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“Perturbative” calculation of observables

Expansion parameter: (soft scale)/(hard scale)

Contains bare parameters
Renormalization:

power counting for
renormalized quantities
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Implicit renormalizationImplicit renormalizationImplicit renormalizationImplicit renormalization

Explicit renormalizationExplicit renormalizationExplicit renormalizationExplicit renormalization

Identify each term individually, or at least prove this is possible

fit bare

(re)fit bare

(re)fit bare

Justifies theoretical error estimation!

bare =renormalized + counter term
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Renormalization Subtraction Counter term



Structure of the interaction in chiral EFT  Structure of the interaction in chiral EFT  Structure of the interaction in chiral EFT  Structure of the interaction in chiral EFT  

Interaction obtained from chiral EFT:

AG, E.Epelbaum, PRC 105, 024001 (2022)

Subtractions:

Large loop momenta are suppressed

Renormalizability
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LO potential:

Renormalized NLO amplitude:

2-nucleon Green’s function:

Integral converges at

One more subtraction The same form of a counter term
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Partition integrations over pi into sectors to avoid double counting

All counter terms add up to a single counter term
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Using Fredholm formula to match to the perturbative regimeUsing Fredholm formula to match to the perturbative regimeUsing Fredholm formula to match to the perturbative regimeUsing Fredholm formula to match to the perturbative regime

Convergent series in V0 :

The same for the counter terms:

-Fredholm determinant
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Renormalizability constraintsRenormalizability constraintsRenormalizability constraintsRenormalizability constraints

Potentially problematic factor

Renormalizability constraints on (the short-range part of ) the  LO potential.
The simplest formulation: LECs must be of natural size (If              ).
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Key ingredients of renormalizabilityKey ingredients of renormalizabilityKey ingredients of renormalizabilityKey ingredients of renormalizability

(1) Locality of the long-range forces

(2) Cutoff of the order of the hard scale 

(3) Naturalness of the counter terms

(1)+(2) in most cases imply (3): (1)+(2) → (3)
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3P0
1S0

3S1

NN at NLO: “Nonperturbative partial waves”

AG, E.Epelbaum, PRC107, 044002 (2023)

LECs are natural for cutoffs below 600 MeV 
and start to rapidly increase when the cutoff approaches 800 MeV and higher
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Examples and counterexamples:Examples and counterexamples:
2. Fully local interaction 2. Fully local interaction 

AG, E.Epelbaum, Y.Komissarova, in progress

All potentials (short- and long-range) are local A.Gezerlis et al.,  PRC 90, 054323 (2014)

Analysis of renormalizability is much easier 

-Jost function (Fredholm determinant) containts nonperturbative physics

-regular solution is represented by the rapidly converging series (1/n!):

Naturalness condition can be satisfied automatically

dangerous numerator
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3. Increasing the cutoff above the hard scale.3. Increasing the cutoff above the hard scale.

“Exceptionial cutoffs”: Ci=∞ B. Long, C. J. Yang, PRC84, 057001 (2011)
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Non-local separable long-range interaction Non-local separable long-range interaction Non-local separable long-range interaction Non-local separable long-range interaction 
AG, E.Epelbaum, N.Jacobi, in progress

Long-range power-counting-breaking terms

Nonrenormalizability (in terms of local counter terms)

Similar result when V0  is nonperturbative

two-pion exchange



SummarySummarySummarySummary

✔ Explicit renormalization of an EFT provides a justified systematic 
expansion of observables and theoretical error estimate

✔ Three ingredients of renormalizability

✔ Examples and counterexampes
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