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Lattice spectroscopy - state of the art

Stable states (w.r.t. QCD) are generally well
understood - calculations at physical
masses in many quantum numbers

Highly-excited states
- see talk by Gavin Cheung - today 11:

This talk:

- isoscalar resonances
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- extracting complex poles & couplings from scattering amplitudes
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How do we understand the scalars?
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o and k are broad (width ~ mass)

f0(980) and ag(?80) lie very close to
KIZ threSh(')ld CERN-Munich, ANL, BNL,NA48

In the scalar sector, amplitudes grow
rapidly from threshold:

kfffl /MeV
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| |
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Threshold effects are also essential to understand puzzling states:

A(1405) — Em Ap ~ T0MeV
NK Ap ~ 30MeV
X(3872) DD* Ap ~ IMeV

w1

mrm [y What about state composition?

USANS
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Lattice QCD provides a first principles method to access these resonances

Work in a finite Euclidean volume L with a lattice spacing a

Compute matrices of correlation functions with many operators

Cij = (0] 0:(1)0}(0) |0)

Obtain the finite volume spectrum using a variational method

Ci '(t)?); = )\(t)nC’ij (t())?}; — )\n ~ eXp(—Ent)

The infinite volume scattering t-matrix is determined from the finite volume spectrum
by extensions of Lischer’s method

In the calculations that follow m;=391 MeV
- suppresses some of the difficult many (=3) hadron channels



Isoscalar scalar SpeCtl‘a David Wilson (TCD) soscalar resonances 9/26

(000] AT [100] 4, [110] 4,

0.24

0.22

0.20

0.18

0.16

0.14

0.12

0.10

conservatively 57 energy levels
dominated by S-wave interactions



Isoscalar tensor spectra
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An example S-wave spectrum fit ,07;,0j ‘tij ‘
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Using the coupled-channel extensions of Lischer’s method:

det[1 4+ ip(E) - t(E) - (1 +iM(E,L))] =0



The amplitudes

An example S-wave spectrum fit
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2
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Reproducing the spectrum

An example S-wave spectrum fit
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Reproducing the spectrum

An example D-wave spectrum fit
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An example S-wave spectrum fit ,inj ‘tij ‘
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The amplitudes

Near a t-matrix pole

tij ~
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Tensor resonance poles

Near a t-matrix pole
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Tensor resonance poles
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The lightest tensors

of QCD at m=391 MeV
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The lightest scalars of QCD at m;=391 MeV
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Summary

We have extracted S & D wave scattering
amplitudes for coupled-channel nn, KK, nn
scattering.

We find analogues of fp and f» resonances
and are able to extract pole positions and
residues - giving the coupling to each
channel.

The 6 appears as a bound state which
strongly influences nn channel, and the fg
as a dip around KK threshold, similar to
experiment.

The D-wave features two narrow 15
resonances, one that couples mostly to nn
and the other to KK.
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Many exciting possibilities and
interesting challenges to overcome

e higher resonances

e charmonium

e many coupled-channels
e three-body formalism
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CERN-Munich, ANL, BNL
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Amplitude poles

Near a t-matrix pole

Lij ~
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Scalar resonance poles
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excited states seen as resonant enhancements
in the scattering of lighter stable particles

Tl': :Tl'
LI} 1T

infinite volume  ————3C— I

Bound states Meson-meson continuum

Finite volume ~ ——J—3€ >¢ >—X > F
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@X—X X—HK—K— =

Infinite volume phase shifts from a finite volume

_ b _ob
WO)={L), | =] X
L
sin (p_ + 6(p)) =
2
2. 2
S
p=———15P
73/2¢
Phase shifts via the Lischer method: tan o, =
Zoo(1;¢%)
1
Zo0(1;¢%) =
OO( » 4 ) Z \ﬁ]2—q2
nez3

Multiple channels:

det [1 +ip(F)-t(F) - (1 +iM(FE,L))] =0
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¢ T — T 7T7T_—>K[_(
~\ KK >t KK —- KK

det [1 +ip(E) - t(E) - (1 +iM(E,L))] = 0

determinant condition:

- several unknowns at each value of energy

- energy levels typically do not coincide

- underconstrained problem for a single energy

one solution: use energy dependent parameterizations
- Constrained problem when #(energy levels) > #(parameters)
- Essential amplitudes respect unitarity of the S-matrix

STS:]_ — Imt_l = —p pii = 0ji—t

K-matrix approach:

tT =K ! — 10
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Several methods - many challenges similar to experimental analyses
e \Weinberg method, uses renormalisation factor Z
Useful for bound states - distinguishes composite meson-meson vs compact
* Morgan pole counting
Generalisation of Weinberg - one pole ~ molecular, vs two poles ~ compact
* Photocouplings - determine radial extent
® Decay constants
* N. dependence
qq states become stable, meson-meson sink into continuum - Pelaez et al
* m; dependence

How a near-threshold state reacts to changes in the masses can give clues
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Several methods - many challenges similar to experimental analyses

e \Weinberg method, uses renormalisation factor Z

Useful for bound states - distinguishes composite meson-meson vs compact

* Morgan pole counting

Generalisation of Weinberg - one pole ~ molecular, vs two poles ~ compact

determine radial extent
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e \Weinberg method

Useful for bound states - distinguishes composite meson-meson vs compact

1—-2 1
a = —2 Z =1 ~ compact

2 — Z /me€
Z 1

/Z = 0 ~ molecule

 Morgan pole counting

Generalisation of Weinberg - one pole ~ molecular, vs two poles ~ compact
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pseudoscalar nonet

a7 ("So) KU

K+

vector nonet ¢q (°S1)

K*(892) K*(892)

$(1020)

p(770) p(770) p(770)

w(782)

K*(892) K*(892)



