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Strong decays of charmed baryons
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There has been important experimental progress in the sector of heavy baryons in the past several years.
We study the strong decays of the S-wave, P-wave, D-wave, and radially excited charmed baryons using
the 3P, model. After comparing the calculated decay pattern and total width with the available data, we
discuss the possible internal structure and quantum numbers of those charmed baryons observed recently.
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I. INTRODUCTION
BABAR and Belle Collaborations  observed
several excited charmed baryons: A.(28802940)%,

=.(29803077)"°, and Q.(2768)° last year [1-5], which
inspired several investigations of these states in literature
[6—9]. We collect the experimental information of these
recently observed hadrons in Table I. Their quantum num-
bers have not been determined except A.(2880) . In order
to understand their structures using the present experimen-
tal information, we study the strong decay pattern of the
excited charmed baryons systematically in this work. In the
past decades, there has been some research work on heavy
baryons [8,11,12].

The quantum numbers and decay widths of S-wave and
some P-wave charmed baryons are known [13]. We first
systematically analyze their strong decays in the frame-
work of the ?P,, strong decay model. Accordingly one can
extract the parameters and estimate the accuracy of the 3P,
model when it is applied in the charmed baryon system.
Then we go one step further and extend the same formal-
ism to study the decay patterns of these new charmed
baryons A,(28802940)*, E(29803077) " under different
assignments of their quantum numbers. After comparing
the theoretical results with the available experimental data,
we can learn their favorable quantum numbers and assign-
ments in the quark model.

Very recently CDF Collaboration reported four par-
ticles [14], which are consistent with X; and ;= pre-
dicted in the quark model [15]. Their masses
are  My: = 5808739 = 1.7 MeV, M- = 581677 =
1.7 MeV, My~ =5829%1¢ = 1.7, My = 5837535+
1.7 MeV. The mass splitting between X, and 3, was
discussed in Refs. [16,17] while the strong decays of

Ef(*) were studied in Ref. [18]. As a by-product, we also

calculate the strong decays of E(b*)i and other S-wave
bottom baryons in this work.
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This paper is organized as follows. We give a short
theoretical review of S-wave, P-wave, and D-wave
charmed baryons and introduce our notations for them in
Sec. II. Then we give a brief review of the 3PO model in
Sec. III. We present the strong decay amplitudes of
charmed baryons in Sec. IV. Section V is the numerical
results. The last section is our discussion and conclusion.
Some lengthy formulae are collected in the appendix.

II. THE NOTATIONS AND CONVENTIONS OF
CHARMED BARYON

We first introduce our notations for the excited charmed
baryons. Inside a charmed baryon there are one charm
quark and two light quarks (u, d, or s). It belongs to either
the symmetric 67 or antisymmetric 35 flavor representa-
tion (see Fig. 1). For the S-wave charmed baryons, the total
color-flavor-spin wave function and color wave function
must be symmetric and antisymmetric, respectively. Hence
the spin of the two light quarks is § = 1 for 6z or § = 0 for
3. The angular momentum and parity of the S-wave
charmed baryons are J© = 1* or 3* for 6, and J© = 1*
for 3;. The names of the S-wave charmed baryons are
listed in Fig. 1, where we use the star to denote %* baryons
and the prime to denote the J© = %* baryons in the 65
representation.

In Fig. 2 we introduce our notations and conventions for
the P-wave charmed baryons. [, is the orbital angular
momentum between the two light quarks while /, denotes
the orbital angular momentum between the charm quark
and the two light quark system. We use the prime to label
the E,; baryons in the 6, representation and the tilde
to discriminate the baryons with [, = 1 from that with
l AT 1.

The notation for the D-wave charmed baryons is more
complicated (see Fig. 3). Besides the prime, [, and I,
defined above, we use the hat and check to denote the
charmed baryons with /, =2 and [, = 1, respectively.
For the baryons with /, = 1 and [, = 1, we use the super-
script L to denote the different total angular momentum in

XL <L i L
Ady, 2, and B
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A summary of recently observed charmed baryons by BABAR and Belle Collaborations.

State Mass and width (MeV) Decay channels in experiments Other information
A(2880)" 2881.5 + 0.3, <8 [10] Amtm _JP favors 3* [2],
2881.9 0.1 £ 0.5,5.8 * 1.5 = 1.1 [1] D°p 5 Grsgm=) = 0.225 = 0.062 * 0.025 [2]
2881.2 * 0.2794, 55707 = 0.4 [2] S0 (2520) 7 [
A.(2940)*  2939. = 1.3 = 1.0, 17.5 = 5.2 = 5.9 [1] D°p —
2937.9 * 1.0}, 10 4 =5 2] 3,.(2455)0
E.(980)* 2967.1 = 1.9 = 1.0, 23.6 = 2.8 = 1.3 [3] AYK ot —
2978.5 2.1 £2.0,43.5 £7.5 7.0 [4] A K7t
E.(2980)° 2977.1 £8.8 = 3.5, 43.5 [4] AFKYm™ —
E.(3077)* 30764 0.7 £0.3,6.2 = 1.6 £ 0.5 [3] A K7t —
3076.7 £0.9 = 0.5, 6.2 £ 1.2 = 0.8 [4] AFK 7t
E.(3077)° 30828+ 1.8+ 15,52+ 3.1 + 1.8 [4] AFKYm™ —
0,(2768)° 2768.3 + 3.0 [5] %y JP =3+
Z‘L )H(uuc) (a) lp = 01 ll = 1
Ji=0: Zo(30) E(z )
A} (udc) Ef (usc) f_s(ﬁ) L=1 ®Sq|q2=1 lel Zu(é_ %—) :(1(%— %—)
J1=2:20G7.5) G730
£ (dde) =0 (gse) QO (550 =0(dsc) faB): L=1®S,,=0 = J,=1: 24§ ,3) EaG,3)
6 3
FIG. 1. The SU(3) flavor multiplets of charmed baryons. (b) lp =1, 1,=0
I1I. THE *P, MODEL Ji=0: Aw(5)) E0(5)
The *P, model was first proposed by Micu [19] and ) L=18®S,. =1 Ji=1: RT3y B
further developed by Yaouanc ef al. later [20—-22]. Now Ja @ k= e p=lidalzoz) Balzhg)
this model is widely used to study the strong decays of J=2: RT3y B
hadrons [23-30]. 22 22
According to this model, a pair of quarks with JPC = o
0" is created from the vacuum when a hadron decays,  fs(©: L=18®58,, =0 = Ji=1:2a(; ,3) =l .3)

which is shown in Fig. 4 for the baryon decay process A —
B + C. The new ¢¢ pair created from the vacuum together
with the gqgq within the initial baryon regroup into the
outgoing meson and baryon via the quark rearrangement
process. In the nonrelativistic limit, the transition operator
is written as

T=-3y>(lm;1— m|00>jd3k4d3k553(k4 + ks)

k, —k
X Yp(S 5 et opbl k] ks )

where i and j are the color indices of the created quark and
antiquark. @3> = (uii + dd + 55)/v/3 and 0> = §;; for

FIG. 2. The notations for P-wave charmed baryons. f(65) and
fa(3F) denote the SU(3) flavor representation. S, ,, is the total
spin of the two light quarks. L denotes the total orbital angular
momentum of the charmed baryon system.

the flavor and color singlet, respectively. )(‘ﬁ,m is for the
spin triplet state. Y7'(k) = |[k|Y"(6,, ¢;) is a solid har-
monic polynomial corresponding to the p-wave quark pair.
v is a dimensionless constant related to the strength of the
quark pair creation from the vacuum, which was extracted
by fitting to data. The hadron and meson state are defined
as, respectively, according to the definition of the mock
state [31]
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(@) [,=0, [ =2 (b) Ip=2, =0
Ji=1 ot 3y B AT =1 2adt 3 BT
6): L=2® 5, =1 Ji=2 oG8 =LY fs©): L=2® Sy =1 Ji=2 320G 30 ELGT
fS( ) q1q2 ! ¢ (2 2 L2(2 2 )
Ji=3 a0 1) 25371 Ji=3 £5G37. 1) ELET
_ .3 ~ + 5+ 2
FaBrL=2®5,,=0 == J;=2 A", 5 EaG" i) faBrL=2858,,=0 = Ji=2 Aa(3".5") EaG

©L=1,1=1

Ji=0: Al(L” INCH
L=1®Sy,4 =1 Jr=1 /v\l](éj,?) :}1(%+’%+)
Jr=20 ALGT 3T ELET Y
Fa® [~ L=08©5,,=1 = /=1 AG 3 23T

zli:l: ARG BAG
L=2®Sq|qz=1\11=2: ]\272(1+:%+) ézz(%+,%+)
J=3: ]\33(§+,%+) B2
L=0®S844=0 = J,=0: i?o(
[fs(6) <L21®Sq]q2:0 = J;=1: i(ll(
L=2®S844=0 = Ji=2X i?’_’(

FIG. 3. The notations for the D-wave charmed baryons.
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> FIG. 4. The decay process of A— B + C in the P, model.
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<A(PA)|A(P )> = 2EA53(PA Pi\),
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(B(Pp)|B(Pp)) = 2E58°(Py — Pp). 4)

The subscripts 1, 2, 3 denote the quarks of parent hadron A. a and b refer to the quark and antiquark within the meson B,
respectively. k;(i = 1, 2, 3) are the momentum of quarks in hadron A. k, and k, are the momentum of the quark and
antiquark in meson B. P,z represents the momentum of state A(B). S,y and J,(z) denote the total spin and the total

angular momentum of state A(B).
The S-matrix is defined as

(fISliy = I — i2mwd(E;

— E)MMnMiMic, 5)

The helicity amplitude of the process A — B + C in the center of mass frame of meson A is

MMiaMisMic (A — BC) = \BE\EgEcy >
My, Mg,
My, Mg,
My ., Mg, m

(LM, SyMg |JaM; LM SpMg |JpM; )

X (LM ScMs My X Um: 1= mlo0XdsS,, xiy, D, X XetSelleld o

X IMLA My, (p),

where the spatial integral IZZA’T,IL (p) is defined as
B’ C

M

(6)

IMzgjj”v’,LC (p)= fd3k1d3k2d3k3d3k4d3k563(k4 +Kks)8% (k| +ky + k3 —Py) 83k, + ky — Pp)83(k, + k3 + ks — Pe)

2

* * m k,—k
X wnBLBMLB (ky, k4)¢nchMLC (ky, k3, ks)‘ﬂnALAMLA (ki ko, k3) Yy ( & 5). @)

S, b, B, X120 and (@25 lilol el de.

note the spin and flavor matrix element, respectively.
The decay width of the process A — B + C is

lpl s
= 2P D
2
My 204 + lM,A,M,B,M,C

| MMM

where |p| is the momentum of the daughter baryon in the
parent’s center of mass frame. s = 1/(1 + 8p¢) is a statis-
tical factor which is needed if B and C are identical
particles.

IV. THE STRONG DECAYS OF CHARMED
BARYON

According to the 3P0 model, the decay occurs through
the recombination of the five quarks from the initial

charmed baryon and the created quark pair. So there are
|

[
three ways of regrouping:

A (g1, g2, ¢3) + Plqy, Gs) — Blga, q4. ¢3) + Clq1, G5),
(8)

A (g1, 92, c3) + Plqa, Gs) = B(qy, g4, c3) + C(qa, G5),
9)

A (q1, 92, c3) + Plq4, Gs) — Blqy, g2, 1) + Cc3, Gs),
(10)

where g; and c; denote the light quark and charm quark,
respectively.

When the excited charmed baryon decays into a
charmed baryon plus a light meson as shown in Egs. (8)
and (9), the total decay amplitude reads

MMuMoMie = =2y BEAERECY > > > N (JuMigsssmzlaMy Xlpampas hamaal LaMy,)

MPA MLA M,y

My my,ms,my,m

XALAMy 3 S1ama|J1aMya )X mys soma|S1omipXJ 1 aM g5 s3ms|TpMy XL, pmp; [ygmap|LgM )

XALpMy,; S1amyglJaMyg)(simy; symy|Siamy)(Im; 1 — m|00)(sqmy; ssms|1 — m)

M.,
X{LcMy s ScMclJcMy Xsamy; ssms|ScMe) X (P5P by dy™) IMZ::;ZLC(I))’ (11)

094017-4



STRONG DECAYS OF CHARMED BARYONS

where the prefactor 2 in front of vy arises from the fact that
the amplitude from Eq. (8) is the same as that from Eq. (9).
The overlap integral in the momentum space is

My, ,m
IMZZ,MLC (p) = 8°(Ps — P¢)

X fd3pld3p2¢z(lp3r mgp, l)\BJ m)\B)

<ot Yy (M)

X Pa(lpp, Mpas Iya, myg). (12)

Since all hadrons in the final states are S-wave in this work,
Eq. (12) can be further expressed as

MLA,m _
IMLB,MLC (p) = 8°(Py — PO)L(L,p, mpa, Lyias Mg, m),
(13)

where we have used the harmonic oscillator wave functions
for both the meson and baryon. The expressions of
IL(1,4, myp, s, mpa, m) for the decays of the S-wave,
P-wave, and D-wave charmed baryons are collected in
the appendix. We also move the lengthy expressions of
momentum space integration of the S-wave, P-wave, and
D-wave charmed baryons to the appendix.

V. NUMERICAL RESULTS

The decay widths of charmed baryons from the 3P,
model involve several parameters: the strength of quark
pair creation from vacuum 7, the R value in the harmonic
oscillator wave function of the meson, and the «,, , in the
baryon wave functions. We follow the convention of
Ref. [32] and take 7y = 13.4, which is considered as a
universal parameter in the 3P, model. The R value of 7
and K mesons is 2.1 GeV~! [32] while it is R =
2.3 GeV~! for the D meson [33]. @, = a, = 0.5 GeV
for the proton and A [30]. For the S-wave charmed bary-

TABLE II. The strong decay widths of S-wave charmed bary-
ons 37 70(2455), Sit+0(2520), and E:70(2645). Here all
results are in units of MeV.

JP  Channel Width Total width (Exp) [13]
Sir4s55) I Afat 1.24 2.23 +0.30
3455 1T AraA° 1.40 <4.6
39(2455) AT 1.24 2.2 = 0.40
3725200 31 Al 11.9 149+ 1.9
3725200 3T ArA° 12.1 <17
30025200 3F Afw 11.9 16.1 = 2.1
git(2645) 3t Ela° 0.64 <3.1
Eit(2045) 3 Elmt 0.49
5002645 3T Ela 0.54 <5.5
EL@645) 3 Bl 0.54

PHYSICAL REVIEW D 75, 094017 (2007)

ons, the parameters a, and «, in the harmonic oscillator
wave functions can be fixed to reproduce the mass splitting
through the contact term in the potential model [34]. Their
values are a, = 0.6 GeV and a, = 0.6 GeV. For the
P-wave and D-wave charmed baryons, «, and a, are

TABLE III. The strong decay widths of S-wave bottom bary-
ons %, 37, B}, and E}. Here all results are in units of MeV.
JP Channel Width Experimental results [14]
b {’ A27r+ 3.5 ~8
b %+ A7 4.7
Pl %* A7t 7.5 ~15
b %* A7~ 9.2
= %* = 0.10 —
EZ %+ ElﬂT 0.85 —

TABLE IV. The decay widths of P-wave charmed baryons
AJ(2593,2625) and E.°(2790, 2815) with the fixed structure
and quantum number assignments. Here all results are in units of
MeV.

Assignment  Channel r Fep [13]

AF(2593) AaG) it 3.4 3.6739
Shad 6.4
307t 3.4

AF(2625) AqG7) SHraT 1.9x1073 <0.10

Sra’ 2.6x1073 <1.9

S07%  1.9X1073  <0.10

=2+ (2790) Eal) = 5.0 <15
EOgt 4.9

E2(2790) EaG7) SR 52 <12
=070 5.1

EF(2815) 5.6 Ert a0 2.7 <35
BEX07* 2.6

E92(2815) 5.6 Erta 2.7 <6.5
EX070 2.8

TABLE V. The decay widths of X}*(2800) in different
P-wave charmed baryons assignments. R =
ShHt g0 SERT 20 The total width of 37 (2800) is
75722 MeV [13]. Here all results are in units of MeV.

Assignment Afzt ISPt gpt0 SERAT L0 R
S03) 307 0.0 0.0 —
3aG0) 0.0 296 0.4 740
2a4G7) 0.0 0.7 220 3x 1073
3.67) 8.1 1.3 0.3 43
3037) 8.1 0.6 0.5 1.2
S0 0.0 75 69 1.1
3.437) 0.0 75 69 1.1
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expected to lie in the range 0.5 ~ 0.7 GeV. In the follow-
ing, our numerical results are obtained with the typical
values @, = @, = 0.6 GeV.

The strong decay widths of the S-wave charmed baryons
S50 0(2455), 3T T0(2520), and EIT0(2645) are
listed in Table II. Accordingly the decay widths of the
S-wave bottomed baryons are presented in Table IIIL

PHYSICAL REVIEW D 75, 094017 (2007)

Because =, B/, and Z; have not been observed so far,
their masses are taken from the theoretical estimate in
Ref. [35], which are mgz, = 5805.7 MeV, mz =
5950 MeV, and mz: = 5966.1 MeV.

The quantum number and internal structure of the fol-
lowing P-wave charmed baryons A[(2593), A/ (2625),
259(2790), and E°(2815) are relatively known experi-

TABLE VI. The decay widths of A (2880) with different D-wave assignments. All results are in units of MeV.
Assignment SOttt 0 SHOAEE 0 lr_g;i; D°p Remark
NG 7.8 0.9 0.11 0.0 X
AnBh) 0.06 5.34 89 0.0 X
AuBh) 78.3 59.1 75 0.0 X
Ao 783 59.1 0.75 0.0 X
A% A% 0.9 23 2.6 23 X
A% G 0.22 6.0 27 23 X
Aly() 132 144 1.1 0.0 X
AL 66.3 18.0 0.27 150 X
ALG* 16.5 45.0 2.7 150 X
AbLG) 82.8 9.0 0.10 0.0 X
AbLGE) 0.0 54.1 — 0.0 X
A2 (09 25.7 8.1 0.32 64 X
A% G 6.5 20.4 3.1 64 X
A%LG* 57.9 14.2 0.24 0.0 X
A%LEY) 9.4 47.1 5.0 0.0 X
A%LEY) 10.8 55 0.51 12
A%IY) 6.1 74 1.2 12 X

TABLE VII. The decay widths of A} (2940) with different D-wave assignments. Here all results are in units of MeV.
Assignment SOH AT 20— SR A 0, l;gj:i; D°p Remark
AnGh) 11.7 9.1 0.77 0.0 X
AnGh) 0.2 9.1 46 0.0 X
AnG) 170 150 0.88 0.0 X
Ao 170 150 0.88 0.0 X
A% () 22 0.5 0.23 11
A% G 0.6 1.4 23 11
Aly() 212 259 12 0.0 X
AL+ 106 324 0.31 340 X
ALGY) 26.5 81.0 3.1 340 X
ALGY 142 16.2 0.11 0.0 X
ALGh) 0.0 97.0 — 0.0 X
A2 (0 345 12.6 0.37 95 X
A% G 8.6 31.7 3.7 95 X
A%LEY) 777 277 0.36 0.0 X
ALGY) 19.5 75.6 3.9 0.0 X
AZLGEY) 222 129 0.58 49 X
A%0) 12.4 17.5 1.4 49 X
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mentally [13]. Their strong decay modes and widths from
the P, model are collected in Table IV. The quantum
number of 2 (2800) is still unknown [13]. Thus under
different P-wave assignments of 2/ *(2800), we present
the strong decay widths of its possible decay modes in
Table V. In the heavy quark limit, the process
371(2800) — A} 7" is forbidden if X7 *(2800) is as-
signed as 2,,(7), 2,137), 2,4(7), and 3.,G7), which
is observed in our calculation as can be seen from Table V.

A.(2880)" and A.(2940)* are observed in the invariant
mass spectrum of D°p [1]. The first radial excitation of A,
does not decay into D°p from the 3P, model. Hence the

PHYSICAL REVIEW D 75, 094017 (2007)

possibility of A,.(2880)" and A.(2940)" being a radial
excitation is excluded. We calculate their strong decays
assuming they are D-wave charmed baryons. The results
are shown in Tables VI and VII.

With positive parity, Z(2980)™° and Z(3077)*? can be
either the first radially excited charmed baryons or the
D-wave charmed baryons. With different assumptions of
their quantum numbers we present their strong decay
widths in Tables VIII and IX and Fig. 5.

The numerical results depend on the parameters «/, and
a, in the harmonic oscillator wave functions of the
charmed baryons. We illustrate such a dependence in

TABLE VIII. The decay widths of £ (2980) with different D-wave assignments. Here all results are in units of MeV.
Assignment = =0 X0t Stk AFEO Remark
.G 0.0 1.1 0.11 0.37 0.0 X
E.GY) 0.0 0.12 X 1072 0.67 0.11 X 1073 0.0 X
2,65 44 0.72 0.18 0.25 5.3
2,6%) 4.4 0.18 0.46 0.062 53
2,6") 0.0 0.16 0.17 0.56 0.0 X
B,6* 0.0 0.47 X 1072 1.0 0.71 X 1074 0.0 X
=UNCN 0.054 0.53 X 1072 0.14 X 1072 0.82 X 1074 0.053 X
=N 0.054 0.30 X 1072 0.19 X 1072 0.46 X 10~ 0.053 X
2,6 0.0 9.5 6.1 0.61 0.0
E,G") 0.0 9.5 6.1 0.61 0.0
= O 74 6.3 1.0 0.40 78 X
= 74 1.6 25 0.10 78 X
2,0 0.0 14 45 091 0.0
A C 0.0 6.3 7.1 0.40 0.0
ELGT 48 72 2.9 0.46 50 X
= 48 4.1 3.9 0.26 50 X
BT 0.0 030 1.4 13 0.0 X
20 (1) 1.0 0.40 0.46 1.7 0.46 X
2067 1.0 0.10 1.2 043 0.46 X
=AYC 0.0 18 44 5.5 0.0
=RTER) 0.0 45 11 1.4 0.0
Bt 0.0 18 18 55 0.0
B () 6.2 9.1 22 28 72 X
=G 6.2 23 55 0.69 72 X
EoG* 0.0 11 1.1 0.34 0.0 X
ELC* 0.0 0.0 6.6 0.0 0.0 X
E5GY) 0.0 5.6 1.8 24 0.0
E5ET) 0.0 1.7 432 0.24 0.0
220 19 3.7 1.1 1.6 23
4G 19 0.93 26 0.40 23
=56 0.0 8.4 1.7 036 0.0
E5LGY) 0.0 1.2 6.0 0.16 0.0
=56 8.1 1.3 60 0.19 8.7 X
E507) 8.1 0.75 0.81 0.10 8.7
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TABLE IX. The decay widths of Z/ (3077) with different D-wave assignments. Here all results are in units of MeV.

Assignment Homt Efgt X7t Sitk SEtk ATEO DA Remark
.67 0.0 2.1 0.30 0.73 0.054 0.0 0.0
E.GY) 0.0 0.037 1.7 0.42 X 1072 0.32 0.0 0.0

L) 7.0 1.4 0.46 0.49 0.089 4.4 32

LG 7.0 0.36 1.1 0.12 0.22 4.4 32

LEY) 0.0 32 0.43 1.1 0.081 0.0 0.0

ELGY) 0.0 0.025 X 1072 25 0.28 X 1072 0.48 0.0 0.0 X
Hd(“) 0.19 0.029 0.012 032X 1072 032x1073 0.12 0.026 X
2,6 019  0.016 X 1073 0.016 0.18 X 1072 0.44 X 1073 0.12 0.026 X
2,0 0.0 34 29 6.0 2.0 0.0 0.0 X
2,0 0.0 34 29 6.0 2.0 0.0 0.0 X
iil( ) 201 23 4.8 4.0 0.33 130 38 X
E1,G7) 201 5.7 12 1.0 0.83 130 38 X
:Lz(”) 0.0 51 22 8.9 1.5 0.0 0.0 X
ch(”) 0.0 23 34 4.0 23 0.0 0.0 X
HC3(5+) 129 26 14 4.5 0.94 84 25 X
HC3(7+) 129 15 19 2.6 0.13 84 25 X
:Q%(“) 0.0 0.69 0.13 0.29 12 0.0 0.0
B¢ l(;+) 15 0.92 0.044 0.39 0.38 11 0.64 X 1073 X
B Gt 15 0.23 0.11 0.096 0.96 11 0.64 X 1073 X
:gﬁ(y) 0.0 39 12 12 0.21 0.0 0.0 X
:Ql. 3] 0.0 9.9 30 3.0 52 0.0 0.0 X
B 0.0 39 47 12 8.3 0.0 0.0 X
2T 110 20 59 6.1 1.0 69 42 X
=IEa 110 5.0 15 1.5 26 69 4 X
iiz(2 ) 0.0 25 3.0 7.6 0.52 0.0 0.0 X
ELGY 0.0 0.0 18 0.0 3.1 0.0 0.0 X
2567 0.0 9.2 6.0 39 0.75 0.0 0.0
:Z(”) 0.0 5.8 10 1.1 2.1 0.0 0.0
_d(z ) 22 6.1 23 2.6 0.54 14 15 X
:31(”) 22 15 5.6 0.64 1.3 14 15 X
ch(2 ) 0.0 14 52 5.8 0.77 0.0 0.0 X
~¢2(5+) 0.0 39 14 0.74 3.0 0.0 0.0 X
_(3(5*) 21 4.4 25 0.85 0.23 14 43 X
250 21 25 3.4 0.48 0.31 14 43 X
Figs. 6-8 wusing several typical decay channels: tube model, QCD sum rule, lattice QCD, etc., among

257(2455) — Af7t, AF(2593) — X" (2455)7~, and
AF(2880) — 2T (2520) 7, where 3 5+ (2455),
AF(2593), and A}(2880) are S-wave, P-wave, and
D-wave baryons, respectively.

VI. DISCUSSION AND CONCLUSION

At the present it is still too difficult to calculate the
strong decay widths of hadrons from the first principles
of QCD. For this purpose, some phenomenological strong
decay models were proposed such as the P, model, flux

which only the first two approaches can be applied to the
strong decays of excited hadrons. To a large extent, the
predictions from the 3P, and flux tube models roughly
agree with each other.

The 3P, model possesses inherent uncertainties
[20,28,32]. In certain cases, the result from the 3P0 model
may be a factor of 2 ~ 3 off the experimental width. The
uncertainty source of the 3P, model arises from the
strength of the quark pair creation from the vacuum v,
the approximation of nonrelativity, and assuming the sim-
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FIG. 5. The dependence of the total decay width of =.(3077) on the parameter a, or @, if E.(3077) is a radial excitation. In these

figures, we fix a, = 0.6 GeV for the case with n), = 1,and a, = 0.6 GeV for n, = 1. The situation of E.(2980) as a radial excitation
is very similar.

Decay width (MeV)

062

: 0.60
- : 0.58
0.60 N\
(<
070 056 o

5 ~0.55
0.70 0.50 o« QGG\”
Q

FIG. 7. The variation of the decay width of AJ(2593)—
FIG. 6. The variation of the decay width of 3} *(2455)—  X77(2455)7w~ with @, and a,. Here Af(2593) is assigned as

Af 7t with a, and a,. AqG0).
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FIG. 8. The variation of the decay width of A}(2880) —
2:7%(2520)7~ with @, and «,. Here A} (2880) is assigned
as AcZ(%Jr)-

ple harmonic oscillator radial wave functions for the had-
rons. Even with the above uncertainty, the > P, model is still
the most systematic, effective, and widely used framework
to study the hadron strong decays.

In this work, we have calculated the strong decay widths
of charmed baryons using the 3P, model. Our numerical
results do not strongly depend on the parameters «, and a,
as shown in Figs. 6—8. Thus the following qualitative
features and conclusions remain essentially unchanged
with reasonable variations of @, and a,.

Our results for the S-wave charmed baryons
S50 102455), 3rFH0(2520), and Ei0(2645) are
roughly consistent with experimental data within the in-
herent uncertainty of the 3P, model. As a by-product, we
have also calculated the strong decays of %; and X~
observed by CDF Collaboration recently. The numerical
results are consistent with the experimental values too.

The decay width of the P-wave baryon A (2593) is 3
times larger than the experimental value. With the large
experimental uncertainty and the inherent theoretical un-
certainty of the 3P, model, such a deviation is still accept-
able. The decay widths of A} (2625) and Z.°(2790, 2815)
are compatible with the experimental upper bound. By
comparing our results with the experimental total width,
we tend to exclude the 3. o(} ) assignment for 3.} *(2800).
Since the %] 7(2800) is observed in the A 7" channel
[36], there are only two assignments left for 2} (2800),
ie. 2,37) or 3,(37). More experimental information
T2 (2800)—3 "7 +0
[+ (2800 -2 "7 +0]
the determination of the quantum number of 3. *(2800).

We have also calculated the strong decay widths of
newly observed A,(2880,2940)", E(2980,3077)*0 as-

such as the ratio

will be helpful in

PHYSICAL REVIEW D 75, 094017 (2007)

suming they are candidates of D-wave charmed baryons.
We find that the only possible assignment of A.(2880)" is
A% (3)+ after considering both its total decay width and
the ratio I'(2*7=)/T'(3.7), which agrees very well with
the indication from the Belle experiment that A.(2880)"
favors JP = 5 * by the analysis of the angular distribution
[2].

Unfortunately the experiment information about the
A(2940)*", =(2980,3077)"0 is scarce at the present.
From their calculated decay widths, we can only exclude
some assignments which are marked with crosses in
Tables VII, VI, and IX. The decay width ratios of
A.(2940)*, E(2980,3077)"0 from the 3P, model will
be useful in the identification of their quantum numbers
in the future since the inherent uncertainty cancels largely.

We have also discussed the strong decays of
=(2980,3077)*0 assuming they are radial excitations.
Unfortunately the numerical results in Fig. 5 depend quite
strongly on the node of the spatial wave function which is
related to the parameters of the harmonic oscillator wave
functions as shown in Fig. 5. We are unable to make strong
conclusions here.
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APPENDIX

1. The harmonic oscillator wave functions used in our
calculation

For the S-wave charmed baryon,

1 \3/47 1 \3/4
woas -4 L)L)
Tag Tas
2 2
Py P
X -5 -—2 Al
exp[ 2a2 2a§‘} (AD

For the P-wave charmed baryon,

W(1,m, 0,0) = —133/4(3 J_) (1/a2)* Y7 (p,)

(raz) e i —;Tﬂ (A2)
(0,0, 1, m) = _133/4< j_)lﬂ( 1 >5/4ym(p)\)< p>3/4
PP} }

20l 2a]

% exp[ — (A3)
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For the D-wave charmed baryon,

s ) () )

L PA}
Zaf, Za?\

st ) () il g
pp . PA
y(1,m, 1, m') = _33/4<i\/_>1/2<ap>5/4ym(pp
“(572) () e
pp P%. i|

X - A
exp|: 2a% 203

Here Y7'(p) is the solid harmonic polynomial.
The ground state wave function of the meson is

#(0,0) = <R2>3/4 exp|:— M}

The wave function of the first radially excited charmed
baryon ¢(n,, n,) reads as

2/ 1 \32[3 p3
1,0) = 334 |~ = -2
¥(1,0) ﬁ(’n’zapa,\) [2 a%}

X exp[ - (A4)

X exp[ - (AS)

(A6)

(AT)

I, 1, 1,0, —1) =II(1, -1,1,0, 1) =

PHYSICAL REVIEW D 75, 094017 (2007)
where n, and n, denote the radial quantum number be-
tween the two light quarks and between the heavy quark
and the two light quarks, respectively. Here p,, = \g(p 1~

p,) and p, = \/%(pl + p, — 2p;) for the above expres-

sions. All the above harmonic oscillator wave functions
can be normalized as [ dp dp,dp;|y]* = 1.

2. The momentum space integration

The momentum space integration IL(l,4, m 4, Lia,
my,, m) includes:
For the S-wave charmed baryon decay,

11(0,0,0,0,0) = BlplAyy.

For the P-wave charmed baryon decay,

(A8)

1
1(0,0, 1,0,0) = =—[f28IpI* = {1Aq1.
2fy
11(0,0,1,1, —1) = I1(0,0, 1, —1,1) = ]{Am,
1+ Al
I1(1,0,0,0,0) = | Bwlp|® + e L }A )
( )= [ Bolpl + 5o i [

1(1,1,0,0, —1) = TI(1, —1,0,0, 1) = Bwlpl®A,.

For the D-wave charmed baryon decay,

2 2
Xexp[—p—g—p—)‘z}
2ap 2a%
2/ 1 \32[3 p3
1) = 3/4 |Z T _Fx
R e R
2 2
><exp|:—p—p2—p—’\2:|,
2a5  2ay
H(O’ O’ 2’ Ox O) ;; |:f2 Blpl3 + §|p|i| X AOZ’ H(O, 0) 2’ 1’ _1) = H(O) O) 2) _1’ 1) = \/352][‘2 |p|A0,2;
1
1
H(z,o,o,o,()):—zK @2IplP + —— wlp| + wﬂA ,
B P \/—M p 2)l1f1§ 2,0
+
(2 1,0,0,—1) = [1(2, —1001)-[( gﬂA
V2A, 2/\1f1
fz s )\zfz 2
H(l,o,l,o,o>=[ wlpl + — (25 g + (w )| |+ | |}A
2fy =P S 2/\\1 o 4)\1f1 4\/5/\1]”1 Pl
II(1,1,1, —1,0) = II(1, —1, 1, 1,0)=|: A2 ,B|p|i|All, I1(1,0,1,1, —1) = I1(1,0, 1, —1, 1)—|:—w§|p|i|A]1,
4r 1, 2f

<2\/_)\1+4/\1f1 g)

A
37 tol a0
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For the strong decay of the radial excitation, the momentum space integrals denoted as I1(n,, n,) are:

2
110, 1) = %[— BIy 43 3B, 3B, fof k}AOJO,

3L 4aif 2 2fiay - 2fia;
2r 1 3/3a 38, 2w, Mol
I1(1,0) = /5| — 2k - "L+ k— k+ Aoo,
(1.0) \ﬂbg(ﬁw o T T 4/\2” 00
where
A=t ilp N=— R YR SRS A ' t 1p
A N B A PO N
1 1 1 1 1 A2 20,4
As = — +—R2>, Ae =—5 ~R?, =N — =, =2 27
’ <\/6a§ 26 ° " 402 1223 8 h=h=gny b7y
fr=A _’\_‘2‘ = Ay +L w:’\zfz_ﬂ g = ( \/_/\2f2_2\/_/\4f1+2)l1f2>
3T 2421, V6 ANfr 2A N ’
and

s () e ) ol e T )

S N IR ) FTES K RN

R GG SEROREN
<

R 3i

4

2
o
2

4

)3/4
)3/4

UJ
:]

L

(o)~
s~ ) o) () G - B L) ) )
N NN RN (R ONER
s~ ) o) ) G e ) Sl

In the above expressions, |p| reads as

3

,_a

o

| _ 0 — Gy + mcP)( — (g — mcP)

Ip m,
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