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The search list

Whatwassearchedfor:

S = � 1 pentaquark�(1540) + with quarkcontentuudd�s

S = � 2 pentaquark� (1860)�� with quarkcontent�uddss

Charmpentaquark� c(3100)0 with quarkcontentuudd�c

Doublecharmbaryons� cc with quarkcontentccuandccd

Pleasenotethefollowing:

All resultsarepreliminary

Chargeconjugatesarealwaysimplied
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The FOCUS experiment
FOCUStookdatain theFermilab�x ed-targetrunof 1996-7

e� at � 300GeVbremsstrahlungon leadtargetto createphotonbeam

Photonsinteractin BeOtargets

Chargedparticlestrackedandmomentumanalyzedwith silicon
strips,wire chambers,andtwo magnets
Threemulticell
threshold
�Cerenkov counters
for particleID

Triggerrequired
� 35GeVof
energy in the
hadroncalorimeter

7 billion hadronic
eventson tape
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Evidencefor � + (uudd�s)
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Summary of � + massmeasurements
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FOCUS analysis: �(1540) + ! pK 0
S search

Searchfor � + ! pK 0
S andcompareto K � + (892)! K 0

S� + and
�(1385) � ! � 0� � (similar topology)

ReconstructK 0
S ! � + � � and� 0 ! p� �

Use �Cerenkov ID on fasttrackto separateK 0
S and� 0

Remaininggoodquality tracksmustbeconsistentwith onevertex
(CL> 1%)suppressingcharmdecaysandreinteractions

Variousminorcleanupcutsappliedto veesandchargedtracks

Massof K 0
S or � 0 candidatewithin 2.5� of nominalmass

Verystringent�Cerenkov ID cutappliedto protonin pK 0
S (misid � 0)
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Veesamples
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Fitting massplots
Massplotsare�t with Breit-Wignerconvolutedwith theGaussian
resolution(from MonteCarlo)

K � (892) and�(1385) shouldbeP-wavebut best�t is simpleS-wave
Breit-Wignerwith energy independentwidth

Best(of tried)backgroundshapeis aqb exp(cq+ dq2 + eq3 + f q4)
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K � (892)+ ! K 0
S� + and �(1385)� ! � � � signals
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� + ! pK 0
S search
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Limit on � + ! pK 0
S yield
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Corr ectedyields

Particle <p> Acc� � B.R. ReconstructedCorrected
Decay GeV/c correction Yield/Limit Yield/Limit

K � (892)+ ! K 0
S� + 19 1.83%0:686� 0:5� 0:666 8:3 � 106 2:0 � 109

�(1385) + ! � � + 10 0.27% 0:639� 0:88 9:2 � 104 6:1 � 107

�(1385) � ! � � � 10 0.27% 0:639� 0:88 14:6 � 104 9:6 � 107

�(1540) + ! pK 0
S

� = 0 MeV/c2 12 0.39% 0:686� 0:5� 0:5 < 695 < 1:0� 106

� = 15MeV/c2 12 0.39% 0:686� 0:5� 0:5 < 2154 < 3:2� 106

Decay B.R.

K � (892)+ ! K 0� + 66:6%
K 0

S ! � + � � 68:6%
K 0 ! K 0

S 50:0%
� ! p� � 63:9%
�(1385) � ! � � � 88:0%
�(1540) + ! pK 0 50:0%

Eventsgeneratedby minimumbias
PYTHIA 
 –N interactionswith
bremsstrahlungphotonspectrum

�(1540) + generatedas�(1385) +
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Limits on �(1540) + production
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S = � 2 pentaquarks (� (1860)�� )

NA49 evidencefor
� (1860)�� (ddss�u) and
� (1860)0 decaying� � � �
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FOCUS analysis: � (1860)�� ! � � � � search
� 600,000� � ! � 0� � sample
Vertex � � with � � and�nd
productionvertex
Require< 4� separation
betweenvertices
In � � � + , observe � 60,000
�(1530) 0 candidates 0
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Mass = 1532.42 A 0.05 MeV/c2

Width = 10.39 A 0.16 MeV/c2

X(1530)0 signal:

Background:

P-wave energy-dependent-width Breit-Wigner
convoluted with s=3.1 MeV resolution

qa exp(bq+cq2+dq3+eq4)
where q = M(X- p+) -  m(X- ) -  m(p+)
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Resultsof FOCUS search for � (1860)��

Fit to � = 0MeV signal
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Limits on � (1860)�� production

UsingPYTHIA, generateMonteCarlosamplesof �(1530) 0 andof
� (1860)�� (using�(1530) 0)

Averagemomentumis 15GeV/c

Ef�ciency ratio is � (� (1860)�� ! � � � � )
� (�(1530) 0! � � � + ) = 0:78

Thus,for a � (1860)�� producedlike �(1530) 0 weobtainthelimits:

� (� (1860))� BR(� (1860)! � � � � )
� (�(1530))

< 0:25%@95%CL for � = 0MeV

� (� (1860))� BR(� (1860)! � � � � )
� (�(1530))

< 0:37%@95%CL for � = 15MeV

Sharpcontrastto NA49 whichseemsto be >� 50%

DPF2004 FOCUSsearchfor new particles– p. 17



Charm pentaquarks

H1 atHERA reporteda > 6� signi�cant particleat3.099GeV/c2

decayingto D �� p

Usinga D � + sample10� largerandmuchcleaner, FOCUSsearched
for thisparticle

FOCUSalsoinvestigatedD + p decays

Standard�x ed-targetcharmselectioncriteriausedfor D � + andD +

reconstruction

p candidatemustoriginatefrom productionvertex andbepositively
identi�ed by �Cerenkov system
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FOCUS �nds no charm pentaquarks
H1 D �� p FOCUSD �� p FOCUSD + p
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Doublecharm baryons

SELEXhasreportedvariousobservationsof doublecharmbaryons.
SELEXuseshadronbeamsandonly reconstructshighxF particles.

FOCUSanalysis:

Topologyconsistsof threevertices

Usecandidatedrivenalgorithm

ReconstructD + , D 0, or � c requiringagoodvertex

Add tracksto charmvectorto searchfor � cc decayrequiringagood
vertex

Use� cc vectorto �nd productionvertex

Requireseparationbetweenall vertices

Use �Cerenkov systemto positively identify protonsandkaons
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FOCUS � cc search results
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Doublecharm baryon production compared

DecayMode � +
cc ! � +

c K � � + � ++
cc ! � +

c K � � + � +

Experiment FOCUS SELEX FOCUS SELEX
� cc Events < 2.21@90% 15.8 < 2.21@90% 8
Reconstructed� c 19; 444� 262 1650 19; 444� 262 1650
Relative Ef�ciency 5% 10% 13% 5%
� cc=� +

c < 0.23%@90% 9.6% < 0.09%@90% 9.7%
SELEX
FOCUS Rel � cc

� c
Prod > 42@90% > 111@90%

If the� +
c K � � + (� +

c K � � + � + ) signalis real,SELEXproducesat least42
(111)timesmore� cc baryonsrelative to � c thanFOCUS

DPF2004 FOCUSsearchfor new particles– p. 22



Summary of the FOCUSsearches

No evidencefor �(1540) + ! pK 0
S but reconstructs8 million

K � (892)+ ! K 0
S� + and240,000�(1385) � ! � 0� � in similardecay

modes

No evidencefor � (1860)�� ! � � � � but reconstructs60,000
�(1530) 0 ! � � � + , approximately1,000timesmorethanthe
observingexperiment

No evidencefor acharmpentaquarkdecayingto D �� p or D � p with a
factorof 10moreD � + decaysthantheobservingexperiment

No evidencefor doublecharmbaryonswith a factorof 10more� c

decaysthantheobservingexperiment

DPF2004 FOCUSsearchfor new particles– p. 23
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