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Introduction

® LHCDb observed Xco(3930) and Xc2(3930) in the B* — DT¥D~K* decay.
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® [ HCb observed only X (3960) in Bt — DD, K.
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Introduction

® How to explain the three states, X (3960), Xc0(3930) and Xc2(3930) ?

® Are they either charmonium states or molecular states?
® Is X (3960) either x.0(3930) or xc2(3930) ?

Xc0(3930) can be well understood with Xco (23 Py) states in couple-channel model.
Q. Deng, R.-H. Ni, Q. L1, and X.-H. Zhong, Phys. Rev. D 110, 056034(2024).

Xc0(3930) as molecular states in one-boson exchange model, and X2(3930) need to be introduced

to describe the distribution in the higher energy region.
Z.-M. Ding, Q. Huang, and J. He, Eur. Phys. J.C 84, 822 (2024).

X(3960) can not be understood with a pure D D, molecular, which more like a c¢ resonance

with the contribution of couple-channel effect.
Y. Chen, H. Chen, C. Meng, H.-R. Q1, and H.-Q. Zheng, Eur. Phys. J. C 83, 381 (2023).

Xc0(3930) has the same origin as the X (3960), which is an S-wave D} D hadronic molecule.

T. Ji, X.-K. Dong, M. Albaladejo, M.-L. Du, F.-K. Guo, Sci. Bull.68, 688 (2023).
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Framework

® Khuri—Treiman equation.
The B* — DDK™ decay amplitude is given by

f(s,t,u) = A® (s, t,u) + A (s, t,u) + AW (s,t,u)

Amplitude expands in terms of Legendre polynomial,

f(s,t,u) =16m > 7° (2L + 1) fi(s) Pi(2s)

Two invariant mass distribution have

overlap.
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Framework

For t-channel and u-channel isobar amplitude, we focus the contribution from S-wave.
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® B-W parameterization break unitarity.

® [t was no significant effect for calculating bl(s :
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Framework

® The scattering for DD.

~l

D
® Lippmann-Schwinger equation.

t(s) = [1 = VegGa(s)] "' Verr

Taking single-particle normalization, the two point correlation functions are given by
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Results and Discussions

® Two scheme to fit the experiments and extract the interaction for DD .
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® We have basically reconstructed the
invariant mass spectrum of these three
channels.

® [t is necessary to conduct further pole
analysis to determine which physical
states correspond to the peaks observed

in the invariant mass spectrum.
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Results and Discussions

® Poles analysis
Poles appear in  Det[1 — Vi (s)GY(s)] = 0
t'(s) oc (1 — VéTGl)_l((s —m; +im ) — (1 — VéTGl)_lglzGl)_l
Two situations: Det|[1 — VéTG’l(s)] —0 Originating from contact potential
Det[s — m? + iy — (1 — VL,.GH71g?G' = 0

gr —~ 0 Originating from the renormalized bare pole contribution.

The position of the pole come back to the position of the bare pole.

s—m?+iml; =0
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Results and Discussions

® Riemann Sheets

RS_|_ k= \/2ui(\/§—mDi — mﬁz) RS_ : IC@ — —\/QMZ(\/_— mpi — mﬁg)

Three channel, eight Riemann Sheets

We redefined the “momentum” and mapped the eight RSs on the /s plane onto z plane. q; = % k;
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W. A. Yamada, O. Morimatsu, and T. Sato, Phys. Rev. Lett. 129, 192001 (2022)
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Results and Discussions
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Results and Discussions

® Extracting the scattering length and effective range from Effective-Range-

Expansion (ERE).
0 _ 2 1
t (S) — u —1/ag+1/2rokZ—ik+O(kY)
0 S —1
ag = %to(s)‘s—}sth ro = — %R’e |:d(t ;&D iH\/g_> /Sen

The effective range includes the corrections from coupled channels, and we extract the corrections

through choose the limit of SU(3) .
A are the threshold gap between different

d(ty, =ty
Ar = —lee { (tyy d\l/lg‘ﬂ—m)} ‘ couple channels.
H 5= /Stn
Weinberg criterion is used to characterize the
ap T0 v =1y — Ar . .
compositeness of bound, virtual and resonance.
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L. Yan, F.-K. Guo, J.-Y. Pang, J.-J. Wu, Phys. Rev. D 105 (2022) 7, L071502 /
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Summary

® We use a simplified three-body FSI model to analyze the BT — DD K Tdecay.

® One (7 states with pole 3.913%( 003 — 0.0167( 0054 is sufficient to describe

the xc0(3930), X.2(3930), and X (3960) .

® The compositeness of Xc0(3930)is 35%. ———> A large cé component.

Thank you for your attention!
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Bt - DDK™

Partial-wave unitarity relations

Disc fi(s) = fi(s)p(s)ti(5)0(y/5 — my — ma)

Disc al(s)(s) = Disc fi(s)
Dispersion relation

a;™ (s)
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St RES! Sth —
R>00 We need take subtraction if limg_, . m(s) # 0
8, (S) SI .
al(s)(s) = tl(s) (Cl + 2 f;i ds’p(s,ggf_s() )) first subtraction
_ f(Z)
o 2ﬂn 4; ’Z
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Bt - DDK™

® The interaction between D and D .

Taking NR approximation, the LO Lagrangian in HQSS

Lagg = —LTx [H9H,] Ty [ﬁ‘ﬁg] (FA 5ol FAND. Xg) +1mr [HetH, o™ Tr [ﬁﬁ;am} (FB 56+ FAND. Xg)

Fa+ %Fﬁ 2F 2F SU(3) ¢ violation 9 0y ol
> S-wave contact potential V& = 2F% Fu+ %FQ 207 | > VEr = |00y vdy Y
2F A 2FY  Fa+ 4F) Wy v33 U5y

1 1 1
V1; V12 Vi3 B B

NLO Lagrangian >  P-wave contact potential Vip = | vy vdy vds | (51 — po) (k1 — k2)
1 1 1
Uiz V23 Uss

® The interaction between DD and charmonium.

VS — 9 VP 92 (p1 —p2) (k1 —ks)
b &—W%—~+ﬁngFo b s—m2+imq1
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