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The microscopic theory of atomic nuclei now spans energy scales from kilo-electron-volts to giga-electron-
volts. The leading degrees of freedom for prominent experimental phenomena range from clusters or collective
modes of nucleons to quarks and gluons. Many profound questions can be raised. Is there harmony across
scales? Are there emergent phenomena at one scale that trace their origins to a higher energy scale? Are
there theoretical tools that are useful at more than one scale? Can one establish that theory retains predictive
power?
At the highest energy scales accessible to current and planned laboratory experiments, there is widespread
agreement that atomic nuclei should be well-described by the Standard Model of Elementary Particles. How
can we achieve this? I will present Basis Light Front Quantization1 as a relativistic Hamiltonian approach for
quarks and gluons that is complementary to Lattice QCD and capable of describing nuclear phenomena us-
ing supercomputer simulations. The first goal of successfully describing mesons and nucleons is progressing
rapidly and phenomena such as chiral symmetry breaking are becoming better understood2. Near-term goals
include the properties of exotic baryonic systems and properties of the pion-nucleon and nucleon-nucleon
interactions.
At the lower energy scales, Chiral Effective Field Theory (χEFT)3,4 has emerged as the systematic and con-
trollable embodiment of QCD below the chiral symmetry breaking scale. Can we discover collective nuclear
phenomena emerging from treating all nucleons on an equal footing? I will present recent results from the ab
initio No-Core Shell Model (NCSM)5 with χEFT interactions showing promising agreement between theory
and experiment6withinwell-quantified theoretical uncertainties. Exotic phenomena such as alpha clustering7
and predictions of a tetraneutron resonance8 serve as example highlights.
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