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[Endres et al., PRA 84, 043644 (2011)]

Tunable two-particle interaction model

Discrete, finite volume

Continuum, infinite volume

e Non-relativistic system fermions e Finite volume transfer operator
o Contact two-particle interaction ol Tl — Opp Oaqr + 226t g pitar
VQ / /
e (i@t ; 2M>w+go ) VEMDE(@E(d)E)
e Single particle dispersion fixed to
Y 1 2 flavors + 2 spin components continuum values  £0)~" = exp(—p*/(2M))
e Deuteron-like two particle states e Momentum is quantized to pbc
2
pg) < (|p™ T.p) @ |n° Lig) + |pt Lp) ® |[n” 1, q)) p = %[ng@, ng,n,]  nie€{(L-1)/2,..., L/2}

For modest volumes -10, transfer operator can be diagonalized exactly!
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Finite Volume Spectrum
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Coupling independent energy levels

Non-relativistic systems have non-
interacting degeneracies that lead
to FV states with fixed energy.

det(M~' + F) =0
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Luscher Quantization Condition det(M™! + F) =0
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Bound state pole peotd] ., 4k =0
e Infinite volume phase-
shift as a function of c. 02- 6044
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Two-body Finite Volume Matrix Elements
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[Bricefio et al., PRD 94, 013008 (2016)]

Finite volume to infinite volume

ISI / FV norm
IE¢,L|J|Ei,L" = RY?(E;, L)W, (Ef,E;, L)RY2(E;, L)

FSI/ FV norm
| Short-range |

dynamics

W (Ef Ei,L) = A22(Ef , ) f aG(Es,Ej,L)

Infinite volume
form factor:

2
(6(Q)= @ Am(Q)+fa §Q)1 2Z@)

E: + E; E

Triangle function: ...
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Ground state LL factor
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Lines show the large volume limit: .
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Short-range dynamic function

e Mild virtuality
dependence in sharp
contrast to FV matrix
elements.

e Appears to tend
toward zero as the
state becomes
unbound.
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Bound state form factor: fg(Q?) vs. 'Ef,L|JJ|E;,L"

Finally we can extract the bound state ff: Q\}H\E\gg\;\i\
C
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Summar and Conclusion

fg (QZ) vs. 'E¢,L|J|E;, L"
We calculated finite volume energies and matrix

elements for a system with a tunable bound state. M

0.8

We showed the the impact of finite volume effects as a

0.6-

function of binding energy, recovering the expected
result of negligible effects for a deeply bound state.

0.4

0.2

Finite volume effects can be substantial at low binding

0 3 6 9 1.2 15

energy. This is relevant, for example, for the analysis of
nuclear matrix elements in the lattice.
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