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Motivation

Upcoming experimental efforts in light meson sector (and charmonium)

GlueX and CLAS12 (JLab), BESIII, COMPASS, PANDA, ...

Quark-antiquark pair: 25+1LJ

Parity: P= (1)t
Charge Conj Sym: C = (-1)+)

JC=0"*,0%*, 1, 1+*, 1+, 277, 2%+, 2°%, ...
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Motivation

Photoproduction at GlueX/CLAS12 (JLab @ 12 GeV)
— systematic study of light mesons, particular interest in exotics

Use Lattice QCD to extract excited spectrum and photocouplings
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Isoscalars in LQCD

Use variational method with large basis of operators

Basis doubled in size c.f. isovectors: / il _ .

No glueball ops for now

: . : q q
Disconnected Wick contractions E .> 4
q q
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Isoscalars in LQCD

Use variational method with large basis of operators

Basis doubled in size c.f. isovectors: ), _
Of ~ (aru + drd) O% ~ 3T's

1
V2

No glueball ops for now

Use GPUs for some parts of the computations

Anisotropic lattices (a./a, = 3.5), a, ~ 0.12 fm; 163 (2 O fm) — Lattice details in:
. emtemei—+ PR D78, 054501;
PR D79, 034502

Dynamical, N; = 2+1, M_~ 400 MeV
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Large overlap with op ~ [D;, D]] ~F
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Large overlap with op ~ [D;, D]] ~F
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More interpretation of isovector and isoscalar results:
“lowest hybrid meson supermultiplet” arXiv:1106.5515
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negative parity

Most close to ideally mixed
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What about multi-particle states?

Infinite Volume

Infinite Volume

Continuous spectrum

Err(p) = 2\/m72r + 152
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What about multi-particle states?

Infinite Volume

Infinite Volume

Continuous spectrum

Err(p) = 2\/m72r + 132

Finite Volume Finite Volume

Cubic box with periodic boundary conditions

. L 27
Quantised momenta D= L—(nm,ny,nz)
S

— Discrete spectrum
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What about multi-particle states?

Boxes — extracted meson levels (I=1)

~ 700 MeV
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What about multi-particle states?
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N;=3, M, ~ 700 MeV

Boxes — extracted meson levels (I=1)

Dashed lines — non-interacting
two-meson levels o

Eap(p) = /m3 + 7% + ym3 + 7
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What about multi-particle states?

Boxes — extracted meson levels (I=1)

Dashed lines — non-interacting

two-meson levels o
p = 7(n$9ny;nz)
Ls

Eap(p) = /m3 + 7% + ym3 + 7

m,/mg

No clear evidence for two-meson states

Need ops that ‘look like” two-mesons

Onn =Y Y1) Ox(p) Or(—p)
25
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Scattering in a box

Euclidean time: can’t directly study dynamical properties like widths

Lischer: (elastic) energy shifts in finite volume = phase shift

AE(Ls) — 6(E, L)
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Scattering in a box

Euclidean time: can’t directly study dynamical properties like widths

Lischer: (elastic) energy shifts in finite volume = phase shift

AE(Ls) — 6(E, L)

Extract phase shift at discrete E

Map out phase shift 2>
resonance parameters (mass, width)
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7t |=2 spectrum

PR D83, 071504 (2011)
M_~ 400 MeV

+ similar diagrams

‘Distillation’ for efficient computation

PR D80 054506 (2009)
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7t |=2 spectrum

PR D83, 071504 (2011)
M, ~ 400 MeV

+ similar diagrams

‘Distillation’ for efficient computation

PR D80 054506 (2009)

Orn = > Y11 (25 Ox(p) Ox(-p)
2
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7t |=2 spectrum

PR D83, 071504 (2011)
M, ~ 400 MeV

+ similar diagrams

‘Distillation’ for efficient computation

PR D80 054506 (2009)

Orr = ZY[],V[(Qﬁ) Or(p) Ox(—D)
25
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7t |=2 spectrum

PR D83, 071504 (2011)
M_~ 400 MeV
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nt |=2 scattering length
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Summary and Outlook

Summary
» Extensive isoscalar meson spectrum
e Exotics and non-exotic hybrids, high spin, excited states
* Flavour mixing angles

* Multi-meson operators — it =2 phase shift mapped out

Outlook
* Include glueball operators; A,** (0**) channel
e Other scattering channels — map out resonances
* Lighter pion masses, larger volumes, ...

.geff;?son Lab
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Prin. Corr. M ¢

PR D83, 111502 (2011)

(') = 0. 1580(30)

- %

= 0.1025(5

M, s r(t) = —In [A(t + 6t) /()] /dt
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Mixing Angle

PR D83, 111502 (2011)

In) = cosa [y — sina|s)

In") = sina|l) + cos a|s)




Correlators

PR D83, 111502 (2011)
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