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Abstract. Elasticproton-protonscatteringasone of the fundamentahadronicreactionshasbeen
studiedwith theinternaltargetexperimentEDDA at the CoolerSynchrotronCOSY/Jillich.A pre-
cisemeasuremenf differentialcrosssection,analyzingpower andthreespin-correlatiorparam-
etersover a large angular(6.m. ~ 35° — 90°) andeneny (Tp ~ 0.5— 2.5 GeV) rangehasbeen
carriedout in the pastyears.By taking scatteringdataduring the acceleratiorof the COSY beam,
excitationfunctionsweremeasuredn smallenegy stepsandconsistenhormalizatiorwith respect
to luminosity andpolarization. The experimentusesinternalfiber targetsanda polarizedhydrogen
atomic-beantargetin conjunctionwith adouble-layeredgylindrical scintillatorhodoscopéor par
ticle detection.Theresultson differentialcrosssectionsandanalyzingpowershave beenpublished
and helpedto improve phaseshift solutions.Recentlydatataking with polarizedbeamandtarget
hasbeencompletedPreliminaryresultsfor the spin-correlatiorparametersy, Asg andAg, are
presentedThe obserableAgghasbeenmeasuredhefirst time abose 800 MeV andour resultsare
in sharpcontrasto phase-shifpredictionsat higherenegies.Our analysisshowvs thatsomeof the
ambiguitiesin thedirectreconstructiorof scatteringamplitudesvhich alsoshav up asdifferences
betweeravailablephase-shifsolutionswill bereducedy thesenev measurements.

INTRODUCTION

The nucleon-nucleorfNN) interactionasoneof the fundamentaprocesse nuclear
physicshasbeenstudiedover a broadenegy rangeandits contribution to our under
standingof the stronginteractioncannotbe overstatedNN elasticscatteringdata,pa-
rameterizedoy enegy-dependenphase-shiftsare usedas an importantingredientin
theoreticalkalculationf inelasticprocessesjucleon-nucleuandheary-ion reactions.
Below the pion productionthresholdat about300 MeV elasticscatteringis described
to a high level of precisionby a numberof models[1], e.g.phenomenologicaandme-
sonexchange More recently chiral perturbationtheory [2] hasalso madesignificant
progressn this enegy domain.Mesonexchangemodelshave beenpushedurtherand
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FIGURE 1. Schematiwiew of theatomicbeamtarget(left) andthe EDDA-detector(right).

roughly reproduceexperimentaldataup to 1 GeV. However, at even higherenegies,
wheredetailsof the short-rangenteractionmay becomemportant,the limits of these
modelsremainsto be explored.An unambiguousieterminatiorof phaseshift parame-
tershasbeenachievedupto aboutl GeV|[3,4,5, 6, 7]. With increasingenegy, however,

the numberof partial wavesto be determinedyrows, but the quality anddensityof the
experimentaldatabasediminishes.Recently it hasbeenpointedout that above about
1.2 GeV seriousdiscrepanciebetweenPhase-ShifAnalysis (PSA) of differentgroups
[7, 8] exist. An unambiguousmodel-independerdirect reconstructiorof the 5 com-
plex scatteringAmplitudes,which could solve this puzzle,is asyet not possible,asit

wasshowvn by the Saclay-Genea group[8]. Only new data,preferablyon obserables
wherelittle or no dataexists, will pin down phaseshift parameterandremove discrete
ambiguitiesn amplitudereconstruction.

EXPERIMENT

The EDDA-experimentwasconcevedto provide high-precisiorelastic-scatteringlata
in the COSY enegy range(0.5-2.5GeV). Unpolarizeddifferential cross[9] and an-
alyzing power excitation functions[10] have beenmeasuredn the first phasesf the
experimentandhelpedto extendPSA-analysisipto 2.5 GeV [7, 11]. Thesedatahave
beenusedto imposestrongupperbounds[12] on possibleresonantcontributions to
pp-elasticscatteringasthey might arisefrom coupling to isovector strangenesgero
dibaryonicresonancege.g.[13, 14]).

Recently datatakingwith a polarizedoeamon the polarizedatomicbheamtarget[15]
(Fig. 1) hasbeencompleted.This allows to accessspin correlationparametersigy,
which describethe dependencef the crosssectionon the relative spin-orientatiornof
thebeam(B) andtarget(T) protons.By orientingthe target-spinin differentdirections,
normal (N) to or sidevays(S) in the scatteringplane,or longitudinal (L) to the beam,
three such spin correlationparametersi, Ass, and Aq can be measuredwith a
detectorof full azimuthalcoverageHere,astoragering providesa uniqueexperimental
ervironmentby combining pure polarizedhydrogentargets with fastand easyspin-
manipulationin order to minimize systematicerrors, a techniquepioneeredby the



PINTEX[16, 17] collaborationat IUCF atlower enegies.

The EDDA-detector[18, 19] (cf. Fig.1) is comprisedof two cylindrical double-
layeredscintillatorhodoscopesurroundinghe COSY-beampipedownstreanof thein-
ternaltarget. Protongrom pp elasticscatteringaredetectedn coincidencdor scattering
anglesrangingfrom 30° to 90° in the centerof-mass.A beamof polarizedhydrogen
atomscrossingthe COSY beamat right anglesenesasaninternaltargetwith atypical
areadensityof 2. 10! atoms/cm and polarizationabose 90%. The densityof unpo-
larized hydrogenwhich builds up in the beampipe when operatingthe target reduces
the effective polarizationto about70% for acceptedscatteringevents.To this end,the
scatteringvertex, reconstructeaffline with 1 mm resolution,is usedto selectevents
originatingin the overlapregion of the atomicbeamtargetwith the COSY beam.The
targetpolarizationis alignedby applyingaweak(1 mT) magnetiquidingfield in either
oneof 6 possibledirectionstx,ty, and=+z in theinteractionregion.

Datais acquiredduringacceleratiorof the COSY beamandfor about5sin theflattop
atthedesirecbeammomentumBeamintensitiesangedrom 3-10° to 1.5- 10 protons
storedandaccelerateéh thering andprovided luminositiesin the1 — 5- 10?7 1/(cn¥s)
rangewith beampolarizationdbetweerb0 and 75%. Dueto the limited beamintensity,
nine differentflattop momentawere chosento cover the enegies above 2100 MeV/c
with sufficient statisticsin view of droppingcross-sectiondatain the lower enegy
ranges obtainedrom datarecordedduringtheramp.For eachCOSY machinecyclethe
targetandbeampolarizationsvereheldconstanaindthenalternateetweerthetwelve
differentcombinationf thebeam(+y) andtarget(+x,+y,+z) spinorientations.

ANALYSIS

Data analysisproceedsan two steps:First the elasticscatteringrate for 5° wide bins
in the c.m. polar angle 6., is determinedasa function of the azimuthalangle ¢, by

selectingeventswell within the detectoracceptancewhich originatedat the desired
target location and obey elastic scatteringkinematics.Due to the analyzing power

and the non-vanishingspin correlationcoeficients, the scatteringrate for eachspin

combinationexhibits characteristionodulationswith the azimuthalangle. Secondly
the spin correlationparameterss well asbeamandtarget polarizationsare extracted
eitherby calculatingcertainasymmetrie$20, 21] which canceltheinfluenceof detector
efficienciesto first order or by standardy,-minimization techniquesBoth methods
yield consistentesults.Theoverallnormalizatiorof thetargetandbeampolarizationss

fixedwith referenceo the EDDA analyzingpowerdata[10] with anuncertaintyranging
from 1.5-3%from lowerto higherenepies.

RESULTS

The resultsfor the threespin correlationparametersvere extractedfor 12 anglebins
between3(® and90° in 6. bothfor the datameasureduring the flattop and beam
accelerationAn exampleof anexcitationfunctionandanangulardistributionis shovn
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FIGURE 2. Angulardistributionsat2572MeV/c (left) andexcitationfunctionsat 6. . = 47.5° (right)
of spin correlationparameterd\, Agg andAg, in comparisorto phaseshift predictionsof SAID [7]
(SMO0Q0, solid) andthe Saclay-Genea [8] (dashedine) analysis.On the left, datafrom SATURNE [22]
areshavn asopensymbols.On theright, closed(open)symbolsdistinguishdatapointsmeasuredt the
flattop (during accelerationpf the COSY machinecycle. All EDDA dataarepreliminary

in Fig 2. Theresultsobtainedduring beamacceleratiomicely matchthoseobtainedat
fixedmomentaandprovide reasonablyccuratedatabelov 2100MeV/c.

Previous measurementsf spin correlationparametersit theseenegies were done
mainly at SATURNE [22] on Ay, A, andAg In comparisonpur new dataon Ay
is consistentat all enegies, however, we find valuesfor Ay moreor lesscompatible
with zeroat all anglesanddo not confirm excursionsin the angulardistributions (cf.
Fig. 2) asevincedin the SATURNE data.In contrastthe obsenable A hasnot been
measuredeforeabore 800 MeV. Thesedatathusput the predictve power of existing
parameterizatiomy scatteringphaseshifts to a true test. In the figuresour new data
are comparedto PSA solutionsof the Virginia (SAID, solution SM0O0) and Saclay-
Gen&a groups.They fit our dataon Ay, andAg reasonablywell but arein striking
disagreementith thenew dataon A - andeachother- in particularathigherenepies.
PSAsolutionsat theseenegiesshouldthereforebe usedwith caution.

This highlights that the world databaseon proton-protonelasticscatteringto date
doesnot allow to unambiguouslydeterminethe scatteringphaseshifts or amplitudes



at enegieswell abore 1GeV It will be interestingto seeto what extentthe new spin
correlationdataon A will be aremedy SinceAg is sensitve to the interferenceof
non-spinflipand double-spinfliphelicity amplitudes[23], it providesimportantinfor-
mationon the spin-dependencef the NN-interaction.To explorethis, we carriedout a
directreconstructiomf thescatteringamplitudesalongthelinesof [8] andfoundthatthe
additionof our datato the world databaseemoressome— but not all — of the discrete
ambiguities.Here, further, significantimprovement,canonly be obtainedby accurate
triple polarizationobsenables,i.e. with detectionof the polarizationof oneejectile.To
whatextentthe PSAvariantson the market will corvergetowardsa uniquesolutionre-
mainsto beseeruntil thenew EDDA datais includedin thedatabase First stepsan this
directionindicatesizablemodificationof the phaseshiftsin the centralpartial wavesof
the SAID solutions.

ACKNOWLEDGMENTS

Theexcellentbeamsupportby the COSY acceleratoteamduringall phase®f the now
completedxperimentalprogramof EDDA is warmly acknavledged.

REFERENCES

Machleidt,R.,andSlaus,., J. Phys, G27, R69(2001),andreference$erein.

BedaquePR F., andvanKolck, U., nucl-th/0203055t0 appearin Ann.Rev. Nucl.Part. Sci, 53 (2002),
andreference$erein.

Stoks,V. G. J., Klomp, R. A. M., RentmeesteM. C. M., and de Swart, J. J., Phys.Rev., C48,
792-8151993).

Bystricky, J.,Lechanoine-LeLucC., andLehar, F,, J. Phys.(Paris), 48, 199-226(1987).

Bystricky, J.,Lechanoine-LeLucC., andLehar F.,, J. Phys.(Paris), 51, 2747(1990).

Nagata,J., Yoshino,H., andMatsudaM., Prog. Theor Phys, 95, 691 (1996).

Arndt, R. A., Stralovsky, I. I., andWorkman,R. L., Phys.Rev. C, 62, 34005(2000).

Bystricky, J.,Lehar, F., andLechanoine-LeLuc(., Eur. Phys.J., C4, 607 (1998).

Albers,D., etal., Phys.Rev. Lett,, 78, 1652—-16551997).

Altmeier, M., etal., Phys.Rev. Lett,, 85, 1819(2000).

Arndt, R. A., Oh, C. H., Stralovsky, I. I., Workman,R. L., andDohrmann ., Phys.Rev., C56, 3005
(1997).

RohdjessH., Habilitationsschrift UniversitatBonn (2000).

Mulders,P. J.,Aerts,A. T.,andSwart,J. J.D., Phys.Rev.,, D21, 2653(1980).

GonzalezP, LaFranceP, andLomon,E. L., Phys.Rer., D35, 2142(1987).

EversheimP, etal., Nucl. Phys, A626, 117¢c(1997).

von Przevoski, B., etal., Phys.Rev.,, C58, 1897(1998).

RathmannF., etal., Phys.Rev, C58, 658(1998).

Bisplinghof, J.,etal., Nucl. Instr. and Meth, A329, 151(1993).

. Altmeier, M., etal., Nucl. Instr. Meth, A431, 428(1999).

OhlsenG. G., Nucl. Instr. and Meth, 109, 41-59(1973).

. Bauer F,, Ph.d.thesis,UniversitatHamhurg (2001).

. Ball, J.,etal., CTUReports 4, 3 (2000).

Bourrely, C., Soffer, J.,andLeader E., Phys.Rept, 59, 95 (1980).

A o

w

RROONO O~

= o

N R R R R R R
CoOoNoA~WN

NN N
WN P



