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meson-meson scattering




recap: pseudoscalar-pseudoscalar scattering 4

LQCD very successful last decade in pseudoscalar-pseudoscalar scattering calculations:

Elastic scattering:
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recap: pseudoscalar-pseudoscalar scattering

Coupled-channel scattering:

{rn, KK} — {mn, KK}
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Many more examples in the charm sector...
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challenge: vector-pseudoscalar scattering 6
Scattering hadrons with non-zero intrinsic spin much more complicated:

- Many partial-waves feature, e.g. vector-pseudoscalar scattering

- Resonances at higher energies, more coupled hadron-hadron channels

fthese are some of the challenges that | tackled in my thesis...



the b1(1235) /

Mass m = 1229.5 + 3.2 MeV
Full width ' = 142 + 9 MeV

by (1235) DECAY MODES Fraction (I';/T)
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« [D/S amplitude ratio = 0.277 + 0.027]
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} very interesting resonance and great for a lattice calculation...§



brief overview: lattice QCD 8

what is lattice QCD?

Lol
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lattice QCD is QCD under controlled approximations:
- finite lattice spacing
- finite spacetime volume (a finite box)

- choice of action parameters, including quark mass

| we use lattice QCD as a means to compute correlation functions...

J



brief overview: lattice QCD 9
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variational method:
- compute a large matrix of two-point correlation functions with desired quantum numbers

- diagonalise the matrix and obtain the excited finite-volume spectrum



spectrum: b1
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Work at heavier-than-physical
light quarks masses:

my ~ 391 MeV

Isoscalar vectors are stable:

my ~ 881 MeV
m¢ ~ 1017 MeV

(n|O]0)



spectrum: b1
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Work at heavier-than-physical
light quarks masses:

my ~ 391 MeV

Isoscalar vectors are stable:

my ~ 881 MeV
m¢ ~ 1017 MeV
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spectrum: b1 12

36 lattice energy levels used to constrain the scattering amplitudes
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overview: scattering calculations in lattice QCD 13

How is it done?

. finite-volume }
.  spectra |

det |1 +ip(E)

phase-space

“matrix of known
t finite-volume functions }

{ scattering 3

L matrix p

- difficult problem! parameterise energy dependence of scattering matrix
and vary amplitudes until best description of lattice spectra is found
¥ time to look at an explicit calculation... {




Work at heavier-than-physical light quarks masses:

- isoscalar vectors are stable 1M, ~ 881

me ~ 1017 MeV

M

- consider three-coupled meson-meson channels

Ww{Ssl} Ww{SDl} ﬂ_¢{351} 7T¢{31)1}-OZIsuppressed

eV

m, ~ 391 MeV

- centrifugal barrier suppressed



calculation: b1 15
Work at heavier-than-physical light quarks masses: M. ~ 391 MeV

- isoscalar vectors are stable M, ~ 881 MeV
mg ~ 1017 MeV

- consider three-coupled meson-meson channels

coup.é aron-a”ron
t(?TCd{le}|7Tw{351}) t(ﬂw{351}|7rw{3D1}) t(ﬂw{351}|7rqb{351})

t = t(ﬂw{SDl}\mv{SDl}) t(ﬂw{SDl}\ﬂ¢{351})
t(rp{S1}|mp{>S1})



calculation: b1 16
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calculation: b1 17
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calculation: b1 18
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summary 19
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