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@® CPviolatingdecays: K — nn, K — nnr, D — zr, KK, (zrrnn), . . .

O First-principles nuclear interactions.
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O How to extract S-matrix elements from Lattice QCD:

® Two-particle scattering in finite volume
, ® Lattice results for three particles
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| O Lattice QCD is the state-of-the-art treatment of the strong interaction at hadronic energies

Lattice spacing

® Euclidean time: action has statistical meaning

£ = JDwDWDAe

@® Discretize gauge fields and fermion fields:

—> Under control but technical
(e.g., discretization effects and continuum limit)

@® Compute correlation functions

, (O(1)0(0)) = % JDlepDA O(1)0(0)e
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with periodic BC
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O Fully general formalism exists up to date:

80

Hot %QF?E,{: LA
Lattice QCD

@® Multichannel, non-identical 2 — 2 scattering for 60
h particles with spin in all partial waves. Including
i

for weak decays, such as K — 7w (Lellouch-Liischer)
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@® Many people have contributed over the years:

Rummukainen and Gottlieb
Kim, Sachrajda and Sharpe

Gockeler, Horsley, Lage, Meilner, Rakow, Rusetsky, Schierholz, Zanotti
Briceno
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l. F,and & 43 parametrize interactions.
They can be obtained from the spectrum ?

[Hansen, Sharpe] |

Alternative approaches:
[Mai, Doring], [Hammer, et al.]
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Spectrum 1 l. % ,and A 4f3 Parametrize interactions.
3 They can be obtained from the spectrum ﬂ
E, ; [Hansen, Sharpe] |

Alternative approaches:
[Mai, Doring], [Hammer, et al.]
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2. Solve integral equations to obtain K s K df3 mee—
S the physical three-to-three amplitude ’ Inteqral
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| Derived by [Hansen, Sharpe]

Solved in [Briceno et al] , [Hansen et al.], [Jackura et al.]
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, : : : : - : q 2
, O Parametrize %dﬁ3 including only s-wave interactions: MCOt 8y = P (By+ Big” + )
4
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1950 - Linear fit “
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, O Parametrize %dﬁ3 including only s-wave interactions: Mcotéo = (By+ Big” + )
4
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5 -11.1(7) -2.4(3) 1 (fixed) 550(330) -280(290) 26.04/(22-4) 0.090(5) 2.57(8) df3 = S gy T s OM?2 ,
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1. 20 evidence for K a3 7 0.
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O Parametrize %df3 including only s-wave interactions:

Fit By B1  23/M? MPKiYy MPKipy  x°/dof  Mao MP’rao

5 -11.1(7) -2.4(3) 1 (fixed) 550(330) -280(290) 26.04/(22-4) 0.090(5) 2.57(8)

2 iS0,0 : iso —
1500 - M de,g i * Kis(E)=0
| LO xPT

1950 4 Linear fit

1000 ~

750 1

—800 —600 —400

1. 20 evidence for K a3 7 0.
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O On alater article, the chiral dependence of %df3 has been studied, including physical pions.
[Fischer, Kostrzewa, Liu, FRL, Ueding, Urbach (ETMC) ]
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. O On alater article, the chiral dependence of %dﬁ3 has been studied, including physical pions.
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. O On alater article, the chiral dependence of %dﬁ3 has been studied, including physical pions.
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, O Other simple systems can also be studied: 2K+ & 3K*

O Many energy levels that allow for s- and d-wave interactions to be extracted! ?
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, O Other simple systems can also be studied: 2K+ & 3K*

O Many energy levels that allow for s- and d-wave interactions to be extracted! ?
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