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Magnetic moment of the pentaquark O state

A. R. Haghpeima*
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Abstract —Althrough the © has been listed as a three star resonance in the 2004 PDG, its existence is still not completely established,

Whether the ©

exist or not, but it is still of interest to see what QCD has to say on the subject. The baryon magnetic moment is a

fundamental observable as its mass which encodes information of the underlying quark gluon structure and dynamics. Assuming a
conventional correlated perturbative chiral quark model (CPXQM) we suggest that the ©" baryon is a bound state of two vector diquarks
and a single antiquark, the spatially wave function of these diquarks has a P- wave and a S-wave in angular momentum in the first and
segond version of our model respectively, as the result of these considerations we construct the orbital color - flavor - spin symmetry of

99 contribution of guarks. Then we calculate the ©

magnetic moment in our model.

n
Index Terms — Baryon, Hadron, e Magnetic moment, Pentaquark, Quark Model, QCD, Spin, Vector Diquark.

1 INTRODUCTION

The year 2003 will be remembered as a renaissance of hadron
spectroscopy at the early of that year (LEPS) collaboration, T.
Nakano et al. [1] reported the first evidence of a sharp reson-

+ . .
ance z*renamed to @ at Mg+ =1.54+0.01Gev with a width

smaller than T'g <25Mev.

The experiment performed at the Spring-8 facility in japan
and this particle was identified in K*N the invariant mass
spectrum in the photo-production reaction y" — K~ +6", which
was induced by a Spring-8 tagged photon beam of energy up
to 2.4 GeV.

The existence of ®" was soon confirmed by various groups
in several photo-nuclear reactions including V.V Barmin etal.
[3]. ITEP (DIANA) [4] JLAB (CLAS) [5] and ELSA (SAPHIR).

This discovery has triggered an intense experimental and
theoretical activity to understand the structure of the state.

Such states are believed to belong to a multiplet of states
where the possible observability of the other members has to
be worked out.

With the conventional constituent quark model, the conser-
vation rules guarantee that it has a strangeness S=1, baryon
number B=1and chargeQ=1, thus the hypercharge is
Y =B+S=2 and the third component of isospinis|=0.

No corresponding pK™(l3=1) state is observed at the same
mass, due to absence of a #** in the jp — pK*K™ channel and
thus the isospin of ©* is the same '=0 and it also seems im-
portant that no S=1 baryon states have been observed below
the NK threshold and this state seems the ground state.

All known baryons with B=1 carry negative or zero
strangeness a baryon with strangeness S =1, it should contain
at least one S, cannot consist of three quarks, but must contain
at least four quarks and an antiquark ; in other words, must be
a pentaquark or still more complicated object. Now it’s called
6" pentaquark in literature.

From the charge and the strangeness. u2d?s is a possibility
as the content of ¢ which called the minimum quark content,
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such state is exotic; in general states with the q having differ-
ent flavor, than the other four quarks and their quantum
numbers cannot be defined by 3 quarks alone are called exot-
ics thus we have an exotic®*.

The mass and the width of ®* and other exotic pentaquark
baryons has predicted by several hadron models[6]. Its width
(T <10 MeV) is exceptionally narrow as for a hadron resonance
located at 110 MeV above the NK threshold usually referred to
narrow width puzzle, also another narrow width pentaquark
have observed recently [7].

There is no direct measurement of its spin S and Isospin I
and its angular momentum J and parity P are different in vari-
ous theoretical works, however most of them postulated its
angular momentum J to be J=1/2 but the possibility of ] = 3/2
and S=1/2 and P=+ is rather plausible.

2 PENTAQUARK AS A BOUND STATE OF TwO VECTOR
DIQUARKS AND ONE ANTI-QUARK

Assuming a conventional correlated perturbative chiral

quark model (CPXQM), we suggest that the 6" baryon is a
bound state of two diquarks and a single antiquark, the spa-
tially wave function of these diquarks has a p-wave and an s-
wave in angular momentum in the first and second version of
our model respectively.

The 2] flavor symmetry of each diquark leads to [22]f6 fla-

vor symmetry forq*, the [2]° spin symmetry of each diquark
leads to [22]° and [31]° spin symmetry for q in the first version
and second version of our model respectively.

The color symmetry of each diquark is [11]° and for the first
version of our model we assume [2]° for one of the diquark

c
211" color symmetry for g*.

pairs this leads to
The orbital symmetry of each diquark is [2]° and for the first
version we assume [11]° for one of the diquark pairs, this

leads to [31]° and [4]° orbital symmetry for g* in the first and
second version of our model respectively.
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Briefly the spin - flavor - color and parity of our model for
the first version and second one are as follows:
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We have considered and 10 for the flavor - spin con-

4
figurations of 9 in the first and second versions of our model

respectively, this leads to B11700 4pg [4211Thass for the fla-

4—
vor - spin configurations of 99 , but if one assume the angu-

4
lar momentum ! =1for the four quarks in 9 there are several

4
allowed SU(6) representations for 9 9 which are [51111]799,

[42111)134, [33111]sg0 and  [32211]s4p based on [4]%, [3117,

4
[22]™ and [211]®SU ¢ (6) representations for 9 respectively.

The magnetic moment is an intrinsic observable of particles
which may encode important information of its quark gluon
structure and underlying dynamics.

Different magnetic moments will affect both the total and
different cross sections in the photo - or electro production of
pentaquarks. Hence, knowledge of the pentaquark magnetic
moments will help us unveil the mysterious curtain over the
pentaquarks at present and deepen our understanding of the
underlying quark structure and dynamics.

The pentaquarks magnetic moments in several typical mod-

els have been calculated [8]. Now we calculate it for CH pen-
taquark using our model.
For the magnetic moment of a particle we have:
fi=g5 ®
Where i is magnetic moment, g is gyromagnetic ratio and S
is spin operator, this leads to x4, = gS,, for the quarks we have:

4
qu mgq

Uq =9siq =24q =2

In which Hq s quark magneton, and Qq , my are quarks
charge and mass respectively.

If the particle has angular momentum, thel magnetic mo-
ment would be:

a=gs+gl ®)
We conclude that for the pentaquark we have:

Uz = l//fslzgishghléll/fs (6)
i

In which y ¢ is the flavor- spin wave function of the pe -

taquark.
For the second term of (6) we have:

1338

Mz = '//fs|zgi||z|‘//fs = Wfs|29li||z|‘//fs @
i i
i S
+ '//fs|zgli|z|‘//fs + ‘//fs|zglslz|’//fs

The contrlbutlon of the §-term would be zero and for the
first and second term we have:

1.term+2term=<yll%>+<yzlzz>=(y|lz> ®)

Mot

mp +mo

My 4o
mp +mo
Wherem;, mandm,, upare the masses and magnetic mo-

ments for the first and second diquarks respectively.
For the first version of our model in which the two diquarks
are in |1 =1P-wave we have:

1,11
[ 1U--Z|== 9
m(lz)= < > 2|22> ©)
But for the second version of our model in which the two
diquarks are in 1=0 S-wave we have

m(lz)=0 (20)
The contribution of in the first term of 5§ Eq (6) is
NSRS
Hs <10 53513 2> (&

And for the first version of our model we have:

1111 1 111
10 - - us(1l— - 12
ﬂs< 22|22> ,Us< 2 2|22> 12

For the contribution of § in the first term of Eq (6) due to
relative angular momentum between s-quark and diquarks.
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