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PRL 121 (2018), 0818021. Scalar meson a0(980)
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arXiv: 2303.12927

2. f0(980)
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quark-antiquark
tetraquark states
two-meson molecule bound states
hybrid states

Scalar meson under 1GeV

3. a0(980) structure 

PDG
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Long-Standing Puzzle

（1）four-quark scenario

(2) two-quark states

PRD 73 (2006)014017 -- QCD sum rule

PRD 102 (2020) 016013 -- CCQM

EPJC 80 (2020) 554

PRL 121 (2018) 081802 – BES III

EPJC 82 (2022) 473 – AdS/QCD

PRD 99 (2019) 093007 – pQCD

...

3. a0(980) structure 

PRD 15 (1977) 267

PRD 15 (1977) 281.

NPB 578 (2000) 367 – Lattice

PRD 97 (2018) 034506 -- Lattice

PLB 608 (2005) 69 – QCD sum rule

…
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4. Scalar meson twist-2 DA

Hai-Yang Cheng,  PRD73 (2006) 014017 
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QCD sum rule approach

Background field theory

𝜉2;𝑎0

1 , 𝜉2;𝑎0

3 , …
Anti-symmetry

1. Making the calculated physical quantity independent of the 

gauge 

2. Theory be invariant under the background field gauge

3. Propagators in momentum space can be treated directly



II. Scalar meson a0(980) twist-2 DA and semileptonic decays

1. Correlation function

Charge conjugation invariance



II. Scalar meson a0(980) twist-2 DA and semileptonic decays

2. Operator product expansion(OPE)



II. Scalar meson a0(980) twist-2 DA and semileptonic decays

(1) Feynman diagrams for the first term Phys. Rev. D 90, (2014) 016004



II. Scalar meson a0(980) twist-2 DA and semileptonic decays

(2) Feynman diagrams for the second and third terms

 Substitution and trace of vertex operator and propagator

 Momentum integrals in D-dimensional space

 Renormalization and 𝑀𝑆-schemes 

 Borel transform.

Basic calculation procedure:



II. Scalar meson a0(980) twist-2 DA and semileptonic decays

(3). Propagator up to six-dimension
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(3). Propagator up to six-dimension



II. Scalar meson a0(980) twist-2 DA and semileptonic decays

(4) Vertex up to six-dimension

……



II. Scalar meson a0(980) twist-2 DA and semileptonic decays

3. Hadronic Expression

4. Dispersion Relation

calculate to infinity order  = 1

calculate to finite order ≠ 1



II. Scalar meson a0(980) twist-2 DA and semileptonic decays

5. QCD sum rule for ξ2;a0

𝑛  𝜇 ξ3;a0

𝑝;0  𝜇



II. Scalar meson a0(980) twist-2 DA and semileptonic decays

6. QCD sum rule for ξ3;a0

𝑝;0  𝜇

Changed with M2 and s0



II. Scalar meson a0(980) twist-2 DA and semileptonic decays

Higher-order moments will bring false 

oscillation 



II. Scalar meson a0(980) twist-2 DA and semileptonic decays

7. LCHO model for 𝝓𝟐;𝒂𝟎
(𝒙, 𝝁)
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7. LCHO model for 𝝓𝟐;𝒂𝟎
(𝒙, 𝝁)



II. Scalar meson a0(980) twist-2 DA and semileptonic decays

8. D-a0(980) transition form factors
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8. D-a0(980) transition form factors



II. Scalar meson a0(980) twist-2 DA and semileptonic decays

9. Semileptonic decay widths



II. Scalar meson a0(980) twist-2 DA and semileptonic decays

NPA 1036 (2023) 122671

10. Branching fraction



III. K0*(1430) twist-2 DA and semileptonic decays

1. Correlation function



III. K0*(1430) twist-2 DA and semileptonic decays

2. QCD sum rule for 𝛏 𝟐; 𝑲𝟎
∗

𝒏  𝝁 𝛏
𝟑;𝑲𝟎

∗
𝒑;𝟎  𝝁



III. K0*(1430) twist-2 DA and semileptonic decays
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III. K0*(1430) twist-2 DA and semileptonic decays

calculate to infinite order  = 1

calculate to finite order ≠ 1

3. QCD sum rule for 𝛏
𝟑;𝑲𝟎

∗
𝒑;𝟎  𝝁



III. K0*(1430) twist-2 DA and semileptonic decays

4. Borel Windows



III. K0*(1430) twist-2 DA and semileptonic decays

5. Result for first 10th order ξ-moments 



III. K0*(1430) twist-2 DA and semileptonic decays

6. LCHO model



III. K0*(1430) twist-2 DA and semileptonic decays

7. Transition Form Factors



III. K0*(1430) twist-2 DA and semileptonic decays

EPJC 83 (2023) 6808. Decay Widths
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IV Summary and Prospect

 a0(980) meson twist-2 DAs within BFTSR and D->a0(980)lv

 K0*(1430) twist-2 LCDA

Summary

 a0(980) and K0*(1430) twist-3 DAs

 f0(980) meson DAs and mixture with a0(980) 

 B/D→Sl+l-,  B/D→S+gamma observables

Prospect

Thanks for your attention !


