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Abstract. The strong decays of the heavy baryons Σ
(∗)
Q → ΛQπ are studied by combining the chiral dynam-

ics and the MIT bag model. In the charm sector, we calculate the decay widths Γ (Σ
(∗)
c →Λcπ) and compare

these with the experimental data and other theoretical estimations. In addition, we also predict the strong

decay widths Γ (Σ
(∗)
b → Λbπ).

1 Introduction

The two exotic relatives of the proton and neutron Σ
(∗)+
b

(buu) andΣ
(∗)−
b (bdd) were discovered by the CDF collabo-

ration at Fermilab [1]. Their masses areM
Σ+
b
= 5808+2.0−2.3±

1.7MeV, M
Σ−
b
= 5816+1.0−1.0±1.7MeV, MΣ∗+

b
= 5829+1.6−1.8±

1.7MeV, and M
Σ∗−
b
= 5837+2.1−1.9± 1.7MeV. Due to the

mass of the bottom baryon Λ0b , 5624±9MeV [2], the mass
differences M

Σ
(∗)
b

−MΛb are all larger than Mπ; thus the

dominant decay modes of these exotic bottom baryons
are the strong decays Σ

(∗)
b → Λbπ, which are similar to

the ones of the charm baryons Σ
(∗)
c → Λcπ. In this pa-

per, we will combine the chiral dynamics and the MIT
bag model to study the strong decays of the heavy baryon
Σ
(∗)
Q → ΛQπ.
The light quark contribution to the QCD Lagrangian,

Lq = q̄(i �D−mq)q , (q = u , d , and s) , (1)

has an approximate SU(3)L × SU(3)R flavor chiral symme-
try, because the current quark masses are all very small on
the typical hadron energy scale. It became known early on
that this symmetry must be spontaneously broken by the
QCD vacuum, so that the physical spectra of the hadrons
made up of light quarks have only SU(3)L+R symmetry.
Moreover, due to spontaneous breaking of the chiral sym-
metry, there exist eight pseudoscalar bosons (called Gold-
stone bosons, which include three π, four K, and one η).
Their couplings to the hadrons at low energies are deter-
mined by partial conservation of the axial-vector current
(PCAC) and by the current algebra. The chiral proper-
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ties of a heavy hadron is dictated by its light quark con-
tents. For the heavy baryon, a heavy quark Q will com-
bine the two light quarks to form baryons, Qq1q2. How-
ever, the two light quarks can form a symmetric sextet
or an antisymmetric antitriplet in flavor SU(3) space. For
the ground state baryons, the SU(3) symmetric sextet di-
quarks have spin 1, whereas the SU(3) antisymmetric an-
titriplet diquarks have spin 0. Thus for the SU(3) sym-
metric sextet there are both spin 1

2 baryons (B6) and
spin 3

2 baryons (B
∗
6 ). For the SU(3) antisymmetric an-

titriplet there are only spin 12 baryons (B3̄). Once the fla-
vor SU(3) contents of these heavy baryons are determined,
their couplings to the Goldstone bosons can immediately
be written down following the standard formalism of chiral
dynamics.
The MIT bag model [3, 4] is a simple relativistic model

of hadrons, which is consistent with some of the essen-
tial features of QCD, namely confinement, gluon degree
of freedom, and gauge invariance. It has been applied to
the description of the hadron spectroscopy [5, 6] and vari-
ous transitions for which the momentum transfers are not
large [6]. The greatest success of the MIT bag model lies in
its description of ground state hadrons, formed with light
quarks, where the agreement with the experimental data is
remarkable.
The paper is organized as follows. In Sect. 2 we re-

view the basic MIT bag model formalism and construct
the heavy baryon wave functions. In Sect. 3 we consider
the dynamics of heavy baryons interacting with the Gold-
stone bosons. We discuss the chiral properties of the
heavy baryons and derive the chiral Lagrangian involv-
ing heavy baryons. Applications and numerical results
for the strong decay widths of some heavy baryons are
worked out in Sect. 4. Finally, our conclusion is given
in Sect. 5.
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2 Formalism of MIT bag model
for heavy baryon

The MIT bag model is essentially a relativistic shell model
that describes quarks moving independently inside a con-
fining spherical cavity of radius R. The bag Lagrangian for
quarks only is

Lbag =

{
i

2

[
ψ̄γµ∂µψ− (∂µψ̄)γ

µψ
]
−mψ̄ψ−B

}
θV(r)

−
1

2
ψ̄ψ∆s(r) , (2)

where m is the quark mass, θV(r) = θ(R− r),∆s(r) =
δ(R− r), the constant B is the volume energy density,
which comes from the work done against the QCD vacuum
in creating the cavity, and finally a surface term is added to
Lbag so that the quarks move as if they had an infinite mass
outside the bag [7].
The Euler–Lagrange equations of motion are

(iγµ∂µ−m)ψ = 0 inside the bag , (3)

iγµnµψ = ψ

nµ ·∂µ(ψ̄ψ) = 2B

}
on the bag surface , (4)

where nµ is a covariant inward-pointing vector normal to
the bag surface, nµ = (0,−r̂) for a static spherical bag.
From (3), we see that the Lagrangian density (2) yields
a free Dirac equation inside the bag as expected. The
quadratic boundary condition (the second line of (4)) re-
quires that only j = 1/2 modes can be excited within
a static rigid bag. Consequently only the S and P (l= 0, 1)
orbital angular momenta are allowed, and the single par-
ticle excitation spectrum consists of two classes of states
with total angular momentum j = 1/2, namely nS1/2 and
nP1/2 (n is the radial quantum number). Explicit expres-
sions for these solutions are [6]

u0n =N
0
n

⎛
⎝

√
(ω+mω ) ij0(Xn

r
R ) χ

−
√
(ω−m
ω
) j1(Xn

r
R
)σr̂ χ

⎞
⎠ e−iωt , (5)

and

u1n =N
1
n

⎛
⎝
√(

ω+m
ω

)
ij1
(
Xn

r
R

)
σr̂ χ√(

ω−m
ω

)
j0
(
Xn

r
R

)
χ

⎞
⎠ e−iωt , (6)

where the normalization coefficients N0n, N
1
n are fixed by

the integral
∫
R
ψ†ψd3r = 1, and j0 and j1 are the spherical

Bessel functions

j0(x) =
sinx

x
, j1(x) =

sinx

x2
−
cosx

x
, (7)

χ is a Pauli spinor, Xn is the quark’s momentum times R,
and ω is the eigenenergy given by

ω =

√(
m2+

X2n
R2

)
. (8)

The eigenvalue equations can be derived by substitut-
ing (5) and (6) into the first line of (4). For u0n, we get

(
0 −iσr̂
iσr̂ 0

)⎛
⎝

√(
ω+m
ω

)
ij0(Xn)

−
√(

ω−m
ω

)
j1(Xn)σr̂

⎞
⎠

=

⎛
⎝

√(
ω+m
ω

)
ij0(Xn)

−
√(

ω−m
ω

)
j1(Xn)σr̂

⎞
⎠ , (9)

which leads to

j1(Xn) =

√(
ω+m

ω−m

)
j0(Xn) , (10)

and finally

tanXn =
Xn

1−mR−
√
m2R2+X2n

. (11)

The corresponding eigenvalue equation for the u1n mode is

tanXn =
Xn

1−mR+
√
m2R2+X2n

. (12)

Whenm→ 0, (11) and (12) yield the transcendental equa-
tions

tanXn =
Xn

1∓Xn
. (13)

Some of the low lying solutions to (13) are listed
in Table 1 [8].
After solving the bag equations of motion inside a cav-

ity, we can expand the second quantized light quark field
operator ψq(x) in terms of the quark eigenmodes,

ψq(x) =
∑
nlm

bnlmunlm(r, t)+d
†
nlmvnlm(r, t) (14)

where bnlm is the canonical quark annihilation operator
and d†nlm is the antiquark creation operator. These opera-
tors satisfy the usual anticommutation relations, namely

{
bnlm, b

†
n′l′m′

}
=
{
dnlm, d

†
n′l′m′

}
= δnn′δll′δmm′ ,

(15)

with the other ones equal to zero. We can then readily con-
struct a state of the heavy baryon with spin S:

∣∣BnlQ 〉= C(S, Sz, s1, s2, s3) ∣∣qnl1 (s1)qnl2 (s2)Q(s3)〉 ,
(16)

Table 1. Bag model eigenmodes for a massless quark

State 1S1/2 1P1/2 2S1/2 2P1/2 3S1/2 3P1/2
Xn 2.043 3.812 5.396 7.002 8.578 10.163
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where C(S, Sz , s1, s2, s3) is the familiar Clebsch–Gordan
coefficient. Each light quark is in a triplet,

q =

⎛
⎝ ud
s

⎞
⎠ (17)

of the flavor SU(3) group. Since 3⊗3= 6⊕ 3̄ and the lowest
lying light quark state has n= 1 and l = 0 (S-wave), there
are two different diquarks: a symmetric sextet (s1+s2 = 1)
and an antisymmetric antitriplet (s1+ s2 = 0). When the
diquark combines with a heavy quark, the sextet contains
both spin 12 (B6) and spin

3
2 (B

∗
6 ) baryons, and the an-

titriplet contains only spin 12 (B3̄) baryons. Explicitly, the
wave functions of the spin 12 B6 baryons are

∣∣∣Σ+1Q ↑
〉
=

√
2

3
|uu〉| ↑↑〉|Q ↓〉

−

√
1

3
|uu〉

√
1

2
(| ↑↓〉+ | ↓↑〉)|Q ↑〉 ,

∣∣Σ0Q ↑〉=
√
2

3

√
1

2
(|ud〉+ |du〉)| ↑↑〉|Q ↓〉

−

√
1

3

√
1

2
(|ud〉+ |du〉)

×

√
1

2
(| ↑↓〉+ | ↓↑〉)|Q ↑〉 ,∣∣∣Σ−1Q ↑

〉
=
∣∣∣Σ+1Q ↑

〉
(u→d)

,∣∣∣Ξ ′+1/2Q ↑
〉
=
∣∣Σ0Q ↑〉(d→s) ,∣∣∣Ξ ′−1/2Q ↑

〉
=
∣∣∣Ξ ′+1/2Q ↑

〉
(u→d)

,

|ΩQ ↑〉=
∣∣∣Σ+1Q ↑

〉
(u→s)

, (18)

where the superscript denotes the value of the isospin
quantum number I3. An asterisk on the symbol will denote
a corresponding spin 32 baryon:∣∣∣∣Σ∗+1Q

1

2

〉
=

√
1

3
|uu〉| ↑↑〉|Q ↓〉

+

√
2

3
|uu〉

√
1

2
(| ↑↓〉+ | ↓↑〉)|Q ↑〉,

∣∣∣∣Σ∗0Q 12
〉
=

√
1

3

√
1

2
(|ud〉+ |du〉)| ↑↑〉|Q ↓〉

+

√
2

3

√
1

2
(|ud〉+ |du〉)

×

√
1

2
(| ↑↓〉+ | ↓↑〉)|Q ↑〉 ,∣∣∣∣Σ∗−1Q

1

2

〉
=
∣∣∣Σ+1Q ↑

〉
(u→d)

,

∣∣∣∣Ξ ′∗+1/2Q

1

2

〉
=
∣∣Σ0Q ↑〉(d→s) ,∣∣∣∣Ξ ′∗−1/2Q

1

2

〉
=

∣∣∣∣Ξ ′∗+1/2Q

1

2

〉
(u→d)

,

∣∣∣∣Ω∗Q 12
〉
=

∣∣∣∣Σ∗+1Q

1

2

〉
(u→s)

, (19)

As to the wave functions of the spin 12 B3̄ baryons, they are

|ΛQ ↑〉=

√
1

2
(|ud〉− |du〉)

√
1

2
(| ↑↓〉− | ↓↑〉)|Q ↑〉,∣∣∣Ξ+1/2Q ↑

〉
= |ΛQ ↑〉(d→s) ,

∣∣∣Ξ−1/2Q ↑
〉
=
∣∣∣Ξ+1/2Q ↑

〉
(u→d)

.

(20)

We may use the decomposition

q1iq2j =
1

2
(q1iq2j+ q1jq2i)+

1

2
(q1iq2j− q1jq2i)

= (B6)ij +
1
√
2
(B3̄)ij (21)

to assemble the sextet and the antitriplet in a systematic
and an antisymmetric 3×3 matrix, respectively:

B6 =

⎡
⎢⎢⎣
Σ+1Q

1√
2
Σ0Q

1√
2
Ξ
′+1/2
Q

1√
2
Σ0Q Σ−1Q

1√
2
Ξ
′−1/2
Q

1√
2
Ξ
′+1/2
Q

1√
2
Ξ
′−1/2
Q ΩQ

⎤
⎥⎥⎦ , (22)

B3̄ =

⎡
⎢⎢⎣

0 ΛQ Ξ
+1/2
Q

−ΛQ 0 Ξ
−1/2
Q

−Ξ+1/2Q Ξ
−1/2
Q 0

⎤
⎥⎥⎦ , (23)

and a matrix for B∗6

B∗6 =

⎡
⎢⎢⎣
Σ∗+1Q

1√
2
Σ∗0Q

1√
2
Ξ
′+1/2
Q

1√
2
Σ∗0Q Σ∗−1Q

1√
2
Ξ
′∗−1/2
Q

1√
2
Ξ
′∗+1/2
Q

1√
2
Ξ
′∗−1/2
Q Ω∗Q

⎤
⎥⎥⎦ . (24)

3 Chiral dynamics of heavy baryons

Before discussing the interactionbetweentheheavybaryons
and Goldstone bosons, we will first summarize the case
of Goldstone bosons interacting among themselves [9–11].
The chiral symmetry is nonlinearly realized by using the
unitary matrix

Σ = e2iM/
√
2fπ (25)

where M is a 3× 3 matrix for the octet of Goldstone
bosons:

M =

⎡
⎢⎢⎣
π0√
2
+ η√

6
π+ K+

π− − π
0
√
2
+ η√

6
K0

K− K̄0 −
√
2
3η

⎤
⎥⎥⎦ (26)

and fπ = 93MeV is the pion decay constant. Under SU(3)L
×SU(3)R, Σ transforms as

Σ→Σ′ = LΣR† . (27)
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Hence the lowest order Lagrangian for the Goldstone
bosons is

LM =
f2π
4
Tr∂µΣ

†∂µΣ . (28)

In order to facilitate the discussions of the Goldstone
bosons interacting with the heavy mesons, we introduce
a new Goldstone-boson matrix ξ ≡Σ1/2, which transforms
under an SU(3)L×SU(3)R as follows:

ξ→ ξ′ = LξU† = UξR† , (29)

where U is an unitary matrix depending on L, R, and M ,
so that it is no longer global. Now with the aid of ξ, we
construct a vector field Vµ and an axial-vector field Aµ:

Vµ =
1

2

(
ξ†∂µξ+ ξ∂µξ

†
)
, (30)

Aµ =
i

2

(
ξ†∂µξ− ξ∂µξ

†
)
, (31)

with the simple transformation properties

Vµ→ V
′
µ = UVµU

†+U∂µU
† , (32)

Aµ→A
′
µ = UAµU

† . (33)

The chiral transformation of q is given in (26), which is
however not convenient for our purposes. By means of the
following field redefinition [12]:

qL→ ξ
†qL , qR→ ξqR , (34)

the light quarks can be made to transform simply as

q→ q′ = Uq . (35)

and the chiral transformations of the heavy baryons in (22)
and (23) can be established as

B6→B
′
6 = UB6U

T , (36)

B3̄→B
′
3̄ = UB3̄U

T , (37)

and the covariant derivatives under chiral transformations
for B6 and B3̄ are

DµB6 ≡ ∂µB6+VµB6+B6V
T
µ , (38)

DµB3̄ ≡ ∂µB3̄+VµB3̄+B3̄V
T
µ . (39)

Similar equations hold for B∗6 and DµB
∗
6 . Then the chiral-

invariant Lagrangian is

LB = tr[B̄6(i �D−M6)B6]+
1

2
Tr[B̄3̄(i �D−M3̄)B3̄]

+Tr{B̄∗µ6 [−gµν(i �D−M
∗
6 )+ i(γµDν +γνDµ)

−γµ(i �D+M
∗
6 )γν ]B

∗ν
6 }

+ g1Tr(B̄6γµγ5A
µB6)+ g2Tr(B̄6γµγ5A

µB3̄)+H.c.

+ g3Tr(B̄
∗
6µA

µB6)+H.c.+ g4Tr(B̄
∗
6µA

µB3̄)+H.c.

+ g5Tr(B̄
∗
6νγµγ5A

µB∗ν6 )+ g6Tr(B̄3̄γµγ5A
µB3̄) ,

(40)

where B∗6µ is a Rarita–Schwinger vector-spinor field for
a spin 32 particle [13], and Aµ is the axial field introduced
in (31).

4 Applications

Using the bag model wave functions constructed in the pre-
vious section, one can proceed to the calculation of the
strong decay coupling constants (g1 ∼ g6). However, the six
coupling constants can be reduced to two independent ones
by the heavy quark symmetry (HQS) [9, 10]. Furthermore,
these two coupling constants are independent of the heavy
mass.
Now we will begin with the model calculation for the

coupling constants. The strong coupling constants describe
soft pion emission. Applying PCAC, we can express a soft
pion amplitude to a matrix element of the axial-vector
current

〈B′πa (q)|B〉=
qµ

fπ
〈B′|Aaµ|B〉 . (41)

Here we consider the strong decay Σ+1Q → ΛQπ
+ firstly.

The Lagrangian equation (40) leads to the coupling

LΣQΛQπ =
g2√
2fπ
Σ̄+1Q γ

µγ5ΛQ∂µπ
+ . (42)

If we define g
ΣQΛQ
A by

〈ΛQ|A
1
µ− iA

2
µ|Σ

+1
Q 〉= g

ΣQΛQ
A

(
q2
)
ū (ΛQ) γµγ5u

(
Σ+1Q

)
+ · · · , (43)

where the unlisted terms vanish at q = 0. Combining (41)
and (43) and comparing with (42), we obtain

g2 =−g
ΣQΛQ
A (0) (44)

The left hand side of (43) can be calculated in the MIT
bagmodel, as is diagrammatically illustrated in Fig. 1. The
∆I3 = −1 transition can be described by the current Σ̃3
(choosing µ= 3)

Σ̃3 =

∫
d3r(A13− iA

2
3)

=

∫
d3rb†dnlmūnlm(r, t)γ3γ5unlm(r, t)b

u
nlm , (45)

where the superscript u(d) represents the u(d) quark. Here
the light quark states have n = 1, l = 0, and m = 0 (S-
wave), because we deal with the B6, B

∗
6 , and B3̄ baryons.

Therefore, we obtain

g2 =−I
〈
ΛQ ↑

∣∣∣Σ̃3
∣∣∣Σ+1Q ↑

〉
, (46)

where

I ≡ 4πNINF

∫ R
0

drr2

×

[
j0(XF r̄)j0(XI r̄)−

1

3
j1(XF r̄)j1(XI r̄)

]
;

(47)
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Fig. 1. Single particle tran-
sition in the bag. The single
(double) line stands for a light
(heavy) quark, and the cross
represents an external current
operator

we have r̄ ≡ r/R, and we have used the identities

σ · r̂ σi σ · r̂= 2 riσ · r̂−σi,∫
d3rf(r)r̂(σ · r̂) =

1

3

∫
d3rf(r)σ .

Equations (18) and (20) then give

〈
ΛQ ↑

∣∣∣Σ̃3
∣∣∣Σ+1Q ↑

〉
=−
1

2

√
1

6
(−4)

〈
d ↑

∣∣∣Σ̃3
∣∣∣u ↑〉=

√
2

3
.

(48)

The decay width of the decayΣ+1Q → ΛQπ is

Γ (ΣQ→ ΛQπ) =

|p|

8πM2ΣQ
g2ΣQΛQπ

[(
MΣQ−MΛQ

)2
−M2π

]
, (49)

where p is the pion momentum in the c.m. system and
where

gΣQΛQπ =
MΣQ+MΛQ√

2fπ
g2 (50)

is the Goldberger–Treiman relation.
Next, we consider the strong decay Σ∗+1Q → ΛQπ. The

Lagrangian equation (40) leads to the coupling

LΣ∗
Q
ΛQπ
=
g4√
2fπ
Σ̄∗+1Qµ ΛQ∂

µπ+ . (51)

We may take advantage of the constraints imposed by
HQS [9, 10]:

g4 =−
√
3g2 . (52)

The decay width of the decayΣ∗+1Q → ΛQπ is

Γ (Σ∗Q→ ΛQπ) =
|p|3

96πM2Σ∗
Q
M2ΛQ

g2Σ∗
Q
ΛQπ

×

[(
MΣ∗

Q
+MΛQ

)2
−M2π

]
, (53)

and where

gΣ∗
Q
ΛQπ
=
MΣ∗

Q
+MΛQ
√
2fπ

g4 (54)

is the Goldberger–Treiman relation again.

The parameters we use as input to calculate I are the
light quark masses mu,d and the radius of the bag, R. The
current light quarkmasses in general are taken asmu,d = 0.
As to the radius R, R

Σ++c
= 0.945 fm, R

Σ∗++c
= 1.01 fm,

andR
Λ+c
= 0.914 fm were given by [14] in the charm sector,

and R
Σ+
b
= 1.02 fm, R

Σ∗+
b
= 1.04 fm, and RΛ0

b
= 0.996 fm

were given by [15] in the bottom sector. They were ob-
tained by fitting the mass spectrum in the respective sec-
tors. Here we use the parameters mu,d = 0 and R = 1 fm
in (47) and obtain I = 0.653. Then the strong decay widths
in (49) and (53) can be estimated, and the numerical re-
sults in the charm sector are listed in Tables 2 and 3, re-
spectively. We find that the results are all consistent with
the experimental data. In addition, if the value of mu,d
varies from 0 to 8MeV and R varies from 0.8 fm to 1.2 fm,
then for example the decay width Γ (Σ++c → Λ+c π

+) varies
just from 1.90 to 1.94MeV. That is, these calculations are
insensitive to the values ofmu,d andR. We also present the
experimental data and other theoretical calculations in the
tables.
Finally, we use the same parameters to predict the rel-

evant strong decay widths in the bottom sector. Because
the neutral bottom baryonsΣ

0(∗)
b have not been found yet,

we resort to the following supposition to obtain M
Σ
(∗)0
b

:

the mass differences ∆Mb among the bottom baryons Σ
+
b ,

Σ0b , and Σ
−
b come from two parts; one part is the quark

mass difference md−mu, and the other part is the elec-
tromagnetic Coulomb energy. Thus we may take the quark
replacement b→ s and observe the mass differences among
Σ+, Σ0, and Σ−. From [2], it is easy to find that

MΣ0 

1

2
(MΣ++MΣ−), MΣ∗0 


1

2
(MΣ∗++MΣ∗−) .

(55)

The errors are both smaller than 10−3. Therefore, we may
approximately use the similar equations

MΣ0
b
→
1

2

(
M
Σ+
b
+M

Σ−
b

)
,

MΣ∗0
b
→
1

2

(
M
Σ∗+
b
+M

Σ∗−
b

)
. (56)

The results of the decay widths Γ (Σ
(∗)
b → Λbπ) are listed

in Table 4.

5 Conclusion

In this paper we have presented a formalism to describe
the chiral dynamics of the heavy baryons interacting with
the Goldstone bosons. Furthermore, through PCAC, we
have obtained the relevant strong interaction constants in
the MIT bag model and then estimated the strong decay
widths Γ (Σ

(∗)
b,c →Λb,cπ). The parameters appearing in this

approach are the light quark masses mu,d and the bag ra-
dius R. On the one hand the current masses of the u and
d quarks are both very small on the typical hadron energy
scale and can be taken as zero, and on the other hand the



798 C.-W. Hwang: Combined chiral dynamics and MIT bag model study of strong Σ
(∗)
Q → ΛQπ decays

Table 2. Decay widths Γ (Σc→Λcπ) (in units of MeV). Experimental data and other
theoretical calculations are also shown

Γ (Σ++c → Λ+c π
+) Γ (Σ+c → Λ

+
c π
0) Γ (Σ0c → Λ

+
c π
−)

Experiment [2] 2.23±0.30 < 4.6 (CL = 90%) 2.2±0.4
This work 1.90 2.20 1.87
CQM [16] 1.31±0.04 1.31±0.04 1.31±0.04
CQM [17] 2.025+1.134−0.987 1.939+1.114−0.954
HHCPT [9, 10] 2.47, 4.38 2.85, 5.06 2.45, 4.35
HHCPT [18] 2.5 3.2 2.4
HHCPT [19] 1.94±0.57
HHCPT [20] input 2.6±0.4 2.2±0.3
LFQM [21] 1.64 1.70 1.57
RTQM [22, 23] 2.85±0.19 3.63±0.27 2.65±0.19
NRQM [24] 2.41±0.07±0.02 2.79±0.08±0.02 2.37±0.07±0.02

Table 3. Decay widths Γ (Σ∗c →Λcπ) (in units of MeV). Experimental data and other
theoretical calculations are also shown

Γ (Σ∗++c → Λ+c π
+) Γ (Σ∗+c → Λ+c π

0) Γ (Σ∗0c → Λ
+
c π
−)

Experiment [2] 14.9±1.9 < 17 (CL = 90%) 16.1±2.1
This work 14.7 15.2 14.5
CQM [16] 20 20 20
HHCPT [18] 25 25 25
HHCPT [20] 16.7±2.3 17.4±2.3 16.6±2.2
LFQM [21] 12.84 12.40
RTQM [22, 23] 21.99±0.87 21.21±0.81
NRQM [24] 17.52±0.74±0.12 17.31±0.73±0.12 16.90±0.71±0.12

Table 4. The predictions of the strong decay widths Γ (Σ
(∗)
b →Λbπ) (in units of MeV)

Γ (Σ+b → Λ
0
bπ
+) Γ (Σ0b → Λ

0
bπ
0) Γ (Σ−b → Λ

0
bπ
−) Γ (Σ∗+b → Λ0bπ

+) Γ (Σ∗0b → Λ
0
bπ
0) Γ (Σ∗−b →Λ0bπ

−)
4.35 5.65 5.77 8.50 10.20 10.44

bag radius R= 1 fm was obtained by fitting the mass spec-
trum in the charm [14] and bottom [15] sectors and averag-
ing them. In addition, we also separately vary mu,d from 0
to 8MeV and R from 0.8 to 1.2 fm and find that the decay
widths are insensitive to these two parameters. Based on
the numerical results being all consistent with the experi-
mental data in the charm sector, we give our predictions
for the strong decay widths Γ (Σ

(∗)
b → Λbπ). In spite of the

bottom baryons Σ
(∗)0
b not having been found, we observed

that the masses of the neutral baryonsMΣ(∗)0 almost are
equal to the average of the ones of the charged baryons

MΣ(∗)+ and MΣ(∗)−, and then we reasoned in analogy to
the masses of the neutral bottom baryonsM

Σ
(∗)0
b

. We ex-

pect that the deviations of this assumption and the pre-
dicted strong decay widths are all small for the future ex-
perimental data.

Acknowledgements. I would like to thank Dr. Chun-Khiang
Chua for helpful discussion. This work is supported in part by
the National Science Council of R.O.C. under Grant No: NSC-

95-2112-M-017-001.

References

1. CDF Collaboration, I.V. Gorelov, hep-ex/0701056
2. W.-M. Yao et al., J. Phys. G 33, 1 (2006)
3. A. Chodos, R.L. Jaffe, K. Johnson, C.B. Thorn,
V.F. Weisskopf, Phys. Rev. D 9, 3471 (1974)

4. A. Chodos, R.L. Jaffe, K. Johnson, C.B. Thorn, Phys. Rev.
D 10, 2599 (1974)

5. T. DeGrand, R.L. Jaffe, K. Johnson, J. Kiskis, Phys. Rev.
D 12, 2060 (1975)

6. D. Izatt, C. Detar, Nucl. Phys. B 199, 269 (1982)
7. P.N. Bogolioubov, Ann. Inst. Henri Poincare 8, 163
(1967)

8. T. Barnes, Phys. Rev. D 30, 1961 (1984)
9. T.M. Yan, H.Y. Cheng, C.Y. Cheung, G.L. Lin, Y.C. Lin,
H.L. Yu, Phys. Rev. D 46, 1148 (1992)

10. T.M. Yan, H.Y. Cheng, C.Y. Cheung, G.L. Lin, Y.C. Lin,
H.L. Yu, Phys. Rev. D 55, 5851E (1997)

11. H. Georgi, Weak Interactions and Modern Particle Theory
(Benjamin, New York, 1984)

12. C.Y. Cheung, Chin. J. Phys. 32, 1221 (1994)
13. W. Rarita, J. Schwinger, Phys. Rev. 60, 61 (1941)
14. S.K. Bose, L.P. Singh, Phys. Rev. D 22, 773 (1980)



C.-W. Hwang: Combined chiral dynamics and MIT bag model study of strong Σ
(∗)
Q → ΛQπ decays 799

15. W.A. Ponce, Phys. Rev. D 19, 2197 (1979)
16. J.L. Rosner, Phys. Rev. D 52, 6461 (1995)
17. D. Pirjol, T.M. Yan, Phys. Rev. D 56, 5483 (1997)
18. M.-Q. Huang, Y.-B. Dai, C.-S. Huang, Phys. Rev. D 52,
3986 (1995)

19. H.-Y. Cheng, Phys. Lett. B 399, 281 (1997)
20. H.Y. Cheng, C.K. Cuha, Phys. Rev. D 75, 014006 (2007)

21. S. Tawfiq, P.J. O’Donnell, J.G. Körner, Phys. Rev. D 58,
054010 (1997)

22. M.A. Ivanov, J.G. Körner, V.E. Lyubovitskij, A.G. Ruset-
sky, Phys. Rev. D 60, 094002 (1999)

23. M.A. Ivanov, Phys. Lett. B 442, 435 (1998)
24. C. Albertus, E. Hernández, J. Nieves, J.M. Verde-Velasco,
Phys. Rev. D 72, 094022 (2005)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


