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What is essential in nuclear physics? 

Traditional 
approach 

1) Describe NN precisely to some high energy 

2) Append 3N forces as needed 

Here 
1) Describe NN and 3N approximately 

2) Treat everything else in perturbation theory 
cf. atomic systems in QED 

Lost in details: 
e.g.,  NLO, N2LO, N3LO, N4LO, … 

König, Grießhammer, 
Hammer + v.K. ’15 ’16 

König ’16 
vK ‘17 

Expansion 
around unitarity 

“simplicity emerging 
from complexity” 
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unitarity 
limit 

Feshbach resonance 
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or “accidentally”, e.g.  4He atoms 
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Effective Field Theory c 
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momentum 
scales 

arbitrary 
UV regulator 

“low-energy 
constants” 

non-analytic functions,  
from solution of dynamical eq. 

(e.g.  Lippmann-Schwinger) 
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to minimize cutoff errors, 
for realistic error estimate, [ ),hiMΛ∈ ∞

controlled 

model independent 

N LOν

(unfortunately not the usage 
by potential modelers) 

(absent in “chiral potentials”) 

(OTHERWISE, SENSITIVE TO HIGH-MOM DETAILS) 

(OTHERWISE, NOT ERROR ESTIMATE) 



Pionless EFT 

• d.o.f.: nucleons 

• symmetries: Lorentz, P, T, B, SU(3)c, U(1)em 
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projector on isospin I 

Universality: 
first orders 
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Now, 
two expansions: 
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Schematically 
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4N ≥ No more-body forces 
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Gandolfi, Carlson, 
Vitiello + vK ’17 (Variational and Diffusion Monte Carlo) 
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4A ≥ Nucleons 

No more-body forces 

Contessi, Lovato, Pederiva, 
Roggero, Kirscher + v.K. ‘17 16
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Conclusion 

Systems near unitarity can be described 
model-independently by Pionless EFT 

How far can we go for nuclei? 

properties given by essentially one parameter 

details obtained in perturbation theory 
∗Λ

more nucleons 

higher orders 
Gezerlis et al., in progress 

Bazak et al., in progress 
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