,andwhich areindeedfoundto benonzero.SeveralunpolarizedSDMEs,however, shav
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Figure 3: The23 SpinDensityMatrix Elementsextractedfor p® productionfrom proton(full squaresjand
deuteron(full circles)targets. The sectionsof the vertical line denotethe zero predictionsfor the caseof
thes-channehelicity conserationassumptionTheinnererrorbarsrepresenthestatisticaluncertaintiesas
given by MINUIT, while the outererror barsindicatethe statisticaland systematiauncertaintiesaddedin
guadrature EnlagedsymbolsrepresenSDMEsviolating SCHC;the correspondingpin-flip amplitudeis
notedbesidethe points.

significantviolationsof SCHC.Their offsetsfrom zeroareexpressedn unitsof standardaleviations
asfollows (with proton-anddeuteron-tagetresultsseparatetty commas)rg, : 4.7,5.5,Re{r%} :
4.1,3.9,Re{riy}: 4.0,3.7,Im{r2,}: 2.9,2.6. Theseresultsindicatea non-neligible contritutions
of spin-flipamplitudego exclusive p° productionatintermediateenepies.

Thet’-dependencef the 15 unpolarizedSDMESs obtainedfor proton and deuterondatain
four binsof t’ (0 - 0.05- 0.1- 0.2 - 0.4) Ge\? is shawn in Fig. 4. It is comparedo calcula-
tions performedusing threedifferentapproacheshasedon pQCD kg factorization[10], Regge
phenomenologyll], andon a pQCD GPD-basedalculationg12]. Only two-gluonexchangeis
consideredn all approachesandit could be a reasorfor the disagreemenbetweenthe dataand
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Figure 4: Thet’-dependencef theunpolarizedSDMEsfor proton(full squaresanddeuteror(full circles)
targetscomparedwith theoreticalcalculations. The inner error barsrepresenthe statisticaluncertainty
while the outeronesindicatethe statisticalandsystematiaincertaintie@ddedn quadrature.

the calculations. GPD-basednd Regge-phenomenologgalculationsare plannedto includethe
guark-ecchangeprocessn additionto gluon-exchange.

Disregardingthe assumptiorof SCHC,the hypothesif the absencef unnatural-parityex-
change(UnPE)in thet-channelimpliesthatU; =1 —rd3+2r%, —2rl, —2r} | = 0. TheHER-
MES protonresult,U; = 0.1124 0.033¢x + 0.0494, is differentfrom zeroat a level of 20 of
thetotal uncertaintydemonstratinghe significanceof the unnatural-parity-echange contritution.
The deuterorresultis compatiblewith zero: U; = 0.059+ 0.026y5 + 0.0475s. For coherentp®
productionon the deuterononly NPE is expected,asthe isovector contrikution is absentin the
t-channelaslong asone-pionexchanges consideredA signalof UnPEis importantasevidence
of quark-antiquarlexchange correspondindo the polarizedGPDs. The kinematicdependences
of U, for theprotonon Q?, t’ andxp; arepresentedh Fig. 5. Thoughtheerrorsarelargedueto the
large numberof SDMEsinvolved, all measuredaluesof U; arepositive.

Thiswork is supportedn partby the Heisenbeg-Landauprogram.
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Figure5: The Q?, t/, andxgj dependencef the combinationof SDME’s U, for hydrogenwhich should
be zeroif only naturalparity exchangecontritutes. The datagivenin the openpoint for the first Q% bin
(< 1Ge\?) arenotincludedin thet’ andxg; plots,which representiatawith aQ?>1GeV?imposed.The
error barsrepresenthe statisticaluncertaintywhile the bandsbelow indicatethe systematiauncertainties.
For theintegratedpoint, theinnererrorbarrepresentthestatisticaluncertaintywhile the outeroneindicates
the additionalsystematiaincertainty
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