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B. Ananthanarayan, Ekta Makhija and K. Shivaraj

According to anews release dated 16 April
2005, recent experimental data from JLAB,
the Thomas Jefferson National Accelerator
facility in Newport News, Virginia, USA
point to the absence of the pentaquark called
Q", at the place where it was expected. This
surprising result due to the CLAS collabora-
tion (where CLAS stands for the CEBAF
Large Acceptance Spectrometer; CEBAF
stands for the Continuous Electron Beam
Accderator Facility, which was the name of
JLAB) contradicts the findings of several
prior experiments, including some of its
own, which indicated that at least one
kind of pentaquark existsin the mass range
1525-1555 MeV/c?> (for a review, see
Hicks), while none of the experiments
could definitively prove its existence. This
recent experiment was based on a high
energy photon beam on a liquid hydrogen
target. It had considerably greater statis-
tics; in fact, two orders of magnitude
greater than a similar experiment in Ger-
many carried out by the SAPHIR col-
laboration at the ELSA (Electron Stretcher
Accelerator) in Bonn?, which had seen evi-
dence for the exisgence of pentaquarks. At
JLAB, work is continuing in the hunt for
pentaquarks with even higher statistics,
and the data are being analysed with the
possibility of publication of results later this
year. The CLAS collaboration is likely to
gather more data in 2006 by searching for
other pentaguark candidates.

The aim of the experiments which are
being discussed here, has been to establish
the existence of a new state of matter. For
along time, it was believed that al observed
matter at the subatomic level, that partici-
pates in the strong interactions comes in
only two families. These are the ‘baryons
and the ‘mesons, collectively known as
‘hadrons’. For instance, protons and neu-
trons which are constituents of all nuclei,
belong to the baryon family, while, for
instance, pions which are responsible for
inter-nucleon forces, belong to the meson
family. Baryons are made up of three con-
stituent quarks, while mesons are bound
states of quarks and anti-quarks. Quarks
themselves come in severa ‘flavours', so-
caled u (up) and d (down), s (strange), ¢
(charm), t (top) and b (bottom) quarks.
The neutron, for instance, is made up of two
d and one u quark, while the proton is made
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up of two u and one d quark. Note that
the u quark has a charge of +2e/3, while
the d quark has a charge of —€/3, where —
is the electronic charge. Pions can be one
of p*, p~or p°. p*, for instance, is made up
of au quark and an anti-d quark. Of interest
to us here are also ‘strange’ mesons, which
could contain either a strange or an anti-s
quark, called kaon. For instance, a K* con-
tains a u quark and an anti-s quark. Today
we have a microscopic theory of strong
interactions known as quantum chromody-
namics (QCD), for the interactions of ‘col-
oured’ quarks and gluons (the mediators
of the strong force). The word ‘colour’ per-
tains to an internal quantum number and
comes in three varieties, which have been
named red, blue and green. However, this
quantum number is never directly observed,
and it is believed that only ‘colourless
objects are found in the spectrum of QCD.
Closdly related is the hypothesis of ‘con-
finement’, which requires the quarks and
gluons to be confined inside the hardronic
matter, and the colour quantum number it-
self is never liberated. As a result, a quark
which carries a colour and an anti-quark
that contains *anti-colour’ can bind through
the exchange of gluons which carry both
colour and anti-colour to form a meson.
Similarly, quarks containing each of the
three primary colours can produce a colour-
less object. It is for the moment impossible
to solve the dynamics of the theory, which
has in its spectrum the baryons and mes-
ons. Therefore, novel theoretical tools and
models have to be invoked in order to
gain an insight into the spectrum.

In the year 2003, several experiments
reported evidence for a new state of matter
in the subatomic realm which had been
named ‘pentaquark’, where the particle was
believed to have been composed of four
quarks and one anti-quark, an arrangement
compatible with the generation of a colour-
less object. There was tremendous excite-
ment since mathematically such particles
were the prediction of several theoretical
groups working on hadron dynamics. No-
table amongst these was that of Diakonov,
et al.%, who had also predicted the mass and
the lifetime of a family of pentaguarks by
considering a certain effective model of
the strong interaction dynamics subject to
certain plausible assumptions, known as

the chira soliton model. This model itself
is too technical to be discussed in simple
words, but is one in which conventional
baryons are viewed as the lowest rotational
states in the spectrum, while the pentaquarks
appear as the next rotational state of ‘chira
solitons', with the Q" predicted to have a
mass of 1530 MeV/c?. For a recent review
on the theory and other models of interest,
see Oka'. Indeed, it is mathematically possi-
ble also to have configurations with two
quarks and two anti-quarks (tetraquarks),
three quarks and three anti-quarks (hexa-
quarks), etc. These would also constitute
exotic hadronic matter.

The first experiment to claim evidence for
the pentaquark is the SPring-8 experiment
in Japan®. The experimental facility isat an
electron synchrotron, LEPS, where electrons
a an energy of 8 GeV scatter laser photons
which are then used as projectiles for
collision with carbon nuclei. The process
is described by the reaction

=K +Q"® K +K"+n, 1)

where n stands for a neutron in the carbon
nuclear target, and Q" in the first stage of the
reaction is supposed to be a pentaquark,
which subsequently decays into a K* and
n. What is observed experimentally is an
enhancement in the cross-section for the
production of the reaction products in the
final state of eq. (1) and an energy corre-
sponding to the mass~ ¢? of the Q* with
a measurable width. Note that the lifetime
of the intermediate particle formed is the
reciprocal of the width in appropriate
units. It was inferred from this that the Q*
is a pentaguark composed of two u, two d
and an anti-s quark. An experiment at
CLAS in 2003 claimed to see a signal for
this particle® from the collisions of photons
with deuterons. Furthermore, another finding
from CLAS in 2004 also saw the signal from
an experiment based on photon collisions
with protons’. A more recent experiment in
Julich, Germany® by COSY—-TOF based on
proton—proton collisions also sees evidence
of Q°, given by the reaction

p+p® Q"+S'® K°+p+S", (2

where S* is a member of the baryon octet
with one s quark.
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At the earlier time, the DIANA collabora-
tion® at the Institute for theoretical and
Experimental Physics (ITEP), Dubna,
Russia, aso reported evidence for the Q°
pentaquark produced in a reaction where
charged kaons were collided in a bubble
chamber experiment with xenon. Another
experiment at the ITEP based on neutrino
and anti-neutrino collisons in bubble
chambers also reported evidence for the Q°
pentaquark’®. Other notable experiments,
such as the ZEUS and HERMES experi-
ments at the HERA facility in the DESY
laboratory, Hamburg, Germany, and the
SVD experiment generaly corroborate all
the findings above, athough there have
been discrepancies in the determination of
mass and lifetime of Q*. It must also be
mentioned that experiments based on
e'e collisions failed to see any evidence
for the pentagquark.

Some experiments that could reach higher
energies found evidence for other kinds
of pentaguarks, notably, the NA49 experi-
ment at CERN, Geneva, which saw a penta-
quark with two s quarks, two d quarks
and one u anti-quark™, with a mass of
1862 MeV/c?. The H1 experiment also at
the HERA facility saw a pentaquark with ac
anti-quark®?, with a mass of 3099 MeV/c?.

In conclusion, therefore, while several
experiments have claimed evidence for the
existence of the pentaguark, none of them
could provide clinching proof. It must
also be mentioned that practically all the
experiments were finding the width of
Q" to be significantly lower than that
predicted by the chiral soliton model. (We
note here that the large width predicted by

the chird soliton model is also incompatible
with present-day analysis of K* nucleon
scattering data; see Arndt et al.*®) In fact,
the most recent CLAS experiment, which is
a high statistics experiment designed to de-
tect and study Q°, does not see it at all!
However, there will be more experiments
in the near future, which are likely to clear
up the situation. It would till be necessary
to understand why so many experiments
were seeing evidence for Q°, even if its
existence is definitively ruled out by ex-
periments that will take place in the near
future. On the other hand, if the future ex-
periments are able to establish the existence
of pentaquarks, it would be necessary to
study them in great detail and establish
their properties, including, their parity
properties for which different models
make distinct predictions. Such a deter-
mination would assist in discriminating
amongst the models.
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