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“Folk Theorem”

The quantum field theory generated by the most general Lagrangian

with some assumed symmetries will produce the most general S matrix incorporating

quantum mechanics, Lorentz invariance, unitarity, cluster decomposition 

and those symmetries, with no further physical content.

Weinberg ‘79

Ab Initio Nuclear Physics 

quarks and gluons, pions, …
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“Folk Theorem”

The quantum field theory generated by the most general Lagrangian

with some assumed symmetries will produce the most general S matrix incorporating

quantum mechanics, Lorentz invariance, unitarity, cluster decomposition 

and those symmetries, with no further physical content.

Weinberg ‘79

high-momentum/short-distance details in coefficients (“low-energy constants”)
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Landscape of Nuclear Effective Field Theories

Hammer, König, vK, Rev. Mod. Phys. 92 (2019) 025004
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Good renormalized description up to alpha particle

Pionless EFT

varying *Λ
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The Instability Problem

Instability at LO beyond four nucleons

6Li

Pionless EFT

6Li
Chiral EFT
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but n-α scattering good Bagnarol, Schäfer, Bazak, Barnea ‘23
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Landscape of Nuclear Effective Field Theories

Hammer, König, vK, Rev. Mod. Phys. 92 (2019) 025004
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More generally,

Short-Range EFT
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Instability beyond alpha particle at LO

renormalization + near two-body unitarity: clustering of multicomponent fermions
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Solution: add to LO some subLO corrections, while maintaining renormalization

 no new physical parameter at LO

 effect no larger than NLO  removed perturbatively at NLO

Contessi, Schäfer, vK ’23
Contessi, Pavón, vK ’24

Contessi, Schäfer, Gnech,
Lovato, vK ‘25

Improved Actions
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Example 1: change of renormalization condition

fit to unitarity limit
fit to A-body binding energy
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difficult to discern a potential failure 
of the expansion as density increases4A >
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Example 2: partial resummation of two-body effective range
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Example 3: partial resummation of a chain of ERE parameters
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possible improvements

2 3R R R= ≡  

4He atomic 
clusters 

2 2s sR xR=

(two two-body S-wave channels)

2 2t tR xR=

3 3R Rx=

fitted to corresponding
effective ranges

fitted for maximal improvement
of alpha binding energy

nuclei 



NLO

 improvement at NLO nearly independent of fake range for a large range of values

 “wall” at

zero range

Contessi, Schäfer, vK,
Phys. Rev. A 109 (2024) 022814
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two-body effective range at improved LO ~ LM2M2 effective range 

LO

imp NLO

4He
atomic
clusters 
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16A =12A =

6A =LO

exp threshold

imp LO (x = 1)

imp LO (x = 0.9)

imp NLO (x = 0.9)

imp NLO (x = 1) ( )(1)
6 31.57 0.02 0.3 MeVE = − ± ±

( )(1)
12 97.3 0.1 5 MeVE = − ± ±

( )(1)
16 155.6 0.3 20 MeVE = − ± ±

(exp)
6 31.994 MeVE = −

(exp)
16 127.619 MeVE = −

(exp)
12 92.162 MeVE = −

Contessi, Schäfer, Gnech, Lovato, vK,
arXiv:2505.09299

th threshold exp threshold

nuclei 
uncertainty from

residual 
cutoff

dependence
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Stability beyond alpha particle at NLO

NLO

renormalization + near two-body unitarity: systematic improvement

6Li

16O Contessi, Schäfer, Gnech, 
Lovato, vK ‘25

Contessi, Schäfer, Gnech, 
Lovato, vK ‘25

Contessi, Schäfer, Gnech,
Lovato, vK ‘25
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 cf. order-by-order weakening of Wigner bound

-- here more general

 cf. finite-range pionless potentials

-- here preserving power counting

(# parameters, perturbative corrections, breakdown scale, …)

Beck, Bazak, Barnea ‘20

Kievsky et al. ’20
Recchia et al. ’22

…
Bub et al. ‘24

BUT

o independence of improvement: restricted range of x, other forms?

o growth with A overestimated? 



Conclusion 

Lower orders are improved
without affecting convergence radius 

Partial range effects can be included at LO
without affecting power counting and model independence

Improvement is sufficient to 
provide stability for near-unitarity fermions at LO

and allow perturbation theory for corrections

Light-medium binding energies are
within ~15% of experiment at NLO

Need: more observables, heavier nuclei, higher orders


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Outline
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25

