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resonances with charm quarks David Wilson 2
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resonances with charm quarks David Wilson
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Experimental results
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Just a few examples
Many many more
(References in the longer paper)

overlapping 0++ and 2++

resonances around 3925 MeV

no need for a low O++ resonance



Lattices David Wilson 5
Previously: "HadSpec” lattices
Eem/MeV anisotropic (3.5 finer spacing in time)
— I Xeoplsts. Wilson-Clover
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spectra from qgqgbar operators only,
Liu et al JHEP 1207 (2012) 126

This study: Meson-meson + qqgbar ops

e compute a large correlation matrix
e solve generalised eigenvalue problem
to extract energies



Well-established workflow David Wilson
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Review: Briceno, Dudek, Young,
https://doi.org/10.1103/RevModPhys.90.025001
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what’s going on near DDbar threshold?
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(smaller range)

what’'s going on a DDbar threshold?
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higher scalar amplitudes 11
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higher scalar amplitudes - from rest energies only 12
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tensor amplitudes - from rest energies only
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Finite volume spectrum from Liischer Quantization Condition 14
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Complex plane - scalar 15
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Summary & outlook 17

Scalar and tensor charmonium scattering amplitudes have .been determined

at mz=391 MeV, the level counting’is not cbviously different from the quark model

- large coupled-channel effects in OZ| connected D-meson channels
- OZl disconnected channels look small everywhere

- we have extracted a complete unitary S-matrix and this naturally connects features
seen in different channels and simplifies the overall picture

- also a clear, as yet unobserved, 3++ resonance-is present in DDbar*
- we do not find a near-threshold DDbar state (between 3700 and 3860 MeV)

- these methods can also be applied to the X(3872) 1++ channel
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Complex plane - scalar 19

pi(s)p;(s)lti;(s)I°

J/pw — J/pw
DD — J/yw
one resonance pole w\r _ _
— many different amplitudes ‘ * D. D, — D*D~
1" I
Y DD — D™D
‘\ DD — DD
DD — D,D,
\‘ DSDS — DSDS




poles - scalar
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“mirror” poles 2
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“mirror” poles 22
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“mirror” poles 23
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“mirror” poles 24
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poles - scalar 25
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the “green” cluster of poles are just mirror poles
- amplitude is dominated by a single resonance pole in this energy region



2++ pole & couplings 26
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additional poles were found
- don't appear to be important

“coupling-ratio” phenomena seen in K-matrix pole parameters
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3++ pole & couplings 27
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poles - tensor - more going on here, but mostly not physics 28
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poles - tensor - more going on here, but mostly not physics 29
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poles - tensor - more going on here, but mostly not physics 30
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2++ poles

3
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using a modified DDbar* threshold factor 32
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DDbar threshold - other lattice QCD studies

Results from Prelovsek, Padmanath

et al, suggest effects at DDbar and
DsDsbar thresholds

- pion mass ~ 280 MeV

- light quark heavier than physical,
strange quark lighter than
physical

hard to justify such a large change
due to the light quark mass (no
one-pion-exchange term)
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other work 34

Many models with meson-meson components find strong effects in S-wave DDbar

Several suggestions of a near-threshold state in DDbar scattering

- YY to DDbar (BaBar, Belle)

- near threshold structure partly due to Born/t-channel photon exchange
- see e.g. Guo & MeiBBner 2012, Wang et al 2021, Deineka et al 2022

Recent LHCb analyses find a peak at DDbar threshold but attribute this to
“teed-down” from X(3872) decays
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Born term structure foryyton =

35

0.6) (nb)

> (z=

250 —

200 -
150 -
100

50

©
8O

—— Moussallam
---- CGL
— CFD
e OldK decay data
o NAA48/2 preliminary data
v Kaminski et al.
< Grayer et al. Sol.B (Hyams et al)
o Grayeretal. Sol. C
=  Hyamsetal. (---)

J. Pelaez, arXiv:1510.00653

1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
400 600 800 1000

' (Mev)
500 T T T T T T T T T T
m Belle
e Marki+CB88
400 — Sol.I
300
200 +
100 -
Dai and Pennington, arXiv:1404.7524
0

T T T T T T T T
0.4 0.6 0.8 1.0 1.2

m(nr) GeV

1.4

mm — amw (S — wave)

VY — T

vy v vy
D+ D* D*
D~ D~
5 D v D~ i D~
(a) (0) ()

extra structure at threshold,
not linked to a resonance
or bound state



