
acta physica slovaca vol. 56 No. 3, 227 – 236 June 2006

THE η MESON PHYSICS PROGRAM AT GEM1

H. Machner2a

for the GEM collaboration
M. Abdel-Barya , A. Budzanowskic, A. Chatterjeeg, J. Ernstf , P. Hawraneka;b , R. Jahnf ,

V. Jhag, K. Kiliana , S. Kliczewskic, Da. Kirillova , Di. Kirillovk , D. Koleve,
M. Kravcikovaj , T. Kutsarovad, M. Lesiaka;b , J. Liebh , H. Machnera;n A. Magierab,
R. Maiera , G. Martinskai , S. Nedevl , N. Piskunovk , D. Prasuhna , D. Protića , P. von
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PACS: 02.50.+s,05.60.+w, 72.15.-v

1 Introduction

The GEM collaborationoperatesthe GEM detector, i. e. a stackof Germaniumdiodesanda
Magneticspectrograph.Thegermaniumwall [1] consistsof four annulardetectors.The�rst one
is positionsensitive with 200Archimedesspiralson thefront andalsoon therearsidebut with
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Fig. 1. Left: Perspective view of thegermaniumwall. An eventwith two hits is indicated.Thediameterof
theactive areaon lastdiodeis 7.7 cm. Right: Crosssectionof themagneticspectrographBig Karl. Note
thedifferencein sizeto thegermaniumwall. The �ight pathfrom thetarget to the focal planeis ≈ 15 m
long.

oppositeorientation. In this way 40000pixelsarede�ned. It deliverstheposition(seeFig. 1)
andgivesa ∆E information.Thefollowing thick detectorsaresegmentedinto 32 wedges.The
total thicknessof the germaniumwall is ≈ 51 mm. Due to the different topologiesonecan
identify multiple hits. The magneticspectrographis schematicallyalsoshown in Fig. 1. It is
a high resolutiondevice. Reactionproductspassthroughthreequadrupolemagnetsand two
dipole magnets.It haspoint to parallel imaging in the vertical andpoint to point imaging in
the horizontaldirection. The last quadrupolemagnetQ3 is not in usein this operationmode.
Thedirectionof thereactionproductsaremeasuredwith MWDC's, twelve layersin two packs.
Thearefollowedby scintillatorhodoscopesP , R, S which give∆E informationandallow for
a time of �ight (TOF) measurement.For further particle identi�cation absorbermaterialcan
be placedbetweenthe last two layers. More propertiesaregiven in [2]. For the studyof the
existenceof boundη-nuclearstatesanadditionaldetectorENSTAR aroundthetargetwasbuilt.
It wasrecentlyusedin a searchemploying thereactionp + 27Al → 3He + (�

25Mg) at recoil
free conditionswith a secondstepη + n → N 0� → π� + p. The 3He wasdetectedin the
magneticspectrographwhile thesecondstepwasidenti�ed in ENSTAR. Detailsis discussedin
thecontributionby Gillitzer [3].

2 The reaction p + d ! 3He + η

Thereactionp+d → 3He+η is of interestto studytheη-nucleusscatteringlength.In Fig.2 we
comparethemeasurementsof differentgroupson thelevel of thespinaveragedmatrixelement

|f |2 =
σtot

4π

pp

p�
. (1)

asfunction of the transferredmomentumq = pp − p� . The closeto thresholddataarefrom
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Fig. 2. The spin averagedmatrix elementfor the reactionpd → 3H e� as function of the transferred
momentum.Thedataarefrom [4] (opensquares),[5] (opentriangles),[6] (rhombs),[7] (full triangle),[8]
(full dot), [9] (full squares)and[10] (full triangle). Thesolid curve is a �t [11] andthedashedcurve the
resonancemodelcalculation[8].

variousgroupsatSATURNE[4,6,9,10]aswell asmorerecentdatafrom GEM [8], CELSIUS[7]
andCOSY11[12]. Thesedataseemto benot in agreementto eachother. This is especiallytrue
if in additionangulardistributionsarecompared.Obviouslymoredatais necessaryto clarify the
situation.This maycomefrom thenewer measurementfrom COSY11with inversekinematics
wherethedetectorhasa largeracceptance[13]. Thesolid curve is a �t to thethedataassuming
s-wave productionand �nal stateinteraction[11]. The dashedcurve assumesthe reactionto
proceedvia a resonance.Thematrix elementis a Breit-Wignerform

|f |2 =
AΓ2

r

(
√

s −√
sr )2 + Γ(

√
s)2 (2)

with a momentumdependentwidth

Γ(
√

s) = Γr (b�
p�

�

p�
� ;r

+ b�
p�

�

p�
� ;r

+ b� � ). (3)

Here,Γr is the width at the resonance
√

sr . Similar as in photoproduction[14] we assumed√
sr = 1540 MeV andΓr = 200 MeV. Thebranchingratiosbi weretakenfrom theparticledata

group(PDG)[15]. TheabsolutenormalizationA is arbitrary.

3 The reaction ~d + d ! η + α

Similarasto thecaseof thepreviousreactionthestudyof the ~d + d → η + α reactionis driven
by the questwethera stronglyboundη-nucleussystemexists. Theorypredictsthat a heavier
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Fig. 3. Excitationfunctionsfor theindicatedreactions.Pointsfrom GEM arealwaysindicatedby squares,
thenew datafrom ANKE [18] asrhombi. Datafor thereactionpd → 3H e� from Refs.[7] and[5] have
beenomitted.Thesolidcurvesarethepredictionsof theresonancemodeldiscussedin thetext.

systemshouldresultinto a strongerbinding. Closeto thresholdonly total crosssectionsexisted
sofar[16,17]. Only recentlythe�rst angulardistributionsbecomeavailable[18]. Sincethey will
bediscussedwithin this meeting[19] we will concentrateon theenergy dependenceof thetotal
crosssection.Also GEM hasa preliminaryvaluefor thetotal crosssectionmeasuredat a beam
momentumof 2.39GeV/c.All theknown pointsareincludedinto Fig 3. It is interestingto note
that thenew datafollow the resonancemodelEq. 2 togetherwith Eq. 3 predictionwhich was
previously adjustedto thedatafrom Willis et al. [17]. It alsoaccountsfor theπ � p → ηn cross
sections.However, the excitation curve for pp → ηpp shows a completelydifferentbehavior.
We cansummarizethe presentobservationsthat reactionswith two particlesin the �nal state
seemto have a quite similar behavior that reactionswith threeparticlesin the �nal state. The
dd → ηα reactionallowsto extracttherealandimaginarypartsof thepartialwaveamplitudes,if
onemeasuresthevectorandtensoranalyzingpowersin additionto thedifferentialcrosssection.
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Supposeoneis dealingwith only s- andp-wave in the initial state. The polarizeddifferential
crosssectionfor transversalpolarizeddeuteronsis givenby

(

dσ

dΩ
(θ, ϕ)

)

pol
=

(

dσ

dΩ
(θ)

)

unpol:

[

1 − 1

2
τ20T20 + i

√
2τ10T11 cosϕ −

√

3

2
τ20T22 cos 2ϕ

]

(4)

with τ10 andτ20 thevectorandtensorpolarizationof thebeam.Theunpolarizedcrosssection
is thesumof theamplitudessquared.Therelationbetweenthecorrespondinganalyzingpowers
Tik andthepartialwaveamplitudecomponentsis then

T11 =
3

2
√

10
Im(a0a

�
1) sin θ

T20 =
1

3
a2

0 − 9

10
a2

1 sin2 θ

T22 =
9
√

3

40
a2

1 sin2 θ.

(5)

Herea0 denotesthes-wave anda1 thep-wave amplitude.Fromfour observables,onecanthen
deducethetwo realandtwo imaginarypartsof theamplitudes.Theknowledgeof theamplitudes
is of importancein thecontext of a boundstate.A recentanalysisof thescatteringlengthfrom
pd → 3Heη yieldeda very small imaginarypartanduncertaintyaboutthesignof therealpart
[11]. Thisis surprisingsincetheoriginalpionicinelasticityof ηN scatteringis largeandseemsto
decouplein thecaseof nuclei. This decouplingor veryweakabsorptionwasrecentlyattributed
to asuppressionof thetwo maininelasticitychannels[20]. Thesearethepion inelasticitydueto
theprocessηN → πN andthenuclearinelasticityηd → NNπ with d a quasideuteronstate.

An experimentemploying vectorand tensorpolarizeddeuteronbeamswas performedby
GEM earlierthisyear. Thedataarepresentlyunderevaluation.In orderto continuouslymonitor
thepolarizationanadditionaldetectorwasmounteddownstreambehindthetargetconsistingof
16wedgeshapedscintillators.Theresultof suchameasurementis shown in Fig.4 for pzz = ±1.
Thecurvesare�ts with thefunctionσ(ϕ) = A(1 + B cosϕ + C cos 2ϕ) to thedata.

Two openproblemsremainon the experimentalside: the disagreementbetweendifferent
datasetsfor pd → 3Heη andmissingdatafor bothreactionsat higherbeammomenta.

4 The reaction p + 6Li ! η + 7Be

The reactionp + 6Li → η + 7Be hasa heavier nucleusastarget. The studyof this reaction
maythereforeallow to gaininsightsinto themovementof apossiblepoleposition.This reaction
wasstudiedearlierat Saclay[21] at abeamenergy of 683MeV. Theη wasidenti�ed via its two
photondecay. Eighteventswereobservedwithin theacceptanceof thedetectorcorrespondingto
a crosssectiondσ/dΩ = (4.6 ± 3.8) nb/sr. Theerror is purelystatistical.A systematicerrorof
20% shouldbeadded.With theenergy resolutionof theset-upit wasimpossibleto distinguish
different�nal statesof theresidualnucleus.Fig. 5 shows thedatatogetherwith thekinematical
curve for 7Be in its groundstateandup to 5 MeV excitation. In anaccompanying theorypaper
it wasarguedthat mostof the yield is from statescloseto 10 MeV excitation [22]. At GEM
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Fig. 4. Ratio of countingratesfor polarizedto unpolarizeddeuteronbeamasmeasuredwith the wedge
detector. Thecurve with theminimumat � = � is for nominalpzz = −1 theotherfor pzz = +1

the investigationof this reactionis plannedat an energy closerto threshold.In contrastto the
Saclayexperimentthedetectionof therecoiling7Be with themagneticspectrographis foreseen.
Thetarget thicknesswill limit theresolutionto 1 MeV. Sotheexperimentis exclusive sinceall
statesabovethe�rst excitedstateat0.4MeV areparticleunbound.Becauseof thelargestopping
powerof therecoilin materialthepresentset-upof detectorsin thefocalplainis notadequate.All
detectionelementshaveto operatein vacuum.For thispurposea largevacuumboxwill hostthe
detectors(seeFig. 5). Particleidenti�cation will beperformedwith a∆E −E systemof plastic
scintillatorsof 0.5mmand2 mmthickness,respectively. Light is readout left andright through
windows by fastphototubes.In a testrun excellentparticleresolutionwasobserved. However,
thepositionresolutionwasnotsuf�cient to performmissingmassreconstruction.Thereforetwo
packsof multiwire-avalanchechamberswith two dimensionalpositionresolutionareaddedin
front of the∆E counter. Therun is scheduledfor summer2006.

5 The mass of the η

Comparedto otherlight mesons,themassof theη is surprisinglypoorly known. From1992on
theParticleDataGroup(PDG) ignoredtheold bubblechamberdatasincea new measurement
with anelectronicdetectorwaspublished[23]. ThoughPDGquotein their 2004compilationa
valueof m� = 547.75± 0.12 MeV/c2 [24], this errorhidesdifferencesof up to 0.7MeV/c2 be-
tweentheresultsof someof themoderncounterexperimentsquoted.This new PDGaverageis
in factdominatedby theresultof theCERNNA48 experiment,m� = 547.843± 0.051 MeV/c2,
which is basedupon the study of the kinematicsof the six photonsfrom the 3π0 decayof
110 GeV η-mesons[25]. In the otherexperimentsemploying electronicdetectors,which typ-
ically suggesta mass≈ 0.5 MeV/c2 lighter, theη wasproducedmuchcloserto thresholdand
its massprimarily determinedthrougha missing-masstechniquewhere,unlike theNA48 exper-
iment, preciseknowledgeof the beammomentumplaysan essentialpart. The Big Karl spec-
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Fig. 5. Left: Thedata[21] shown astheir dependenceon kinematics.Thekinematicalcurvesarefor the
7B e groundstateandanexcitationof 5 MeV. Right: Box whichcontainsthedetectorsin thefocalplanein
vacuum.Seetheslit in thebackwardwall which is theentranceof thespectrograph.

trographandthe high brilliance beamat COSY areideally suitedto performa high precision
experiment. The underlyingideaof the study is a self calibratingexperiment. Threereaction
productsweremeasuredat thesametimewith onesettingof thespectrometerandonesettingof
thebeammomentum.Thereactionproductswere

(1) + (2) → (3) + (4)
p + d → t + π+

p + d → π+ + t
p + d → 3He + η

(6)

It is alwaysthethird particlewhichwasdetected.Inputarethewell known massesof theproton,
deuteron,π+ , triton and 3He. Fig. 6 shows the momentaof the third particlebeingemitted
underzerodegreein the laboratorysystem.Pionsand3He arebeingemittedinto the forward
direction,tritonsinto thebackwarddirectionin thecenterof masssystem.For 3He themomenta
weredividedby two in orderto accountfor the doublecharge. The momentumacceptanceof
thespectrographis alsoshown. Clearly, for a beammomentumcloseto 1641MeV/c all three
particlesarewithin theacceptanceof thespectrograph.Thepion is usedto deducetheabsolute
beammomentum.Thenthe triton will be usedto �x thespectrographsettingand�nally from
the 3He oneobtainsthe massof the η meson. So far for the idea. In the analysisthe target
thicknessasmeasuredfrom thetriton momentumwasstudiedasfunctionof measuringtime. It
wasfoundthat it increasedwith time mostprobablydueto freezingout of air. A thinnertarget
at approximatelyhalf of themeasuringtime coincideswith a cleaningof thetargetwindows. In
order to �x the investigatethe propertiesof the spectrographa seriesof calibrationrunswere
performed.Theseincludesweepingwith theprimarybeamover thefocalplanewithout a target
at a beammomentumof 793MeV/c. This correspondsto a reactionp + 0 → p + 0. Thenthe
full ellipseof deuteronsfrom thereactionp + p → d + π+ at thesamebeammomentumwas
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Fig. 6. Themomentaof thethreeparticlesof interestunderzerodegreein thelaboratorysystemasfunction
of thebeammomentum.Theacceptanceof the spectrographfor a centralmomentumof 804.5MeV/c is
shown asshadedarea.Also a beammomentumof 1641.4MeV/c is indicated.

measured.Finally, pionsfrom the reactionp + p → π+ + d weremeasuredat 1640MeV/c
with againsweepingthedeuteronloci over thewholefocal plane. Thethefollowing procedure
was adopted. It is assumedthat the spectrographis known. The threecalibrationreactions
werenow usedto �x the beammomentum,the target thicknessand the η mass. In a second
steptheassumption(known spectrograph)wasstudiedby determiningthemissingmassof the
unobservedparticlein thecalibrationruns.Thesearethemasses0, π+ andd. Theresultof this
exerciseis shown in Fig.7. It showsthedeviationof themeasuredmissingmassfrom its nominal
value[24] asfunctionof therelative momentumdifferenceof thecentralmomentumsettingof
thespectrograph.It is visible that thedeviation hasan uncertaintyof σ = ±28 keV/c2, which
is themaincontribution to thesystematicalerrorwhich in total is 32 keV/c2. Themissingmass
measurementyieldsa statisticalerrorof thesameorderof magnitude.The�nal resultis [28]:

m(η) = 547.311± 0.028 (stat.) ± 0.032 (syst.)MeV/c2. (7)

Finally thisnumberis comparedwith theothervaluespresentlyrecognizedby thePDG[24] (see
Fig. 8).

Thepresentmassis in agreementwith theearlierresultsemployingη production.It disagrees
with thevaluefrom η decay.

6 Summary

GEM hasmeasureda seriesof differentialaswell astotal crosssectionsfor η productionwith
protonanddeuteronprojectilesandlight nucleiastargets.Obviously theinteractionin the�nal
statein thesecasesis very different from the ηN interaction. The reasonmight be that the
elementaryscatteringlengthdoesnot have thesameisospinalgebraicandspatialpropertiesfor
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the real and imaginaryart as in a nuclearmedium. A positive valueof the real part meansa
modestattractionwhile a negative valuemeansrepulsionor a boundstate.A small imaginary
partin thecaseof nucleishouldleadto amorenarrow stateif aboundη-nuclearstateexists[29].
Theexperimentswill allow to �x sizeandsignsof thescatteringlengthcomponents.A dedicated
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searchfor apossibleboundη-nuclearstatehasstarted.Basicpropertiesof theη areits massand
its width. A new valuefor themasshasbeenderivedwith extremelysmallerrorbars.
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