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Search for Pentaquarks

» QCD allows for hadronic states other than qqqg and qq, like gqqgq
(pentaquarks), qqqq (tetraquarks), ...

» Idea of a five—quark state first mentioned in the '60s:
M. Gell-Mann, PLB 8 (1964) 214; H.). Lipkin, PLB45 (1973) 267;
R.L. Jaffe et al, PLB60 (1976) 20; ...

» Experimental activity started several decades ago with the search for
a state with M>2 GeV and large width. Eventually dropped because of
lack of convincing evidence.

1986, Particle Data Group:

“The general prejudice against baryons not made of three
quarks and the lack of any experimental activity in this
area make it likely that it will be another 15 years before
the issue is decided”
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Exotics and Pentaquarks

Chiral Quark Soliton Model
(D.Diakonov et al. ) predicts an Spin %2 antidecuplet
antidecuplet of pentaquarks:

» low mass (1.5-2.1 GeV) UUdd(;(lsm)
» nharrow (< 30 MeV) -

N(1710)

» exotic quantum numbers S
¥(1890)
Existence of pentaquark states can /\/ \/\

be explained within different E(2070)
theoretical approaches ddssu uussd

Experimental searches focused on

= D.Diak et a. Z. Phys A359, 1997, 305
lower mass state, the ©+ (uudds) iakonov ys

D. Diakonov, V. Petrov, Phys. Rev. D69, 2004, 094011
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Evidence for Pentaquark States

» Evidence for the ®* pentaquark reported by 11 experiments in different
reactions

» Evidence for the Z—- pentaquark reported by the NA49 Collaboration

» Signal of an anticharmed pentaquark observed by the H1 Collaboration
» First evidence for the ®** found by STAR

» New analyses by LEPS, SVD-2, DIANA confirm initial results

but:
> Positive results have limited event samples in the observed structures

> Comparison of results from different experiments shows discrepancies in the
observed masses

> Observations in the pK® decay do not tag the strangeness

> Null results reported by several Collaborations
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Null Results
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Search for Pentaquarks at CLAS

A comprehensive program to search for pentaquarks with high statistics and
high resolution is in progress at

New experiments seeking evidence of pentaquarks with the detector
were approved in 2003-2004 with the goal of confirming previous results
and explore new kinematics with at least

deuteron E,~1.0-3.5 GeV
data taking completed in 2004

proton E,~1.6-3.8 GeV
data taking completed in 2004

deuteron E,~4.0-5.4 GeV
data taking completed in 2005

proton E,~3.8-5.7 GeV
planned for 2007-8
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Recirculation
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Performance

Electron Beam
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Search for Pentaquarks at CLAS

» O+ pentaquark searches
o — O K’ O+— nK', pK’
oyd— 0" Kp
oyd = O * A(1116)

» O+ pentaquark search
o Yp = O K-

» & (= (1860)) pentaquark search

oYl >d"X, O 5En >A'n
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» charge particles detected
in CLAS

» missing mass technique
is used to identify the
exclusive reaction
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W — 07K’ ©'—nK*
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W — 07K’ O'—pK®°

+ same production channel but different
decay mode

21(1670) + large acceptance at forward angles,
TH1775) complementary to the nK+ decay

+ no signal observed
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vd - O Kp, O"—>nK"

o _ o + no evidence of a narrow structure si
Low Magnetic Field High Magnetic Field found in the nK+ spectrum

+ 95% CL upper limit on the cross section
for the elementary process yn - 0" K-
of ~3 nb
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vd - 0" Kp, O"—>nK"

e old data + Same reaction and same
_ new data experimental conditions as
previous CLAS result on
deuteron but much higher
statistics

+ Previously observed structure
could not be reproduced under
similar conditions
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R. De Vita, INFN — Genova Search for Pentaquark States at CLAS BEACH2006, Lancaster, July 6t 2006




vd = O*A (1116)

+ Two body process, i.e. no kinematic
reflection from meson production

@*(1540 o e,

+ A detection provides a strangeness tag

+ Reaction proposed by V. Guzey
(PRC, 065203 (2004))
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+ Reaction studied in two event topologies
(3 particles or 2 particles detected)

+ No signal is found for masses 1.45-2 GeV
+ 1 000 000 A* observed

+ 95% CL upper limit
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vd > X

+ Evidence for the ®—pentaquark
searched for by reconstructing its
decay products: A 7" Invariant mass
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+ Analysis still in progress
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Upper limit on I'g from CLAS

Theoretical predictions forT', = 1 MeV

H.Kwee et al. <3.2 MeV

PRD 72, 054012(2005) < 3 MeV
S. Nam et al. <0.23 MeV

PL B633, 483(2006) < 1 MeV
Y. S. Oh et al. <0.01 MeV

PRD 69, 014009(2004) <0.04 MeV
C. M. Ko and W. Liu <0.05 MeV

nucl-th/0410068 <0.09 MeV
W. Roberts <0.1 MeV

PRC 70, 065201(2004) < 0.3 MeV

V. Burkert and S. Stepanyan
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Summary and Outlook

+ Experimental situation concerning the existence of pentaquark states is still
highly controversial (14 positive results challenged by negative evidence)

o Positive results have limited statistics

+ Direct comparison of experimental results is very difficult because of the
different conditions (energy range, production mechanism, kinematics, ...)

+ A definitive conclusion can be obtained only by high statistics experiments
that directly test positive evidences

¢ A comprehensive physics program to search for evidence of
pentaquark states in photoproduction reactions is in progress at
Jefferson Lab with the CLAS detector

¢ Analyses of several reactions on proton and deuteron targets show
no evidence of pentaguarks states setting upper limits on the
production cross sections of few nb

o Further searches for pentaquark states in wider kinematic range are
planned for the near future
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