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Charm-anti-light (D) and charm-anti-strange (Ds) mesons 

Recent LHCb observation of 

 
[PRL 125, 242001 (2020);  
PR D102, 112003 (2020)] 
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Some other LQCD studies: Mohler et al [PR D87, 034501 (2013)],  
Liu et al [PR D87, 014508 (2013)], Mohler et al [PRL 111, 222001 (2013)],  
Lang et al [PR D90, 034510 (2014)], Bali et al (RQCD) [PR D96, 074501 (2017)], 
Alexandrou et al (ETM) [PR D101 034502 (2020)] 

Charm-anti-light (D) and charm-anti-strange (Ds) mesons 
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 Finite-volume energy eigenstates from: 
 
 
 
  

Large bases of interpolating operators  
(with appropriate structures) 
 
 
 

Lüscher method (and extensions): relate finite-volume energy 
levels to infinite-volume scattering t-matrix. 
 

Elastic scattering: one-to-one mapping Ecm ↔ t(Ecm) 
 

Param. t(Ecm) using various K-matrix forms, effective range, … 
 

Lattice QCD spectroscopy 
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             (isospin=0) 
[Cheung, CT, Wilson, Moir, Peardon, 
Ryan (HadSpec), JHEP 02 (2021) 100, 
arXiv:2008.06432] 
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DK thresh. 

Dsη thresh. 

m ≈ 239 MeV 
 
L ~ 4 fm, m L ~ 4 
 

as ~ 0.12 fm 

DK thresh. 

Dsη thresh. 

m ≈ 391 MeV 
 
L ~ 2 – 3 fm, m L ~ 4 – 6 
 

as ~ 0.11 fm 

P = [0,0,0]  JP = 0+, (4+, ...) 
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m ≈ 239 MeV 

             (isospin=0) – spectra 
[JHEP 02 (2021) 100] 

Use 22 energy 
levels for ℓ = 0, 1 
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             (isospin=0) – spectra 

m ≈ 391 MeV 

Use 34 energy 
levels for ℓ = 0, 1 

[JHEP 02 (2021) 100] 
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             (isospin=0) – amplitudes 

m ≈ 239 MeV 

Elastic DK scattering in S and P-wave 
Sharp turn-on in S-wave at threshold   

S-wave 

P-wave 

DK Dsη
 

 |amp|2 

[JHEP 02 (2021) 100] 
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m ≈ 239 MeV 

Elastic DK scattering in S and P-wave 
Sharp turn-on in S-wave at threshold   

S-wave 

P-wave 

DK Dsη
 

 |amp|2 

m ≈ 391 MeV 

[JHEP 02 (2021) 100] 
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Bound-state pole in S-wave 
 ΔE = 25(3) MeV for m ≈ 239 MeV 
 ΔE = 57(3) MeV for m ≈ 391 MeV 
 c.f. experiment ΔE ≈ 45 MeV (decays to Ds π

0) 
 

Weinberg [PR 137, B672 (1965)] compositeness, 0 ≤ Z ≤ 1 
(assuming binding is sufficiently weak) 

Z ≲ 0.11 
Z ≈ 0.13(6) 

[JHEP 02 (2021) 100] 
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             (isospin=0) – S-wave poles 

m ≈ 391 MeV m ≈ 239 MeV 

Bound-state pole in S-wave 
 ΔE = 25(3) MeV for m ≈ 239 MeV 
 ΔE = 57(3) MeV for m ≈ 391 MeV 
 c.f. experiment ΔE ≈ 45 MeV (decays to Ds π

0) 
 

Weinberg [PR 137, B672 (1965)] compositeness, 0 ≤ Z ≤ 1 
(assuming binding is sufficiently weak) 

Z ≲ 0.11 
Z ≈ 0.13(6) 

Also deeply bound state in P-wave, but doesn’t 
strongly influence DK scattering at these energies 

[JHEP 02 (2021) 100] 
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             (isospin=0,1) 

[0,0,0]  JP = 0+ (, 4+, ...) 

m ≈ 239 MeV 
m ≈ 391 MeV 

I = 0 I = 1 
I = 1 I = 0 

Exotic flavour 
[JHEP 02 (2021) 100] 
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             (isospin=0,1) – amplitudes 

m ≈ 239 MeV 

(18, 18 levels 
for I=0,1) 

I = 0 

I = 1 

Elastic scattering in S, P, D-wave 
 
Weak attraction in S-wave I=0 
Weak repulsion in S-wave I=1 
 

S-wave 

P-wave 

D-wave 

 δ / ° 

[JHEP 02 (2021) 100] 
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             (isospin=0,1) – amplitudes 

m ≈ 239 MeV 

(18, 18 levels 
for I=0,1) 

m ≈ 391 MeV 

(29,28 levels 
for I=0,1) 

I = 0 

I = 1 

S-wave 

P-wave 

D-wave 

 δ / ° 

[JHEP 02 (2021) 100] 
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             (isospin=0) – poles 

Suggestion of a virtual bound-state pole in S-wave I=0 
(exotic flavour) 

[JHEP 02 (2021) 100] 
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S-wave results [broken SU(3)] suggest: 
 bound state 
 virtual bound state 
 weak repulsion 

[See also  PR D87, 014508 (2013) 
(1208.4535);  PL B767, 465 
(2017) (1610.06727);  PR D98, 
094018 (2018) (1712.07957); EPJ 
C79, 13 (2019) (1811.05585)] 

[JHEP 02 (2021) 100] 
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Summary 

• First principles lattice-QCD calculations 

• Isospin-0 DK : 

• Bound state in S-wave,  

• Deeply bound state in P-wave,   

• Exotic-flavour isospin-0, 1          : 

• Suggestion of virtual bound state in S-wave isospin-0 

• Light quark dependence, comparison with SU(3) flavour symmetry 

 

• See Nicolas Lang’s talk (next) for Dπ scattering and the           ,  
and comparison between Dπ and DK. 
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