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Outline

Motivation: large- and finite-cutoff schemes in chiral nuclear EFT

Motivating examples:

● QED with a cutoff

● Baryon ChPT

Chiral nuclear EFT: LO

Chiral nuclear EFT: beyond LO

Summary
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Two Schemes in Chiral Nuclear EFT

1. Large-cutoff scheme (L≥Lb) = RG-invariant scheme.
 Lb=LH=Mhi-breakdown (hard) scale.
 Asymptotic cutoff independence for each EFT order n
to motivate a power counting:

Nonperturbative dynamics requires cutoff regularization:
monentum/coordinate cutoff, lattice, gradient flow,...

2. Finite-cutoff scheme, (L~Lb) 
 = ”Weinberg” scheme ~ naive dimensional analysis.
 Approximate cutoff independence: 

Hammer, König, van Kolck, 
Rev. Mod. Phys. 92(2), 025004 (2020)

Weinberg, S., NPB363, 3 (1991)
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Perturbative Expansion and Cutoff Independence

f (Λ)=1= 1
1−Λ /Λb+Λ /Λb

= 1
1−Λ /Λb

∑ ( −Λ /Λb

1−Λ /Λb
)
n

The function f(L) is cutoff independent (Ldf/dL=0):

But the perturbative series does not converge for L>Lb/2.

Each term in the series is cutoff dependent.
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Decoupling of Hard Modes and Power Counting

Large-cutoff scheme: momenta p>Lb do not contribute 
if the amplitude does not significantly change as Lb<L<∞

Finite-cutoff scheme L~Lb: 
momenta p>Lb do not contribute automatically

Neither approach a priory guarantees that  
momenta p~Lb do not lead to power-counting-breaking terms
~Ln>0 instead of pn

→ Exlicit renormalization seems to be the only way: 



QED with a cutoff
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QED as an EFT with ye and Am 

contains a regulator: Pauli-Villars, higher derivatives,...

Renormalization: 

Convergence of perturbatvie expansion depends on a choice of m
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Cutoff as a renormalization scale

Lepage, hep-ph/0506330, (1989)

Residual L-dependence (L~Lb) of observables is absorbed by ci (L)

Perturbative expansion breaks down for 
 

Power-counting breaking terms
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Other EFTs

Perturbative Quantum Gravity as an EFT 

Pionic Chiral Perturbation Theory (cPT)

Heavy-Baryon cPT

John Donoghue, Jambul Gegelia, Jan Pawlowski, private commutications

Donoghue, PRD50 (6), 3874 (1994)

Gasser, Leutwyler, Annals Phys. 158 142 (1984)

Jenkins, Manohar, Phys. Lett. B 255, 558 (1991)

Cutoff regularization
(without explicit renormalization):



Baryon (Covariant) cPT
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pN Amplitude in Dimensional Regularization

(b)(a)

Discrepancy between IR power counting 
and UV divergence degree

AG, Epelbaum, Gegelia, Hog, Krebs, arXiv:2512.14117 (2026)

Q4 ε3(Δ−full)
(a): UV divergence requires 

a Q5 conter term

(b): UV divergence requires 
conter terms up to Q9

Q ,ε={p ,M π ,mΔ−mN }/Λb

Q4−9 log μ /mN

      : absorb power-counting-breaking terms, 
residual m-dependence is of higher   order:

.  Only relevant if μ∼mN exp(1/Q)

MS
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pN Amplitude in Cutoff Regularization

(b)(a)

Q4 ε3(Δ−full)
(a): UV:

(b): UV:

Q ,ε={p ,M π ,mΔ−mN }/Λb

Q5 log Λ /mN

Residual L-dependence is of higher order if L~Lb.

Q5(Λ /Λb)
4+...+Q8(Λ /Λb)

+Q9 log Λ /mN

If L≫Lb, additional  contact (counter) terms 
must be promoted ↔ LECs evolve with L→Lb

to natural-size values (NDA)

After absorbing power-counting-breaking
 terms ~Ln>0:



Nuclear Chiral EFT at LO
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Nucleon-Nucleon LO Potential

V LO=V 0=

V
0

V
0

V
0 = +

T LO=V 0+V 0GV 0+...= V
0 +

π

+...

G=(E−p2/mN+i ϵ )−1
- nonrelativistic

Beyond LO: can be included perturbatively
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Spin-Singlet Channels in NN scattering

For       , one-pion exchange is perturbative

Loops are suppressed as ~

The subtle channel is 1S0 : 

contact interaction at LO: loops~ 

(M π /Λb)
n ,   Λb∼500 MeV

l>0

(Λ /Λb)
n
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Is Weinberg’s Power Counting in the 1S0 channel Inconsistent?

Q0NDA:

After absorbing the constant term: 

In the KSW scheme with perturbatrive pions
                    -terms are also subleading 

Observable effect 
→ must be scheme independent

M π
2 /Λb

2 log Λ /M π∼Q2 if 

Λ≫Λb

AG, Epelbaum,Gegelia,Hog,Krebs, 
arXiv:2512.14117 (2026)

Cutoff independece for
requires promoting             to LOD2 M π

2

Λ∼Λb

(μ∼M π) , M π
2

   

Kaplan, Savage, Wise, 
Phys. Lett. B424, 390 (1998)

No
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Is          -Correction Perturbative for Physical      ?

T
L OT

L O

Q−1 Q−1Q2

D2 M π
2

D2 M π
2

Hard to discriminate the leading C0

and            in experiment (Lattice?)

TLO is extremely enhanced  (Q−1)

D2 M π
2

M π

In practical applications,
                 is treated nonperturbativelyC0+D2 M π

2
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1S0 Channel: Subleading Contact Interaction

Elab [MeV]

AG, Epelbaum, PRC107, 044002 (2023)
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Sizable cutoff dependence (at NLO):
 450 MeV<L<800 MeV

Large NLO contribution
→strong unitarity violation.

 Promote the subleading contact terms⇒
 to LO

Epelbaum, AG, Gegelia, Krebs, EPJA51, 71 (2015)  
Long PRC88 (1), 014002 (2013)
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After Contact Term Promotion:

Elab [MeV]

AG, Epelbaum, PRC107, 044002 (2023)
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In practical applications (N4LO-N5LO), 
the whole potential is iterated 
nonperturbatively
(equivalent up to higher orders)

Reinert , Krebs, Epelbaum EPJA54, 86 (2018)  

The issue is less relevant, 
but important for uncertainty estimates
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Spin-Triplet Channels: 3S1-3D1, 3P0,...

Large-cutoff scheme: one-pion-exchange potential is singular (-1/r3)
 → A contact interaction must be promoted compared to NDA
in each attractive spin-triplet channel

In D(F)-waves and higher and in, probably, 3P2-3F2, 
the one-pion-exchange is perturbative

Nogga, Timmermans, van Kolck, PRC72, 054006 (2005)  
Birse PRC76, 034002 (2007)
Wu, Long, PRC99, 024003 (2019)
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Is Weinberg’s Power Counting in the 3P0 Channel Inconsistent?

Cutoff dependence of the 1p-exchange
 is sizable, but not dramatic if  L~Lb:
 450 MeV<L<600 MeV

LO (1p)

NLO

Elab [MeV]
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AG, Epelbaum, PRC107, 044002 (2023)

Contribution of the NLO contact term
 is enhanced → promote to LO
 to make the expansion more efficient

No NN phase shifts, 3P0
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After Contact Term Promotion:

Elab [MeV]
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AG, Epelbaum, PRC107, 044002 (2023)

NN phase shifts, 3P0

LO

NLO

450 MeV<L<800 MeV

[d
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]The issue is less relevant, 
when iterating  the whole potential 
nonperturbatively,  but important 
for uncertainty estimates
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Agreement of the both Schemes at LO (NN)

Naive dimensional analysis
 + promotion of D2 Mp

2 term and C2 p2 in 1S0

 + promotion of C2 p2 in 3P0

Motivation is different in the finite- and large-cutoff schemes



Nuclear Chiral EFT 
Beyond LO
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N-N NLO Potential              (Weinberg PC)

+ + +

T NLO=V 2+V 2GV 0+V 0GV 2+V 0GV 2GV 0+...=

V NLO=V 2=

V
0 V

0
V

0
V

0
V

2
V

2
V

2
V

2



          Ashot Gasparyan26 

Finite-Cutoff Scheme at NLO

AG, Epelbaum, PRC 105, 024001 (2022);   AG, Epelbaum, PRC107, 044002 (2023)

1. Power-counting breaking terms can be         
 eliminated perturbatively to all orders 
 in V0(VLO) using BPHZ subtraction scheme 
to handle overlapping divergencies

2. Matching nonperturbative and perturbative
 solutions by applying 
 Fredholm method:

T n(p)=
N n(p)
D (p)n+1

V
2

V
0

V
0

  Renormalization can be done explicitly.
   without extra terms beyond NDA

V
2V

0
V

0
V

0
V

0
V

0
V

0
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Renormalizability Criteria

AG, Epelbaum, PRC107, 044002 (2023);  AG, Epelbaum, PoS CD2024 084 (2026);  
Jacobi, AG, Epelbaum PRC112, 064006 (2025)

1. Local long-range part of the potential: 

2. L~Lb → finite number of uncompensated positive powers of L

3. Natural size of LECs (typical for the finite-cutoff scheme)

Examples and Counterexamples:
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Large-Cutoff Scheme Beyond LO
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Inconsistency at “exceptional” cutoffs: 
Naive data-based renormalization conditions 
result in ill-defined constraints.

Addittional contact interactions have to be 
promoted (in the channels with LO promotion)

AG, Epelbaum, PRC107, 034001 (2023); Peng, Long, Xu, PRC110, 054001 (2024); 
Peng, Long, Xu, PRC112, 064004 (2025); H. Jonas, Master Thesis (2026)
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Using L-dependent Renormalization Conditions

Avoid exceptional cutoffs.

Peng, Long, Xu, PRC112, 064004 (2025)

Price: 
discontinuous L-dependence 
of observables
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L- (In) Dependence in Large-Cutoff Scheme

Hammer, König, van Kolck,
 Rev. Mod. Phys. 92(2), 025004 (2020)

Grießhammer, EPJA 56 (4), 118 (2020)

Stronger than existence of L→ ∞ limit:
 too restrictive

More realistic:

Peng et al., PRC 112 (6),  064004 (2025)

“results (do not) depend 
on the value of Λ 
and on the choice of 
the regulator function”

for L/Lb~1-10, not 10250000
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Limits in Mathematics

lim
n→∞

1

n3⋅sin (n)2=0

Does this limit exist?

Only if the irrationality measure of p: m(p)≤5/2

Current estimate: m(p)≤7.10320533413700172750577342281...

Alekseyev, arXiv:1104.5100 [math.CA]
Zeilberger,  Zudilin,  J. Comb. Number Th. 9 (2020) 407

https://arxiv.org/search/math?searchtype=author&query=Alekseyev,+M+A
https://arxiv.org/abs/1104.5100
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Summary
Finite-cutoff (Weinberg’s) scheme is not inconsistent if L~Lb

Finite- and large-cutoff schemes agree at LO for the NN amplitude.
 Beyond LO, large-cutoff scheme requires more contact terms

“There is, in general, also residual Λ dependence  that can be absorbed in the LECs of 
higher-derivative interactions. Since shuffling short-range physics between loops and 
LECs does not change the observables, the finite part of an LEC is expected to be set 
by the replacement Λ → Mhi (Λb)”
Hammer, König, van Kolck, Rev. Mod. Phys. 92(2), 025004 (2020)

Suppose, we have identified the necessary contact terms 
to make observables approximately L-independent for L>Lb.
If one can show that for L~Lb they are suppressed (rigorously proven at NLO), 
is it consistent to neglect them?


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	KAPITEL
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32

