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Context

Lattice QCD to nuclear physics

i

* In principle, QCD should underpin nuclear physics
« QCD degrees of freedom are quarks and gluons, while hadrons are Proton
the natural degrees of freedom in nuclear theory
« Lattice QCD is the only systematically improvable way to study QCD
with a non-perturbative regulator
« Remarkable post-diction for the QCD meson and low-lying hadron

spectrum!
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[Kronfeld Annu. Rev. Nucl. Part. Sci. 62, 2012]



Context

Lattice QCD to nuclear physics
* Why not use LQCD directly?
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How to relate a two-nucleon energy spectrum
computed on the lattice, to binding energy of

12C, 208PH?
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[Amarasinghe et al, Phys. Rev. D., 107, 094508 (2023)]



Context

This work

Previous work: Developing FVEFT formalism}
proof of principle

1. Finite-volume pionless effective field theory for
few-nucleon systems with differentiable
programming [Sun et. al, Phys. Rev. D. 105, 074508
(2022)]
2. Constraint of pionless EFT using two-nucleon
spectra from lattice QCD [Detmold et. al, Phys.
K Rev. D. 108, 034509, 2023]
3. Few-nucleon matrix elements in pionless
effective field theory in a finite volume [Detmold
and Shanahan, Phys. Rev. D 103, 074503, 2021]
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Context

This work
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This work: Pushing to larger
systems, at physical pion mass, with
FVEFT formalism established




Single wavefunction optimization procedure
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GEVP procedure

4 N

HiCoC1Polg = AINE

Solve GEVP with «a sets of

- optimized wavefunctions, for

a range of LECs, for ground
state + excited states

B E{CO/CLDO} — )\0

/

Energy

Scan over LEC values

DOI COr Cl

12



23



Results: Binding Energies Per Nucleon
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Results: Binding Energies Per Nucleon
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Results: Binding Energies Per Nucleon
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Results: Binding Energies Per Nucleon
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Results: Binding Energies Per Nucleon
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Results: Binding Energies

Binding energies

Nucleus |7 Tuning E;o (MeV) Enpo(MeV (T?) (S?)  Seys/2(MeV) [  Eexp (MeV) )
e ot 3He 20.26 29.24 §0.0025  0.0039 1.77 28.30
ot *H 24.21 3449 ]0.0022  0.0044 2.00
514/ 5He 3/2- 3He 14.66 27.78 §0.7667  0.7617 230) 26.33/27.41
3/2- °H 18.85 34.31 §0.7672  0.7615 2.76
615 1+ 3He 20.17 3425 0.0226  2.0224 2.72 31.99
1+ SH 25.14 4231 §0.0208  2.0199 3.41
6He / 6Be ot 3He 23.87 39.06 2.0255  0.0083 3.14 | 29.27 / 26.92
ot *H 28.97 4738 12.0256  0.0109 3.49
7Li/7Be 3/2~ SHe 15.39 33.53 [0.8042 3.7729 333 39.24 / 37.60
3/2- °H 20.76 42.68 ]0.8038  3.7700 3.67
5B ot 3He 41.43 64.56 §0.0242  0.0086 4.85 56.50
ot SH 49.80 77.98 10.0269  0.0093 5.94
9Be / 9B 3/2~ SHe 43.50 61.63 §0.7937  0.7690 3.95) 58.16 / 56.31
3/2= SH 50.92 72.43 §0.7928  0.7821 4.28
10c ot 3He 28.30 71.86 [2.5979  0.0618 7.39 60.32
ot SH 39.22 89.12 [2.6259  0.0619 7.42
10g 3t SHe 10.53 4415 J0.0951 12.0311 4.52 64.75
3+ SH 17.67 55.32 §0.0930 12.0287 4.54
g/ 1e 3/2~ SHe 29.73 68.16 §0.8030  3.7748 6.34) 76.20 / 73.44
3/2- °H 40.11 84.55 §0.7938  3.7693 7.37
12c ot SHe 48.92 108.40 [0.4894  0.2662 9.97 92.16

ot *H 63.41 131.65 J0.4644  0.2986 10.54 y

Compare bolded and unbolded values

(*He and *H fitting)
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Summary

Summary and Outlook
Approach Contribution Outlook

f xIJ* ( )d X “He 29. 24(3 54) 28.30
E [\Fh] 5Li/5He 27.78(4.60) 26.33 / 27.41
f ‘Y* )dx oLi 34.25(5.44) 31.99
®He / °Be 39.06(6.38) 29.27 / 26.92
Li/7Be 33.53(6.66) 39.24 / 37.60
Be 64.56(9.70) 56.50
°Be /B 61.63(7.90) 58.16 / 56.31
10c 71.86(14.78) 60.32
108 44.15(9.04) 64.75
g /11c 68.16(12.68) 76.20 / 73.44

12¢ 108.40(19.94) 92.16 31




