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Tcc(ccūd̄)
+

Tcc has been reported by LHCb in 2022.
LHCb, Nature Phys. 18 (2022) 751-754, Nature Commun. 13 (2022) 3351

ccūd̄ tetraquark
Charm number = 2, Baryon number = 0
→ Genuine exotic!

Quantum number (by LHCb):
I = 0, JP = 1+

Mass difference measured from
D∗+D0 threshold:

▷ Briet-Wigner fitting
δmBW = −273± 61 keV/c2

▷ pole
δmpole = −360± 40 keV/c2

⇒ Tcc lies slightly below the D∗+D0

threshold!
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ccūd̄ tetraquark
Charm number = 2, Baryon number = 0
→ Genuine exotic!

Quantum number (by LHCb):
I = 0, JP = 1+

Mass difference measured from
D∗+D0 threshold:

▷ pole
δmpole = −360± 40 keV/c2

⇒ Tcc lies slightly below the D∗+D0

threshold!

⇒ Tcc can be considered as a DD∗

molecule.
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Our previous study M.S., Yasuhiro Yamaguchi, PRD 109 (2024) 5, 054016, PRD 112 (2025) 3, 034038

Tcc:

▷ Tcc reported by LHCb as a D(∗)D(∗) molecule
(Only free parameter Λ is determined.)

▷ Respect for the heavy quark spin symmetry (HQS)

▷ One boson (πρωσ) exchange potential (OBEP)

▷ Coupled channel system (D −D∗ and S −D mixings)

.
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Super Flavor Symmetry

Subjects in our study:

D̄(∗)Ξ
(∗)
cc and Ξ

(∗)
cc Ξ

(∗)
cc as superflavor partners of Tcc

▷ Interaction: One boson exchange potential

▷ Parameters: Same parameters (Coupling const. and Cutoff) are employed due to the
superflavor symmetry.
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Other studies on D̄(∗)Ξ
(∗)
cc and ΞccΞcc

D̄(∗)Ξ
(∗)
cc T. Asanuma, et al., Phys.Rev.D 110 (2024) 7, 074030:

▷ The bound states of D̄(∗)Ξ
(∗)
cc are calculated by respecting the superflavor symmetry.

⇒ We study the bound and resonant states of D̄(∗)Ξ
(∗)
cc .

ΞccΞcc with I(JP ) = 0(1+), 1(0+):

▷ ΞccΞcc is being calculated by the HAL QCD. (talk by Doi on Nov. 11th)

Central Tensor

⇒ We study Ξ
(∗)
cc Ξ

(∗)
cc using the effective model and try to compare our results with the HAL

QCD results.
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Coupled channels of D̄(∗)Ξ
(∗)
cc and Ξ

(∗)
cc Ξ

(∗)
cc

The mass differences between (D̄, D̄∗) and (Ξcc,Ξ
∗
cc) are small because of the heavy

quark spin symmetry:

⇒ We consider the coupled channel system.

106 MeV

106 MeV

35 MeV
106 MeV

106 MeV

𝑫" : 1868 MeV
𝑫"∗	: 2009 MeV
𝚵𝒄𝒄: 3621 MeV
𝚵𝒄𝒄	: 3727 MeV (prediction by SFS)

N. Brambilla, et al PRD 72 (2005) -34021, 
J. Hu and T. Mehen, PRD 73 (2006) 054003

*

(Assumming isospin sym.)

Channels of D̄(∗)Ξ
(∗)
cc with JP = 1

2

−
(2S+1L):

▷ D̄Ξcc(
2S), D̄Ξ∗(4D), D̄∗Ξcc(

2S,4D), D̄∗Ξ∗
cc(

2S,4D,6D)

Channels of Ξ
(∗)
cc Ξ

(∗)
cc with I(JP ) = 0(1+) ([ΞccΞcc]± = 1√

2
(ΞccΞ

∗
cc ± Ξ∗

ccΞcc)):

▷ ΞccΞcc(
3S,3D), [ΞccΞ

∗
cc]−(

3S,3D), [ΞccΞcc]+(
5D), Ξ∗

ccΞ
∗
cc(

3S,3D,7D,7G)
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One boson exchnage potential for D̄(∗)Ξ
(∗)
cc and Ξ

(∗)
cc Ξ

(∗)
cc

OBEP for D̄(∗)Ξ
(∗)
cc and Ξ

(∗)
cc Ξ

(∗)
cc

or

or

π : V π(r) = kπ
1

3

(
g

2fπ

)2

[O⃗1 · O⃗2C(r;mπ) + S12(r)T (r;mπ)]τ⃗1 · τ⃗2

vector : V v(r) =

(
βgV
2mv

)2

C(r;mv)τ⃗1 · τ⃗2

+ kλ
1

3
(λgV )2[2O⃗1 · O⃗2C(r;mv)− S12(r)T (r;mv)]τ⃗1 · τ⃗2

σ : V σ(r) = −
(

gσ
mσ

)2

C(r;mσ)

Form factor:

F (q⃗;m) =
Λ2 −m2

Λ2 + q⃗ 2

Coupling constant (Λ is determined to reproduce the binding energy of Tcc):
g = 0.59 (D∗ → Dπ decay), β = 0.9 (Lattice QCD), λ = 0.59GeV−1 (B meson decay)
gσ = gσNN

3 = 3.4 (Λ = 1075.4 MeV), gσ = gπ
2
√
6
= 0.76 (Λ = 1682.4 MeV)

S. Ahmed et al., CLEO Collaboration, PRL. 87, 251801 (2001) Ming-Zhu Liu et al., PRD 99 094018 (2019), C. Isola, PRD 68, 114001(2003),

W.A. Bardeen et al., PRD 68, 054024(2003)
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Bound state of D̄(∗)Ξ
(∗)
cc

Bound states of D̄(∗)Ξ
(∗)
cc with JP = 1

2

−
are obtained in both cases of gσ = 3.4, 0.76:

▷ Binding energy: 7.78 MeV for gσ = 3.4, 20.5 MeV for gσ = 0.76
▷ Mixing ratio for each channel:

Mixing ratio gσ = 3.4 gσ = 0.76

D̄Ξcc(
2S) 98.8% 93.5%

D̄Ξ∗
cc(

4D) 0% 0%

D̄∗Ξcc(
2S) 0.103% 1.19%

D̄∗Ξcc(
4D) 0.136% 0.378%

D̄∗Ξ∗
cc(

2S) 0.285% 2.78%

D̄∗Ξ∗
cc(

4D) 0.0601% 0.169%

D̄∗Ξ∗
cc(

6D) 0.585% 2.02%

r.m.s 1.40 fm 0.884 fm

⋄ In both cases of gσ, D̄Ξcc(
2S) is dominant.

⋄ For gσ = 3.4, other components < 1%.

⇒ One σ exchange is important (Diagonal
component).

⋄ For gσ = 0.76, D̄∗Ξcc(
2S), D̄∗Ξ∗

cc(
2S,6D) ∼ 1%.

⇒ One πρ exchanges are important (Off-diagonal
components).
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cc and Ξ
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D̄(∗)Ξ
(∗)
cc with some quantum numbers

D̄•cc

D̄•§
cc

D̄§•cc

D̄§•§
cc

M
as

s

M
as
s

-7.78
-20.5

122-i0.254

93.7-i0.525

244-i4.24

131-i1.91

94.1-i0.0202 67.2-i0.0421

116-i2.77

222-i7.22

180-i5.76

E = -B [MeV]
E = Er ‒ iΓ/2 [MeV]

The bound states of D̄(∗)Ξ
(∗)
cc with only JP = 1

2

−
appear.

For higher-spin states, many resonant states appear because of the coupled channel effect.
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Bound state of Ξ
(∗)
cc Ξ

(∗)
cc with I(JP ) = 0(1+)

Bound states of Ξ
(∗)
cc Ξ

(∗)
cc with I(JP ) = 0(1+) are obtained in both cases of gσ = 3.4, 0.76:

▷ Binding energy: 24.7 MeV for gσ = 3.4, 67.4 MeV for gσ = 0.76

▷ Mixing ratio for dominant and non-negligible channels (2S+1L(1)):

Mixing ratio gσ = 3.4 gσ = 0.76

ΞccΞcc(
3S) 96.6% 85.9%

ΞccΞ
∗
cc(

3S) 0.834% 5.92%

ΞccΞ
∗
cc(

5D) 0.475% 1.10%

Ξ∗
ccΞ

∗
cc(

3S) 0.538% 3.09%

Ξ∗
ccΞ

∗
cc(

7D) 1.34% 3.80%

r.m.s 0.827 fm 0.531 fm

⋄ In both cases of gσ, ΞccΞcc(
3S) is dominant.

⇒ ⟨ΞccΞcc(
3S)|V σ|ΞccΞcc(

3S)⟩ and
⟨ΞccΞcc(

3S)|V ρ|ΞccΞcc(
3S)⟩ are important.

⋄ For gσ = 3.4, Ξ∗
ccΞ

∗
cc(

7D) is second ”important”.

⇒ ⟨ΞccΞcc(
3S)|V π|Ξ∗

ccΞ
∗
cc(

7D)⟩ is important.

⋄ For gσ = 0.76, ΞccΞcc(
3S) is dominant and 4 other

components are non-negligible.

⇒ One πρ exchanges are important (Off-diagonal
components).
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Ξ
(∗)
cc Ξ

(∗)
cc with some quantum numbers

•cc•cc

•cc•§
cc

•§
cc•

§
cc

M
as

s
M
as
s
76.7-i0.595

205-i4.12

28.0-i0.911

66.8-i1.22

206-i0.792

7.31-i0.00628

98.1-i0.0665

211-i1.05

-24.7

-67.4

-2.17

-0.0594

For gσ = 3.4, Ξ
(∗)
cc Ξ

(∗)
cc with not only I = 0 but also I = 1 are obtained.

For gσ = 0.76, Ξ
(∗)
cc Ξ

(∗)
cc with only I = 0 are obtained.
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Summary and Outlook

Analysis of D̄(∗)Ξ
(∗)
cc and Ξ

(∗)
cc Ξ

(∗)
cc

▷ We constructed the one boson exchange potential by respecting the superflavor symmetry
and solved the coupled-channel Schrodinger equation.

⇒ The bound and resonant states of D̄(∗)Ξ
(∗)
cc and Ξ

(∗)
cc Ξ

(∗)
cc were obtained.

⇒ Binding energy and mixing ratios differ depending on gσ.

Outlook

▷ We will calculate the observable quantities such as the phase shift, scattering length in
order to compare our result with HAL QCD result.

▷ We try to consider the ΛcΩccc − ΞccΞcc.
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Channels for D̄(∗)Ξ
(∗)
cc

JP Channels

1
2

− D̄Ξcc(
2S1/2), D̄Ξ∗

cc(
4D1/2), D̄

∗Ξcc(
2S1/2,

4D1/2),
D̄∗Ξ∗

cc(
2S1/2,

4D1/2,
6D1/2)

3
2

− D̄Ξcc(
2D3/2), D̄Ξ∗

cc(
4S3/2,

4D3/2),
D̄∗Ξcc(

2D3/2,
4 S3/2,

4D3/2), D̄
∗Ξ∗

cc(
2D3/2,

4 S3/2,
4D3/2.

6D3/2,
6G3/2)

5
2

− D̄Ξcc(
2D5/2), D̄Ξ∗

cc(
4D5/2,

4G5/2),
D̄∗Ξcc(

2D5/2,
4D5/2,

4G5/2), D̄
∗Ξ∗

cc(
2D5/2,

4D5/2,
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Channels for Ξ
(∗)
cc Ξ

(∗)
cc

I(JP ) Channels

0(0+) [ΞccΞ
∗
cc]+(

5D0)
1(0+) ΞccΞcc(

1S0), [ΞccΞ
∗
cc]−(

5D0), Ξ
∗
ccΞ

∗
cc(

1S0,
5D0)

0(1+) ΞccΞcc(
3S1,

3D1), [ΞccΞ
∗
cc]−(

3S1,
3D1), [ΞccΞ

∗
cc]+(

5D1), Ξ
∗
ccΞ

∗
cc(

3S1,
3D1,

7D1,
7G1)

1(1+) [ΞccΞ
∗
cc]+(

3S1,
3D1), [ΞccΞ

∗
cc]−(

5D1), Ξ
∗
ccΞ

∗
cc(

5D1)
0(2+) ΞccΞcc(

3D2), [ΞccΞ
∗
cc]−(

3D2), [ΞccΞ
∗
cc]+(

5S2,
5D2,

5G2), Ξ
∗
ccΞ

∗
cc(

3D2,
7D2,

7G2)
1(2+) ΞccΞcc(

1D2), [ΞccΞ
∗
cc]+(

3D2), [ΞccΞ
∗
cc]−(

5S2,
5D2,

5G2), Ξ
∗
ccΞ

∗
cc(

1D2,
5 S2,

5D2,
5G2)
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Wavefunction for D̄(∗)Ξ
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