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Reduced symmetry

Finite cubic lattice with periodic b.c.s — reduced sym.
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Variationally optimised meson ops

For each i, A: variational analysis with large basis of fermion-bilinear ops.

QT o Zv,i(n)O;f

n‘th eigenvector = optimal operator for n’th state
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Variationally optimised meson ops

For each i, A: variational analysis with large basis ot fermion-bilinear ops.

n‘th eigenvector = optimal operator for n’th state
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Hadron-hadron (or multi-hadron) operators

Oh (P)= 3 3 C(P.A ik, Ay p1i ko, Ag, o) O, (K1) O (ko)
HLH2 B Fo

[PR D86, 034031 (2012)]



Hadron-hadron (or multi-hadron) operators
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Could be: simple fermion-bilinears, optimised ops, multi-hadron ops, ...
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Hadron-hadron (or multi-hadron) operators
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Could be: simple fermion-bilinears, optimised ops, multi-hadron ops, ...

‘Generalised Clebsch-Gordans’” A1 & Ao — A
A1 € LG(k1), N> € LG(k>), A € LG(P)

(calculate using induced representation)

[PR D86, 034031 (2012)]



Hadron-hadron (or multi-hadron) operators

o\ ,;.;(P) = > > C(P,A, p; k1, A1, 115 ko, Ao, p12) @A ,ul(kl) @I\zﬂz(%i
B1,82 3 k1, k‘g

Could be: simple fermion-bilinears, optimised ops, multi-hadron ops, ...

‘Generalised Clebsch-Gordans’” A1 & Ao — A
A1 € LG(kp), Ao € LG(k2), A € LG(P)

(calculate using induced representation)

— — —

Sum over all kl, kg related by allowed lattice rot. such that P = k1 + k>
(Rk1,2 VReE LG(P) )

[PR D86, 034031 (2012)]



Hadron-hadron (or multi-hadron) operators

KLH2 K K,

Could be: simple fermion-bilinears, optimised ops, multi-hadron ops, ...

‘Generalised Clebsch-Gordans’” A1 & Ao — A

A1 € LG(ky), N € LG(k2), A € LG(P)

(calculate using induced representation)

Sum over all 121, EQ related by allowed lattice rot. such that P = El + 122
(Rk1o VR € LG(P))

Why this approach?

* Don’t mix different A,

e Can use optimised single-hadron ops

e Can iteratively construct >2 hadron ops [PR D86, 034031 (2012)]


















l N- i [Woss, CT, Dudek, Edwards,
pT[ ISOSpIn 2 Scatterlng Wilson, JHEP 1807, 043 (2018)]

Different partial waves with the same JP can mix
dynamically. E.g.JP =1*(»*1¢,=3S,, 3D,), J’ =27 (°P,, °F,)

] 3511) t(gsrl BDl.)

t(*S1|°D1) t(°D1|°Dy)
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[Woss, CT, Dudek, Edwards,

pPTL ISOSpIn-2 scattering Wilson, JHEP 1807, 043 (2018)]

Different partial waves with the same JP can mix
dynamically. E.g.JP =1*(»*1¢,=3S,, 3D,), J’ =27 (°P,, °F,)

t(:3511 3511) t(f%srl fﬁDl)]
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Finite-volume lattice QCD
calculations: reduced symmetry
—additional ‘mixing’
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PTT ISOspin-2 scattering

[JHEP 1807, 043 (2018)]
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[JHEP 1807, 043 (2018)]

PTT iISospin-2 scattering — spectra
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pT isospin-2 scattering — spectra PHER 807, 043 (2018
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pT isospin-2 scattering — amplitudes PHER 807, 043 (2018

1
vem __.-] )

(K~ (s)] + dger I(5)

1,
[r (S ]} 0Jeg (2]

¢Jer T [: 91 } Iz
“hvem

‘."i‘." |: :EE 7 :;-‘E':F )

}—Lr i o i o e ) -1 E: 4 3 oF T
egeg(s) = N e () §"

n=0




pT isospin-2 scattering — amplitudes PHEPASET 043 (2018
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pT isospin-2 scattering — amplitudes PHEPASET 043 (2018
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c.f. guark model [Barnes, Black,
Swanson, PR C63, 025204 (2001)]
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[JHEP 1807, 043 (2018)]

PTT isospin-2 scattering — amplitudes




pTt isospin-2 scattering —3S,,3D,; mixing angle
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pTt isospin-2 scattering —3S,,3D,; mixing angle
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pTt isospin-2 scattering —3S,,3D,; mixing angle
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Summary

* Progress in determining scattering amplitudes from
lattice QCD — hadrons with non-zero spin

e p T isospin-2 scattering with dynamically-coupled
3S,, 3D, partial waves

Antoni (next talk): w misospin-1 and the b,

Other channels... ha Spec
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Hidden-charm I=1 (CEH_) [JHEP 1711, 033 (2017)]
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Hidden-charm I=1 (ccll)

[JHEP 1711, 033 (2017)]
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Doubly-charmed 1=0 (CCU) [JHEP 1711, 033 (2017)]




Doubly-charmed 1=% (ccls )

>
)

=
>
o
—_
Q
-

LUl

[JHEP 1711, 033 (2017)]

23



Doubly-charmed
1=0 (ccll)

[JHEP 1711, 033 (2017)]
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Summary

* Progress in determining scattering amplitudes from
lattice QCD — hadrons with non-zero spin

* p misospin-2 scattering with dynamically-coupled
3S,, 3D, partial waves

* Antoni (next talk): w mtisospin-1 and the b,

* Charm tetraquarks (spectra only)

* Other channels... ha SpeC
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