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Lattice effective field theory

p

p

D.L, Prog. Part. Nucl. Phys. 63 117-154 (2009)
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Lähde, Meißner, Nuclear Lattice Effective Field Theory (2019), Springer
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Construct the effective potential order by order
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Chiral effective field theory
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Euclidean time projection
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Auxiliary field method



Pinhole algorithm
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Elhatisari, Epelbaum, Krebs, Lähde, D.L., Li, Lu, Meißner, Rupak, 
Phys. Rev. Lett. 119, 222505 (2017)
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Elhatisari, Epelbaum, Krebs, Lähde, D.L., Li, Lu, Meißner, Rupak, 
Phys. Rev. Lett. 119, 222505 (2017)
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Lu, Li, Elhatisari, D.L., Epelbaum, Meißner, Phys. Lett. B 797, 134863 (2019) 10



proton up
proton down
neutron up
neutron down

11Summerfield, Lu, Plumberg, D.L., Noronha-Hostler, Timmins, Phys. Rev. C 104 L041901 (2021)



12Work in progress



Quark Matter 2023 - Shengli Huang for the STAR Collaboration
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Shen, Elhatisari, Lähde, D.L., Lu, Meißner, Nature Commun. 14, 2777 (2023)

Emergent geometry and duality of 12C
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Shen, Elhatisari, Lähde, D.L., Lu, Meißner, Nature Commun. 14, 2777 (2023)
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Shen, Elhatisari, Lähde, D.L., Lu, Meißner, Nature Commun. 14, 2777 (2023)
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Shen, Elhatisari, Lähde, D.L., Lu, Meißner, Nature Commun. 14, 2777 (2023)



The left panel shows the intrinsic shape of the total nucleon density for 
10Be.  The right panel shows the density distribution of the two neutrons 
furthest away from the protons in 10Be

Shen, et al., work in progress

Seeing the structure of 10Be
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Wave function matching
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Elhatisari, Bovermann, Epelbaum, Frame, Hildenbrand, Krebs, Lähde, D.L., Li, Lu, M. Kim, 
Y. Kim, Ma, Meißner, Rupak, Shen, Song, Stellin, arXiv: 2210.17488



N3LO chiral effective field theory interaction
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Binding energy per nucleon
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Elhatisari, Bovermann, Epelbaum, Frame, Hildenbrand, Krebs, Lähde, D.L., Li, Lu, M. Kim, 
Y. Kim, Ma, Meißner, Rupak, Shen, Song, Stellin, arXiv: 2210.17488
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Elhatisari, Bovermann, Epelbaum, Frame, Hildenbrand, Krebs, Lähde, D.L., Li, Lu, M. Kim, 
Y. Kim, Ma, Meißner, Rupak, Shen, Song, Stellin, arXiv: 2210.17488



Silicon isotopes
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König et al., arXiv: 2309.02037

Lattice calculations led by Y. Ma
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M. Kim, Song, Y. Kim, Ma, et al., work in progress 

Carbon and oxygen isotopes
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Elhatisari, Bovermann, Epelbaum, Frame, Hildenbrand, Krebs, Lähde, D.L., Li, Lu, M. Kim, 
Y. Kim, Ma, Meißner, Rupak, Shen, Song, Stellin, arXiv: 2210.17488

Neutron and nuclear matter



Ab initio nuclear thermodynamics

27
Lu, Li, Elhatisari, D.L., Drut, Lähde, Epelbaum, Meißner, Phys. Rev. Lett. 125, 192502 (2020)
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Lu, Li, Elhatisari, D.L., Drut, Lähde, Epelbaum, Meißner, Phys. Rev. Lett. 125, 192502 (2020)
31



32
Ren, Elhatisari, Lähde, D.L., Meißner, arXiv:2305.15037

Cluster abundances versus density and temperature



ESA/Hubble/L Calcada

Structure factors for hot neutron matter

33
Ma, Lin, Lu, Elhatisari, D.L., Meißner, Steiner, Wang, arXiv:2306.04500
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Ma, Lin, Lu, Elhatisari, D.L., Meißner, Steiner, Wang, arXiv:2306.04500



Ground state S-wave superfluid long-range order in the unitary limit

Superfluidity

He, Li, Lu, D.L., Phys. Rev. A 101, 063615 (2020)

35



Ma, Given, Hicks, et al., work in progress
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CNRS-MSU IRL Collaboration Opportunities

Clustering, intrinsic shapes, charge radii, neutron skins, ANCs, 
spectroscopy, electromagnetic transitions
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CNRS-MSU IRL Collaboration Opportunities

Equation of state, superfluidity, thermodynamics, cluster abundances
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CNRS-MSU IRL Collaboration Opportunities

Quantum computing, emulators, machine learning


