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Meson Spectroscopy

BESIII

Exotics (JP¢=1-%,2+-,...)? — can’tjustbeaqq pair

Probe low energy d.o.f. of QCD e.g. hybrids, multi-mesons
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Charmonium

Use variational method with large basis of operators

Dynamical (unquenched) calculation [N¢ = 2+1]
Anisotropic — finer in temporal dir (a./a, = 3.5), a,~ 0.12 fm

Two volumes: 163, 243 (L, ~ 1.9, 2.9 fm)

M. ~ 400 MeV

Only include connected contributions

£Xd
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Charmonium

Use variational method with large basis of operators

Dynamical (unquenched) calculation [N; = 2+1]

Anisotropic — finer in temporal dir (a./a, = 3.5), a,~ 0.12 fm
Two volumes: 163, 243 (L, ~ 1.9, 2.9 fm)
M. =~ 400 MeV

£Xd

Hadron Spectrum Collaboration — lattice details: PR D78 054501, PR D79 034502

Only include connected contributions

JHEP 07 (2012) 126 — Liuming Liu, Graham Moir, Mike Peardon, Sinéad Ryan, CT, Pol Vilaseca;

Jo Dudek, Robert Edwards, Balint Jod, David Richards
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Charmonium — volume comparison
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qq in L=1, with gluonic 1*-
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c.f. light mesons [PR D84, 074023 (2011)]
and baryons [arXiv:1201.2349]
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c.f. light mesons [PR D84, 074023 (2011)]
and baryons [arXiv:1201.2349]
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Infinite Volume

Scattering in a box

Infinite Volume

Continuous spectrum

Err(p) = 2\/m72r + ﬁz
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Scattering in a box

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 7 — L—(nx,ny,nz)
S

— Discrete spectrum
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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

(B = QL (200 _ 1) = L6 gin 5,(B)
1P p

AFE(Ls) — 6(F, 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

(B = QL (200 _ 1) = L6 gin 5,(B)
1P p

AE(Ls) — 6(E, Ls)
Extract phase shift at discrete p_,
Map out phase shift 2

resonance parameters
(mass, width), decays
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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

(B = QL (200 _ 1) = L6 gin 5,(B)
1p p

AE(Ls) — 6(E, Ls)
Extract phase shift at discrete p_,
Map out phase shift 2

resonance parameters
(mass, width), decays

0, X(3872), Z+(4430), ...
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Isospin-2 mtt scattering

Testing new methodology with tm in isospin-2

+ similar diagrams

arXiv:1203.6041 [to appear in PRD] — Jo Dudek, Robert Edwards, CT
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Isospin-2 mtt scattering

Testing new methodology with tm in isospin-2

+ similar diagrams

O(P)= Y CA(P,p1,P2) Ox(P1) Ox(p2)
DP1, P2

P=p;+p P=1I[0,0,0], [0,0,1], [0,1,1], [1,1,1]

arXiv:1203.6041 [to appear in PRD] — Jo Dudek, Robert Edwards, CT
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7t 1=2 scattering: L=0

2

0.002 0.004 0.006 0.008 0.01 0.012 0.014
I I I I 1 I I (at pcm)

P = [000
aLlag=24| - 000
P = [100] scat. len.

o L/as =16

[110] eff. range

(.

M, ~ 400 MeV arXiv:1203.6041




7t 1=2 scattering: L=0

0.002

0.004

0.006

0.008

0.01 0.012

-

aLlas =24
o L/as = 20
o L/as =16

(.

[000]
[100]
[110]

scat. len.
eff. range

M.~ 400 MeV

0.014
T (at pcm)

arXiv:1203.6041
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7t 1=2 scattering: L=0

0.002

0.004

0.006

0.008 0.01 0.012 0.014 2
T T T T (at cm)

p?'tlcotdy(p) = = + —p2 + 0(p*)

mr - ap—g = —0.307 £ 0.013

Sl Al 1 )—0 — —0.26 £ 0.13
eff. range

M, ~ 400 MeV arXiv:1203.6041




7t 1=2 scattering: L=0

0.006

0.002

0.004

0.008 0.01 0.012 0.014 2
T T T T (at pcm)

1 7
P cotdp) = -+ 57" + 006"

mr - ap—g = —0.307 £ 0.013

Sl Al 1 )—0 — —0.26 £ 0.13
eff. range

mqg - ay—g = —0.285 £ 0.006

M, ~ 400 MeV arXiv:1203.6041




ntrt 1=2 scattering: L =2

0.002 0.004 0.006 0.008 0.01 0.012 0.014 2
T T T T T T T (at pcm)

=g

P = [000]
[100] [— scaft. len.}
[110]

P
P

M, ~ 400 MeV arXiv:1203.6041




ntrt 1=2 scattering: L =2

0.002 0.004 0.006 0.008 0.01 0.012 0.014 2
T T T T T T T (at pcm)

=g

s L/as=24 | P =[000]
o L/ag = 20 [100] [— scat. len.]
°L/as =16 [110]

(.

P
P

m2 - ay—p = (—1.89 + 0.53) x 10~°

—

M, ~ 400 MeV arXiv:1203.6041




nrt 1=2 scattering: L=4

0.002 0.004 0.006 0.008 0.01

0.012

0.014
! (at pcm)2

a Llas =24
o L/as =20
o L/as =16

P = [000]

P = [100]
P = [110]

M_~ 400 MeV

arXiv:1203.6041
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Charmonium — principal correlators

A(t) - em(t—to)
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Charmonium — hybrid candidates




Charmonium

13p, {*NR:PNR) X D.[rz=]z

— supermultiplets

e, (mng-PNR) X DY
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Charmonium — O(a)




Dispersion relation —n_




Dispersion relation — D

£,=3.38(3)




Charmonium systematics — t,




Charmonium systematics — t,

B 8 8 8 8
a;m=0.53726(4)

arm=0.6464(11) (£x3) |
bob g
bod @
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243, T,




Charmonium systematics — t,




Charmonium systematics — N

vecs




Charmonium operators
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