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Low-energy nucleons
Chiral effective field theory on the lattice ..
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Current status of lattice chiral EFT Epelbaum, Hammer, Meifner,

Improved NNLO interaction ... Rev. Mod. Phys. 81 (2009) 1773
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Fix constants from the two-nucleon sector
Lattice EFT is predictive for A > 2 ..
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Borasoy, Krebs, Lee, Meifiner,
Nucl. Phys. A768 (2006) 179; Eur. Phys. J. A31 (2007) 105;
Lee, Prog. Part. Nucl. Phys. 63 (2009) 179



Euclidean time projection
Ground state energy ...

Choice of trial wavefunction:
. B - Standing waves
ZA(t) _ <1/)A| exp( tH)|¢A> _ Alpha clusters
Lattice Hamiltonian - Shell model wavefunctions
(discretized)
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Decoupling of nucleon-nucleon interactions
Hubbard-Stratonovich transformation ...
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Auxiliary Field Quantum Monte Carlo (AFQMC)
Discretized Euclidean time evolution ...
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For a thorough review, see:
Lee, Prog. Part. Nucl. Phys. 63 (2009) 179



AFQMC + Hybrid Monte Carlo
Substantial investment of supercomputing time ...

CPU time allocations:
- JUQUEEN (Fz Julich), 30 Mcore-h (project) + > 100 Mcore-h (institutional)
- RWTH cluster (Aachen), 1.3 Mcore-h (project) + “free CPU time” (long queue)

Figure courtesy of Jiilich
Supercomputer Centre (JSC)




AFQMC results for '2C (ground state)
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Improved NNLO interaction ... a =197 fm
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AFQMC - ground and Hoyle states of '2C

Multiple trial wavefunctions ... a =197 fm
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Alpha cluster structure of '*C ...
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Production of '2C in red giant stars
Resonant production via ®Be and Hoyle state ...
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What if the Hoyle state is moved?
Calculations of stellar nucleosynthesis ...
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More fundamental description - Chiral EFT
Sources of quark mass dependence ...

pion propagator
1/(q2- M2)

pion-nucleon
coupling g(M

o,

b

nucleon mass m (M)

Figure courtesy of U.-G. Meifiner

ChPT:

m72ri ~ (mu + md)

four-nucleon
couplings C(M,)




AFQMC calculation for “He, ®Be and !%C ...
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Parameterization of the short-range terms
Luscher formula ...
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Current theoretical knowledge of the quark mass
dependence of the S-wave scattering lengths ...
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The “"end of the world” plot :)
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Upcoming results

Spectra of Oxygen-16 and Neon-20

Extension of nuclear lattice EFT up to A = 28

First AFQMC results for non-alpha-cluster nuclei

Extension of chiral NN interaction to N3LO

Effects of lattice spacing and finite volume



Preliminary results for binding energies up to A = 28 ...
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Preliminary results for binding energies up to A = 28 ...
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