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Abstract We present recent investigations on the vector and axial-vector transitions of the baryon antide-

cuplet within the framework of the self-consistent SU(3) chiral quark-soliton model, taking into account the

1/N. rotational and linear ms corrections. The main contribution to the electric-like transition form factor

comes from the wave-function corrections. This is a consequence of the generalized Ademollo-Gatto theorem.

It is also found that in general the leading-order contributions are almost canceled by the rotational 1/N,

corrections. The results are summarized as follows: the vector and tensor K*NO coupling constants, gk+ne =
0.74—0.87 and fx=ne = 0.53—1.16, respectively, and ['e—x~n = 0.71 MeV, based on the result of the KN©
coupling constant gkne = 0.83. We also show the differential cross sections and beam asymmetries, based on

the present results. We also discuss the connection of present results with the original work by Diakonov,

Petrov, and Polyakov.
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1 Introduction

We start with a brief summary of the present sta-
tus about the pentaquark baryon ©*. Since the LEPS
collaboration announced the evidence of the @+
being motivated by Diakonov et al.”! (DPP), there
has been a great deal of experimental and theoreti-
cal works on the ©* (see, for example, reviews™ ¥).
However, the CLAS collaboration reported null re-
sults of finding the ©+° ® in various reactions. In
this, we also want to mention the earlier work®.
These null results from the CLAS experiment imply
that the total cross sections for photoproductions of
the ©F should be very small. The KEK-PS-E522
collaboration'” found a bump at around 1530 MeV
but with only (2.5—2.7)o statistical significance. A
later experiment at KEK (KEK-PS-E559), however,
has observed no clear peak structure for the ©% in
the Ktp — 7t X reaction!*".
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In the meanwhile, the DTANA collaboration has
recently brought news on a direct formation of a nar-
row K°p peak with mass of (1537+2) MeV. The width
of T'o_xop, = (0.3640.11) MeV was also found*?.
Compared to the former measurement!®, the de-
cay width was more precisely measured, the statis-
tics being doubled. The SVD experiment has also
announced a narrow peak with the mass, (1523 +
2ctat. £ 3syse.) MeV in the inclusive reaction pA —
pK? 4 X! 81 Furthermore, the LEPS collaboration
has reported again the evidence of the ©!': The
mass of the O7 is found at (1525+2+3) MeV and
the statistical significance of the peak turns out to be
5.10. The differential cross section was estimated to
be (12+2)nb/sr in the photon energy ranging from
2.0 GeV to 2.4 GeV in the LEPS angular range. In
connection to the new LEPS results, Diakonov and
Petrov recently discussed further thoretical aspects
of the © 17,
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Based on these experimental results, regardless of
the existence of the ©* or not, one can come to the
following three main conclusions:

1. The decay width of the ©T is very small
(I'e—xn < 1 MeV), which indicates that the KNO
coupling should be tiny.

2. The total cross section of the ©T photopro-
duction is small. It implies that the K*N© coupling
constant should be also very small.

3. Finding the ©T may be reaction-dependent.

We need to understand this smallness of the KN©
and K*NO coupling constants theoretically. In this,
we will present results of recent investigations on the
two coupling constants from the chiral quark-soliton
model (XQSM)“&' 91 and of the application of these
results to the photoproduction of the ©+[2%,

The present talk is schetched as follows: In Sec-

tion 2, we review briefly the general formalism of the
xQSM to show how to calculate the vector and axial-
vector form factors. In Section 3, we present the re-
sults and discuss them. We also predict the decay
width of the ©T. In Section 4, we discuss the con-
nection of the present reported results to the original
work by DPP. In Section 5, we describe the photopro-
duction of the ©F using the results from the yQSM.
The last section is devoted to summary and conclu-
sions of the present reported work.

2 Vector and axial-vector transition
form factors

We start with the ©T-to-neutron transition ma-
trix elements of the vector and axial-vector currents
defined as:

O 51 ulnlp)) = we(p!) | Fro(@?)ye+ BT JEXQIT ], (), o
(O 57" y5uln(p)) = Ge(p) [GT(Q*)" +G57(Q*)¢" +G5°(Q*) P*| 7" un(p), (2)

where the ugm) denotes the spinor of the O+
(neutron) with the corresponding mass Megy. The
(Q? stands for the momentum transfer Q? = —¢® =
—(p’ — p)* and P represents the total momentum
P =p +p. F' and G}° stand for real transition
form factors that will be related to the strong cou-
pling constants for the K*NO© and KNO vertices with
the help of the vector-meson dominance (VMD)?* 22
and Goldberger-Treiman relation.

In the VMD, the vector-transition current can be
expressed as the K* current by the current field iden-
tity (CFI):

2
M

VH(x) = 5(z)y"u(x) = T K™ (), (3)

where my- and fx- denote, respectively, the mass of |

2
Mg 1

(©)|57"uln(p)) =

B fr mf< —q°

| the K* meson, mg+« = 892 MeV, and decay constant

defined as
mi.

feo=—715 (4)

me
The decay constant f, for the rho meson can be de-

termined as
e dra®m,

® 3T 0 ete- ®)
where a denotes the electromagnetic fine-structure
constant. The fx« is determined by the experimen-
tal data for p-meson, m, =770 MeV and [ o_ cto- =
(7.02+0.11) keV**| for which we obtain the values
fo~=4.96 and fx-~5.71.

Using the CFI, we can express the K*NO vertex
in terms of the transition form factors in Egs. (1) and

(2):

{(O@)[K™[n(p)), (6)

ic"q,

O K™ n(p)) = o (B') | gcener™ + ficeno G Srned” | (p), (7)

where the gk«ne and fx-n,e denote the vector and
tensor coupling constants for the K*NO vertex, re-
These relations yield immediately the
strong coupling constants as

spectively.

gK*n@:fK*Ffan(O)v fK*n@:fK*Ff"(O). (8)

M®+Mn M®+Mn "

| Using the generalized Goldberger-Treiman relation,

we can get the strong coupling constant gx,e for the
KNO vertex as follows:

G®(0) (Mo + M,
Jxkne = ! ( )(QfKe )7 (9)

where fx ~1.2f, stands for the kaon decay constant.
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In the rest frame of the ©T, the form factors
Fre(Q?), Fre(Q?) and G$*(Q?) of Egs. (1,2) can

vector and axial-vector currents with their time and
space components decomposed in the ©7 rest frame,

be expressed in terms of the matrix elements of the | respectively

de,
47

G - |

o 3 | 2Msg ds?, o
GYO(QZ) = —2—(12 E@TX/[@J' 47:1 [qx (qx<@(p)|s‘y'}/5u

| the numerical results is M = 420 MeV. The pseudo-

where the electromagnetic-like Sachs form factors
G and GyP are written as

Gy (Q%) = FY°(QY) (12)

GiT(Q%) = FY9(Q") +F5°(Q%) (13)

The vector and tensor coupling constants are therefor
obtained from Eq. (8) as:

gk*ne = fK*ng(O)7 Jrene = f (Gl\e/[n(o) _ng(o»
(14)

We are now in a position to evaluate the form fac-
tors within the self-consistent xQSM. This model has
the following virtues. There are only three free pa-
rameters among which two are fixed in the mesonic
sector and just one remains for the whole baryon sec-
tor. This allows to calculate the ©F transition form
factors in the same frame as was used for the proton
electromagnetic form factors.

The model is featured by the following effective
low-energy partition function with quark fields ¢ with
the number of colors N, and the pseudo-Goldstone
boson field U(z) in Euclidean space:

Zqsm = JDwaTDUexp [— Jd“x@[}TiD(U)z/J] =

jDUexp<—scﬁ[U1>, (15)

Se(U) = —N.TrIniD(U), (16)

DU) = ~'(ig—m—MU™)=

19, +h(U) — om, (17)
ms—m m-—m,
Sm = s 49 + S 4)8
3 Y laxs /3 0
M17413><3+M8’Y4A8. (18)

The current quark mass matrix is defined as m =
diag(m, m, m;) = m+ ém. The m stands for the
average of the up and down current quark masses
with isospin symmetry assumed. The M denotes the
constituent-quark mass of which the best value for

()51 °uln(p)). G;;‘><Q2>:3Mnj

qu qz‘eiks

o e O]y uln(p)) (10)

)] . (1)

Goldstone boson field U is defined as

_ L+ 1—7
2 2

with U = exp(i\*m*). For the quantization, we con-

sider here Witten’s embedding of SU(2) soliton into

SU(3):
U 0
Usv) = < SS(Z) 1) ) (20)

with the SU(2) hedgehog chiral field

U = exp(iysA*m?) U+ Ut (19)

Usu(2) = explivsn-TP(r)], (21)

Here, the P(r) denotes the profile function of the chi-
ral soliton Usggr(2). We refer to Refs. [24, 25] as to how
one can compute the form factors within the yQSM.

3 KNO and K*NO coupling constants

The results for the K*N©O© and KNO© coupling con-
stant are listed in Table 10 ),

Table 1. The results for the K*N© and KNO©
coupling constants at Q2 =0 with and without
ms corrections. The constituent-quark mass
M is taken to be M =420 MeV.

ms =0 mg = 180 MeV
gk*Ne fkK*Ne JKNO JK*N© fk*Ne JKNO
0 2.91 1.41 0.81 0.84 0.83

The stong influence of the m, corrections on these
observables lies in a cancelation effect between the
leading order and 1/N. corrections. This effect was
already observed in the work of DPP and led to the
original prediction of the small ©F decay width.
Note that the vector coupling constant gx«,e van-
ishes in exact SU(3) symmetry due to the generalized
Ademollo-Gatto theorem", which will be explained
below. The value of ggrno with SU(3) symmetry

1) We want to mention that the generalized Ademollo-Gatto therem was first done by M.V. Polyakov.



1282 Chinese Physics C (HEP & NP)

Vol. 33

breaking comes solely from the wavefunction correc-
tions, so that the Dirac transition form factor turns
out to be

Fy©(0) =v3efp(1+0(m.)), (22)
where ¢l denotes the mixing parameter defined as
o _ (1ol Hav|n)
no— Mw_ ]\; (23)

10

with a symmetry-breaking part of the Hamiltonian
Hy,. Mnﬁ denotes the mass of the antidecuplet neu-
tron. We call Eq. (22) as the generalized Ademollo-
Gatto theorem. The results listed in Table 1 were
obtained by using the value of the constituent-quark
mass M = 420 MeV. However, if we calculate the
coupling constants with M varied from 400 MeV to
450 MeV, we get the vector and tensor K*N© cou-
pling constants as gks«ne = 0.74 —0.87 and fx«ne =
0.53—1.16, respectively. The smallness of these cou-
pling constants can be understood by comparing
them with the K*pA coupling constants

lgspa] =6.97, | fxepa| =10.15, (24)

which were derived within the same framework.
Thus, the K*n®© coupling constants are indeed very
tiny, which is in agreement with the conclusion of
recent experimental data™® ™'\ Using the value
of gkne = 0.83. we immediately obtain the decay
width of the ©F as I'e_xn = 0.71 MeV which is in
qualitative agreement with the data of the DIANA
collaboration!?

The coupling constants for the proton can be ob-
tained easily by considering isospin factors. Note that
there is a sign difference in the coupling constants for
the neutron and proton: gk+ne = —¢gx+pe and the
same for the fixno”.

4 Discussion of the value of the ®* de-

cay width by Diakonov et al.

Diakonov et al.”? estimated the decay width of
the ©T: I'o_kn ~ 15 MeV, based on the experimen-
tal data for the mNN coupling constant and

7 1
ANN RS — - ~13.3, 2
JnNN 10 <G0+2G1) 3.3 (25)

where terms proportional to G, and ¢y were ne-
glected. However, the coupling constant gk,e is pro-
portional to Gy — Gy, so that it is not possible to de-
termine it by the gy only. Thus, DPP® have taken
the results from the yQSM calculations®® *"/. A re-
cent work"” uses the same formalism as Refs. [26, 27]
but several parts have been further elaborated. The

8 was established

symmetry-conserving quamtization[2
after the publication of Ref. [2]. Since then, many ob-
servables of the baryon octet have been recalculated.
The quark densities of the axial-vector current were
also calculated® and the ratio G4 /Gy can be found
to be 0.68.

Had DPP? used the ratio G,/G, = 0.68 in-
stead of G;/Gy = 0.4, the decay width would have
turned out to be I'g_xn = 3.4 MeV, which is much
smaller than the value I'g_xn < 15 MeV published
in Ref. [2], whereas I'a_..x would remain unchanged.
Even though we consider the criticism of Ref. [30]
with G;/Gy = 0.68, one will get the decay width of
the ©T which is also smaller than predicted in Ref. [2].
Thus, we want to point out that the predicted physics
in Ref. [2] by using the xQSM is therefore unchanged.

5 Photoproduction of the O+

The results of Ledwig et al.l'® ! enable us to pro-

ceed to investigate the photoproduction of the ©* un-
ambiguosly. In Ref. [20], the YN — KO reaction has
been revisited. We will briefly review several results
of Ref. [20] in this Section.

Employing the coupling constants and cutoff
masses obtained in Refs. [18, 19], observables for the
YN — KOT reaction were reexamined, based on an
effective Lagrangian approach. The spin-parity quan-
tum number of the ©F has been assumed to be 1/27F
as predicted by the xQSM. In this Section, we briefly
summarize the results of Ref. [20].

In Fig. 1, we draw the total cross sections for the
yn — K-0% and yp — K°O" reactions with and
without the K*-exchange contribution, respectively,
in the left and right panels. The K* exchange con-
tributes to the total cross section for the neutron tar-
get by about 30% whereas for the proton target it is
almost everything. This is due to the fact that no
K-exchange contributes to the yp — K°© reaction.
The results for the neutron target is in qualitative
agreement with the LEPS datal*®.

Figure 2 depicts the differential cross sections for
the yn — K~O% (in the left panel) and yp — K°©+
(in the right one) reactions with and without K*-
exchange for three different photon energies 2.1 GeV,
2.2 GeV, and 2.3 GeV, respectively. Because of the K-
and K*-exchange contributions, the bump structures
arise in the region < 60° for both the neutron and
proton target cases. As in the case of the total cross
sections, while the K*-exchange contribution makes
the differential cross section about 10% enhanced for
the neutron target, its effects are remarkably large for
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Fig. 1. Effects of the K*-exchange on the total cross sections. The left panels represent those for the yn —
K~O% reaction, while the right panels those for the yp — K°©T. The solid curves indicate those with all
contributions, whereas the dashed one those without the K*-exchange.
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Fig. 2. Effects of the K*-exchange on the differential cross sections. The left panels represent those for the
yn — K~OT reaction, while the right panels those for the yp — K°©%. The solid curves indicate those with
all contributions, whereas the dashed one those without the K*-exchange. The differential cross sections are
drawn for three different photon energies E,, 2.1 GeV, 2.2 GeV, and 2.3 GeV.
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Fig. 3. Effects of the K*-exchange on the photon-beam asymmetries. The left panels represent those for the
yn —K~OT reaction, while the right panels those for the yp — K°©%. The line styles are the same as those
in Fig. 2.
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the proton target. As the photon energy increases,
the differential cross sections also increase consis-
tently, as expected.

In the left and right panels of Fig. 3, we show
the photon beam asymmetries for the yn — K-O*
and yp — K°O7 reactions. Without K*-exchange,
the photon beam asymmetry for the neutron target
falls down drastically, starting from the backward di-
rection, and goes down to almost Y’ = —1 at around
O = 90°. It is due to the electric meson-baryon
coupling of the dominant K-exchange contribution.
However, when we switch on the K*-exchange one,
the photon beam asymmetry decreases mildly from
the backward direction to the forward direction, and
then it increases sharply to X =0. On the whole, the
photon beam asymmetry is negative for the neutron
target.

As for the proton target, K*-exchange shows pro-
found effects on the photon beam asymmetry. While
the photon beam asymmetry becomes negative with-
out the K*-exchange contribution, it is changed into
positive values in all the regions with the K*-exchange
contribution considered. The photon beam asymme-
try starts to increase from the bakcward direction to
the forward direction, and it gets brought down from
around cosf., =0.5.

6 Summary and conclusions

In the present talk, we have reviewed recent
works!"® ') on the KNO© and K*NO coupling con-
stants based on the chiral quark-soliton model. The
results are summarized as follows: the vector and ten-
sor K*NO coupling constants for the O%: gx«no =
0.74 —0.87 and fx«no = 0.53 —1.16, and [e_kn =
0.71 MeV with the KNO coupling constant gkx,e =
0.83. We also discussed the connection of the
presently reported results to the original work by
Diakonov et al.?. If the present result had used
in their work, they would have obtained I'g_xx =
3.4 MeV. These improvements even solidify the pre-
dicted physics in Ref. [2] regardless of the criticism
by Jaffel*%.

Using the coupling constants and cutoff masses
obtained in Refs. [18, 19], we have reexamined the
photoproduction of the ©*. We found that the re-
sults of the total cross section for the neutron target
is compatible with the LEPS data!'®.

HChK is grateful to the organizers of the NSTAR
2009 for their hospitality. He also wants to express
his gratitude to A. Hosaka, T. Nakano, and M.V.
Polyakov for discussions and comments.

References

1 Nakano T et al. Phys. Rev. Lett., 2003, 91: 012002

2 Diakonov D et al. Z. Phys. A, 1997, 359: 305—314

3 Hicks K H. Prog. Part. Nucl. Phys., 2005, 55: 647—676
and references therein.

4 Goeke K et al. Prog. Part. Nucl. Phys., 2005, 55: 350—373

5 Battaglieri M et al. Phys. Rev. Lett., 2006, 96: 042001

6 Mckinnon B et al. Phys. Rev. Lett., 96: 212001

7 Niccolai S et al. Phys. Rev. Lett., 97: 032001

8 de Vita R et al. Phys. Rev. D, 2006, 74: 032001

9 Kwee H et al. Phys. Rev. D, 2005, 72: 054012

10 Miwa K et al. Phys. Lett. B, 2006, 635: 72—79

11 Miwa K et al. Phys. Rev. C, 2008, 77: 045203

12 Barmin V V et al. Phys. Atom. Nucl., 2007, 70: 35—43

13 Barmin V V et al. Phys. Atom. Nucl., 2003, 66: 1715—
1718

14 Aleev A et al. hep-ex/0509033

15 Aleev A et al. arXiv:0803.3313 [hep-ex]

16 Nakano T et al. Phys. Rev. C, 2009, 79: 025210

17 Diakonov D, Petrov V. arXiv:0812.1212 [hep-ph]

18 Ledwig T et al. Nucl. Phys. A, 2008, 811: 353—377

19 Ledwig T et al. Phys. Rev. D, 2008, 78: 054005

20 Nam S I, Kim H-CH. Phys. Rev. D, 2009, 79: 034031

21 Sakurai J J. Annals Phys., 1960, 11: 1—48 Currents and
Mesons. Chicago: The University of Chicago Press, 1969.
48—82

22 Feynman R P. Photon-Hadron Interactions. Reading, MA:
W.A. Benjamin, Inc., 1972. 82—113

23 Amsler C et al. Phys. Lett. B, 2008, 667: 1

24 Christov C V et al. Prog. Part. Nucl. Phys., 1996, 37: 91—
191

25 Kim H CH et al. Phys. Rev. D, 1996, 53: 4013—4029

26 Christov C V et al. Phys. Lett. B, 1994, 325: 467—472

27 Blotz A et al. Phys. Rev. D, 1996, 53: 485—503

28 Praszalowicz M et al. Nucl. Phys. A, 1999, 647: 49—71

29 Silva A et al. Phys. Rev. D, 2005, 72: 094011

30 Jaffe R L. Eur. Phys. J. C, 2004, 35: 221—222



