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Letterof Intent

BARYON SPECTROSCOPY AND A SEARCH FOR PENTAQUARK
STATESWITH THE NA49 DETECTOR

Abstract

A sizeableextensionof the datasampleobtainedby the NA49 experimentin elementary
p+p collisionsis proposedThis would allow decisve progressn the extraction of non-
strangeand strangebaryonicresonance# the massrangeup to and beyond 2 GeV. It
would alsopermitaseriousandcompetitve searchat SPSenegy, for therecentlyclaimed
pentaquarkbaryonicconfigurations.
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1 Intr oduction

Themajority of SU(3)baryonicresonanceBave beendiscoveredandtheirquanturmum-
bershave beenextractedby partial wave analysisin low-enegy hadron-nucleorand photon-
nucleon’formation’ experiments.The extensionof thesestudieswith 'production’ experi-
mentsto highercmsenepiessuffersfrom importantcombinatoriabackgroundsvhich develop
rapidly with increasinghadronicmultiplicity, a difficulty which is aggraatedby the high den-
sity of resonanstatescomparedo their widthsoverthewhole known massscale.

Whereasavivid actity is continuingin baryonspectroscopatlow enegy facilities[1],
the efforts in high enepgy productionexperimentshave beenlimited to the diffractive area[2]
andto theisolatedextractionof someof thelowest-lyingA stateq3] in afield thathasanyway
beenpracticallyabandonedecadesgo.

On the other hand the productionof baryonic resonance$as very important conse-
qguencedor the understandingf the dynamicsof the hadronizationprocess A majority of
A statesfor examplecannotbe produceddirectly in the SPSenegy rangebecausef the ab-
senceof chageandflavour exchangethey mustbeproductof heavier N* cascadingprocesses
[2]. If thefactthatthe majority of final statepionsaredecayproductsof mesonicresonances
hasbeenrecognizedsincea long time [4], a similar agumentationis absentfor final state
baryons.This is mostly due to the lack of correspondingneasurementsf productioncross
sectiondor baryonicresonancegspeciallyin the non-diffractive sectorof hadroniccollisions.
Theunderstandingf baryonnumbertransferprocessewhichhaveimportantconsequencdsr
non-perturbatie QCD [5] andthe evolution of enegy densityin nuclearcollisions[6] will not
be possiblewithout properlyaddressinghe problematicof baryonresonances.

In recognitionof thesefactsthe NA49 collaborationhaspursuedover the pastfew years
aprogrammeaimedat the studyof baryonicresonancef/] in proton+protorinteractionsThis
programmas basedn severaladvantage®fferedby the NA49 detector:

— wide angleacceptanceith high quality trackingvia TPC detectors

— goodpatrticleidentificationover mostof the acceptanc®y enegy lossmeasurements
theTPCtrackingsystem

— accesdo final stateneutronproductionusinga hadroncalorimeter

— availability of VO reconstructioryielding strangehyperondetectionup to cascadeand
Omgya-baryons

In additionto thesefeaturesfwo moreaspectareof importancen this context:

— large statisticsevent samplesare absolutelymandatoryfor this type of experimentation.
The NA49 experimenthasby now accumulatedbout5 Meventsin proton+protorcolli-
sions.This eventsample which constitutesanincreaseof aboutoneorderof magnitude
above sampleof comparableuality availableupto now [3], shouldbefurtherenhanced.

— building upona methodologyusingeventmixing techniqueglevelopedfor ISR enepies
[8] theextractionof multi-resonancstructuresn thepresencef importantcombinatorial
backgroundfiasbecomefeasible.

The above agumentatiorrecevesadditionaltopical interestin view of the very recent
claimsfor the discovery of a new classof baryonicobjectscalled penta-quarksTheseobjects
areof thetype (gqq)(¢q) whereg doesnot have a partnerof the sameflavour family amongst
the otherquarks.Their existencewould evidently leadto a completenew spectroscopin the
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baryonicsectorandto animportantextensionof non-perturbatie QCD.

From the theoreticalside such stateshave beencontemplatedupon sincea long time.
Recentlyespeciallyone state,the 1=0 (udd)(us) baryon,hasbeenpredictedto be a narrav
resonancef < 20 MeV width atamassof about1530MeV [9].

Thediscovery of this statehasindeedbeenclaimedby (for thetime being)four different
experimentg10]. Althoughtheseclaimsall comefrom experimentswith cmsenegiesclose
to productionthreshold the searchfor suchstatesat higherenegiesis of evidentinterest.As
will beshownn below, the NA49 detectoroffersall the meansneededo explorethis possibility,
underthe conditionthatsufficiently large eventsamplesareobtained.

This necessitymay be fulfilled - in completecompatibility with the 'standard’baryon
spectroscopdiscusse@bove - by additionalrunswith theNA49 detectorWethereforegpropose
to performan extendedperiodof datatakingwith protonbeamin 2004.

2  Baryon Spectroscopy

Thespectroscopof N* andA resonances theirtwo bodydecaychannels

(1) ATt —p+ ot
(2) AT /N*t —n+ 7t
(3) AY/N* — p+ 7~
(4) AT —=n+n

presentsa real challengeto dataextractiondueto the large numberof contributing statesand
their smallmassspacing.This is exemplifiedin Fig. 1 a-dwherethe correspondingnassplots
aftersubtractiorof theircombinatoriabackgroundsrepresentedT his backgroundubtraction
is basednaneventmixing techniquecombinedvith aMonte Carlogeneratiorof thecontribut-
ing statesasshowvn at theright handsidesof Fig. 1 a-d. Severalfeaturesof thesedistributions

arenoteworthy:

— thepureA stateq1) and(4) aregovernedby thelowestlying A(1232). Thisis dueto the
100%branchingfractionof A**(1232) andA~(1232), to the scarcityof higherstatesn
themassangebelon 1.9 GeV andto theirrelatively smalltwo-bodybranchingractions.

— in channelg2) and(3) whereN* resonancesontribute, the A statesaremuchlesspreva-
lent. Their branchingfractionsarecomparabler inferior to theonesof N* which clearly
governthe productionspectrumespeciallyin the1440,1520and1680massranges.

— channelq?2) and(4) involving neutronsdetectedn the NA49 hadroniccalorimeterde-
liver spectravhich aresimilar in resolutionto the onesbasedon chagedparticlesalone
(Noticethatin (2) afractionof X*(1190) arereconstructeatvertex andform a shoulder
onthe A" (1232) peakin contrasto the A(1115) in Fig. 1c).

This spectroscop hasbeenextendedo threebodydecaychannelgnotshavn here),ase.qg.

(5) AT/N*t —wp+7at + 7
(6) AY/N* —n+ 7t + 7

This extensionallows aninternalcrosscheckof the extractionmethodaslong astheratio
of branchingfractionsis sufficiently well known, of coursewith the exclusionof A(1232).



In view of the discussionof pentaquarkstateswhich are exotic in the nucleon+kaon
systemthe non-e&otic channels

(7) YT —-n+ KT
® SN p K

areof particularinterestasthey maybeusedas’gauge’referencdor pentaquarkspectroscop
in particularasthe statesarerelatively narrav atleastin referenceo the A and N* resonances.
The correspondingnassplots, againafter subtractionof the combinatorialbackgroundsare
shovnin Fig. 2 a-h Severalremarksarein place:

— alsoin thesechannelghe importanceof heary resonancesp to andbeyond 2 GeV in
centralhadronicproductionis evident.

— againthedecaysnvolving neutronggive encouragingesults

— comparedo the nucleon+piorchannelghe statisticalaccurag becomedimiting evenin
a5 Meventsamplesincethe K~ /=~ ratiois only about0.05at SPSenegies

— this is aggraatedin n + K~ decaydueto the lower n yields andnecessanadditional
fiducial cutse.g.for photon/hadrorseparationn the calorimeter

— the A*/2* spectroscopis of considerablemportancefor the understandingf K pro-
duction,in particularconcerningsospineffectsin p+p andn+p collisionsasthey were
uncoveredby NA49 [11].

Two furtherdecaychannelsavailableto NA49 shouldbe mentionedn this context:

(9) s Sop 4 KO
(10) S0 /A% 4 K

TheVO0- analysisnecessarjor thedetectionof K2 hasbeendevelopedby thecollabora-
tion mainly for the studyof A°, cascadend()~ baryonswherethefirst obserationof 2~ and
QT in p + p collisionswasreported[12]. The useof K? for spectroscop hasto rely on very
large datasamplesasdecayvertex distancecutsfor background-freextractionof K2 haveto
beimposedWork concerninghesechannelss in progress.

3  Detector Impr ovements

The NA49 detectorlayout hasbeenrecentlyimproved by the additionof a TPC which
coversthe acceptancgapin far forward directionimposedby the presenceof the ion beam
which cannotbeaccommodateth theactive volumesof the standardNA49 trackingchambers.
This opengheway for resonancstudiesin theregion of low massdiffraction.Up to now only
half of the statisticshasbeenobtainedwith theimprovedlayout.

A furtheradditionis actuallybeingimplementedy the installationof two walls of lead
glassblockswhich comefrom the forward electromagneticalorimeterof the OPAL detector
Thiswill improve thehermeticityof the NA49 detectolin the forwardhemispherendopenup
new channelsfor spectroscop involving final stater’. This calorimeterwill be broughtinto
operationin a pilot runduring October2003.

4



4  MassResolutionin DecayChannelsinvolving Neutrons

The determinationof the influenceof calorimeterenegy and angleresolutionon the
massresolutionin decaychannelsanvolving neutronsis a clear pre-requisitefor the study of
narrav resonanceslhe neutroncalorimeterusedin the NA49 experiment[13] is a venerable
instrumentconstructedn the 19705 [14] andemployedsincein awholerangeof experiments.
It is of thesamplingtype containinga Pb/scintillatorsectionfor electromagnetidepositsanda
Fe/scintillatorpartfor hadrondetectionlts hadronicenegy resolutioncanbe characterizethy

o(E))E = \[c1/E + 2

wherethe constant1=0.9GeV and c2=0.02were obtainedfrom measurementwith
beamparticlesin therangebetweer20and160GeV.

Thecalorimeterhasa cellular structurewith a granularityof betweenlOx 10 and20x20
cn? at 20 m distancefrom vertex. This yields by centerof-gravity determinatioran angular
resolutionwhich is of order 1 mrad at neutronenepies around30 GeV. As with increasing
enegy the wider chage clustersprovide a more precisepositiondeterminationthe resulting
trans\ersemomentunsmearings roughlyenegy independent.

In Figure 3 the masssmearingdue to calorimetereffectsin the massregion closeto
thresholdn n+ K" decayss shavn for enegy andangularesolutionseparateljandcombined.
The calorimeterresponsecreatesa non-Gaussiamasssmearingsharply pealed on patrticle
massandcorrespondingo a FWHM resolutionof order40 MeV for n + K decayin the mass
rangeof 1.5 GeV. This valueis only mildly dependingon resonancenassup to masse®f 2
GeV.

Thisresultis clearlycompatiblewith then + = andn + K massspectrashavn in Figs.1
and2. Concerningthe detectionof narrav structureswith predictedwidths of about20 MeV
we considerthis responseslimiting but - especiallydueto its non-Gaussiashape- asstill
allowing a sensefupentaquarlsearchalsoin neutrondecaymodes.

Improvementon the massesolutionarepossibleif fiducial cutsfavouringenepgy depo-
sitionin severaladjacentellsareintroducedoff line. Theresultsshonn in this letterhave been
obtainedwithout suchadditionalcuts.

5  Search for Pentaquarks

At presenthe experimentalevidencefor pentaquarkbaryonscomesfrom one S = +1
state,the ©1(1540) closeto N + K threshold.This stateis claimedto be seenin then + K+
or p+ K decayconfigurationsTheexperimentamassspectrarom four differentexperiments
[10] - all publishedin 2003- areconfrontedn Fig.4.Severalremarksshouldbe made:

— in all experimentgheresonances foundcloseto thetop of asharplypeakingoackground.
As usualin suchsituationstheexactshapeof thebackgrounds very difficult to estimate.

— theexperimentsxtractasignalof betweer20and60 entriesover estimatedackgrounds
of 15to 110 entries.From this they claim a statisticalsignificanceof between4 and5
standardieviations.

— strongcutshave beenappliedto the eventsamplesn all cases.
This situationis reminiscenbf the non-eotic partnerof this state the ¥*(1550) which
hasbeenseenby several experimentsas a narrav peakin the A° + = channel.One of the

5



experimentaimassplots[15] is shavn in Fig.5 wherea significanceof five standardieviations
is claimed.This stateis up to now notrecognizedisanestablishedesonancen thePDGtables.

Thefactthatall signalsarein the sameballparkof low statisticsandin the rangeof 4-
5 standarddeviationsis alsoreminiscentof the hostof charmedmesonandbaryonandeven
beautybaryonstatesclaimedat the ISR in the late 70ies,oncetheir massesvereknown. The
majority of theseclaims hasbeenshowvn to violate the tight upperlimits on crosssections
imposedby leptonpair production[16].

Notwithstandingthesepossiblecriticismswe feel that the fundamentainterestof pen-
taquarkstates shouldthey exist, is so high thatit requiresa serioussearcheffort alsoat SPS
enegies. This is the more so asthis searchcanbe at leaststartedwith a very small effort in
fundingandmanpaver by anextendedun of the NA49 experimentin its presentonfiguration.

5.1 Decaychannels

Up to now a quantumnumberassignmentf the ©(1540) is of courseabsentlf it would
beanisospinsingletstate only thedecaychannels

(11) O(1540) — n + K+
(12) O(1540) — p + K°

would be presentAn assignmenasisospintriplet is in principle alsopossible,in which case
theisospinpartnersvould allow the additionalchannels

(13) (Is3=+1) —=p+ K"
(14) (I; = —1) - n+ K°.

All four channelsarein factaccessibléo NA49. The sharpessignalsareto be expected
from channelg12) and(13) wheretheintrinsic massresolutionof the detectothasbeenshavn
to be on a level of a few MeV. As discussedbore, the channelsnvolving neutrondetection
aremorelimiting dueto calorimetemresolution.An additionalcomplicationarisesin (12) and
(14) from the admixtureof K in the K2. This could mix-in "normal” ©* and A* statesof the
type>*(1550) mentionedabore. In thelow enegy experimentghis canbe solvedby detecting
- in the quasi-eclusive modeavailableatlow multiplicity - anadditional K~ to fix the s quark,
or by operatingwith incoming K+. Evenat SPSenegy however, requestingan additional X~
in the samehemisphereshould strongly suppressvrong assignmentst the sole expenseof
reduceckventstatistics.

5.2 MassSpectra

Fromthepresentlyavailabledata,afirstimpressiorof themassspectran decaychannels
(11) and (13) may be obtained.Thesemassdistributionsare shavn in Fig.6. They extend at
SPSenegiesof courseo amuchhighermassangeascomparedo thelow enegy experiments
shovnin Fig.4andthey arecharacterizetyy a sizeablecombinatoriabackgroundHoweverthe
directcomparisorwith thenon-eotic chagecombinatiorp+ K~ in theregion of the A*(1520)
resonancalsoshovn in Fig.6demonstratethatsensiblaipperimits maybeextractedor these
channelgprovidedthatsufficiently large datasamplesareobtained.

We reiterateherethatin orderto approachanunambiguousituationconcerninghis nev
type of baryonspectroscop very seriousefforts shouldalsobe spentin the SPSenepgy range.
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Here the NA49 detectoroffers a unique possibility to contribute rapidly and with minimum
expenseo this exciting field.

5.3 Further StatesAccessibleto NA49

As emphasizethy R. Jafe andF. Wilczek[17] completesetsof new multipletshaveto be
expectedn a possiblepentaquarlspectroscop amongsithersa new quadruplebf cascades.
Here,e.g.thestates

(15) (dss)(du) — == + 7~
(16) (uds)(sd) — A° + K°

would be accessibléo NA49. As first exampleof a preliminary study of statesincludingVVO
reconstructionwe shav in Fig.7themasdistribution correspondingo combination(12). Again
it is clearthatthe establishmendf sensibleupperlimits for suchnew statesdlepend®ssentially
on our possibilitiesto improve on eventstatistics.

6 BeamRequest

We requesasizeableperiodof datatakingn 2004with protonbeamin theH2 beamline.
For instance 3 monthsof runningwould yield abouta factorof 4 increasen numberof events
comparedo our presentdatasampleandwould allow usto fully exploit the detectorupgrades
describedabove. We considetthe correspondingainin datavolumeandquality ascrucialboth
for our programmen baryonspectroscopandfor a serioussearcHor pentaquarlstates.
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Figure 1: Backgroundsubtractedion nucleoneffective massdistributionsfor (a) p + 7™ (b)
n+ 7t (€)p+ 7~ (d)n + 7 (preliminaryNA49)
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n + K~ (preliminaryNA49)
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Jefferson Lab SPring-8 DIANA
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Figure4: Publishednassdistributionsin the exotic channels: + K+ andp + K (ref.10)
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