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Abstract. Elasticproton-protonscatteringasoneof the fundamentalhadronicreactionshasbeen
studiedwith theinternaltargetexperimentEDDA at theCooler-SynchrotronCOSY/Jülich.A pre-
cisemeasurementof differentialcrosssection,analyzingpower andthreespin-correlationparam-
etersover a large angular(θc �m � � 35

���
90
�
) and energy (Tp

� 0 � 5
�

2 � 5 GeV) rangehasbeen
carriedout in thepastyears.By takingscatteringdataduring theaccelerationof theCOSYbeam,
excitationfunctionsweremeasuredin smallenergy stepsandconsistentnormalizationwith respect
to luminosityandpolarization.Theexperimentusesinternalfiber targetsanda polarizedhydrogen
atomic-beamtargetin conjunctionwith adouble-layered,cylindrical scintillatorhodoscopefor par-
ticle detection.Theresultson differentialcrosssectionsandanalyzingpowershavebeenpublished
andhelpedto improve phaseshift solutions.Recentlydatataking with polarizedbeamandtarget
hasbeencompleted.Preliminaryresultsfor thespin-correlationparametersANN, ASS, andASL are
presented.TheobservableASShasbeenmeasuredthefirst time above800MeV andour resultsare
in sharpcontrastto phase-shiftpredictionsat higherenergies.Our analysisshows thatsomeof the
ambiguitiesin thedirectreconstructionof scatteringamplitudeswhich alsoshow up asdifferences
betweenavailablephase-shiftsolutions,will bereducedby thesenew measurements.

INTRODUCTION

The nucleon-nucleon(NN) interactionasoneof the fundamentalprocessesin nuclear
physicshasbeenstudiedover a broadenergy rangeandits contribution to our under-
standingof the stronginteractioncannotbe overstated.NN elasticscatteringdata,pa-
rameterizedby energy-dependentphase-shifts,areusedasan importantingredientin
theoreticalcalculationsof inelasticprocesses,nucleon-nucleusandheavy-ion reactions.
Below the pion productionthresholdat about300 MeV elasticscatteringis described
to a high level of precisionby a numberof models[1], e.g.phenomenologicalandme-
sonexchange.More recently, chiral perturbationtheory [2] hasalsomadesignificant
progressin this energy domain.Mesonexchangemodelshave beenpushedfurtherand
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FIGURE 1. Schematicview of theatomicbeamtarget(left) andtheEDDA-detector(right).

roughly reproduceexperimentaldataup to 1 GeV. However, at even higherenergies,
wheredetailsof the short-rangeinteractionmaybecomeimportant,the limits of these
modelsremainsto beexplored.An unambiguousdeterminationof phaseshift parame-
tershasbeenachievedupto about1 GeV[3,4, 5, 6,7]. With increasingenergy, however,
thenumberof partialwavesto bedeterminedgrows, but thequality anddensityof the
experimentaldatabasediminishes.Recently, it hasbeenpointedout that above about
1.2GeV seriousdiscrepanciesbetweenPhase-ShiftAnalysis(PSA)of differentgroups
[7, 8] exist. An unambiguous,model-independentdirect reconstructionof the 5 com-
plex scatteringAmplitudes,which could solve this puzzle,is asyet not possible,asit
wasshown by theSaclay-Geneva group[8]. Only new data,preferablyon observables
wherelittle or no dataexists,will pin down phaseshift parametersandremove discrete
ambiguitiesin amplitudereconstruction.

EXPERIMENT

TheEDDA-experimentwasconceivedto provide high-precisionelastic-scatteringdata
in the COSY energy range(0.5-2.5GeV). Unpolarizeddifferential cross[9] and an-
alyzing power excitation functions[10] have beenmeasuredin the first phasesof the
experimentandhelpedto extendPSA-analysisup to 2.5 GeV [7, 11]. Thesedatahave
beenusedto imposestrongupperbounds[12] on possibleresonantcontributions to
pp-elasticscattering,as they might arisefrom coupling to isovector, strangenesszero
dibaryonicresonances(e.g.[13, 14]).

Recently, datatakingwith apolarizedbeamon thepolarizedatomicbeamtarget[15]
(Fig. 1) hasbeencompleted.This allows to accessspin correlationparametersABT,
which describethe dependenceof the crosssectionon the relative spin-orientationof
thebeam(B) andtarget(T) protons.By orientingthetarget-spinin differentdirections,
normal(N) to or sideways(S) in thescatteringplane,or longitudinal(L) to the beam,
three such spin correlationparametersANN, ASS, and ASL can be measuredwith a
detectorof full azimuthalcoverage.Here,astoragering providesauniqueexperimental
environmentby combiningpure polarizedhydrogentargetswith fast and easyspin-
manipulationin order to minimize systematicerrors, a techniquepioneeredby the



PINTEX [16, 17] collaborationat IUCF at lowerenergies.
The EDDA-detector [18, 19] (cf. Fig.1) is comprisedof two cylindrical double-

layeredscintillatorhodoscopessurroundingtheCOSY-beampipedownstreamof thein-
ternaltarget.Protonsfrom ppelasticscatteringaredetectedin coincidencefor scattering
anglesrangingfrom 30

�
to 90

�
in the center-of-mass.A beamof polarizedhydrogen

atomscrossingtheCOSYbeamat right angleservesasaninternaltargetwith a typical
areadensityof 2 � 1011 atoms/cm2 andpolarizationabove 90%. The densityof unpo-
larizedhydrogenwhich builds up in the beampipe whenoperatingthe target reduces
theeffective polarizationto about70% for acceptedscatteringevents.To this end,the
scatteringvertex, reconstructedoffline with 1 mm resolution,is usedto selectevents
originatingin theoverlapregion of theatomicbeamtargetwith theCOSY beam.The
targetpolarizationis alignedby applyingaweak(1 mT) magneticguidingfield in either
oneof 6 possibledirections

	
x,
	

y, and
	

z in theinteractionregion.
Datais acquiredduringaccelerationof theCOSYbeamandfor about5sin theflattop

atthedesiredbeammomentum.Beamintensitiesrangedfrom 3 � 109 to 1 
 5 � 1010 protons
storedandacceleratedin thering andprovidedluminositiesin the1 � 5 � 1027 1/(cm2s)
rangewith beampolarizationsbetween50 and75%.Dueto thelimited beamintensity,
nine differentflattop momentawerechosento cover the energies above 2100MeV/c
with sufficient statisticsin view of droppingcross-sections.Data in the lower energy
rangeis obtainedfrom datarecordedduringtheramp.For eachCOSYmachinecyclethe
targetandbeampolarizationswereheldconstantandthenalternatedbetweenthetwelve
differentcombinationsof thebeam(

	
y) andtarget(

	
x,
	

y,
	

z) spinorientations.

ANALYSIS

Dataanalysisproceedsin two steps:First the elasticscatteringrate for 5
�

wide bins
in the c.m. polar angleθc �m � is determinedasa function of the azimuthalangleφ , by
selectingeventswell within the detectoracceptance,which originatedat the desired
target location and obey elastic scatteringkinematics.Due to the analyzingpower
and the non-vanishingspin correlationcoefficients, the scatteringrate for eachspin
combinationexhibits characteristicmodulationswith the azimuthalangle.Secondly,
the spin correlationparametersaswell asbeamandtarget polarizationsareextracted
eitherby calculatingcertainasymmetries[20,21] whichcanceltheinfluenceof detector
efficienciesto first order, or by standardχ2-minimization techniques.Both methods
yield consistentresults.Theoverallnormalizationof thetargetandbeampolarizationsis
fixedwith referenceto theEDDA analyzingpowerdata[10] with anuncertaintyranging
from 1.5-3%from lower to higherenergies.

RESULTS

The resultsfor the threespin correlationparameterswereextractedfor 12 anglebins
between30

�
and90

�
in θc �m � both for the datameasuredduring the flattop andbeam

acceleration.An exampleof anexcitationfunctionandanangulardistribution is shown
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FIGURE 2. Angulardistributionsat 2572MeV/c (left) andexcitationfunctionsatθc �m ��� 47� 5
�

(right)
of spincorrelationparametersANN, ASS, andASL in comparisonto phaseshift predictionsof SAID [7]
(SM00,solid) andthe Saclay-Geneva [8] (dashedline) analysis.On the left, datafrom SATURNE [22]
areshown asopensymbols.On theright, closed(open)symbolsdistinguishdatapointsmeasuredat the
flattop(duringacceleration)of theCOSYmachinecycle.All EDDA dataarepreliminary.

in Fig 2. Theresultsobtainedduringbeamaccelerationnicely matchthoseobtainedat
fixedmomenta,andprovidereasonablyaccuratedatabelow 2100MeV/c.

Previous measurementsof spin correlationparametersat theseenergies were done
mainly at SATURNE [22] on ANN, ALL, andASL İn comparison,our new dataon ANN
is consistentat all energies,however, we find valuesfor ASL moreor lesscompatible
with zeroat all anglesanddo not confirm excursionsin the angulardistributions(cf.
Fig. 2) asevincedin the SATURNE data.In contrastthe observableASS hasnot been
measuredbeforeabove 800MeV. Thesedatathusput thepredictive power of existing
parameterizationby scatteringphaseshifts to a true test. In the figuresour new data
are comparedto PSA solutionsof the Virginia (SAID, solution SM00) and Saclay-
Geneva groups.They fit our dataon ANN andASL reasonablywell but are in striking
disagreementwith thenew dataonASS - andeachother- in particularathigherenergies.
PSAsolutionsat theseenergiesshouldthereforebeusedwith caution.

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



at energieswell above 1GeV. It will be interestingto seeto what extent the new spin
correlationdataon ASS will be a remedy. SinceASS is sensitive to the interferenceof
non-spinflipanddouble-spinfliphelicity amplitudes[23], it provides importantinfor-
mationon thespin-dependenceof theNN-interaction.To explorethis,we carriedout a
directreconstructionof thescatteringamplitudesalongthelinesof [8] andfoundthatthe
additionof our datato theworld databaseremovessome– but not all – of thediscrete
ambiguities.Here,further, significantimprovement,canonly be obtainedby accurate
triple polarizationobservables,i.e. with detectionof thepolarizationof oneejectile.To
whatextentthePSAvariantson themarket will convergetowardsa uniquesolutionre-
mainsto beseenuntil thenew EDDA datais includedin thedatabase.Firststepsin this
directionindicatesizablemodificationof thephaseshiftsin thecentralpartialwavesof
theSAID solutions.

ACKNOWLEDGMENTS

Theexcellentbeamsupportby theCOSYacceleratorteamduringall phasesof thenow
completedexperimentalprogramof EDDA is warmly acknowledged.

REFERENCES

1. Machleidt,R.,andSlaus,I., J. Phys., G27, R69(2001),andreferencesherein.
2. Bedaque,P. F., andvanKolck,U., nucl-th/0203055,toappearin Ann.Rev. Nucl.Part. Sci., 53 (2002),

andreferencesherein.
3. Stoks,V. G. J., Klomp, R. A. M., Rentmeester, M. C. M., and de Swart, J. J., Phys.Rev., C48,

792–815(1993).
4. Bystricky, J.,Lechanoine-LeLuc,C., andLehar, F., J. Phys.(Paris), 48, 199–226(1987).
5. Bystricky, J.,Lechanoine-LeLuc,C., andLehar, F., J. Phys.(Paris), 51, 2747(1990).
6. Nagata,J.,Yoshino,H., andMatsuda,M., Prog. Theor. Phys., 95, 691(1996).
7. Arndt, R. A., Strakovsky, I. I., andWorkman,R. L., Phys.Rev. C, 62, 34005(2000).
8. Bystricky, J.,Lehar, F., andLechanoine-LeLuc,C., Eur. Phys.J., C4, 607(1998).
9. Albers,D., etal., Phys.Rev. Lett., 78, 1652–1655(1997).
10. Altmeier, M., et al.,Phys.Rev. Lett., 85, 1819(2000).
11. Arndt, R. A., Oh,C. H., Strakovsky, I. I., Workman,R. L., andDohrmann,F., Phys.Rev., C56, 3005

(1997).
12. Rohdjess,H., Habilitationsschrift,UniversitätBonn(2000).
13. Mulders,P. J.,Aerts,A. T., andSwart,J.J.D., Phys.Rev., D21, 2653(1980).
14. Gonzalez,P., LaFrance,P., andLomon,E. L., Phys.Rev., D35, 2142(1987).
15. Eversheim,P., et al.,Nucl.Phys., A626, 117c(1997).
16. vonPrzewoski,B., et al.,Phys.Rev., C58, 1897(1998).
17. Rathmann,F., et al.,Phys.Rev., C58, 658(1998).
18. Bisplinghoff, J.,et al.,Nucl. Instr. andMeth., A329, 151(1993).
19. Altmeier, M., et al.,Nucl. Instr. Meth., A431, 428(1999).
20. Ohlsen,G. G.,Nucl. Instr. andMeth., 109, 41–59(1973).
21. Bauer, F., Ph.d.thesis,UniversitätHamburg (2001).
22. Ball, J.,et al.,CTUReports, 4, 3 (2000).
23. Bourrely, C.,Soffer, J.,andLeader, E.,Phys.Rept., 59, 95 (1980).


