Finite volume corrections for form
factors of two-nucleon systems
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Nuclear fusion

Describing hadrons
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Proton radius puzzle
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Neutrinoless double-beta decay




Nuclear processes in a box

[Phys. Rev. Lett. 119, 062002] by the NPLQCD Collaboration.

pionless EFT
4 —
—d+e
Unphysical mass: deeply bound states pp + I/e

B ~ 30 MeV
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Finite Volume discrete spectrum

Single hadron propagation
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Finite Volume discrete spectrum

Single hadron propagation

~ 0.0705 X2/Ndof 0.9
\\\ \\
™ N\
RN N N
\\\ \\\ 0.07 |
N\ N '
NOIN NN
\E\ \E\ -
N\ N\ S
¢ 0.0695
S
O 1 S __
0.069 |- L]
1 " aymg(00) = 0.06906(13)
7T P ~
2pt( ) P2 o m(L)2 0.0685 |-
L ~ —m(OO)L L ' ! !
m( ) ~ m(OO) + CE€ 15 20 25 30 L/a,

|[HadSpec Collaboration, 2012]

Lattice 22 — Aug 8" 2022 — Felipe Ortega-Gama — W&EM

V777777



https://arxiv.org/abs/1203.6041

m - @ Finite Volume discrete spectrum

Two-hadron propagation
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Finite Volume discrete spectrum

Two-hadron propagation
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https://arxiv.org/abs/1507.02599
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Two-hadron propagation
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https://arxiv.org/abs/1507.02599

m - @ Finite Volume discrete spectrum

Two-hadron propagation
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https://arxiv.org/abs/1507.02599

i~ . Finite Volume: matrix elements

Two-hadron current insertion
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F_l(Pf, L) n M(PJ%)WL F_l(Pi, L) I M(Piz) |Briceiio, Hansen, 2015]
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https://doi.org/10.1103/PhysRevD.94.013008
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https://doi.org/10.1103/PhysRevD.100.034511

On shell projection of the triangle loop
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Brick-Wall frame: one-body FFs 1, )
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The multipole expansion of currents in the BW frame:
Spinors + EM current:
[Durand et al.,, 1962] )‘ Bw(kf k. ) — 2mN Z (1/2 i 1/2> MJ (Q ) Charge, and magnetic dipole
gg ) o )

The relationship between multipoles and Lorentz FFs is well known for arbitrary spin

[Lorce, 2009]

1 Q?
I 2 2 | M 2
(@) = 1 goi (C@) + 12 (@) )
irac and Pauli FFs 1 Sachs FFs: multipole charge
D d Pauli FF: FQ(QQ) ( C(QQ) + M,y (Q2>) : and magnetic dipole
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https://journals.aps.org/pr/abstract/10.1103/PhysRev.126.1882
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.79.113011

GG with spin 1/2 and an EM current z
N
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A toy example: the Deuteron electric charge
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below threshold for 0.6 - WRIG
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[Bricefio et al,, 2019] W'(P; = P; = (E,0)) = QOﬂ . . , , : , :
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https://doi.org/10.1103/PhysRevD.100.114505
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Summary and Outlook

e Formulation of a prescription to calculate the power-
law finite volume corrections of particles with spin in

triangle loop diagrams.

e These corrections can be significant even when binding

energies have small finite volume effects.

e Future path for QCD predictions of two-nucleon matrix

elements.
Wy =W+ M|G - wM
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Singularities of loop diagrams

2.20 -
2.15 7

2.10 7

2.05 1-
Ll
2.00 - —0.4—
2.00 2.05 2.10 2.15 2.20 2.25 0-4-0.20.0 0.2 0406 0.8 1.0 (]
P; = [000]
; Pf — [001]
: /2
1.8 2.0 22 24 2.6 28 3.0 3.2 P /ml
Branch cut: square root singularity Triangle diagram: poles in k space

Lattice 22 — Aug 8t 2022 — Felipe Ortega-Gama — W&EM



Triangle diagram singularities
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R(Eo, L) = — M~ (7%(}50,L))M—1

e The Lellouch-Luscher factor tends towards
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the value of the residue of the scattering
amplitude.

e However for smaller binding energies the F
function becomes significant.

e The F-function does not tend to a double-
pole behavior as naively expected because it
is evaluated at the FV energy, which at low

30 10 50 B also deviates strongly from the deuteron
B [MeV] pO|e.
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