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Exotic state D;y(2317)

> Experimental measurements of D,(2317)
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D:,(2317) is regarded as an exotic state
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» Compact tetraquark %."
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Maiani et al., Phys.Rev.D 71 (2005) 014028

» Mixture of molecular and other component
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Molecular interpretation of D,(2317)

» Molecular interpretation 0 G
v" Mass and mass splitting
v" Narrow width

Dy, (2317) I(J*) = 0(0%) DK
Ds1(2460) I(JP) =0(1") D'k
ChPT Guo et al., Phys.Lett.B 641 (2006) 278-285
Lattice QCD Liu et al., Phys.Rev.D 87 (2013) 014508
Bare states Molecule
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v Molecular component more than 70%
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Three-body hadronic molecule

» Existence of three-body hadronic molecules
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Hadron Physics

» Verify hadron-hadron interactions

A K. K.

D30(2317) B ~ 70 MeV B ~ 49 MeV B ~ 77 MeV

Experimental search for three-body hadronic molecule
potentially verify the hadron-hadron interaction

Liu et al., Arxiv: 2404.06399
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Experimental signal of three-body hadronic molecule

» Two-body hadronic molecules
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» Three-body hadronic molecules and the resonant states
Baryon-AntiBaryon

Three-body hadron
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Experimental observation of three-body molecule
> A good candidate: D;DK molecule

D.DK 1(JP©) =0(07")

58~65 MeV

c=1 C-2 C_3

v No mixture of conventional hadrons
Contain exotic quantum number

v Two-body subsystem can not bind
Suppressed by the OBE model or OZI rule

v' Low mass with hidden charm/strange guantum number
Can be observed at both e*e™ and pp collisions
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Productions of DK and D DK molecules in B decays

Decay modes

B* - D°D}}(2317) 0.8019-1¢ 1.0+ 0.3+ 0.1
B° - D™D}t (2317) 1.067018 1.8+ 0.4+ 0.3
B* - D*'D:f(2317) 0.90*5:79 0.9+ 0.6 +0.2
B® - D*~D:f(2317) 1.50%9-83 1.5+ 0.4 40.2
B* - D°DJ, (2460) 3.1%58 2.7+ 0.7+ 0.5
B° - D™D (2460) 3.5+ 1.1 2.8+ 0.8+0.5
Bt - D*°DZ (2460) 12.0 + 3.0 7.6+ 1.7+ 1.8
B° —» D*~D (2460) 9.3 + 2.2 55+ 1.2+ 1.0

» Explain these branching fractions

> Explore the three-body molecule D.DK in B decays
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Productions of D,(2317)and D¢, (2460) in B decays
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» Form factors
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» Decay constants
(D3 |(sc)|0) = o Ppes (DJil(s2)|0) = mps fs e,

Decay constants characterize the internal structure of exotic state
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Calculating decay constants of D,(2317)and D¢, (2460)

» Effective Lagrangian approach

‘ /
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Lypk = fP¥(0)V*(DI.K —8,DK), Lyp,,= fPs"(O)V”(DSB“TI — 0,Dgn)

» Loop integral
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» Unknown parameters

~ Renormalization energy scale d'ky K — K P /' d(2 — l)l"A_z
Dimensional Regularization Scheme @2m)t (k2 —m2)[(p— k1)2 —m3] 1672 J,

[l

_ Coupling constants
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Calculating decay constants of D,(2317)and D¢, (2460)

» Coupling constants

decay modes Exp [34] decay modes Exp [34]
Dt — KYtu, 8.72+0.09 | Df »netv. 2.32+0.08
— DY 5 K*%fy,  54040.10 | Df - ¢efv. 2.394+0.16
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D" — K*~etr, 2.154+0.16
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Calculating decay constants of D,(2317)and D¢, (2460)

» Strong decay constants of D,(2317)and Dg41(2460)

Couplings =100 p=150 p=2.00

9D* DK 11.75 11.92 11.95

9D Dy 8.13 7.47 7.32
gpopx 1206 12.16 12.15
9D, Dy 8.78 7.76 7.53

» Decay constants of Dy(2317)and D¢4(2460)

Decay Constants  p = 1000 | p = 1500 p = 2000

fp*, (2317) 59.36 58.74 58.59

D1 (2460) 56.10 133.76 |  187.48

Decay constant of Dg((2317) is almost independent on the renormalization energy scale
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Decay modes

Ours

Experiments [29]

B* = DD’ (2317)
B* - D**D*}(2317)
B* — DD}, (2460)
B+ — D*OD} (2460)

0.48
0.39
139
4.36

>

120+ 3.0

Decay Constants

covariant light-front quark model [898] 74.4%

QCD sum rule
Quark model

333+20 345+17

Salpeter method [897]

Decay constants of Dy(2317)and D,(2460) as the bare states

» Production rates of D¢y(2317)and Dg4(2460) in b-flavored decays

Production rates of D 3(2317)and D¢4(2460) in B decays

> Branching fractions of B > D® D ¢4
1073

Decay modes

Ours

Ours

Ours

B? — Dy DY (2317)
BY — D;~D*}(2317)
BY - D; D], (2460)
BY - DD/ (2460)

0.47
0.27
1.18
4.11

B(Ay — AM)/B(B — DM)

[

B(Z, — E.M)/B(B, — D,M)

1.22
2.44
1.46

3.12

1.94
2.35
1.23

3.64

Decay modes

Branching fractions

Decay modes  Branching fraction:

Ap — AD?(2317)

P A, S ALD,, (2460)

0.70

434

=, — Z.D%(2317)

Zp — ZcDs1(2460)
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Production rates of D;, and Dg; in baryons are larger than those in meson




Productions of D.DK molecule in B decays
» The topological diagrams for b-baryon decays
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Summary and outlook

» With predominant DK molecular component of D;,(2317), we predict a three-body
hadronic molecule D;DK, and their productions in B decays.

v From the perspective of B decays, the D;,(2317) can not be explained as the pure hadronic
molecule instead of mixture of molecule and other bare components.

v" We firstly calculated the production rates of three-body D;DK molecule in B decay (107°)

» Available physical measurements to measure the three-body hadronic molecule

« Decay modes of D,.DK molecule and the efficiency of experimental measurements

» Estimating the events of productions of three-body hadronic molecules with the B cross sections in
LHC or e+e- collisions
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Thanks for your attention!



> Strong decay of D;DK molecule os|
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Productions of pentaquark states in b-baryon decays
» Comparison with the final state interactions

Decay modes Ours  Triangle [56] Exp [29]
Bt — DD:f(2317) 048 0.68 0.807515
mauns Bt — DD (2317)  0.39 1.21 0.9070:%
B . D (2817) Bt — DD, (2460) 1.39 1.26 3.1509
: Bt — D*°D} (2460)  4.36 3.07 12.0 £ 3.0

Liu et al., Phys. Rev. D 109 (2024) 056014

» An approach to extracting the decay constants of hadronic molecules

.. State Decay constant(B decay)  Decay constant( decay to eTe™) [86]
: y Y (4230) 10.8 ~ 42.1 39.4 ~ 93.8
5 ——t Y(4360) 34.0 ~ 128.6 73.9 ~ 210.2

Liu et al., ArXiv:2409.06539
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