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Characterization of hadrons
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e Spin - parity identification, e.g. 1-+ exotic channels
e Masses
e Couplings to hadronic decay channels

e Couplings to electroweak currents

FDSA 2022 - JLab, USA Nov 16th 2022



Infinite Volume transition amplitudes from lattice QCD
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Scattering in the finite volume
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det (F_l(Env L)+ M(En)) =0

Known geometric function

Finite volume correlation
function poles in
momentum space




wv( Finite volume corrections

Infinite volume: Watson's theorem.  H(s) = Aga(s) M(s)

o I = ettt X

Finite volume: Lellouch-Luscher factor.
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*Up to exponentially small corrections
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Infinite volume extractions

L | fa = .076fm
- | Fa = .064 fm

[arXiv:1808.05007] Andersen, Bulava, etal.
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Infinite volume analytic structure: W
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A singularity structure in s channel loops not
present in the two-body scattering amplitude

*
o* ‘e
. *
N *
)3
.
L4
” S
* .’
0. “
“agpnt®

FDSA 2022 - JLab, USA Nov 16th 2022


https://arxiv.org/abs/2012.13338

Infinite volume analytic structure: W
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Infinite volume analytic structure: W
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Infinite volume analytic structure: W
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Infinite volume analytic structure: W
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Infinite volume analytic structure: W
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Infinite volume analytic structure: W

E%/m
2.6
2.5
P —k P, —k .
Fg= O
° — :0’ ““ 22
P <« » € Pl
! ?, g 2.1
."-....-l“‘ IIIIIIIIIIIIIIIIIIIIIIII i ) E*
\/ 1.90 1.95 E 2.05 2.10 2.15 220 2.25 z/m
k 1.9
S Ef/m
200.02 - 2.2
=
CE;S 0.01 -
S
OOO T T T T T T 1
1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.0
)]
20
= 0.05 7
o0
<
E
s
0.00 . . ! ! ! . !

1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6

FDSA 2022 - JLab, USA Nov 16th 2022 E



—_— .0 “
. . 2.2
L] . A

Infinite volume analytic structure: W
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Resonance form factors
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[arXiv:2202.02284] FO, etal

Two current insertions
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Finite volume two-hadron transitions
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Finite volume corrections of the triangle diagram
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[[arXiv:1812.10504] FO, etal.

Finite volume corrections of the triangle diagram: G
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[[arXiv:1812.10504] FO, etal.

Finite volume corrections of the triangle diagram: G
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[[arXiv:1812.10504] FO, etal.

Finite volume corrections of the triangle diagram: G
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Finite volume corrections of the triangle diagram: G
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Brick-Wall frame: one-body FFs
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The relationship between multipoles and Lorentz FFs is well
known for arbitrary spin

[Lorce, 2009] 2y _ 1 2y @7 2
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A toy example: the Deuteron electric charge
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e Matrix elements: more L

significant volume
dependence from G even
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Verifications of the formalism

e Perturbative systems [R. Bricefio, M. Hansen, A. Jackura (2020)]

5
6
L* (Eo|T|Eo), = ) L—J O(1/L%)
7=0
e Consistent with Feynman-Hellmann theorem.

e Matches with the results of a perturbative interaction.

° Wa rd identities. .Forwa rd ||m |t [R. Briceno, M. Hansen, A. Jackura (2019)]
[A. Jackura, FO (in preparation)]

(En|QEn) , = tr(R(E)WL(En, En, Q%))

R ox Wi
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Summary and outlook

Lattice QCD offers a great opportunity to measure
hadronic and electroweak properties of the QCD
spectrum which complement experimental efforts.

Analytic structure of two-body amplitudes in the infinite
volume drives finite volume corrections of the lattice.

First calculations at heavier-than-physical pion mass
lattices have shown the feasibility of this research

direction.

FV corrections can be significant even for bound states.
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