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• Effective Theory
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• Effective field theory
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Effective TheoryEffective Theory

probe: f(x)
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44Eff. Th. for low energy scatteringEff. Th. for low energy scattering

scattering wave
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Matching to NucleonMatching to Nucleon--Nucleon Scattering DataNucleon Scattering Data
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Coulomb InteractionCoulomb Interaction
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Resonances and RResonances and R--matricesmatrices

effective range expansion f(θ,E) = small dependence on E
resonances:
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World as seen by quantum field theoristWorld as seen by quantum field theorist

Nuclear potential models are:
- phenomenological
- non fundamental
- non extrapolable (predictable)
- higher-order corrections (?) non
controllable

But how to solve LQCD for low-
energy Nuclear Physics?
But how to solve LQCD for low-
energy Nuclear Physics?

- Feynman diagrams (lots of integrals, almost no PDE’s)
- particle exchange
- vacuum polarization
- loop integrals, divergences
- regularization, renormalization
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• Main Idea: low E processes insensitive to short distance 
dynamics (separation of scales)
• Freedom to trade detailed short distance dynamics for 
simple effective interactions

• as in Effective Range Theory

Effective Field TheoriesEffective Field Theories
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But note: infinitely many V(r) models give the same (a,r0)But note: infinitely many V(r) models give the same (a,r0)

1. use all relevant symmetries for L with local operators
2. field theory will guide calculations (regularization, 

renormalization, etc.)
3. tune parameters to reproduce set of data
4. use power counting to control errors
5. predict something

EFT approach:EFT approach:
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SS--wave scatteringwave scattering
Invariance: (a) parity, (b) Galilean, (c) time reversal, (d) particle number
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LoopsLoops
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1212Important lesson:Important lesson:
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(Feynman Lectures of Physics)
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Power countingPower counting
naturalness: physical 
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MatchingMatching
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Unnatural case Unnatural case (large a, shallow bound states) van Kolck, 1997
Gegelia, 1998
Kaplan, Savage, 
Wise, 1998

deuteron, halo nuclei
T expansion in terms of ka fails for k ~ 1/a
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+ “jewel” of QFT (geometrical series)
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Coulomb InteractionCoulomb Interaction Kong, Ravndal,  2000
e.g., pp-scattering
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+
+ “jewel” of QFT (geometrical series)
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ResonancesResonances C.B., H. Hammer, U. van Kolck,  2002 
include p-waves: with C4 interactions  (e.g.,  n + 4He)
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Pole structurePole structure
for a, r1 < 0 (e.g.,  n + 4He)
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notation: s, d, t = s1/2, p1/2, p3/2 φ = 4He scalar field
Si = 2 x 4 spin-transition matrices
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RR--matrix from EFTmatrix from EFT
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Perspectives: Perspectives: Coulomb or electron scattering (e.g., ELISeCoulomb or electron scattering (e.g., ELISe--GSI)GSI)
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Ershov, PRC 2005
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Conclusions
• Effective field theories

• reproduce low energy scattering

• with or without resonances (R-matrix)

• advantage: controlled precision

• couplings encode subnucleon physics
(to be compared – who knows when – to Lattice QCD calcs.)

• predictive: e.g., n + p d + γ within < 1% accuracy
(Chen, Savage, 1999;      Rupak 2000)

• useful for halo nuclei (e.g. n + 4He)

• 7Be + p 8B + γ candidate (problem: exc. states in 7Be)

• understand Nuc. Phys. from fundamental theory (QCD)


