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Motivation

@ Recently a charged resonance-like structure Zci(3900) has been
observed at BESIII, and was confirmed shortly by Belle and CLEO

collaborations.

@ The mass of this state is close to the DD* threshold.

o ls Zf(3900) a molecular bound state formed by the D and D* mesons?
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Lattice setup

@ Ny =2 twisted mass gauge field configurations generated by ETMC
collaboration.

@ Three different pion mass: 300 MeV, 420 MeV and 485 MeV.
@ Lattice spacing: 0.067fm.

@ Volume: 323 x 64 (~ 2.15 fm).
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Scattering on lattice

@ Matrix elements related to scattering information is not directly
accessible in Euclidean formulations of Lattice QCD.

@ Lischer’s finite volume technique.

.\

P2 [E— .BE/le

/ P1 L ~ afew fm
E =E(py + E(p2) + AE

L > afew fm
E=E(py + E(p2)
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Interpolating operators

@ 7*(3900) is observed in J/Wn* final states — IG(JP¢) = 1+(1*7).
We use the positive charged operator : D*9D+ + D*+D0,

@ The operators are constructed in T7 irreducible representation of the Op

group.

Oa(t) = Y | [D**(RPa, t + 1) D°(~RPa, t) + D*°(RPa, t + 1) D* (=RPa, t)].
ReG

@ For ordinary periodic boundary condition, g = ZL—" .

e Ai=(0,0,0),(0,0,1),(0,1,1).
@ 2m/L ~ 550 MeV — too large to study low energy scattering.
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Twisted boundary condition

@ Twisted boundary condition:
Wo(RX + LE;, t) = e¥Wg(, 1),

where 6 is called the twist angle. The discretized momentum on the
lattice is modified as -
=T+ 2
=—(\A+ ).

L 2mn

@ 6=(0,0,1/8),(0,0,m/4),(0,0,m), and (1, 7, 0).

Parity mixing

@ The Op symmetry is reduced to it's subgroups depending on the
particular choice of 8.
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Extract the energies

@ Construct the matrix of correlators
Cy(t) = (010D (O)I0) = > 27Z]" e

@ Solve the generalized eigenvalue problem
Cyj(t)v] = An()Cij(to) V]

@ Eigenvalues: Ap(t) —» e Enf(1 + O(e~2E 1Y)

@ Energy shift:
)\n(t) —AE,t
~ e
< DDt >< D*D*t >

Four point function contractions:

PN
~_
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Extract the energies
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Extract the scattering parameters

Liischer’s formula gives a direct relation of k2 and the elastic scattering
phase shift, where k2 is defined by AE = \/mi + k2 + \/mg + k%2 —my1 —ms.

@ For the s-wave:

1 2 2 2 2
qcotéo(k)=mzoo(1:q ), q° =k°(L/2m)*. (1)

@ When s-wave and p-wave mix (6 = (0,0, 7) and (0,0, §)) :
[ cotdo(k) — moo(g?)1[q> cotbi(k) — m11(g?)] =m3 (g%,  (2)

where moo, m11 and mgi are known functions of q2.

@ Effective range expansion:

1 1 3 1 1
kcotéo(k)= — + —rok“+---, k>cotédi(k)=—+ =—rikc+---. (3)
ap 2 ap 2
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Results

q cot(do(q))

q cot(6o(q))
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u=0.003 | -0.67(1)
u=0.006 | -2.1(1)
u=0.008 | -0.51(7)

q cot(6o(q))
o

9/11



@ Conclusion: NO evidence for a DD* bound state.

@ Questions:
» Will a bound state appear at physical pion mass?

» Will the results change if the coupled channel effects are taken into account?

> How significant are the effects of finite volume and finite lattice spacing?

» Other channels?
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A new study - outlook

@ Nf=2+1+1 configurations with various lattice spacing, volume, and
pion mass.

> Lattice spacing: 0.06 fm ~ 0.09 fm
> Volume: 2 fm ~ 3 fm

» Pion mass: Physical ~ 400 MeV
@ Stochastic LapH smearing — all-to-all propagators.
@ Enlarged operator basis.

@ Coupled channels.
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@ Configurations available for this study:

ensemble I3 ajy afly aps L/a
A30.32 1.90 0.0030 0.150 0.190 32
A40.24 1.90 0.0040 0.150 0.190 24
A40.32 1.90 0.0040 0.150 0.190 32
A50.32 1.90 0.0050 0.150 0.190 32
A60.24 1.90 0.0060 0.150 0.190 24
A80.24 1.90 0.0080 0.150 0.190 24
A80.24s 1.90 0.0080 0.150 0.197 24
A100.24 1.90 0.0100 0.150 0.190 24
A100.24s 1.90 0.0100 0.150 0.197 24
B25.32 1.95 0.0025 0.135 0.170 32
B35.32 1.95 0.0035 0.135 0.170 32
B55.32 1.95 0.0055 0.135 0.170 32
B75.32 1.95 0.0075 0.135 0.170 32
B85.24 1.95 0.0085 0.135 0.170 24
D15.48 2.10 0.0015 0.120 0.1385 48
D20.48 2.10 0.0020 0.120 0.1385 48
D30.48 2.10 0.0030 0.120 0.1385 48
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D*D* Eijk C_l’YjC CYkU,
DD* : dyic éysu+ ayic ¢ysd,
J/¥m . Cyicdysuy,
nep @ Cyscdyiu.
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