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Introduction Experiment for Ξc

Charmed Baryons: Ξc

PDG: Ξ+
c (2468), Ξ0

c(2471), Ξc(2645), Ξc(2790), Ξc(2815), Ξc(2970)
[was Ξc(2980)], Ξc(3055), Ξc(3080).

Ξc(2970) and Ξc(3080) [Belle PRL, 97 (2006) 162001 and BaBar PRD, 77 (2008) 012002].

Ξc(3055)+
[BaBar PRD, 77 (2008) 012002 and Belle PRD, 89 (2014) 052003 ].

Ξc(3055)0, Ξc(3055)+ and Ξc(3080)+
[Belle PRD, 94 (2016) 032002].

JP have not been determined.
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Introduction Theory for Ξc

Charmed Baryons: Ξc

Ξc(3055) is a D-wave state [CPC, 32 (2008) 424].

JP of the Ξc(3055): 3
2

+
, 5

2
+, 7

2
+

[PRD, 78 (2008) 056005; PRD, 86 (2012) 034024; PRD, 86 (2012)

034024; EPJA, 51 (2015) 82; PRD, 94 (2016) 114020; PRD, 94 (2016) 114016; PRD, 95 (2017) 074022; NPB, 926 (2018) 467;

PRD, 98 (2018) 076015].

Ξc(3055) is a 2S-wave state [PRD, 96 (2017) 114003; PRD, 96 (2017) 114009].

Ξc(3055) is a molecular state with JP = 1
2
−

[EPJC, 79 (2019) 167].

In this talk (based on [Bo-Lin Huang, Bo Wang, Shi-Lin Zhu, arXiv: 2402. 00460]):
Ξc(3055) is interpreted as a molecular state.
Identify several molecular states, designated as Ξc , within the
mass range of 3100− 3500 MeV.
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Method Chiral Lagrangian

Chiral Lagrangian

Eight octet-baryon fields in terms of the traceless hermitian 3× 3
matrices B:

B =


1√
2

Σ0 + 1√
6

Λ Σ+ p
Σ− − 1√

2
Σ0 + 1√

6
Λ n

Ξ− Ξ0 − 2√
6

Λ

 .

The ground state heavy mesons:

P = (D0,D+,D+
s ), P∗µ = (D0∗,D+∗,D+∗

s )µ,

H =
1 + /v

2
(P∗µγ

µ + iPγ5), H̄ = (P∗†µ γ
µ + iP†γ5)

1 + /v
2

.
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Method Chiral Lagrangian

Chiral Lagrangian

The effective chiral Lagrangian:

L(1)
Bφ = tr(i B̄[v · D,B]) + 2Dtr(B̄Sµ{uµ,B}) + 2F tr(B̄Sµ[uµ,B]),

L(1)
BφT = −T̄µ(iv · D − δB)Tµ + C(T̄µuµB + B̄uµTµ) + 2HT̄µS · uTµ,

L(1)
Hφ =−

〈
(iv · ∂H)H̄

〉
+
〈
H(iv · Γ)H̄

〉
− 1

8
δD
〈
HσµνH̄σµν

〉
+ g

〈
Huµγµγ5H̄

〉
,

L(0)
BH =Datr(B̄B)

〈
HH̄

〉
+ Dbtr(B̄γµγ5B)

〈
Hγµγ5H̄

〉
+ Eatr(B̄λaB)

〈
HλaH̄

〉
+ Ebtr(B̄γµγ5λaB)

〈
Hγµγ5λaH̄

〉
.
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Method Feynman diagrams

Feynman diagrams
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Method Feynman diagrams
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Method Feynman diagrams

Bo-Lin Huang (IMU) blhuang@imu.edu.cn TEH2P, 05.04.2024 8 / 19



Method Effective potentials

Effective potentials

The effective potentials for BD and BD∗ systems:

V (X11)
BD = Da + α(X11)Ea,

V (X21)
BD∗ = Da + Db + α(X21)(Ea + Ebσ · T ),

V (H21)
BD∗ = α(H21)

π

g
f 2

(σ · q)(T · q)

q2 + m2
π

+ α(H21)
η

g
f 2

(σ · q)(T · q)

q2 + m2
η

,

V (F11)
BD = α(F11)

ππ

1
f 4 JF

22(mπ,mπ) + α(F11)
KK

1
f 4 JF

22(mK ,mK ),

· · · omitting many more equations· · ·
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Method Bound states

Bound states

The local potentials can be given by

V (r) =

∫
d3q

(2π)3 eiq·rV(q)F(q),

with the regulator function:

F(q) = exp
(
−q2n/Λ2n

)
.

The Schrödinger equation:[
− ~2

2µ
∇2 + V (r)

]
ψ(r) = Eψ(r).
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Results and discussion LECs

Low Energy Constants

SU(2): Da = 3cs, Db = −ct , Ea = 3cs, Eb = −5ct ;

SU(3): Da = 2cs, Db = 2ct/3, Ea = 3cs, Eb = −5ct .

cs and ct are determined through quark model [PRD, 101 (2020) 094035] and the
NN̄ interaction [JHEP, 02 (2014) 113]:

cs = −8.1 GeV−2, ct = 0.65 GeV−2.

Natural size for NN interaction [EPJA, 51 (2015) 53]:

|C̃i | ∼ 4π
F 2
π
∼ 0.15× 104 GeV−2, |Ci | ∼ 4π

F 2
πΛ2

b
∼ 0.6× 104 GeV−4

|Di | ∼ 4π
F 2
πΛ4

b
∼ 2.5× 104 GeV−6. Λ? Λ = 400 MeV→ Λc(2940).
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Results and discussion ND(∗)
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Results and discussion ND(∗)

SU(3)/SU(2) [DN]I=0
J=1/2 [D∗N]I=0

J=1/2 [D∗N]I=0
J=3/2

∆E (MeV) −12.9/− 10.5 −1.3/− 2.9 −6.9/− 9.3

M (MeV) 2793.2/2795.6 2946.2/2944.6 2940.5/2938.1√〈
r2
〉

(fm) 1.7/1.8 4.1/3.0 2.0/1.9

States Σc(2800)? Λc(2940) Λc(2940)

PDG: I(JP) = 1(??) for Σc(2800),

I(JP) = 0(3
2
−

) for Λc(2940), JP not certain.
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Results and discussion ΣD(∗)
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Results and discussion ΣD(∗)

SU(3) [DΣ]
I=1/2
J=1/2 [D∗Σ]

I=1/2
J=1/2 [D∗Σ]

I=1/2
J=3/2

∆E (MeV) −7.5 −3.6 −6.2

M (MeV) 3052.9 3198.1 3195.5√〈
r2
〉

(fm) 1.9 2.5 2.0

States Ξc(3055) Ξc(3196) Ξc(3196)

Ξc(3055): I(JP) = 1
2(1

2
−

), a molecular state.

Ξc(3196) vs Λc(2940)
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Results and discussion ΞD(∗)
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Results and discussion ΞD(∗)

SU(3) [DΞ]I=0
J=1/2 [DSΞ]

I=1/2
J=1/2 [D∗SΞ]

I=1/2
J=1/2 [D∗SΞ]

I=1/2
J=3/2

∆E (MeV) −4.1 −7.7 −1.7 −0.4

M (MeV) 3181.4 3279.0 3428.8 3430.1√〈
r2
〉

(fm) 2.3 1.9 3.2 5.7

States Ωc(3188) ? Ξc(3279) Ξc(3430) Ξc(3430)

(Ξc(3055), [DΣ]
I=1/2
J=1/2) vs (Ξc(3279), [DSΞ]

I=1/2
J=1/2)

Ξc(3430) vs Ξc(3196) vs Λc(2940)
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Summary

Summary and Outlook

Ξc : Ξc(3055), Ξc(3196), Ξc(3279), Ξc(3430)

Ξc within the mass range of 3100− 3500 MeV.

Outlook
Other methods for these states.

We look forward with great anticipation to future experimental
investigations, which we hope will validate the existence of these
states.
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Thank you for your attention!
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