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Lattice studies so far

1(JPC) = 1(1*) - Z. states:

* Lattice studies find almost non-interacting DD* and J/{mt eigen-energies:
* S. Prelovsek and L. Leskovec, Phys. Lett. B 727, 172 (2013)

* S. Prelovsek et al., PRD 91, 014504 (2015)

* Y. Chenet al. (CLQCD), PRD 89, 094506 (2014)

* S.-h. Lee et al. (Fermilab Lattice, MILC), (2014), arXiv:1411.1389

* @G. K. C.Cheung etal. (HSC), JHEP 11, 033 (2017)

* T. Chen etal. (CLQCD), Chin. Phys. C43, 103103 (2019)

* HAL QCD lattice study aimed at Z.(3900) — claiming that Z_(3900)*is a

threshold cusp suggesting the importance of cross-channel interaction:
* Y. lkeda etal., PRL 117, 242001 (2016)
* V. lkeda, J. Phys G45, 024002 (2018)

©©)
W@

1(JPC) = 1(1+):

* Studies find almost non-
interacting DD* eigen-
energies:

* S. Prelovsek and L. Leskovec, PRL 111
192001 (2013)

* M. Padmanath, C.B. Lang andS.
Prelovsek, PRD 92, 034501 (2015)
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* The J/Ym and DD* invariant-mass % 4000
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simultaneously fitted ENEI 3800
* Interaction between J/yr and DD* Y il S S R
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Z.(3900) peaks 3600 | 7
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Overview of our study

* Meson-meson interpolators: « 2 different charge parities (C=+, —)
* Charmonium + light meson e 2 ensembles (NL =24 32)
V4
* 2 |attice irreps:
*P=(0,0,0): AP=T* Note that continuum
*P=(0,0,1): A=A, quantum numbers J? = 1*

contribute to those irreps

« D+D* / D+D*

This is the first lattice study thatincorporates
2 different lattice sizes and
additionallytoP =(0,0,0) also P = (0,0,1)

* No diquark-antidiquark interpolators

* very little influence found when including
them:

M. Padmanath, C. B. LangandS. Prelovsek, PRD 92,034501 (2015)
S.Prelovseketal., PRD 91,014504 (2015)
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CLS lattice ensembles

dynamical quarks U101 H105

N: 2+1 N2 x N, 243 x 128 323 x96
a 0.08636(98)(40) fm
m 280(3) MeV configurations 255 49?2
m slightly heavier than physical

c shtly PRy Laplacian 90 100
M., 3103(3) MeV eigenvectors
M, 1927(1) MeV e e

the ‘Distillation” method)

M- 2049(2) MeV
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N, =24
15 inter-
polators

N|_ =32
21 inter-
polators

Note

Lattice spectra (C=—, Z)

J/4(0)7(0)
J/9(0)(0)
T/p(L)m(1) 1.851 1.80{ \\
T/ (1)
J/(2)(2)
Je(2)m(2) 1.80 1.75
T/(2)m(2) — J/HB)7(3)
1(0)p(0) 1.751 —— D*0)D*(0)
ne(1)p(1) -== 1) p(1)
ne(1)p(1) —— D(1) D*(1) 1.70
D*(0)D(0) S | — D)D) S
prooo || 517 e (0)p(0) L§
D*(1)D(1) | — ) (1)
D*(0)D*(0) S — J/$(0)7(0)
1.60
1.60
1.551 1.551
24 32 24

: p treated as stable

L/a

L/a

32

21 inter-
polators
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Elastic DD* scattering (C=—, Z_)

[ Phase shift plots are obtained assuming J

negligible coupling to J/dm and np
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Elastic DD* scattering amplitude (C=—, Z.)

1 1

1/ag = 0.54 (fé:%) fm !
pcot (dp(p)) = a_o + §Top2 + ...

ro = 2.23 (1{48) fm

~1.08
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—0-30 e T} - Np=24-D(0)D*0)
ro = 1.08 (T 32) fm o | o TF- N =32-D(O)D(0)

0)
. T -Ny=32-D(1)D*
0.4 DD* scattering: C' = —
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Ay - Ny = 24)- D(0)D*(1)

pa cot ()
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Reconciling experiment and lattice results of Z.(3900)
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Lattice spectra (C =+, isospin partner of x.,(3872))

1.88

1.86 1

1.84

N, =24

5 inter-
polators

J/(1)p(1)
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10 inter- J/b(1)p(1) 1.78
polators Xeo(1)m(1)
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1.70;
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Xeo(0)7 (1)
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—
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Flastic DD* scattering (C =+, isospin partner of x.,(3872))

Phase shift plots are obtained assuming
negligible coupling to J/p

DD* scattering: C' = +

T+ |PP =0 A |PP=1
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Elastic DD* scattering amplitude
(C =+, isospin partner of x.,(3872))

_ +1.42 —1
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One-channel J/mt scattering in the [(J7¢) = 1(1*) channel

J /1w scattering

|

T Np =24 - J/3(0)7(0

® )m(0)
3 o T - Np=24- J/p()n(1) swave | * J/P1t meson-meson

o T - Np=32-J/y(0)m(0) states have negligible
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% o Ay -Np=24-J/¢p(1)m(0)
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= | % constrainthe upper
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é _

i ‘ 1
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= 0.095 fm ao
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1/ (pa cot (6))
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* Investigation of the exotic charmonium-like spectrum 1(1*)
* Scattering amplitude assuming decoupled DD* scattering close to the threshold
* Thresholds J/ym, n.p (J/Wp) in the 1+ (1**) channel lie below the DD* threshold

* Large uncertainties of higher-lying DD* eigen-energies
e Large uncertainties of the scattering amplitude

* Previous and current lattice studies find relatively non-interacting eigen-energies

____________________

____________________

experiment in a J/ym, DD* coupled-channel framework do not preclude the existence of Z,(3900)

> Our data show slightly more attraction compared to previous lattice data

> OUTLOOK: It will be interesting to see whether our spectra reconcile with the experiment
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Thank you for
your attention
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Backup — spectra

1.85
1.80
| 1.75 D{2) D*(1)
—_— .l/u-'(.’s)_:r('s) D(1) D*(2)
— D*(0) D*(0) n:(2) p(1)
-—= ne(1) (1) Jiu(1)=(2)
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— J/(2)7(2) 1.65 (1) pl0)
— J/¥(1)n(1) — JfY(4)=(1)
—_ Jf0(0)7(0) — J{(2)7(1)
— J/¥(0)=(1)
1.60 — J/e(1)=(0)
1.55: 1.9
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Backup — spectra
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_________________________ |
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—_ xw(l)®(1)
— D(1) D*(1)
=== J{(0) p(0)
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Backup — spectra

Af PP =1

1.80

1.60

e

Xcofd) (1)
Xet(2) =(1)
nA0)ap(1)
Xo(2) 7(1)
D(2) D(1)
D(1) D*(2)
J1¢(0) p(1)
ned 1) anf0)
J/(1) p(0)
Xeol0) 7(1)
D(1) D*(0)
D(0) D*(1)
Xall)=(0)

1.85

1.80

1.60

Af |P*=1

spectrum with J/Pp and n.a,
excluded
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Backup — our procedure

* Extract the finite volume spectrum (in 2 inertial frames and for 2 different lattice volumes):

* Eigen-energies from the single-exponential fits to the eigenvalues X" (t) oc e En't

of the from generalized eigenvalue problem  C(t)v™(t) = A (£)C (to)v ™ (¢)

* Consider only single channel (s-wave) DD* scattering

* Assume elastic scattering near the threshold

1 1
*Fit effective range parameters pcot (do(p)) = ot —rop” + ...

2
2zd (1, (%)2)
YL

determined via Luscher relation from lattice energy levels E.,

to peot (di(p)) =

det(A)
det (42 1 AAT)I7)

accordingto determinant residual method proposed by C. Morningstaretal., Nucl. Phys. B 924,477 (2017)

We minimize x? with the residue Q(E..) = , where  A(Egn) = K™ (Eon) — B(Eem)
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Utilized interpolators

P=(0,0,0), A"C=Ty" P=(0,0,1), AC=A; P=(0,0,0), APC=Ty* P=(0,0,1), A=A,

Ne(1)ao(0)
Xeo(1)m(0)
Xeo(0)m (1)
J/¥(1)p(0)
J/(0)p(1)

N|.=24

15 interpolators

N, =24

13 interpolators

N, = 32
17 interpolators

N =24
5 interpolators

N, =24
21 interpolators

N, = 32
10 interpolators

N, =32
21 interpolators
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