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Someexperimentalstudiesof productionand interactionsperformedor presentlyunder
way by the GEM collaborationat COSY Julich arereviewed.
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1 Introduction

The GEM collaborationoperategshe GEM detectori. e. a stackof Germaniumdiodesanda
MagneticspectrographThegermaniunwall [1] consistof four annulardetectorsThe rst one
is positionsensitve with 200 Archimedesspiralson the front andalsoon the rearsidebut with
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Fig. 1. Left: Perspectie view of thegermaniumwall. An eventwith two hits is indicated.The diameterof
the active areaon lastdiodeis 7.7 cm. Right: Crosssectionof the magneticspectrograpiiig Karl. Note
the differencein sizeto the germaniumwall. The ight pathfrom thetametto the focal planeis ~ 15 m
long.

oppositeorientation. In this way 40000pixels arede ned. It deliversthe position(seeFig. 1)
andgivesa A FE information. Thefollowing thick detectorsare segmentednto 32 wedges.The
total thicknessof the germaniumwall is = 51 mm. Due to the differenttopologiesone can
identify multiple hits. The magneticspectrograplis schematicallyalsoshovn in Fig. 1. It is
a high resolutiondevice. Reactionproductspassthroughthree quadrupolemagnetsand two
dipole magnets.It haspoint to parallelimagingin the vertical and point to point imagingin
the horizontaldirection. The last quadrupolemagnet@3 is notin usein this operationmode.
Thedirectionof the reactionproductsaremeasureavith MWDC's, twelve layersin two packs.
Thearefollowed by scintillatorhodoscope®, R, S which give AE informationandallow for
atime of ight (TOF) measurementFor further particle identi cation absorbematerialcan
be placedbetweenthe last two layers. More propertiesaregivenin [2]. For the study of the
existenceof boundn-nuclearstatesanadditionaldetectolENSTAR aroundthetargetwasbuilt.
It wasrecentlyusedin a searchemploying thereactionp + 2’ Al — 3He + ( 2°M g) atrecoil
free conditionswith a secondstepn + n — N° — 7 + p. The3He wasdetectedn the
magneticspectrographvhile the secondstepwasidenti ed in ENSTAR. Detailsis discussedn
the contribution by Gillitzer [3].

2 Thereactionp+ d! 3He+ 7

Thereactionp +d — 2 He +n is of interestto studythen-nucleusscatteringength. In Fig. 2 we
comparehe measurementsf differentgroupson thelevel of the spinaveragedmatrix element

Otot P
2= (1)
™ P

asfunction of the transferredmomentumg = p, — p . The closeto thresholddataare from
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Fig. 2. The spin averagedmatrix elementfor the reactionpd — *He asfunction of the transferred
momentum.Thedataarefrom [4] (opensquares)[5] (opentriangles),[6] (rhombs)[7] (full triangle),[8]
(full dot), [9] (full squarespnd[10] (full triangle). Thesolid curveis a t [11] andthe dashecturve the
resonancenodelcalculation[8].

variousgroupsat SATURNE [4,6,9,10]aswell asmorerecentdatafrom GEM [8], CELSIUS[7]
andCOSY11[12]. Thesedataseento benotin agreemento eachother Thisis especiallytrue
if in additionangulardistributionsarecomparedObviously moredatais necessaryo clarify the
situation. This may comefrom the newer measuremerfrom COSY11with inversekinematics
wherethe detectothasa largeracceptanc§l3]. Thesolidcurveisa t to thethedataassuming
s-wave productionand nal stateinteraction[11]. The dashedcurve assumeshe reactionto
proceedvia aresonanceThe matrix elemenis a Breit-Wignerform

s AT? ,

== rr @
with amomentundependentvidth

P(Vs) =T (b 216 215 ). 3)

Do Py

Here,I'; is the width at the resonance/s;. Similar asin photoproductior{14] we assumed
V/5r = 1540 MeV andI', = 200 MeV. Thebranchingatiosb; weretakenfrom the particledata
group(PDG)[15]. TheabsolutenormalizationA is arbitrary

3 Thereactiond + d! n+ o

Similar asto the caseof the previousreactionthe studyof the d+d— 1 + « reactionis driven
by the questwethera strongly bounds-nucleussystemexists. Theory predictsthat a heavier
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Fig. 3. Excitationfunctionsfor theindicatedreactions Pointsfrom GEM arealwaysindicatedby squares,
the nav datafrom ANKE [18] asrhombi. Datafor thereactionpd — *He from Refs.[7] and[5] have
beenomitted. Thesolid curvesarethe predictionsof theresonancenodeldiscussedn thetext.

systemshouldresultinto a strongetinding. Closeto thresholdonly total crosssectionsexisted
sofar[16,17]. Only recentlythe rst angulardistributionsbecomeavailable[18]. Sincethey will

bediscussedvithin this meeting[19] we will concentraten the enegy dependencef thetotal
crosssection.Also GEM hasa preliminaryvaluefor thetotal crosssectionmeasuredtabeam
momentunof 2.39GeV/c. All theknown pointsareincludedinto Fig 3. It is interestingto note
thatthe new datafollow the resonancenodel Eqg. 2 togetherwith Eq. 3 predictionwhich was
previously adjustedo the datafrom Willis etal. [17]. It alsoaccountdor thenr p — nn cross
sections.However, the excitation curve for pp — npp shavs a completelydifferentbehaior.

We cansummarizethe presentobsenationsthat reactionswith two particlesin the nal state
seemto have a quite similar behaior that reactionswith threepatrticlesin the nal state. The
dd — na reactionallowsto extracttherealandimaginarypartsof the partialwave amplitudesif

onemeasureghevectorandtensoranalyzingpowersin additionto the differentialcrosssection.
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Supposeoneis dealingwith only s- andp-wave in the initial state. The polarizeddifferential
crosssectionfor trans\ersalpolarizeddeuteronss givenby

do do 1 3
— (6, cp)) = (— (9)) 1 — =7o0T%0 + iV2710T11 cosp — \/jTgngz cos 2¢
(dQ pol d unpol: 2 2
(4)

with 719 and g the vectorandtensorpolarizationof the beam. The unpolarizedcrosssection
is thesumof theamplitudessquaredTherelationbetweerthe correspondin@nalyzingpowers
T andthepartialwave amplitudecomponentss then

3
T11, = —— Im(apaq)sin
=5 (aoay)
1 9 .
Too = gaé — 1—Oa% sin? 0 (5)
93 , .
Too = 10 a% sin® 6.

Hereap denoteghe s-wave anda; the p-wave amplitude.Fromfour obsenables,onecanthen
deducehetwo realandtwo imaginarypartsof theamplitudes The knowledgeof theamplitudes
is of importancen the context of aboundstate.A recentanalysisof the scatteringengthfrom
pd — 3Hen yieldeda very smallimaginarypartanduncertaintyaboutthe sign of the real part
[11]. Thisis surprisingsincetheoriginal pionicinelasticityof n N scatterings largeandseemso
decoupldn the caseof nuclei. This decouplingor very weakabsorptionvasrecentlyattributed
to a suppressionf thetwo maininelasticitychannelg§20]. Thesearethe pioninelasticitydueto
theprocess)N — wN andthenuclearinelasticitynd — N N with d aquasideuterorstate.

An experimentemploying vector and tensorpolarizeddeuteronbeamswas performedby
GEM earlierthisyear Thedataarepresentlyunderevaluation.In orderto continuouslymonitor
the polarizationan additionaldetectowasmounteddownstreambehindthe target consistingof
16wedgeshapedscintillators. Theresultof suchameasuremerns shovnin Fig. 4 for p,, = +1.
Thecurvesare ts with thefunctiono () = A(1 4+ B cos ¢ + C cos 2¢) to thedata.

Two openproblemsremainon the experimentalside: the disagreemenbetweendifferent
datasetsfor pd — 2 Hen andmissingdatafor bothreactionsat higherbeammomenta.

4 Thereactionp+ SLi! n+ "Be

Thereactionp + ®Li — 1 + " Be hasa heavier nucleusastarget. The study of this reaction
maythereforeallow to gaininsightsinto themovementof apossiblepole position. Thisreaction
wasstudiedearlierat Saclay[21] atabeamenegy of 683MeV. Then wasidenti ed via its two
photondecay Eighteventswereobsenedwithin theacceptancef thedetectorcorrespondingo
acrosssectiondo /dQ) = (4.6 £ 3.8) nb/st Theerroris purelystatistical.A systematierror of
20% shouldbe added.With the enegy resolutionof the set-upit wasimpossibleto distinguish
different nal statesof theresidualnucleus.Fig. 5 shovs the datatogethemwith thekinematical
curvefor ’ Be in its groundstateandup to 5 MeV excitation. In anaccompaying theorypaper
it wasarguedthat mostof theyield is from statescloseto 10 MeV excitation[22]. At GEM
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Fig. 4. Ratio of countingratesfor polarizedto unpolarizeddeuteronbeamas measuredvith the wedge
detector The curve with theminimumat = isfor nominalp.. = —1 theotherfor p., = +1

the investigationof this reactionis plannedat an enepgy closerto threshold.In contrastto the
Saclayexperimentthe detectiorof therecoiling’ Be with themagneticspectrographs foreseen.
Thetargetthicknesswill limit theresolutionto 1 MeV. Sothe experimentis exclusive sinceall
statesabovethe rst excitedstateat0.4MeV areparticleunbound Becausef thelargestopping
powerof therecoilin materialthepresenset-upof detectorsn thefocalplainis notadequateAll
detectiorelementdhave to operatdn vacuum.For this purposea largevacuumbox will hostthe
detectorgseeFig. 5). Particleidenti cation will be performedwith a AFE — E systemof plastic
scintillatorsof 0.5mm and2 mmthicknessrespectiely. Light is readout left andright through
windows by fastphototubesin atestrun excellentparticleresolutionwasobsened. However,
thepositionresolutionwasnot sufcient to performmissingmassreconstructionThereforetwo
packsof multiwire-avalanchechamberawith two dimensionapositionresolutionare addedin
front of the A counter Therunis scheduledor summer2006.

5 The mass of the n

Comparedo otherlight mesonsthe massof the is surprisinglypoorly known. From 19920on
the Particle DataGroup (PDG)ignoredthe old bubblechamberdatasincea nev measurement
with an electronicdetectorwaspublished23]. ThoughPDG quotein their 2004compilationa
valueof m = 547.75 + 0.12 MeV/c? [24], this error hidesdifferencef up to 0.7 MeV/c? be-
tweenthe resultsof someof the moderncounterexperimentgjuoted.This new PDG averageis
in factdominatedy theresultof the CERNNA48 experiment;n = 547.843 + 0.051 MeV/c?,
which is basedupon the study of the kinematicsof the six photonsfrom the 37° decayof
110 GeV n-mesong25]. In the otherexperimentsemplaying electronicdetectorswhich typ-
ically suggesta mass~ 0.5 MeV/c? lighter, the y was producedmuchcloserto thresholdand
its massprimarily determinedhrougha missing-massechniquewhere,unlike the NA48 exper
iment, preciseknowledgeof the beammomentumplaysan essentiapart. The Big Karl spec-
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Fig. 5. Left: Thedata[21] shawvn astheir dependencen kinematics. The kinematicalcurvesarefor the
"B e groundstateandanexcitationof 5 MeV. Right: Box which containsthe detectorsn thefocal planein
vacuum.Seetheslit in thebackwardwall which is the entranceof the spectrograph.

trographandthe high brilliance beamat COSY areideally suitedto performa high precision
experiment. The underlyingidea of the studyis a self calibratingexperiment. Threereaction
productsveremeasurectthe sametime with onesettingof the spectrometeandonesettingof
thebeammomentum Thereactionproductswere

L+ 2 - @ + @
p + d — t + = (©)
p + d — T + t

p + d — 3He + 17

It is alwaysthethird particlewhichwasdetectedlnputarethewell known massesf theproton,
deuteron,r* , triton and®He. Fig. 6 shavs the momentaof the third particle being emitted
underzerodegreein the laboratorysystem.Pionsand® He are beingemittedinto the forward
directiontritonsinto thebackwarddirectionin the centerof masssystem For 3 He themomenta
weredivided by two in orderto accountfor the doublechage. The momentumacceptancef
the spectrograplis alsoshavn. Clearly, for a beammomentumcloseto 1641 MeV/c all three
particlesarewithin the acceptancef the spectrographThe pion is usedto deducethe absolute
beammomentum.Thenthe triton will beusedto x the spectrograplsettingand nally from
the 3 He one obtainsthe massof the n meson. So far for theidea. In the analysisthe target
thicknessasmeasuredrom the triton momentumwasstudiedasfunction of measuringime. It
wasfoundthatit increasedvith time mostprobablydueto freezingout of air. A thinnertarget
atapproximatelyhalf of the measuringime coincideswith a cleaningof thetargetwindows. In
orderto x theinvestigatethe propertiesof the spectrograpla seriesof calibrationrunswere
performed.Theseincludesweepingwith the primarybeamover thefocal planewithout a target
atabeammomentunof 793 MeV/c. This correspondso areactionp + 0 — p + 0. Thenthe
full ellipseof deuterongrom thereactionp + p — d + «* atthe samebeammomentumwas
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Fig. 6. Themomentaof thethreeparticlesof interestunderzerodegreein thelaboratorysystemasfunction
of the beammomentum.The acceptancef the spectrograplfor a centralmomentumof 804.5MeV/c is
shavn asshadedarea.Also abeammomentunof 1641.4MeV/c is indicated.

measured.Finally, pionsfrom the reactionp + p — ©* + d were measuredat 1640 MeV/c

with againsweepinghe deuterorioci overthewholefocal plane. Thethefollowing procedure
was adopted. It is assumedhat the spectrographs known. The three calibrationreactions
werenow usedto x the beammomentumthe target thicknessandthe n mass. In a second
stepthe assumptior(known spectrographjvasstudiedby determiningthe missingmassof the

unobseredparticlein thecalibrationruns. Thesearethemasse®, 7* andd. Theresultof this

exerciseis shovnin Fig. 7. It shovsthedeviation of themeasurednissingmasdrom its nominal
value[24] asfunction of the relative momentundifferenceof the centralmomentunrsettingof

the spectrographlt is visible thatthe deviation hasan uncertaintyof o = 428 keV/c?, which

is the main contrikution to the systematicaerrorwhichin total is 32 keV/c?. Themissingmass
measurementieldsa statisticalerror of the sameorderof magnitude The nal resultis [28]:

m(n) = 547.311 £ 0.028 (stat.) + 0.032 (syst.)MeV/c?. @)

Finally this numberis comparedvith the othervaluespresentlyrecognizedy thePDG[24] (see
Fig. 8).

Thepresenmassds in agreementvith theearlierresultsemploying n production.lt disagrees
with thevaluefrom n decay

6 Summary

GEM hasmeasured seriesof differentialaswell astotal crosssectionsfor n productionwith
protonanddeuterorprojectilesandlight nucleiastargets. Obviously the interactionin the nal

statein thesecasess very differentfrom the n/N interaction. The reasonmight be that the
elementaryscatteringengthdoesnot have the sameisospinalgebraicandspatialpropertiesfor
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thenominalcentralvaluefor the momentunof the magneticspectrograph.
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Fig. 8. Theresultsof the -massmeasurementsn orderof publicationdate,taken from the Rutherford
Laboratory(RL) [26], SATURNE[23], MAMI [27], NA48 [25], andGEM. Whentwo errorbarsareshawvn,
the smalleris statisticalandthelargertotal.

the real andimaginaryart asin a nuclearmedium. A positive value of the real part meansa
modestattractionwhile a negative value meansrepulsionor a boundstate. A smallimaginary
partin the caseof nucleishouldleadto amorenarrow stateif abounds-nuclearstateexists[29].

Theexperimentawill allow to x sizeandsignsof thescatteringengthcomponentsA dedicated



236 H. Machner

searchor apossibleboundn-nuclearstatehasstarted.Basicpropertieof then areits massand
its width. A new valuefor themasshasbeenderivedwith extremelysmallerrorbars.
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