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Revealing the puzzle of the dynamical nature of the two 𝑫𝟎∗  

states from an analysis of LQCD results



Background

PRD.76.074016 (2007)

PLB.767 (2017)

Belle, PRD.69.11202 (2004)
q A broader resonance discovered by Belle Coll.

o 𝐽! = 0"

o 𝑀#!∗ = 2308(17)(15)(28) (MeV)

o Γ = 276(21)(18)(60) (MeV)

q Two-pole picture predicted by UChPT
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No chiral trajectories of the hadron 

masses or LQCD results as input

F.-K. Guo et al, PLB.647 (2007)

G. D. et al, PRD.76.074016 (2007)

M. A. et al, PRD.89.014026 (2014)

Z.-H. Guo et al, PRD.92.094008 (2015)

M. A. et al, PLB.767 (2017) …

q SU3 multiplet

The interpretations of two 𝐃𝟎∗  states remains elusive!
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𝑫𝟎∗  in LQCD

𝐷𝜋 simulation

Coupled-channel simulation

JHEP10(2016)011

JHEP07(2021)123

JHEP07(2024)012

𝑞&𝑞 operator

q 𝑧 = 2196 64 − 𝑖212(112) (MeV) [239 MeV]

q 𝑧 = 2276(1) (MeV) [391 MeV]

q No second pole reported in 𝑚! = 239 or 391 MeV

q SU3 result

o 𝑧&𝟑 = 2435(4) (MeV) [CDD pole]

o Compositeness 𝑋&𝟑 = 0.56(2)(10)

o 𝑧( = 2560(50) (MeV)
✗ Connections between the SU3 and the 𝐷"∗ states not done

𝑚! = 𝑚!,#$%

Bound state

Virtual state
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LO interaction
q Weinberg-Tomozawa interaction

q SU3 flavor symmetry

o Attractive interaction in %𝟑 and 𝟔

o Repulsive interaction in 𝟏𝟓

o Decoupled interaction in the SU3 limit
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NLO interaction

q ℎ& , 𝑙 = 0,3 are dimensionless, ℎ'()) have unit Mass+,

q ℎ- = 0.014 and ℎ. = 0.45 determined by the masses of the 𝐷 mesons

q ℎ& , 𝑙 = 2,5 constrained by the energy levels in LQCD
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Bethe-Salpeter equation
q Coupled channels scattering matrix

q Particle as pole in

J. A. Oller et al, PRD.60.074023

J. A. Oller, Prog. Part. Nucl. Phys. 110.103728 (2020)

q Scattering matrix in a finite box

EPJA.2012.48.114

q The energy levels of a finite volume

Λ as free parameter
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Data considered

No included

q We perform a global fit to the energy levels (~ 100 points) in different sectors 𝑆, 𝐼

q The energy levels in $𝟑 sector are not included, which will be analyzed independently

Dashed line: free energy level
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LECs constrained by the energy levels

q Λ = 677 45 /0 50 1 (MeV)

q Non-negligible correlation between the LECs

𝒉𝟐 𝒉𝟑 𝒉𝟒𝟓 𝒉𝟓'

0.56(26)(22) -5.39(5)(35) 0.17(1)(12) 2.6(2)(1)

Ø A bare 𝑄;𝑞 pole included in the interaction to fit the energy levels in %𝟑 sector

8



Fitting results

q The energy levels are reproduced well in UChPT model

q It is indispensable to include the bare term as input
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Two-pole structure of 𝑫𝟎∗

q Two-pole structure of 𝐷)∗ observed within 1𝜎 region from 𝑚* = 138 MeV to SU3 limit

q A molecule ;3 pole (𝑋~1) [ChPT] and a CDD ;3 pole 𝑋 = 0.63 11 26  [ChPT+𝒄>𝒒] obtained in SU3 limit

q The lower pole consists with HadSpec results at various pion-mass setups

q 𝐷+)(2317) as a bound state at various pion-mass setups

q A pole in sector 𝑆, 𝐼 = (−1,0) is a resonance or a virtual state within 1𝜎 region JHEP02(2021)100 10

Model 1 Model 2



Comparsion with other work

q We do find two poles

o 𝐷.∗(2100): 2094(7)(1)-i111(7)(13) (MeV)

o Higher pole: 2463(60)(30)-i108(14)(12) (MeV)

o Disagreement with PDG average

q The pole position of the 𝐷.∗(2100) compatible with other ChPT results

q The higher pole reported by other chiral based results is located in RS − −	+

[18] PRD.76.074016 (2007)

[57] PRD.89.014026(2014)

[26] PLB.767.465 (2017)

[56] EPJC.79.13 (2019)

[58] PLB.641.278 (2006)

[2] PDG

[32] PRD.111.014503 (2025). One of the  simulations at 𝑚! = 133 MeV

[55] PRD.92.094008 (2015)
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Pion mass dependence of hadron mass

q Three trajectories: Tr 𝑀 = 𝐶, 𝑚0 = 𝑚0,234, and 𝑚0 = 𝑚5(6)

Z. Zhuang et al, arXiv:2606.03826           Z. Zhuang et al, arXiv: 2606.08609
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Pole trajectories over various trajectories

q Two poles in multiples $𝟑 and 𝟔

>𝟑	[+] 𝟔	[−]

Pole (MeV) 2816(7)(11) 2846 50 5 − 𝑖61 0) 0)
(2))(0))

|𝑔&𝟑| (GeV) 13.2(5)(20) 0

𝑔𝟔  (GeV) 0 9.2(3)(4)

q No pole in 𝟏𝟓 due to its repulsive interaction

q The 𝐷"∗(2100) separated to two poles at 𝑚! = 310 MeV and one of them being a bound state at 𝑚* ≃ 420 MeV

q Smaller 𝒔;𝒔 component in 𝐷"∗(2100) due to the consistence of the pole in various trajectories

q Different trends of the trajectories indicating that the higher pole has essential 𝒔;𝒔 content

q The 𝐷)∗ 2100  connected to >𝟑, while the higher pole coupled to 𝟔
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𝑚0 = 𝑚0,234



Mass spectrum
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q Classifying the poles into the flavor multiplets to which they couple in the SU3 limit



Pion mass dependence of the baryon-octet mass
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q No 𝑠 quark component in 𝑁(𝑞𝑞𝑞)

q The trajectories of the  Λ(𝑠𝑞𝑞), Σ 𝑠𝑞𝑞 , and Ξ(𝑠𝑠𝑞) dramatically influenced by 𝑠 quark



Chiral trajectories of the 𝚲∗ and 𝑺𝟏𝟏(𝑵(𝟏𝟓𝟑𝟓)) (LO)
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In collaboration with R. Molina, J.-X. Lu, and L.-S. Geng

q The Λ∗ states have definitively 𝑠 quark component

q The widely divergent trajectories of the 𝑁 1535  exhibit its hidden 𝒔-quark component 



Conclusion
q We performed an exhaustive analysis of the scattering LQCD data with NLO UChPT

q The pion mass dependence of two 𝐷!∗ poles for various chiral trajectories is investigated for 

the first time

q The 𝐷!∗(2100) is separated to a virtual bound and a bound state as 𝑚# increasing, coupling to 

the /𝟑 representation

q The UChPT analysis provides a compositeness 𝑋 ≃ 1 in the SU3 limit, while the SU3 data 

demands a 𝑄3𝑞 state with 𝑋 = 0.63(11)(26) 

q The higher pole connected to the 𝟔 is either a resonance or a virtual state within 1𝜎 region

q The hidden strange content in the higher pole is manifested as distinctly different chiral 

trajectories over 𝑚$ = 𝑚$,	'() and Tr 𝑀 = 𝐶

Thank you for your attention !!!
17



Backup
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Scattering length and phase shift

19



Predicted invariant mass spectrum

q The 𝐷)∗ 2100  is clearly a peak, the higher pole appears as a bump close to the 𝐷𝜂 and 𝐷+ >𝐾 thresholds
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Pole movement of the 𝑫𝟎∗ 𝟐𝟏𝟎𝟎

q The 𝐷)∗(2100) separated into two poles at 𝑚* = 310 MeV

q The  one of them being a bound state around 𝑚* ≃ 420 MeV moving in the 𝑚$ = 𝑚$,	'() trajectory

q Another pole as virtual state moving away from the threshold
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Pole position of two 𝑫𝟎∗  states
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Poles in other sectors (𝑺, 𝑰)
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Lattice setups
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