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V
D2

V
D1 Enhancement due to the infrared singularity: V0 must be iterated
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Divergent:

Phenomenological success (NN)  P. Reinert, H. Krebs, and E. Epelbaum, EPJA54, 86 (2018), 171
 D. R. Entem, R. Machleidt, and Y. Nosyk, PRC96, 024004 (2017) 

Regulator: cutoff Λ

Consistent with power counting?

Finite cutoff:
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Renormalization: power counting in terms of renormalized quantities

G. P. Lepage, nucl-th/9706029
  J. Gegelia, JPG25, 1681 (1999)

Rigorously proven 
under rather general conditions 

If T0 converges:

AG, E.Epelbaum,
 (2021), 2110.15302
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Renormalization. NLORenormalization. NLO

Power-counting violating contributions from momenta:

Can be absorbed by LO contact interactions? ?
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S-waves. Non-perturbative LO. Fredholm formulaS-waves. Non-perturbative LO. Fredholm formula

Convergent series in V0 :

Fredholm determinant contains the non-perturbative dynamics:

(Quasi-) bound state:

Enhanced at threshold



NLO. Using Fredholm formula.NLO. Using Fredholm formula.

Convergent series in V0 :

The same for the counter terms:
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Non-perturbative NLO. Renormalizability.Non-perturbative NLO. Renormalizability.
Constraint on VConstraint on V00

Convergent series in V0 :

Power counting is restored if Inside the region: 

More constraints at higher orders! 

Subtraction at pon=0:Subtraction at pon=0: even if
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Perturbation:
For small momenta

~ like a contact interaction

After renormalization:

In the non-perturbative case guaranteed only when:



SummarySummary

✔ NN Chiral EFT with a finite cutoff: 
NLO interaction is treated perturbatively. 
LO interaction is summed (perturbatively) up to an arbitrary order
or treated non-perturbatively

✔ Power-counting breaking contributions at NLO can be absorbed 
by the  renormalization of the LO contact interactions 
for perturbative LO under rather general conditions

✔ In the case of non-perturbative LO, 
the requirement of renormalizability  
imposes certain constraints on the LO potential



SummarySummary

OutlookOutlook

✔ NN Chiral EFT with a finite cutoff: 
NLO interaction is treated perturbatively. 
LO interaction is summed (perturbatively) up to an arbitrary order
or treated non-perturbatively

✔ Power-counting breaking contributions at NLO can be absorbed 
by the  renormalization of the LO contact interactions 
for perturbative LO under rather general conditions

✔ In the case of non-perturbative LO, 
the requirement of renormalizability  
imposes certain constraints on the LO potential

➢ Generalization: N2LO, N3LO,…

➢ Other applications: currents, few body,…
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