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A light baryon is viewed as N, valence quarks bound by meson mean fields in the large N, limit. In much
the same way a singly heavy baryon is regarded as N. — 1 valence quarks bound by the same mean fields,
which makes it possible to use the properties of light baryons to investigate those of the heavy baryons.
A heavy quark being regarded as a static color source in the limit of the infinitely heavy quark mass,
the magnetic moments of the heavy baryon are determined entirely by the chiral soliton consisting of a

light-quark pair. The magnetic moments of the baryon sextet are obtained by using the parameters fixed
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in the light-baryon sector. In this mean-field approach, the numerical results of the magnetic moments
of the baryon sextet with spin 3/2 are just 3/2 larger than those with spin 1/2. The magnetic moments
of the bottom baryons are the same as those of the corresponding charmed baryons.

© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

Very recently, Ref. [1] showed that when the number of col-
ors (N¢) goes to infinity singly heavy baryons can be described
as N. — 1 valence quarks bound by the meson mean fields that
also have portrayed light baryons as N, valence quarks bound by
the same mean fields [2,3], being motivated by Diakonov [4]. The
masses of the lowest-lying singly heavy baryons were well repro-
duced in both the charmed and bottom sectors, and the mass of
the Q) was predicted within this framework. Using the method
developed in Ref. [1], we were able to interpret two narrow 2
resonances as exotic baryons belonging to the anti-decapentaplet
(15) [5] among five Qs found by the LHCb Collaboration [6].
This mean-field approach is called the chiral quark-soliton model
(xQSM) [7] (for a review, see Refs. [8,9] and references therein).
Very recently, the model has also described successfully strong de-
cays of heavy baryons [10] including those of the newly found two
narrow £2s.

The magnetic moments of the heavy baryons have been al-
ready investigated within various different approaches such as
quark models [11-13], the MIT bag model [14], the quark potential
model [15,16], the Skyrme models in bound-state approaches [17,
18], a relativistic quark model [19], lattice QCD [20-22], heavy-
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baryon chiral perturbation theories [23,24], and QCD sum rules [25,
26], and so on. Since there are no experimental data available yet,
it is of great interest to compare the results with those from sev-
eral different approaches. Since the baryon anti-triplet (3) consists
of the light-quark pair with the total light-quark spin J = 0, the
corresponding magnetic moment vanishes in the present mean-
field approach with the infinitely heavy-quark mass limit consid-
ered. Thus, in the present work, we want to employ the yQSM
to compute the magnetic moments of the lowest-lying singly
heavy baryons, in particular, the baryon sextet (6) with both spin
J’=1/2 and J’ =3/2. The magnetic moments of the light baryons
were already studied within the xQSM [27,28]. A merit of this
approach is that we can deal with light and heavy baryons on
the same footing. All the dynamical parameters required for the
present analysis were determined in Ref. [29] based on the ex-
perimental data on the magnetic moments of the baryon octet,
we have no additional free parameter to handle for those of the
heavy baryons. We obtain the results for the magnetic moments
of the baryon sextet and compare them with those from other
models and lattice QCD. The results turn out to be consistent
with those from the other works, in particular, with those from
Ref. [19]. Compared with the results from the lattice QCD [20-22],
the present ones are consistently larger than them except for the
T+ magnetic moment.

The structure of the present work is sketched as follows: In
Section 2, we briefly review the general formalism of the x QSM in
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order to compute the magnetic moments of the heavy baryons.
In Section 3, we show how to carry out the calculation of the
magnetic moments within the present framework, using the dy-
namical parameters fixed in the light baryon sector. In Section 4,
we present the numerical results of the magnetic moments of the
heavy baryons, examining the effects of flavor SU(3)s breaking. We
summarize the present work in the last Section.

2. General formalism

In the mean-field approach, a heavy baryon can be expressed
by the correlation function of the N. — 1 light-quark operators,
while a heavy quark inside it is regarded as a static color source
in the limit of the infinitely heavy quark mass (mq — oo). The
heavy quark is required only to makes the heavy baryon a color
singlet state. The electromagnetic current we now consider con-
sists of both the light and heavy quark currents

Ju® =@y, Qv ) +eqQyuQ, (1)

where © denotes the charge operator of the light quarks in flavor
SU(3) space, defined by

0 1 1
0] =3 ()»3 + —ﬁ)q;) . (2)
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3

Here, A3 and Ag are the well-known flavor SU(3) Gell-Mann ma-
trices. The eq in the second part of the electromagnetic current
in Eq. (1) stands for the heavy-quark charge, which is given as
ec = 2/3 for the charm quark or as e, = —1/3 for the bottom
quark. The magnetic moment of a heavy quark is proportional to
the inverse of the corresponding mass, i.e. it ~ (eq /mq)0o, so that
it should be very small in comparison with the light-quark con-
tributions. It plays an essential role only in describing the baryon
anti-triplet, which is understandable, because the light-quark pair
constitutes a spin-zero state. However, its effect is rather small
when it comes to the baryon sextet. In the lattice QCD [20-22],
it is known that the contribution of the heavy quark to the mag-
netic moments of the baryon sextet is approximately one order
smaller than the light-quark contributions. Ref. [19] also examined
the heavy-quark contribution separately and found that its effect
is in general tiny on the magnetic moments of the baryon sextet.

In principle, one could consider the heavy-quark effects on the
magnetic moments as done in the quark models. It would give
an overall constant contribution to the magnetic moments of the
baryon sextet such as —eq /6mq [19], which is parametrically very
small. However, if one wants to consider the heavy-quark con-
tribution within the present formalism consistently, one should
go beyond the mean-field approximation. This is yet a difficult
task, since we do not know proper nonperturbative interactions
between the light and heavy quarks. Thus, we want to restrict
ourselves to the light-quark contribution from the mean-field ap-
proximation, so we will ignore in the present work that from the
heavy quark current in the limit of mq — oc.

Hence, we will deal with the first term of Eq. (1) when we
compute the magnetic moments of heavy baryons by considering
the following baryon matrix elements:

0

N

Q=

O O win
Wi

(Bo ¥ (XY Q¥ (X)|Bq). (3)

Since we have ignored the heavy-quark contributions, we obtain
the same results for both the charmed and bottom baryons. So,
we will mainly focus on the magnetic moments of the charmed
baryon sextet in the present work.

The general expressions for the magnetic moments of light
baryons have been constructed already in previous works [27-30].
We will extend the formalism for those of heavy baryons in this
work. Taking into account the rotational 1/N. and linear ms cor-
rections, we are able to write the collective operator for the mag-
netic moments as

a=p®+a?, (4)

where 1@ and 4" represent the leading and rotational 1/N
contributions, and the linear mg corrections respectively

fA® = wiD§) + W2dpq3D(QS;3'.7q + %DSQ%,
A = 20,0 + ws (DGR + DEGDRY)

+ we (DSDE — D& DY) (5)
The indices of symmetric tensor dpg3 run over p=4,---, 7, f3

and ]p denote the third and the pth components of the spin op-

erator acting on the soliton. D;‘;)(R) stand for the SU(3) Wigner
matrices in the representation v, which arise from the quantiza-
tion of the soliton. D(Qgg is defined by the combination of the SU(3)
Wigner D functions

1 1
pg =3 (0% + 508). ©)
which is obtained from the SU(3) rotation of the electromagnetic
octet current. The coefficients w; in Eq. (5) encode a concrete
dynamics of the chiral soliton and are independent of baryons in-
volved. In fact, wq includes the leading-order contribution, a part
of the rotational 1/N. corrections, and linear mg corrections,
whereas w; and ws represent the rest of the rotational 1/N, cor-
rections. The ms dependent term in w1 is not explicitly involved in
the breaking of flavor SU(3) symmetry. Thus, we will treat wq as
if it had contained the SU(3) symmetric part, when the magnetic
moments are computed. On the other hand, wy4, ws, and wg are
indeed the SU(3) symmetry breaking terms. Yet another ms correc-
tions will come from the collective wave functions, which we will
discuss soon. In principle, w; can be computed within a specific
chiral solitonic model such as the x QSM [27,30].

We want to emphasize that the structure of Eq. (5) is rather
model-independent and is deeply rooted in the hedgehog Ansatz
or hedgehog symmetry. Since we consider the embedding of the
SU(2) soliton into SU(3) [3], which keeps the hedgehog symmetry
preserved, we have SU(2)y x U(1)y symmetry. So, the structure of
the collective operator is determined by the SU(2)t x U(1)y invari-
ant tensors

1 1
dape = Ztr(ka{kbv Ac)), Sapz = \/;(SaBSbS + 8p38a8),

1
Fop3 = \/;(3a38b8 — 8p36as). (7)

In this respect, we will determine w; by using the experimental
data on the magnetic moments of the baryon octet as done in
Refs. [28,29,31], instead of relying on a specific model. We will
briefly show how to fix w;j, using the experimental data in the
next Section.

To obtain the magnetic moments of the heavy baryons, the op-
erator [ in Eq. (4) needs to be sandwiched between heavy baryon
states. Since we consider the linear mg corrections perturbatively,
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