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Why th e b 1 ? David Wilson (TCD) b, resonance 2/22

‘natural’ spin-parities: JP — ()“'“’ 1_7 2_|_7

e.g.: 0(600), p(770), f2(1270)

seen in pseudoscalar-pseudoscalar scattering

‘unnatural’ spin-parities: JP =0, 1+, 2, ...

e.g.:m,a1(1260), as(1320)
b1 (1235),

needs something more than pseudoscalar-pseudoscalar
e.g.: pseudoscalar-vector scattering or three-body scattering

experimentally the b1(1235) is the lightest axial vector resonance

important step on the road to understanding highly excited states
- e.g.: hybrids



what's the b41?

In the quark model:

b1 qq (1P1)
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dynamically coupled amplitudes David Wilson (TCD) by resonance 4/22
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the b1 on the Iattice David Wilson (TCD) b, resonance 5/22

In the quark model:

_ —> TTW —> TT\TTTTT
b qq (“Py) JEC =1t- ()

cf: ai qq (3P1) JPC — 11T — T

working at a heavier than physical pion mass:

m, = 391 MeV
m,, = 881 MeV

My, < 3My —> wisstable

earlier studies:
Lang et al JHEP 04 162 (2014)
Michael & McNeile PRD 73 074506



operator bases David Wilson (TCD) b1 resonance 6/22

optimised operator formed from the
eigenvector from the variational method,

e.g.: er _ Zvi();r

local qg-like constructions v

oD D

these “two-hadron” parts
constructed from

two-hadron three-hadron s e | e
constructions constructions ao, p, K* variational analysis
Z C(p1, p2; P) 2z (P1) Qw(P2) Z C(P1, Do P)r (71) Qu, (P2) contains both meson-meson

Pi+Pa€R PiLtpacp and local qg-like constructions




Iatti ces David Wilson (TCD) b1 resonance 7/2 2

3 volumes: 2 - 3 fm used in many calculations to-date
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spectrum
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Extracting the t-matrix David Wilson (TCD) by resonance 11/22

Direct extension of the elastic quantization condition

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

infinite volume scattering known finite-volume

hase space .
P P t-matrix functions

Elastic scattering: Lischer 1986,1991
Generalised to moving frames: Gottlieb, Rummukainen 1995
Unequal masses: Prelovsek, Leskovec 2012

Many derivations of the coupled-channel extension, all in agreement:
He, Feng, Liu 2005 - two channel QM, strong coupling

Hansen & Sharpe 2012 - field theory, multiple two-body channels
Briceno & Davoudi 2012 - strongly-coupled Bethe-Salpeter amplitudes
Guo et al 2012 - Hamiltonian & Lippmann-Schwinger

Also derivations in specific channels, or for a specific parameterization of the interactions like
NREFT, chiral PT, Finite Volume Hamiltonian, etc.

Briceiio 2014 - Generalised to scattering of particles with non-zero spin, and spin-'.

Significant steps towards a general 3-body quantization condition are being made



Extra Cting the t-matrix David Wilson (TCD) b1 resonance 1 2/22

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

determinant condition:

£ — Tm — T mr — KK
“\ KK 5 KK — KK

- 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

_ 2k;
STS: 1 — Imt L — —pP pij:(sijE—Z
cm
K-matrix a h: -1 _ —1 .
pproach: t — K — 1P
g:ae:;";/lpaancdjlﬁam t—l — K—l + J  useadispersion relation to generate a real

part from ip

® any form real for real energies is valid
® we use a broad selection of K-matrices
® neglects left-hand cut



am p I itu d es David Wilson (TCD) b resonance

13/22

5/°

180

150

120

90

60

30

0

t(ww{351}|7rw{351})

.5\

%
= |
i

e.g.: single-channel K-matrix with one pole: x*/Naot =

15.1
20 — 2

= 0.84



amplitudes

6 /°

180

150

120

90

60

30

0
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am p I itu d es David Wilson (TCD) b, resonance 1 5/2 2
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spectral analysis David Wilson (TCD) b1 resonance 16/22
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levels from the determinant David Wilson (TCD) b resonance 17/22
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poles & Couplings David Wilson (TCD) b1 resonance 18/22
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pole evolution David Wilson (TCD) b, resonance 1 9/22
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3-body energies
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5 coupled amplitudes

treating p, K* as stable states

useful to check that the mnw,
amplitudes are insensitive to the
effects of these nearby channels

resonance pole position is robust

David Wilson (TCD) b1 resonance 21 /22
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summary David Wilson (TCD) b, resonance 22/22
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b acC ku p David Wilson (TCD) b1 resonance 2 3/2 2




]'[K at four masses David Wilson (TCD) b, resonance 24/22
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