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² (very!)BriefTheoryReview
² Present SELEXDoubleCharmStatus
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² Observation of NewHigh MassStates
² Are TheseStatesDouble-CharmBaryons?
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Fla vor-Indep endent QCD Demands Double-Charm
Bary ons
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SU(4)Baryon Multiplets

² BrokenSU(4)classi¯esbaryon states.

² Stateswith Nch · 1 all seen.

² Double-andTriple-CharmBaryonsmust exist.

² Characteristics» charmmesonspectra

{ ccbindingpotential (f 3g state)1/2 cc poten-
tial ) sizeof cccore» J=Ã size

{ cc systemin HQET approximation provides
static colorsourceto bind q, analogousto D-
mesonsystem.

{ ¯nite mc ! 3-body e®ects(H+
2 molecule)
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Man y Mo dels, Man y Predictions

author year model ¥cc(J = 3=2) ¥cc(J = 1=2)
Bjorken 1986 phenom 3.70GeV/c2 3.64GeV/c2

Fleck & Richard 1989 bag 3.636 3.516
Torii,et al. 2000 Born-Oppenheimer 3.649 3.613

Roncagliaet al. 1995 Feynmann/Hellman 3.81 3.66
Ellis 2002 phenom 3.711 3.651

Samplingof ccqmasspredictions

Overall featuresof models:

² groundstatenear3.6GeV/c2

² groundstateI=1/2 multiplet degenerate

² hyper¯ne splitting around60-120MeV/c2

² somemodelspredictpionictransitionsfor
3/2 ! 1/2

² mostmodelsbasedon non-charmeddecuplet-
octet splitspredictonlyelectromagnetichyper-
¯ne transitions.

² Model-dependent predictionsfor orbital, radial
excitations

SELEX Double Charm Cornell 5/09/03. 4



Exp erimen tal Evidence - 2002

Selexreported3 signi¯cant high-masspeaks

ccd+ ccu++ ccu¤++
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We will concentrate on the low-mass region in to day's talk.
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SELEX Apparatus Features

² Forward production

² ¼, § ¡ , p beams

² typicalLorentz Boost» 100

² RICH identi¯cation above25
GeV/c
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SELEX Single Charm Analysis
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CharmAnalysisCuts

² Decay vertexseparationsigni¯canceL/ ¾

² Charmvectormomentum points back to
primary: cut on (b=¾b)2 (point-back cut)

² Decay vertex lies outside target material
(spacecut)

² ¤+
c ! pK¡ ¼+ lifetime data sampleusedto

search for doublecharm(1630events)
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SELEX Charm Selection Criteria

¤+
c event

² primary vertextaggedby beamtrack

² secondaryvertexmust lie outsidematerial

Charm SelectionCuts for singlecharm
studies:

² secondaryvertexsigni¯cance:

{ L/ ¾ ¸ 1 for short-lived states
(¥0

c; ­ 0
c)

{ L/ ¾ ¸ 8 for long-lived states
(¤+

c ,...)

² Pointback · 4 (2 ¾b)

² second-largest miss signi¯cance
amongdecay trks ¸ 4.
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SELEX Double Charm Bary on Search Strategy
Vertex
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Decay Schematic

p+
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Beam
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2 verticesto consider,L/ ¾cuts

² ccqbaryonscandecay to cqqbaryon;
look for ¤+

c plus extra vertex

² Cabibbo-allowedmodes:c ! s + W+ )
require K¡ (not K+ ) at second vertex

² No RICH PID on tracks from secondvertex.

² Made independent data sets to search for
ccu++ stateandccd+ state

² Used SELEX ¤+
c ! pK¡ ¼+ samplewith

RICH identi¯cation requiredon p, K¡

² search for K¡ ¼+ ¼+ ¤+
c vertexbetween

primary vertexand¤+
c decay point
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ccu Backgrounds from ccd Candidates

¤+
c K¡ ¼+ vertexcanbe boostedto ¤+

c K¡ ¼+ ¼+

by accidental pickup of a primary-vertexpion

Typicalprimary vertexpionsare5-20GeV/c

Typicalcharmis 150-300GeV/c; slow pion lies
in backward hemispherein baryon rest frame.

Accidental Boost

Primary
Vertex

ccd
vertex

ccd

L L

primary
track

K

p

L
vertex

2

K
-

p+

p+

1

c
+

-

Cut on helicity anglein rest frameof decaying
stateto remove backward excessif seen.

UseWrong-SignBackgroundStudiesto reject
topologicalaccidents

² At intermediatevertex, charge is de¯ned
but massis not

² signal channelhas negative track as K¡ ,
positivesaspions

² Wrong-Sign Background chan-
nelhashighest-momentum positivetrack as
K+ , negative track as¼¡ .

² SELEX data are consistent with charge
symmetryfor interactiontrigger

Q = +1 statehasonewrong-signchannel

Q = +2 statehaswrong-signbackgroundfrom
oneQ=2 and two Q=0 channels.We average
them.
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Results from ccd+ Search

K¡ ¼+ ¤+
c : Phys. Rev. Lett 89,112001(2002)
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Calculatem(ccd+ ) usingm(¤+
c ) = 2.2849GeV/c2 Poisson

Probability for peakanywhereon plot: 1:1£ 10¡ 4

² Usea baryon to ¯nd a baryon:
require¤+

c daughter

² lookforextravertexbetweenprimary
and¤+

c with vertexsigni¯cancȩ 1.

² If it's doublecharm,ccqdecay hasto
make a K¡

Right-signchannelhaspeak
at 3520MeV/c2

Wrong-signchannelhasno signi¯cant
structure
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Is There a Partner ccu++ State in SELEX Data?
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² Almostno events below 3.3GeV/c2

² Peakis barelysigni¯cant and60MeV/c2 from
the ccd+ (3520)

Angular character of SIDEBAND events
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² Plot K¡ Helicit y cosine for events
outside peak region

² Seebackward peak,reminiscent of slow pion
accidentally attachedto Q=1 vertex

² What is this distribution for the phasespace
decay of a ccu(3460)?
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Phase Space Simulation and Data: ¥++
cc (3460)

² Use4-body phasespaceto simulate
¥++

cc ! K¡ ¼+ ¼+ ¤+
c signal(SMC)

² Btot ´ total numberof backgroundevents out-
sideblind signalregion

² optimizecos(µ¤
K ) cut on SMC/
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7.4 ¾peak at 3460 MeV/ c2 with
double-c harm decay characteristics

3460statehasangularcharacteristicsconsistent
with L=0 decay
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Can These Tw o State Be An Isodoublet?
Masssplit is huge.Is ccd(3520)decay consistent with beingisotropic?

Simulatephasespacedecay of ccd(3520)
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² 80%of simulatedevents have cos(µ¤
K > -0.6)
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The ccd(3520) peak is strongly
atten uated by this angle cut!

Signal/bkg: 16/6 (no cut) ! 5/1

Q=+1 andQ=+2 statesappearto have di®erent
angulardecay characteristics)

Not Isodoublet!
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A New ccd Candidate
Originalccdpublicationshowslow-massstructure
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² Make same angularcut that
optimizedccu(3460).

² Look againat the ccdmassplot
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A newccd(3443)peakwith Poisson°uctuation
probability < 3:8£ 10¡ 5 standsout.

Q=+1(3443)andQ=+2(3460)stateshave same
angulardecay characteristics

Is this pair the groundstateisodoublet?
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Where Do es That Leave the Original ccd(3520)?
We saw that ccd(3520)emitsK¡ backward
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Apply ccdCut to ccuMassDistribution
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New ccu(3540) peak with Poisson °uctu-
ation probabilit y < 5£ 10¡ 5.
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What Have We Just Seen?

The original¥+
cc candidatenow has3 partnersin the samemassregion

The four statesarearrangedastwo pairs(isodoublets?)having samemasssplitting (20MeV/c2), with
center of gravity separatedby 78MeV/c2.

Kaon Q = +1 Q = +2
Angular ¤+

c K¡ ¼+ ¤+
c K¡ ¼+ ¼+

Distribution Mass Nsignal Nbkg Poisson Mass Nsignal Nbkg Poisson
Probability Probability

isotropic 3443 7.4 1.6 < 3:8£ 10¡ 5 3460 7.1 0.9 < 5£ 10¡ 6

backward 3520 16.9 6.1 5:2£ 10¡ 7 3540 7.4 1.6 < 5£ 10¡ 5

Table 1: SELEXCandidatesfor DoublyCharmedBaryon States

BUT

Both Doublets Decay in to the Same Pair of Final States
NOT hyper¯ne pair - no photonicconnection!

SELEX Double Charm Cornell 5/09/03. 17



Is the New ccd(3443) an Acciden tal Peak?

UseWrong-SignEvents to TestRight-SignBackgroundAssumption
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Wrong-signbackgroundin left plot has1-binspike with Poisson
°uctuation probability < 0.8%- we've lookedat 300bins.

Righ t-sign signal °uctuation probabilit y is 400 times smaller
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Is the New ccu(3540) an Acciden tal Peak?
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² ccu(3540)only showsup for reducedL/ ¾requirement???

² statisticalsigni¯canceindependent of L/ ¾in range0.1-0.7

² reducedproper time distribution lookssameasotherchannels
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A Side-Step: ccq Lifetimes
SELEXanalysisusesreducedproper length

ctr = m/pz*(l-lmin)

lmin = sigmafor this sample.

Make simulation templatesfor di®erent lifetimes
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Data

Simulation with t =25fs

ccd(3520)example:blue curve (normalizedto 26
events) showssimulation resultsfor 25fs lifetime

For All 4 States, Av erage Raw Reduced
Prop er Time < 100fs.

Guberina,et al.: AnalysisUsingHQET + 1/mQ

Expansion

² ¿¥+
cc

» 200fs

² ¿¥++
cc

» 1000fs

Double-charmlifetimesdon't seemto follow
predictions(low statistics?)

All lifetimesaresimilar to ­ 0
c lifetime

In fact SELEXcannotguaranteethat the lifetime
is non-zero!

How Can the Decay Rate for ccq States
Be So Large?
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What Ab out Pro duction?

Which beamhadrons(§¡ , ¼¡ , p) make thesestates?

state § ¡ proton ¼¡

luminosity fraction 0.77 0.13 0.10
ccu(3460)signal 8 3 0

ccu(3460)sideband 9 0 0
ccd(3443)signal 6 2 0

ccd(3443)sideband 10 2 1
ccu(3540)signal 7 4 0

ccu(3540)sideband 10 1 1
ccd(3520)signal 18 4 0

ccd(3520)sideband 18 1 1

High-mass states dominan tly pro duced by bary on beams.

Probability of seeing0 pionevents is at 4-5%level per channel- not impossible,but for 4 channels?.

Productionratio Cu/C » ¤+
c data

Within statisticsprotonsareat leastase®ective as§ ¡ in producingthesestates.
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Wh y Do es Only SELEX See These States?

FOCUShas» 12£ more¤+
c events anddoesnot seeDoubleCharm

E791has2/3 asmany ¤+
c events anddoesnot seeDoubleCharm

but : : : Only SELEXcoversforward hemispherewith baryon beams

Recallthat the ¥+
c was discoveredin a 135GeV

§¡ beam(WA62) and not seenin photonor pion
beamsuntil much later.

Double-charmmay not be sooo rare:

² Large4-charm/2-charmproductionratiosseen
in HybridEmulsionexperiments (¼¡ , p beams)

² cc/cc mesonpairs» 10%in NA32(forward¼¡

at 230GeV/c)

We don't understandccqproduction!

ccqstatessupply» 1/2 of forward ¤+
c
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Are There Other In terpretations Than Double Charm?

Are ccd+ , ccu++ states isodoublets?

I=1/2 baryon isodoubletmasssplittings:
¢M = M(I3=-1/2) - M(I3=1/2)

state ¢m (MeV) corediquarkcharge
nucleon +1.29 +1/3

¥ +6.48 -2/3
¥c +5.5 § 1.8 +1/3

¥cc? -20§ 3 +4/3

SELEX states are massive and narro w -
lik e DS

¤(2317)?

¤+
c K¡ ¼+ ¯nal stateshave ¥+ ¤

c quantum numbers
... but asnarrow astheCLEOstatesand1 GeV/c2

heavier.

The ¤+
c K¡ ¼+ ¼+ (Q = 2) ¯nal statesdon't share

quantum numbersof any single-charmbaryon.

States are numerically weak, statistically strong. What are they
if not double charm?

An ther possibilit y is (csudq) family
(Not the favoredpentaquarkstructure!)
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A Reprise

Selexhasobserved4 narrow, high-masspeaksin the massrange
expectedfor DoubleCharmBaryons
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² The four SELEXhigh-massstatesarea pair of pairswith 20MeV/c2 masssplitting.

{ lower-masspair is consistent with L=0 decay

{ higher-masspair is inconsistent with L=0 decay

² All 4 statesdecay like doubly-charmedbaryons

² Lifetimesarevery short for both Q=1 andQ=2 systems

² If pairsareisodoublets,isospinsplitting is large

Where do these states ¯t in to our theoretical framew ork?
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Non-Relativistic QED Ideas and Recent QCD Analysis

Born-OppenheimerL=0,1 Doublet

M

M

L

m

ccq system

    r ~ 1 F

² HomopolardiatomicmoleculeshavezeroE1
moment (infraredimpotent).

² By symmetryccpair hasnoE1moment )
NO L=1 ! 0 EM TRANSITION

Can B-O QCD treatmen t keep L=0,1
assignmen ts for lowest two levels?

QCD View - QQq Hyp er¯ne Doublet

Bardeen,Eichten, and Hill (hep-ph/0305049)
discussQQqbaryon multiplet levelss

² ccqhyper¯nedoublet(1=2+ ; 3=2+ ) split by
78MeV/c2

² M1 EM transitionsarestronglysuppressed
by chiral structure ) weak decays from
J=3/2 may be OK

² splittingsmatch beautifullyto SELEXdata

In this picture SELEX data are the
ground state hyp er¯ne quartet of
states of the ccu and ccd double

charmed bary on family
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The Final Word for Today

Additional support would be nice : : : but it may take awhile.

² FOCUSdoesnotseedouble-charmbaryonsfrom
photoproduction(12xmoreevents)

² pion beamsdon't seemto be productive

² e+ e¡ observationof¥+
c took6yearsafterCERN

publication

² Therearenot many placeswith 600GeVpro-
ton beamsthesedays

For now SELEXis lookingat alternative modes:
D+ pK¡ (¼+ ), D0pK¡ ¼+ , ¥+

c ¼+ ¼¡ (¼+ )
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