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Positive parity ground state charm mesons

2300
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Positive parity ground state charm mesons

2300

Godfrey and Isgur, PRD 32, 189 (1985)

BaBar (2003), CLEO (2003); Belle (2004)

SU(3) partners

D∗0(2300), D1(2430)

D∗s0(2317), Ds1(2460)

Notice: all these experiments used a Breit–Wigner to extract the resonance
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Implication of chiral symmetry on Breit-Wigner resonances

+ Goldstone bosons: energy-dependent interactions

+ The standard Breit-Wigner: constant coupling. ((((((((hhhhhhhhchiral symmetry

+ S-wave BW parameterization: F0(s) ∝ 1
s−m2

0+im0Γ

d

ds
|F0(s)|2


s=speak

= 0 =⇒ speak = m2
0

+ Modified parameterization: F0(s) ∝ Eπ
s−m2

0+im0Γ

speak = (m0 + ∆)2, ∆ =
Γ2ED

4m0Eπ − Γ2

+ ?D∗
0(2400), D1(2430)

Coupled-channel =⇒ chiral EFT + unitarization
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ChPT + unitarization
+ Low-energy interactions between the charm and the Goldstones: ChPT

+ A nonperturbative treatment: unitarization Oller, Meißner, PLB500, 263 (2001)

T−1(s) = V −1(s) +G(s)

V (s): to be derived from SU(3) chiral effective Lagrangian

G(s): two-point scalar loop functions, regularized with a subtraction constant

+ NLO:

L. Liu, Orginos, F.-K. Guo, Hanhart, Meißner, PRD86(2013)014508
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D∗s0(2317) and Ds1(2460) as hadronic molecules
• NLO: Pole in the (S, I) = (1, 0) channel: 2315+18

−28 MeV

Liu, Orginos, Guo, Hanhart, Meißner (2013)

Experiment: MD∗s0(2317) = (2317.8± 0.5) MeV

• Hadronic molecular model: D∗s0(2317)[DK], Ds1(2460)[D∗K]

Barnes, Close, Lipkin(2003); van Beveren, Rupp(2003); Kolomeitsev, Lutz(2004); ...

• Weinberg compositeness X = 1− Z
↪→ From the lattice energy levels in C. Lang et al., PRD90(2014)034510

D∗s0(2317) contains ∼ 70% DK Mart́ınez Torres, Oset, Prelovsek, Ramos, JHEP1505,053

↪→ 1− Z = 1.04(0.08)(0.30), G. Bali et al., PRD96(2017)074501

↪→ Bare cs̄+DK: 68%, Z. Yang al., PRL128(2022)112001

• Postdiction!

E I : Mπ = 290 MeV

E II: Mπ = 150 MeV
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What about the D∗0(2300)? [Two-pole scenario in I = 1/2 sector]

• Two poles in I = 1/2 sector were found

in Kolomeitsev, Lutz (2004); Guo, Shen,

Chiang, Ping, Zou (2006); F.-K. Guo, Hanhart,

Meißner (2009); Z.-H. Guo, Meißner, Yao

(2015); X.-Y. Guo, Heo, Lutz (2018);...

• Postdicted finite volume energy levels

in G. Moir et al. [Hadron Spectrum

Collaboration], JEHP1610(2016)

NOT a fit!
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• two states also in heavy meson sectors (M,Γ/2) MeV:

lower pole higher pole RPP

D∗0

(
2105+6

−8, 102+10
−11

) (
2451+35

−26, 134+7
−8

)
(2343± 10, 115± 8)

D1

(
2247+5

−6, 107+11
−10

) (
2555+47

−30, 203+8
−9

)
(2412± 9, 157± 15)

↪→ solution to the third puzzle

• But is their experimental support for this ?
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Angular moments of B− → D+π−π− LHCb, PRD94(2016)072001

〈P`〉 ∝
∫
dzP`(z)|A|2
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B+ → D+π−π− kinematics
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Chiral effective Lagrangian for weak decay B+ → Dππ−

Hard

Hard

π-

π-

T

V

V

D/Ds

π /η/K

+ Effective weak Hamiltonian Heff for ∆b = 1 and
∆c = 1:

Heff = GF√
2
V ∗cbVud(C1Od1 + C2Od2) + (b→ s) + h.c.,

Od1 = (c̄abb)L(d̄bua)L, Od2 = (c̄aba)L(d̄bub)L.

+ Introducing a spurion H: Hj
i 7→ Hj′

i′ (gL)i
′
i (g†L)j

j′

Heff =
GF√

2
V ∗cbH

j
i C(c̄b)L(q̄iqj)L, H =

 0 0 0
Vud 0 0
Vus 0 0


+ gL × gR ∈ SU(3)L × SU(3)R, h ∈ SU(3)V

u 7→ gRuh
† = hug†L, uµ 7→ huµh†,

B 7→ Bh†, D 7→ Dh†, M 7→ hMh†,

t 7→ hth†, t = uHu†.
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Amplitudes

+ Effective weak Lagrangian

• S-wave amplitude: (C = (c2 + c6)/(c1 + c4))

• Only two parameters in the S-wave
(one combination of LECs and

one subtraction constant in G)
B− D+

π−

π−

A +
B−

D, Ds

π, η, K̄

D+

π−

π−

A, B T(I)
ij

• Unitarity X
• Chiral symmetry X
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Angular moments: B− → D+π−π−

MLD, Guo, Meißner, PRD(2018)094018
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〈P0〉 ∝ |A0|2 + |A1|2 + |A2|2,

〈P2〉 ∝
2

5
|A1|2 +

2

7
|A2|2 +

2
√

5
|A0||A2| cos(δ0 − δ2),

〈P13〉 ≡ 〈P1〉 −
14

9
〈P3〉 ∝

2
√

3
|A0||A1| cos(δ0 − δ1)

+ The S-wave Dπ can be well described using pre-fixed scattering amplitudes

+ Fast variation in [2.4, 2.5] GeV in 〈P13〉: cusps at Dη and DsK̄ thresholds
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S-wave amplitude

MLD, Guo, Meißner, PRD(2018)094018

Comparison between the S-wave amplitude determined and the S-wave anchor

points found in the experimental analysis.
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Applications to B decays
M.-L. Du et al., PRD99(2019)114002
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Theory of B− → D+π−π− continued
MLD, Guo, Hanhart, Kubis, Meißner, PRL126(2021)192001

B(B0 → D̄0π0) = 2.63× 10−4

B(B− → D0π−) = 4.68× 10−3

+ Isospin symmetry: A(B− → D+π−π−) ∼ 2
√

2 A(B− → D0π0π−) ?
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Perturbatively!
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Coupled- & crossed-channel effects Khuri-Treiman Equation

MLD, Guo, Hanhart, Kubis, Meißner, PRL126(2021)192001
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Summary
• Chiral symmetry

↪→ a shift of the BW peak

• Thanks to the recent experiment, lattice and EFT developments:

↪→ D∗s0(2317) and Ds1(2460) are dominantly DK and D∗K molecules;

↪→ HQSS: MDs1(2460) −MD∗s0(2317) ≈MD∗ −MD;

↪→ Two-pole structures of D∗0 and D1, the lower ones have smaller masses.

• Fully consistent with the high quality LHCb data on B decays

• Call for a change of paradigm for the positive-parity mesons:

↪→ dynamically genereated for ground states

↪→ already established for the light scalars
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Thank you very much for your attention!
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