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Abstract: Compared with the charmed baryons, the bottom baryons are not very well known, either experimentally

or theoretically. In this paper, we investigate the dipion strong decays of the P-wave and D-wave excited bottom

baryons in the framework of the QPC model. We also extend the same analysis to the charmed baryons.
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1 Introduction

In 2013, the LHCb Collaboration reported the ob-
servations of two A;° states with the spin-parity quan-
tum numbers J¥=1/2" and 3/2~, separately, which are
identified as the orbitally excited states of AY [1]. These
observations not only enrich the bottom baryon family
but also provide important clues to further theoretical
and experimental investigations of the bottom baryons.

Compared with the rich charmed baryon family, the
bottom baryons remain largely unexplored, either ex-
perimentally or theoretically. Experimentally, in addi-
tion to the A, the E; baryon with the quark content
bsd was observed by the D0 [2] and CDF [3] collabo-
rations in 2007. Later, the DO and CDF collaborations
observed the doubly-strange ) baryon [4, 5]. Then, the
CDF Collaboration observed the ground state Z(bsu)
with the beauty-strange content [6], and the CMS Col-
laboration reported the corresponding excited state, Z2*
with J” =3/2% [7]. Among the triplets ¥i° with spin
J=1/2 and %;*° with J=3/2, only the charged states
$E were observed in the APt decay modes [8, 9].
Theoretically, the two-body strong decay width of the
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charmed baryons was investigated several year ago in
Refs. [10, 11]. However, the three-body strong decays of
the heavy baryons are still unexplored at present.

The experimental progress on the bottom baryons
has stimulated theorists’ extensive interest in studying
their properties [12, 13]. In order to understand the
structure of heavy baryons systematically and provide
valuable information for the further experimental explo-
ration, in this work we shall study the dipion decays
of the excited bottom baryons. The dipion decays are
the typical tree-body decays. We adopt the quark pair
creation (QPC) model. We also extend the same formal-
ism to calculate the dipion decay width of the charmed
baryons. The mass and the corresponding observed de-
cay channel of the bottom baryons are collected in Ta-
ble 1, while the three-body dipion decays of the charmed
baryons and their corresponding partial decay widths are
listed in Table 2.

In this work, we calculate a special class of the three-
body dipion strong decays of heavy baryons. That is, a
heavy baryon decays into 27t plus another heavy baryon,
where the quantum number of the 27 system is either
I(J¥)=0(0") or I(J¥)=1(17), which correspond to the
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intermediate states o(600) and p(770), respectively.
Thus, the main task is to calculate the two-body strong
decays of the heavy baryons, where the final states must
contain p(770) or ¢(600). In the next section, we illus-
trate the calculation details.

This paper is organized as follows. After the intro-
duction, we present the the formalism of the three-body
dipion strong decays of the heavy baryons. In Section 3,
the numerical results are given. The last section is the
discussion and conclusion.

Table 1. The mass and discovery channels of the
bottom baryons. Here, we use “-” to denote the
case when no strong decay channel is observed
experimentally. The masses are in unit of MeV.

states I1(JP) mass experiment channel
7=
AQ 0(5 > 5912.0£0.6 Adrtn [1]
3-
A~ 0(5 > 5919.84-0.6 Admtm— [1]
1+
=t 1(5 > 5811.3+1.9 Amt 8, 9]
3+
P 1(5 ) 5815.541.8 Ad7— (8, 9]
1+
=t 1(5 ) 5832.141.9 Admt 8, 9]
3+
D) 1(5 > 5835.141.9 Adn= 8, 9]
1/1t
=0 - (— ) 578845 - [6]
2\2
—_ 1/1t
£, —{ = 579142.2 - 12, 3]
2\2
=0 1 3+ =+
=0 >3 594542.3 E,nt [7]

Table 2. A summary of the experimental three-
body dipion decay widths of the charmed baryons
in unit of MeV.

states I(JP) decay width experiment channel
7=
Ac(2595)F 0(5 > 2.60.6 ATt [14)
3-
Ac(2625)F 0(5 > <0.97 AF et [14)
5+
Ac(2880)F 0(5 > 5.841.1 Admtr [15]
1/3-
Zc(2815)F 7<7 > <3.5 Edntn [16]
2\2
1/3-
Zc(2815)° 5<5 > <6.5 E0ntn— [16]

2 The three-body dipion decays of the
bottom baryons

We adopt the same notation for the excited heavy
baryons as in Ref. [10]. The heavy baryon contains one
heavy quark (charm or bottom) and two light quarks (u,
d or s), which can be categorized into either the symmet-
ric 6 or antisymmetric 3 flavor representation. For the
S-wave heavy baryon, the total orbital-flavor-spin wave

function is symmetric while its color wave function is an-
tisymmetric. This fact indicates that the spin of the two
light quarks is either S=1 for 65 or S=0 for 3r. Thus,

the spin-parity quantum numbers of the S-wave heavy
+ + +

for 6 and JP:%
Similarly, we can discuss the P-wave and D-wave heavy
baryons. The detailed notations of the S-wave, P-wave
and D-wave heavy baryons can be found in Figs. 1-3 of
Ref. [10].

It is difficult to describe the hadron properties, such
as the strong decay process, based on the first princi-
ple of QCD. Instead, we have to rely on different phe-
nomenological models to investigate the properties of the
abundant hadronic states. Among these phenomeno-
logical models, the quark pair creation (QPC) model,
which was built by Micu [17] and further developed by
Yaouanc et al. [18-22], has been extensively applied to
study the Okubo-Zweig-lizuka-allowed strong decays of
hadrons[23-32].

In the QPC model, a pair of the flavor-singlet and
color-singlet light quarks and antiquarks are created from
the vacuum, which has the vacuum quantum number
JPC =0**. In the non-relativistic limit, the transition
operator is expressed as

baryons are J© == or - for 3.

T— —372(1m;1—m|00>Jd3k4d3k563(k4+k5)

k,—k
o (B35 )t ool (e (). (1)

where i and j are the color indices of the created quark-
antiquark pair, and ¢i® = (ui+dd+ss)/v/3 and wi® =4,
denote the flavor and color wave functions, respectively,
while x1°_,, is the spin wave function with the spin an-
gular momentum (1,—m). V" (k)=|k|* Y} (0y,¢x) is the
£-th solid harmonic polynomial for the momentum-space
distribution of the quark-antiquark pair. The dimen-
sionless parameter v describes the strength of the quark-
antiquark pair creation from the vacuum.

For the convenience of the calculation, one usually
takes the mock hadron states as follows

| A Lasyn,, ) (Pa))

= A
V2Es Y (LaMy,SaMs,|JaM,,)

My, 5 sMs

x Jd3k1d3k2d3k363(k1+k2+k3—PA)

123 123 123
Xl/JnALAMLA (k17k27k3)XSA1vISA Pa Wa

x[q1(K1)q2(Kk2)gs(ks)), (2)
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|B(ng™™ ' Ly, ) (Ps))
=V 2EB Z <LBMLB SBMSB |JBMJB>

My Mg,
X JdSkadSkb53(ka+kb—PB)1/1nBLBNILB (ka,ky)
XXspars, P8 Wb |62 (Ka)gs (Kn)), (3)

both of which satisfy the normalization conditions

(A(Pa)[A(PY)) = QEA(SS(PA_PA)v (4)

<B(PB)|B(P1§)> = 2E353(PB—P1§)7

(5) |

MMiaMigMig — <BC|T|A>

= vV 8EAEsEC E
M, Mg,
Mp, Ms,
Mpo,Msq,m

where the subscripts 1, 2, 3 denote the quarks of the
parent hadron A, and a and b refer to the quark and
antiquark within the meson B, respectively. k; (i=1, 2,
3, a, b) is the momentum of the quarks or antiquarks
within the hadrons. And P, and Py represent the mo-
mentum of A and B, respectively. Sag) and Ja) denote
the total spin and total angular momentum of the state
A(B), respectively. The S-matrix of decay is defined as

S=I-i2n0(E;—FE,)T. (6)
In the center of mass frame of baryon A, P, =0 and
Py =—P;. Finally, we can formulate the decay ampli-
tude as

<LAMLASAMSA |JAMJA><LBMLBSBMSB |JBM]B><1m, 1—m‘00>

235, 14 m

5 5 5\ M
X<L0MLCSCMSC|J0MJc><X253CMSC XlsiMsB|X152AgMSAX4117m><SOC ¥B |<P}x23903 >I]Z\%ig,MLC (P), (7)

where the spatial integral IJIZLL;’ELC (p) is defined as

M ,m
IMLL;MLC (p)
= Jd3k1d3k:2d3k:3d3k4d3k553(k:4+k:5)

x 0% (ky+kytks—Py)6° (ki +ks—Pg)
% 6% (kyt+ks+ks—Pc)
Xw:LBLB]WLB (klvkﬁl)d};(; LoMpg (Ko.ks,ks)

k,—k
Xu}nALAMLA(kl;kzka)y{n( 42 5). (8)

235 14 123 45 235 14|, 123,45
and <XSCMSC XspMsy |XSA]\/ISA X12 ) and (pE°opt i 05%)

denote the spin and flavor matrix element, respectively.

In the framework of the QPC model, the decay oc-
curs through the recombination of the five quarks from
the initial heavy baryon and the quark-antiquark pair
created from the vacuum. There are three ways of re-
combination, that is,

A(Q1aQ2aQ3)+7D(6147Q5)_>B(C127Q37(l5)+c(cha@i); (9)
A(qlaq25Q3)+P(Q47q5)—>B(q17Q3aq5)+C(anQ4)a (10)

A(qlaq25Q3)+P(Q47q5)—>B(qlaq25q5)+C(Q37q4)' (11)

Here, Q denotes the heavy quark (b or ¢) and q; is the
light quark. When the excited heavy baryon decays into
a heavy baryon plus a light meson, as shown in Eq. (9)
and Eq. (10), the decay amplitude is enhanced by a fac-

‘ tor of two:

M Mg Mg Mg

= 2’}/\/ 8EAEBEC

X E <LAMLASAMSA|JAMJA>
Mp, Ms,
Mr, Msg
My, Mg ,m

X <LBMLB SBMSB |JBMJB>
<LCMLC SCMSC |JcM‘]C>

(1m;1—-m|00) <X253§MSC Xls;lngB |X152AgMSA X%im>
(

(12)

X
X

1 ,m
X <P2c35<P1134|<P}x23‘Pg5>111tfig,MLC (P).
However, in the strong decays of =, . or when the heavy
baryon decays into a heavy meson plus a light baryon,
only one way of arrangement is allowed. Hence, this pre-

factor two disappears.
The decay width of the process A—B+C is

o lp| s

=m222l
M2 2J,+1

|MMJAMJB MJC |27 (13)
where |p| is the outgoing momentum of daughter baryon
in the parent’s center mass frame, and s=1/(140dpc) is
a statistical factor if B and C are identical particles.
The above formalism is only applicable to the two-
body strong decays. We need to modify the above for-
malism in order to calculate the three-body dipion strong
decay widths. We assume that the outgoing meson B is
a resonant state of (mm){=? or (nm){Z!. Now, the decay
width in Eq. (13) is a function of the mass of the out-
going “meson” state B. That is, the original two-body
decay width becomes I'(mg). As a resonant state of
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(n){=) or (mm)iZ!, its mass satisfies the Breit-Wigner

distribution. We need to convolute the I'(mp) with the
Breit-Wigner distribution to get the physical three-pion
decay width of the initial particle A:

MaA —Mc

Fp}ly:J Q(mB)F(mB)deu (14‘)
2ma

where I'(mg) is the decay width of mesons given in the

Eq. (13). o(mg) is the Breit-Wigner mass distribution

of the (rrr){=Y or (mm)/=! resonance

J— Fl
o(mn)= 271 (M —Meen )2 +172 /4]’

where M., and I’ are the mass and decay width of the
0(600) or p(770) resonances, respectively.

(15)

3 Numerical results

The dipion decay widths of the heavy baryons from
the QPC model involve several parameters: the strength
of the quark pair creation from the vacuum ~, the R
value in the harmonic oscillator wave function of the me-
son, and the «,, in the baryon wave functions. There
are two kinds of values for « [10, 31-33]. We follow
the convention of Ref. [33] and take = 13.4, which is
considered as a universal parameter in the 3P, model.
The R value of ¢(600) mesons is 3.486 GeV~! [34] while
R=3.571 GeV~! for the p(770) meson [34]. For the pro-
ton and A a,=a,=0.5 GeV [30]. For the S-wave heavy
baryons, the parameters o, and a;, in the harmonic oscil-
lator wave functions can be fixed to reproduce the mass
splitting through the contact term in the potential model
[35]. Their values are o, =0.6 GeV and oy =0.6 GeV. For
the P-wave and D-wave heavy baryons, o, and «a, are
expected to lie in the range 0.5-0.7 GeV. In the follow-
ing, our numerical results are obtained with the typical
values o, =0, =0.6 GeV.

For the three-body dipion strong decays, we also need
the mass and width of (7t7r)]=) or (mtm)/=]', corresponding
to o(600) or p(770), which are given in Table 3. With
the above preparation, we present the results of the di-
pion decay width of of the P-wave and D-wave excited
heavy baryons.

Table 3. The resonance parameters of ¢(600) and
p(770) corresponding to (nm){=y and (mm){=1, re-
spectively.

particle mass/MeV width/MeV R/GeV~!
o(600) 400 400 3.486 [34]
p(770) 770 149 3.571 [34]

3.1 1P states

As shown in Tables 1 and 2, only the P-wave ex-
cited Aq (Q=Db, c¢) states have so far been observed in

the three-body dipion strong decay channel Aqmt 7, all
of which have a small phase space. Here, we present the
theoretical predictions of the three-body dipion strong
decays of all the P-wave excited heavy baryons via the
QPC model.

For Aq (Q=b, ¢), the tiny phase space leads to a very
small strong decay width, which is given in Table 4. Since
the (rm)[Z) pair arises from o(600), the dipion decay
width of the heavy baryons depends on the value of the
mass and decay width of ¢(600). We present the depen-
dence of the strong decay width of A.(2625) — A wh 7™
on the width and mass of o(600) in Table 4. The decay
width of A.(2625) — A.w*7~ depends on the width of
0(600) strongly with m, =400 MeV. When increasing
mg, this dependence becomes weaker.

Table 4. The strong decay width (in unit of keV)
of Ag—Aqn' ™ (Q=Db, c¢) when taking different
values of the width of ¢(600). Here, we fix the
mass of 0(600) as 400 MeV.

cat Il /GeV
srares 0.4 0.5 0.6 0.7
A% (2595) 4.6 4 3.5 3.1
A%(2625) 30.5 26.4 23.1 20.3
A} (5912) 0.77 0.68 0.6 0.53
A3 (5920) 2.4 2.1 1.8 1.6
35
30
> 257
<
e 20
Loast
[:i‘ 10 +
5 fo
0
0.4 0.5 0.6 0.7 0.8 0.9 1.0
I (;((\()l])/ GeV
Fig. 1. The variation of the decay width of

Ac(2625) — Attt with the resonance param-
eters of ¢(600).

In Tables 5-8, we list the dipion strong decay
widths of the P-wave excited charmed baryons =.(2790),
=.(2815), £.(2800), and the P-wave excited states of Z,,
and ¥;,. The masses and quantum numbers of =.(2790)
and =.(2815) are determined experimentally. However,
at present there are no experimental data for the P-wave
excited Z, and ¥,. The quantum number of ¥.(2800)
remains unknown. So, we present the three-body dipion
decay widths of ¥.(2800) with different assignments and
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the three-body dipion decay widths of the P-wave exci-
tations of =, and ¥, under different assignments, where

Table 5. The dipion decay widths of the P-wave
excited Zc(2790) and E.(2815) (in unit of MeV).

Table 8. The dipion decay widths of the P-wave
excited Xy, states with different assignments (in

unit of MeV).

states assignments I(J%) Ec(mm)izl B (mm)iz)
1/1~
Zc(2790) el 3 <5 > 0.003 0.001
- - 1/3~
E.(2815)  Ea 5 (5 > 0.007 0.002

Table 6. The dipion strong decay width of
3.(2800) with different assignments (in unit of

MeV).

assignments  Ac (7171){::11 e (7171){::11 e (7’[7{){:28
Seo (%7> 0 0.038 0.003
Ser @7) 2.6 6.1x10~* 0.002
Y1 @7) 2.6 3.1x10~4 4.5%x10~4
Se @7) 0.078 0.38 0.11
T2 @7) 0.078 1.2x1074 0
Se1 @7) 41 0.45 0.093
St @7) 41 0.11 0.023

states Ay (mm)i=] Sy ()=t Sy, (mm) =0
=
2b0<5 > 0 0.012 0.001
1- 5
2b1<5 > 2.3 5.4x106 5x107°
3-
2b1<5 > 2.2 1.7x10~6 1x10—6
3-
Yo 3 0.031 0 0
5 -
2b2<§ ) 0.036 0 0
N 1-
2b1<5 ) 3.6 0.057 0.003
N 33—
Sh1 3 3.6 0.014 0

Table 9. The three-body dipion strong decay width
of A.(2880) as the D-wave excited states (in unit

of MeV).
Stami Se(nm)iZ} i (mnm) =) Ac(mm)i=0

5

Acg(5 > 0.002 0.002 2.4x1073

. /Bt

AC2<5 ) 0.02 0.018 0.002

o (5T

A}lQ(f > 0 0 0
2

<o (BT

A32<5 > 0.002 0.007 0.3

. 5+

A2, (5 > 0.12 0.006 0

Table 7. The strong decay width of the P-wave
excited ZEp, with different assignments (in unit of
MeV).

states Ep () l=} =i (mm)[=} Sy, (mm) 29
=

:b1<§ ) 0.005 0 0.001
3-

o (5 ) 0.007 0 0.002

! 1 -

=l 5 0 0.001 0

—/ 1= -7

g, (= 0.09 8x10 0.061
2

=/ 3~ -7

g, (= 0.089 3.5%10 0.059
2

=, (27)  7axio- 0 0

Shel Ax

=, (2 8.9x1074 0 0

Zho 5 IX

= 1=

g, (5 ) 0.014 0 0.004

= (37

2 (5 0.02 0 0.007

- 1-

Eb0<5 ) 0 0.002 0

= 1= _6

Zo1l 5 0.27 2.5%10 0.18

= (g ) 0.27 1.1x106 0.18

= 3~

%2(5 ) 0.002 0 0

= 57

%2(5 ) 0.002 0 0

the corresponding mass is taken from Ref. [12] if there
is no experimental information.

3.2 1D states

Quite a few D-wave excited charmed baryons were
+

observed experimentally, such as A.(2880) with J* =3 >

A.(2940) with J¥ still undetermined. Both A.(2880) and
A.(2940) are considered as the D-wave excited states of
A.. Several other charmed baryons with undetermined
JP quantum numbers were also considered as the D-wave
orbitally excited states, such as =.(2980) and Z.(3080).

Here, we list the dipion decay width of A.(2880) with
different assignments in Table 9 and that of A.(2940)
in Table 10. The quantum numbers of the D-wave ex-
cited =.(2980,3080,3055,3123) are not clear. We list
their three-body decay width with different assignments
of their inner quantum numbers. None of the D-wave ex-
cited X, states and all the D-wave bottom baryons have
been observed experimentally. So, we just give the their
three-body dipion decay width in different assignments
of their inner quantum numbers with their masses chosen
from Ref. [12] (see Tables 11-18 for more details).
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Table 10. The strong dipion decay width of A.(2940) as the D-wave excited states (in unit of MeV).

states Se(mm)iz} ok ()=t Ac (7o) {::(?

+

0.011 0.002 7x1073

>

I

N}
VS

=
I
)

+

0.003 0.005 1x10—4

=
Q
[N}

+

0.1 0.022 0.007

=
Q
)

+

0.03 0.045 0.007

<
Q
(=}

+

=<
a
=
+

+

<

= S
(e} aQ (e}
N ) -
L~ ~— N -/ N /7 N 7 N 7 N 7 N7 N T N N TN T N TN N N N
+

+

<
Q=
A

1.9 0.13 0

B
=
2

+

0.23 0.64 0

+

NI NIOU N[Ot ND[W N[W N NWw N NIOU NIW NIW N NI= Dot NDw Dot N w
\/\/\J\/\/\J\/\/J\J\/\/\/\/\/\/\J
o
o
o

0.016 0.007 0

<
o N
-

>
[eN ¥
!

+

0.013 0.008 0

>
an
V)

+

0.045 0.004 0.65

+

0.004 0.017 0.65

<
<A
%)

+

=<
[N
@

0.18 0.016 0

+

3x10~% 0.072 0

<
AN
w
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Table 11. The strong dipion decay width of the D-wave excited states of ¥¢ (in unit of MeV).

assignments Ac(mm)iz} Se(mm)iz) S ()i}t Se(mm)f=) & ()20
1+
el 3 0.3 0.015 0.01 0 0.053
3+
Ye1 <7 > 0.27 0.013 0.01 0.072 0.022
3+
Y2 (5 > 0.55 0.041 0.006 0.006 0.002
5+
Y2 (5 > 0.49 0.004 0.018 0.39 0.002
5+
Y3 (5 > 0.016 0.083 0.008 0.028 0.001
7+
>3 (5 > 0.04 0 0.093 0 0.03
. 1+
Y1 3 2.7 0.14 0.096 0 0.48
. 3+
el 3 2.5 0.12 0.09 0.654 0.2
. 3+
Y2 2 4.9 0.37 0.054 0.06 0.02
. 5+
Y2 3 4.4 0.036 0.16 3.5 0.026
. 5+
Y3 (5 > 0.15 0.75 0.073 0.25 0.016
. 7+
>3 (5 > 0.36 0.006 0.84 0 0.27
0 1+
¥ 3 41 3.9 3.2 0 0
w1 (1 +
Yoy 5 0 0 0 0 0
o (37T
¥ 3 0 0 0 0 0
oy (3%
Xy 2 2.3 0.37 0.11 0.35 0.11
. 5+
232 (— > 2.1 0.1 0.19 0.13 0.14
2
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Table 12. The strong dipion decay width of =.(2980) as the D-wave excited states (in unit of MeV).

states Ec(rm)iz} 2l () iz} =Y (mr)iz} Eo(mm)iZy =l (nr){zd =X ()10
= 3+ —4 -5 —6 —4 —6
Zez( 5 0.001 2.9x10 2x10 9.8x10 1.1x10 4.5%10
5+ 5 5
502(5 ) 0.001 8x107° 4x107° 9.8x107° 4.9%x107° 7x107¢
. [/3+ 5
EC2<§ ) 0.016 0.002 1.9x107% 8.8x107° 0.001 4x107°
. [/5+
EC2<§ ) 0.016 7.6x107% 3.7x107% 8.8x107° 0.004 6.2x107°
L (1t
EC0<§ ) 0 0 0 0 0 0
L. [ 1F
EC1<§ ) 0 0 0 0 0 0
., (3%
E§1<5 ) 0 0 0 0 0 0
=1 3+
:62<5 ) 0 0 0 0 0 0
~1 5+
2l 3 0 0 0 0 0 0
~0 1+
20 ( = 0.12 0.047 0.001 0 0.66 0
2
.o (3%
== 0.12 0.005 0.005 0 0 0.15
2
., (11 4 _5 -5
S 0.008 4.1x10 5x107° 0 0 7.7x107°
=2 (37T —a -5 —4 -5
S 0.008 3x10 5%x107° 0 9%10 3.8x107°
=2 (37T -5 -5 —6
:C2<5 ) 0.016 0.001 3x107° 0.019 9.2x107F 3.9x10
=2 5+ -5 —4 -5 —6
EC2<§ ) 0.016 9x107° 1.4x10 0.019 4.1x107F 6.1x10
=2 5+ 4 4 4 6
EC3<§ ) 2.4x10~ 0.004 6x10~ 0 7.5x10~ 8.5x10~
L, (TF
E§3<§ ) 2.4x1074 2x107° 6x10~* 0 0 3.8x107°
1+
E;1<§ ) 0.001 6x107° 1x107° 0 0 1.3x107°
3+
5;1(5 ) 0.001 5x107° 1x107° 0 1.6x107* 6.4x107°
= 3+ —4 —6 -5 -7
:CZ(E ) 0.002 2x10 6x10 0.003 1.5x10 6.5% 10
= 5+ -5 -5 —6 -6
=l 5 0.002 1x10 2x10 0.003 6.8x10 1x10
’ 5+ —5 —4 —5 —4 —6
503(5 ) 4x107° 8x10 2x107° 0 1.2x10 1.4x10
’ 7+ —5 -7 —4 —6
Ecs(§ ) 4x107° 4x10 1x10 0 0 6.4x10
. 1+ 4 5 4
E;1<5 ) 0.013 6x10~ 8x107° 0 0 1x10~
= 3+ 4 4 5
E;1<5 ) 0.013 4x10~ 1x10~ 0 0.001 5x107°
., [3+ 5 4 6
E;2<5 ) 0.024 0.001 5x107° 0.03 1.3x10~ 5.8x10~
., [(5F
E;2<§ ) 0.024 1x1074 2x107* 0.03 6x107° 9.1x1076
., (5F
E;3<§ ) 4x107* 0.007 2x107* 0 0.001 1x107°
=/ Tt —4 —6 —4 —5
:CS(E ) 4x10 3x10 9x10 0 0 5x10
=70 1+
=9( = 0.19 0.016 0.003 2.2 0 0
2
=/1 1+
=als 0 0 0 0 0 0
=1 3+
=a( s 0 0 0 0 0 0
=2 3+ —4 -5 —4 -5
=55 0.011 0.001 1x10 5%x107° 6.6x10 2x107°
(BT
5;2;(5 ) 0.011 5x107% 2x1074 5.8x107° 2.9x107* 4.1x107°
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Table 13. The strong dipion decay width of Zc(3055) as the D-wave excited states (in unit of MeV).

a

Ze (717'(){::11 B (717'(){::11 S (nrr){::f Ze (ﬂﬂ){::[? B (717'(){::(? By (717'(){::(?

_02(5 0.004 0.001 2x1074 5.4x107° 8.6x107% 1.4x1074
= 5 —4 —4 -5 —4 —4
ez 5 0.004 3x10 5x10 5.4x107° 3.8x10 2.2x10
. 3
EC2<§ 0.044 0.011 0.002 4.9x1074 0.008 0.001
. 5
EC2<§ 0.044 0.003 0.004 4.9x1074 0.003 0.002
=1 1
2ol 0 0 0 0 0 0
1

3 0 0 0 0 0 0
3

3 0 0 0 0 0 0
3

3 0 0 0 0 0 0
5

3 0 0 0 0 0 0
1

(5 0.34 0.213 0.013 0 1.7 0
. 3
=9 (— 0.34 0.025 0.063 0 0 0.74

2
=2 1 —4
=4l 5 0.023 0.001 7x10 0 0 0.002
. 3
=2, (5 0.023 0.001 8x1074 0 0.007 0.001
. 3
E§2<5 0.043 0.005 4x107* 0.069 6x107* 1x1074
. 5
E§2<5 0.043 4x107* 0.001 0.069 3x107* 2x107*
=2 (9 —4
=% (5 0.001 0.02 0.001 0 0.006 3x10
=2 7 —5
S 0.001 3x10 0.007 0 0 0.001
1

(5 0.004 3x10™% 1x107% 0 0 4x10~%
(g 0.004 2.5x10~% 1.4x1074 0 0.001 2x1072
(g 0.007 8x10~% 7x107° 0.01 1x107* 1.9x107°
5

(5 0.007 7x107° 3x1074 0.01 4.9%x107° 3x107°
5 5
(5 2x107% 0.003 3x1074 0 0.001 4.6x107°
7
5;3(5 2x1074 6x107° 0.001 0 0 2.1x107*
. 1
=, (5 0.035 0.002 0.001 0 0 0.004

3

(5 0.035 0.002 0.001 0 0.012 0.002
3

(5 0.065 0.007 7x1074 0.1 0.001 1.7x107%
5 _4 —4 —4
3 0.065 7x10 0.002 0.1 4.5x10 2.7x10
5

- (5 0.001 0.03 0.002 0 0.009 4x10~%
7

(5 0.001 5x107° 0.01 0 0 0.001
1

(5 0.51 0.075 0.039 3.7 0 0
1

(5 0 0 0 0 0 0
3

3 0 0 0 0 0 0
3

(5 0.029 0.007 0.001 3x1074 0.005 8x1074
. 5
5/2;(5 0.029 0.002 0.003 3x1074 0.002 0.001
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Table 14. The strong dipion decay width of Z.(3080) as the D-wave excited states (in unit of MeV).

a

= (717'(){::11 B (717'(){::11 By (717'(){::11 Ze (717'(){::(? B (ﬂﬂ){::[? S (717'(){::(?
_02(5 0.006 0.001 4x1074 9x107° 0.001 3x1074
= 5 —4 —4 -5 —4 —4
ez 5 0.006 6x10 8x10 9x10° 6.5%10 4.7%x10
. 3
EC2<5 0.06 0.017 0.004 8x10~4 0.013 0.003
. 5
EC2<5 0.06 0.005 0.007 8x10~4 0.006 0.004
=1 1
S 0 0 0 0 0 0
1
3 0 0 0 0 0 0
3
5 0 0 0 0 0 0
3
3 0 0 0 0 0 0
5
3 0 0 0 0 0 0
1
(5 0.46 0.32 0.022 0 2.120 0
=0 3
=0, (= 0.46 0.037 0.11 0 0 1
2
. 1
=2, (5 0.031 0.002 0.001 0 0 0.005
. 3
=2, (5 0.031 0.002 0.001 0 0.011 0.002
=2 3 —4 —4
=5 (5 0.058 0.007 8x10 0.098 0.001 2x10
. 5
E§2<5 0.058 7x1074 0.002 0.098 5x107* 4x107*
=2 5 —4
=% (5 0.002 0.03 0.002 0 0.01 6x10
=2 7 —5
S 0.002 6x10 0.012 0 0 0.002
1
(5 0.005 4x10~% 2x107% 0 0 8.4x107%
3
(5 0.005 4x10~% 3x107% 0 0.002 4.2x107%
3
(5 0.009 0.001 1x107* 0.016 1.8x10~4 4%x107°
5
(5 0.009 1x107* 5x107% 0.016 8x10~% 6x107°
5 _4 _4 -5
3 4x10 0.005 4x10 0 0.002 9.8x107°
—_/ 7 —4 —5 —4
=, = 4x10 1x10 0.002 0 0 4x10
2
. 1
=, (5 0.047 0.004 0.001 0 0 0.007
3
(5 0.047 0.003 0.002 0 0.018 0.004
3
(5 0.087 0.011 0.001 0.15 1.7x1073 3.6x107%
5
(5 0.087 0.001 0.004 0.15 7.3x107% 5.7x107%
5
- (5 0.003 0.045 0.004 0 0.015 8.8x107%
7 4 -3
3 0.003 1x10 0.018 0 0 3.9%x10
1
(5 0.69 0.11 0.068 4.3 0 0
1
(5 0 0 0 0 0 0
3
3 0 0 0 0 0 0
3
(5 0.04 0.011 0.002 5x104 0.008 0.001
. 5
5/2;(5 0.04 0.003 0.005 5x107* 0.003 0.002
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Table 15. The strong dipion decay width of Z.(3123) as the D-wave excited states (in unit of MeV).

a

Ee ()| =} El (mm) =} g (rem) =} Ee (mm) =) EL (mr) (=) gy (mr) 2y
_02(5 0.011 0.003 9x10~4 2x1074 3.2x1073 8.7x107%
= 5 —4 -3 -3
ez 5 0.011 0.001 0.001 2x10 1.4%x107° 1.3%x107°
. 3
EC2<§ 0.099 0.031 0.008 1.7x1073 0.028 7.8x1073
. 5
Ecg<5 0.099 0.009 0.016 1.7x1073 0.012 0.012
=1 1
2ol 0 0 0 0 0 0
1
3 0 0 0 0 0 0
3
3 0 0 0 0 0 0
3
3 0 0 0 0 0 0
5
3 0 0 0 0 0 0
1
(5 0.76 0.59 0.05 0 3 0
. 3
=9 (— 0.76 0.069 0.24 0 0 1.7
2
. 1
=2, (5 0.051 0.004 0.003 0 0 0.014
. 3
=2, (5 0.051 0.004 0.003 0 0.025 0.007
. 3
E§2<5 0.095 0.013 0.001 0.17 0.002 6x10~*
. 5
=2, (5 0.095 0.001 0.006 0.17 0.001 0.001
. 5
=2 ( 3 0.004 0.055 0.006 0 0.022 0.001
=2 7 —4
S 0.004 2x10 0.026 0 0 0.007
1 —4 —4 —3
3 0.008 8x10 5x10 0 0 2.4x10
(g 0.008 7x1074 6x10~4 0 4.3x1073 1.2x107°
3 —4 —4 —4
3 0.015 0.002 3x10 0.028 3.8x10 1.1x10
5
(5 0.015 3x10~% 0.001 0.028 1.7x1074 1.7x10~4
5 —4 —3 —4
5 8x10 0.009 0.001 0 3.8x107F 2.9x10
7
5;3(5 8x1074 3x1074 0.004 0 0 1.3x1073
. 1
=, (5 0.076 0.007 0.004 0 0 0.021
3
(5 0.076 0.006 0.005 0 0.038 0.01
3
(5 0.14 0.02 0.002 0.25 3.4x1073 1x1073
5
(5 0.14 0.002 0.009 0.25 1.5x1073 1.5x1073
5
- (5 0.007 0.082 0.009 0 0.034 2.6x1073
7
(5 0.007 3x107° 0 0 0 0.012
1
(5 1.14 0.21 0.15 5.2 0 0
1
(5 0 0 0 0 0 0
3
3 0 0 0 0 0 0
3
(5 0.066 0.02 0.005 0.001 0.019 0.005
. 5
=2 (5 0.066 0.006 0.011 0.001 0.008 0.008
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Table 16. The strong dipion decay width of the D-wave excited states of Ay, (in unit of MeV).

states S ()=} sx (mm) =) Ac(mr)i=)

+

0.003 0.001 2.6x10~4

>

o

¥
7N

+

0.001 0.003 3.1x10~4

>
o
©

+

0.029 0.01 2.3x1073

3
o
M

+

0.01 0.027 2.8x1073

=
o
»

=
o
o

+

=
jon
2

+

=
o
A

+

=
o
M

+

=
o
»

+

0.52 0.061 0

+

0.061 0.29 0

<
o~
it

>
TN
=
+

0.004 0.003 0

<
TN
et
+

0.003 0.004 0

=
TN
M

+

0.012 0.002 0.32

<
TN
N
+

0.001 0.01 0.36

+

0.065 0.009 0

<
TN
w

<
o=
hel
L~ ~/— N 7~ N 7 N 7 N 7 N7 N N NS N N NN TN N

+

NI Nt NI NW NW N= NDW N DOt NW NW N= N= Dot NWw N ot oW
\JV\J\J\_/\J\_/\JQ\_/VV\_/V\_/V\_/
o
o
o

<
o'N
w

3%x10~5 0.044 0
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Table 17. The strong dipion decay width of the D-wave excited states of ¥y (in unit of MeV).

assignments Ay, ()=} >y, ()12} 25 () =} Sy () 20 25 () =)
1+

2b1<5 ) 0.24 0.007 0.009 0 0.045
3+ . .

2b1<5 ) 0.1 0.001 0.002 6x10~3 3x10~3
+

Eb2<g ) 0.4 0.018 0.004 2.7x1073 1.7x10~3
5+ .

2b2<5 ) 0.35 0.001 0.013 9.4x10~4 2x10~3
+

2b3<g ) 0.013 0.035 0.006 0.009 1.3x1073
7+ .

2b3<§ ) 0.017 6x107° 0.038 0 0.009

. 1+

Sp1 3 2.1 0.069 0.081 0 0.4

. +

EMG ) 0.93 0.013 0.019 0.051 0.025

. +

Ebz(% ) 3.63 0.17 0.042 0.024 0.015

. +

2b2<g ) 3.2 0.012 0.12 0.008 0.018

N 5+

2b3<5 ) 0.12 0.32 0.058 0.078 0.012

. 7+

2b3<5 ) 0.16 6x10~4 0.35 0 0.082

10 1+

29, 3 32 1.93 2.7 0 0

e (171

P 3 0 0 0 0 0

. 3+

2é1<5 ) 0 0 0 0 0

. 3+

2§2<5 ) 0.82 0.053 0.023 0.026 0.013

o 5+

2, 3 1.49 0.041 0.14 0.044 0.091
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o
V)

Table 18. The strong dipion decay width of the D-wave excited states of E1, (in unit of MeV).
states Ep () [} =i ()=} = () =} =y ()2 = ()= = () =0
3+
Eb2(§ ) 0.005 6x10~4 2x107% 6.7x107° 2.8x107% 1.1x1074
5+
Eb2(§ ) 0.005 2x107% 5x1074 7.6x107° 1.4x1074 2.2x107%
. 3+
Eb2<§ ) 0.047 0.005 0.001 6x1074 2.5x1073 1x1073
. 5+
Eb2<§ ) 0.051 0.001 0.004 6.8x107% 1.3x1072 2x1073
=1 1+
Zho( 5 0 0 0 0 0 0
=1 1+
S 0 0 0 0 0 0
~1 3+
:b1<§ ) 0 0 0 0 0 0
=1 3+
:b2<5 ) 0 0 0 0 0 0
=1 5+
Zhe( 5 0 0 0 0 0 0
=0 1+
=20 = 0.36 0.092 0.011 0 2.1 0
2
=0 3+
=0 (= 0.36 0.01 0.055 0 0 1.4
2
=2 1+ 4 4
Ebl(5 ) 0.024 8x10~ 6x10~ 0 0 0.012
=2 3+ —4 —4
= 5 0.024 6x10 7x10 0 0.008 0.004
=2 3+ —4 —4 —4
Eb2<§ ) 0.045 0.002 4%10 0.17 8x10 4%10
-, (BT 4 —a —4
Eb2<§ ) 0.049 2x10 0.001 0.15 3x10 6x10
., (BT 4
Eb3<§ ) 0.001 0.01 0.001 0 0.006 9x10
. 7+
E§3<§ ) 0.001 1x107° 0.007 0 0 0.002
’ 1+ 4 4 3
Em(E ) 0.008 4x10~ 4x10~ 0 0 2x10~
- (37 4 4 -3 —4
%1(5 ) 0.007 3x10 4x10 0 1.4x10 7.9%10
- (3F 4 4 -5
%2(5 ) 0.014 0.001 2x10 0.028 1.4x10 7.9%10
= 5+ -5 —4 -5 -5
%2(5 ) 0.013 8x10 7x10 0.025 5x10 9.7x10
5+ 4 4 4 5
E{DS(5 ) 4%10~ 0.002 4%10~ 0 5.4x107 7.1x1075
7+ 4 6 4
Eg3(§ ) 5x10~ 4%x1076 0.002 0 0 4.8x10~
. 1+
Eg1<§ ) 0.076 0.003 0.003 0 0 0.018
=/ 3+ 3
Eb1<§ ) 0.068 0.002 0.003 0 0.013 7.1x107%
=/ 3+ 3 4
Eb2<§ ) 0.13 0.009 0.002 0.26 1.3%107° 7.1x10~
. 5+ 4 4
Eg2<§ ) 0.12 710~ 0.006 0.23 4.7x107 8.8x107*
N 5+ 4
E{ﬁ(E ) 0.003 0.019 0.003 0 4.9x1073 6x10~
. 7+ 5 3
E’ba(5 ) 0.004 3x10~ 0.019 0 0 4x10~
. 1+
=29( = 1.14 0.104 0.13 4.1 0 0
2
=/1 1+
= 5 0 0 0 0 0 0
=/1 3+
=l g 0 0 0 0 0 0
L (3%
=25 = 0.06 0.009 0.004 0 0.001 0
2
. 5+
=2 (5 ) 0.054 0.002 0.007 0 0 0.001
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4 Discussion and conclusion

We have performed a systematic investigation of a
special class of the dipion strong decays of the excited
heavy baryons, where the two pions are from the inter-
mediate rho or sigma mesons.

The dipion decay width of the heavy baryons is sensi-
tive to the value of the strength of the quark-pair creation
from the vacuum since the decay width I'ocy?. However,
the dependence of the dipion decay width on the value
of ay , and R is weak [10]. Some dipion decay modes are
forbidden by symmetry and their dipion decay widths
are listed as zero in the tables.

The P-wave excited state X.(2800) and most of the
D-wave excited states A.(2940) and Z. (2980, 3080,
3055, 3123) were reported with their quantum numbers
undetermined. A systematic investigation of their two-
body strong decays was presented in Ref. [10], which
may be helpful to the identification of their quantum
numbers. Our present work investigated the dipion de-
cay width of these particles with different inner struc-
ture assignments. For example, the dipion decay width
of 3. (2800) with different internal structures varies from
1 keV to several MeV, as shown in Table 6, which pro-
vides valuable clues to their underlying structure and
quantum numbers. Unfortunately, none of the dipion de-
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