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We are talking about: renormalizability… 
but first a little context.

Effective field theory:

Only require knowledge of fundamental symmetries

Improvable

Known theoretical errors

Model:

Grasps most of physics from simple concepts

Easy to compute

Precise (if it is a good model)

MOO.
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A complete theory

Contact theory formally:

𝐿 = 𝑁† 𝑖𝜕0 +
ℏ2

2𝑚
𝛻2 𝑁 − 𝐶0 𝑁†𝑁†𝑁𝑁

𝐿𝑁>0𝐿𝑂 = 𝐶2 𝑁†𝛻2𝑁 𝑁†𝑁 + ℎ. 𝑐. + 𝐶11 𝑁†𝛻 𝑁 𝑁†𝛻𝑁 +

𝐶4 𝑁†𝛻4𝑁 𝑁†𝑁 + ℎ. 𝑐. + …

𝐷0 𝑁†𝑁†𝑁†𝑁𝑁𝑁 +

𝐸0 𝑁†𝑁†𝑁†𝑁†𝑁𝑁𝑁𝑁 + …

𝑉 𝑟𝑖𝑗 = 𝛿 𝑟𝑖𝑗
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𝐷0 𝑁†𝑁†𝑁†𝑁𝑁𝑁 +

𝐸0 𝑁†𝑁†𝑁†𝑁†𝑁𝑁𝑁𝑁 + …

Including all the derivative/many-body 
operators one can express any interaction
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U. Van Kolck - Progress in Particle and Nuclear Physics 43, 1999, 337-418

Pionless EFT powercounting
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LO

NLO

N2LO
𝐶2𝛻 ⋅ 𝛻 ∼ 𝑐2

𝑄2

𝑀ℎ𝑖

Mℎ𝑖

≀

Two body is needed to provide
shallow states.

Three-body needed to avoid 
Thomas collapse.
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Pionless EFT powercounting

LO

NLO

N2LO

+ +

+

+ +

In the nuclear case: ΓNN =
Q

m𝜋
= 0.5 ∼ 0.8

𝑂 Γ

𝑂 Γ2

1

𝑂 Γ≥3
G.P. Lepage, How to renormalize the Schrödinger equation (1997)
U. van Kolck,  Nucl.Phys. A645 273-302 (1999)
J.-W. Chen, et al. Nucl.Phys. A653 (1999)
S. König, H. W. Grießhammer, H. W. Hammer, and U. van Kolck, J. Phys. G43, 055106 (2016)
B. Bazak, PRL  122.143001 (2019)

Momentumless 2-3 body

Momentum dependent / 4-body
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Universality
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𝐻𝐿𝑂 = −
ℏ2

2𝑚


𝑖

𝛻2 + 

𝑖𝑗

𝐶0 𝛿 𝑟𝑖 , 𝑟𝑗 + 

𝑖𝑗𝑘

𝐷0 𝛿 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘

Regularize the interaction

𝐻𝐿𝑂 = −
ℏ2

2𝑚


𝑖

𝛻2 + 

𝑖𝑗

𝐶𝜆 𝑒−
𝜆2 𝑟𝑖𝑗

2

4 + 

𝑖𝑗𝑘

𝐷𝜆 

𝑐𝑦𝑐

𝑒−
𝜆2 𝑟𝑖𝑗

2 +𝑟𝑖𝑘
2

4

Renormalization

𝐶𝜆 and 𝐷𝜆 fitted for each cutoff 𝜆.

If 𝜆 → ∞ any observable becomes 𝜆 independent 



Aren’t we satisfied with effective field theories?
Well… yes and not… 

EFTs were revolutionary for nuclear physics
But QCD – Nuclear separation of scales is not huge (mesons, excitations…)
And this complicates things…

Hard to find a nicely working EFT that is renormalizable

• 𝜒EFT has renormalizability problems;

• 𝜋EFT do not stabilize nuclei at LO;

• Modified 𝜒EFT seems to have the same stabilization problem;

• Possible solutions are non applicable to many-body methods (e.g. energy dependences);

• Halo-cluster EFTs are only applicable to specific systems.

Nuclear physics is not a dead field 
that have been completely solved
50 years ago

References:
Renormalizability issue + 
Energy dependency

van Kolck 2020
Unbound issue

Stetcu 2006
   W. G. Dawkins 2020
   M. Schafer 2021
Modified chiral
   C. J. Yang 2021 (x2)
Halo

HW Hammer 2017
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Stability problem in renormalizable theories
(just contact EFT for simplicity)

Contact Limit

Can be generalized
For each observable 

Contact Limit

Physical point
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Stability problem in renormalizable theories
(just contact EFT for simplicity)

Theory starting point

Th
eo

ry
co

nve
rgence radius

The radius of convergence of the theory: 
points reachable in this way.

X operators

∇2 operators

Starting from the universal point 
one can reach the physical point
with perturbative inclusions.

Contact operators make these lines 
as perpendicular as possible
(Other expansions are possible)
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Stability problem in renormalizable theories
(just contact EFT for simplicity)

No needed to start from the 
universal point.

(the expansion should not 
necessarily modified)

Standard improvement:
treat finite scattering length 
as starting point.

LO 𝑎0 → ∞  3B

NLO 𝑎0 < ∞   

N2LO 𝑟0   , 4B

N3LO 𝑎1,  3B𝑝2

N4LO 𝑣2 

This effectively treat (resumm) 
subleading already at LO

doesn't change the power counting:
• The correction remain small 
• The rest of the power counting is 

not perturbed
Lorenzo Contessi - Critical stability - ECT* Trento - 2023 18

You can expand the theory 
from an improved point. 
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Stability problem in renormalizable theories
(just contact EFT for simplicity)

LO 𝑎0, 𝑟∗  3B

NLO −

N2LO 𝑟0   , 4B

N3LO 𝑎1,  3B𝑝2

N4LO 𝑣2 

No needed to start from the 
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(the expansion should not 
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doesn't change the power counting:
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from an improved point. 



Designing an improved action (2B)

Potential

𝑪𝟎 𝒂𝟎 → ∞  𝜹(𝒓𝒊𝒋)

𝑪𝟏 𝒂𝟎 𝜹 𝒓𝒊𝒋

𝑪𝟐 𝒂𝟎, 𝒓𝟎  𝛁𝟐  𝜹 𝒓𝒊𝒋

T-matrix

𝟏

−𝒊𝒌

𝟏

−𝒊𝒌
𝟏 +

𝜶

𝒂𝟎

𝟏

−𝒊𝒌
𝟏 +

𝜷

𝒂𝟎
− 𝜸 𝒓𝟎

Observable described

Universality

𝒂𝟎

𝒓𝟎
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rt
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e
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Designing an improved action (2B)

Potential

𝑪𝟎 𝒂𝟎  𝜹(𝒓𝒊𝒋)
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𝟏

−
𝟏
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− 𝒊𝒌

𝟏 +
𝒌𝟐𝒓𝟎

𝟐 𝒌 − 𝒊
𝟏

𝒂𝟎

𝟐

𝟏

−
𝟏

𝒂𝟎
− 𝒊𝒌

𝟏 + 𝜶𝟏 𝒓𝟎 + 𝜷𝟏 𝝎

Observable described

𝒂𝟎

𝒓𝟎
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Designing an improved action (2B)

Potential
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T-matrix

𝟏

−
𝟏

𝒂𝟎
+

𝟏
𝟐 𝒓𝟎𝒌𝟐 − 𝒊𝒌

𝟏

−
𝟏

𝒂𝟎
− 𝒊𝒌

𝟏 + 𝜶𝟏 𝒓𝟎 + 𝜷𝟏 𝝎

Observable described

𝒂𝟎, 𝒓𝟎

𝝎𝟎

It is not possible to include a contact interaction to correct the 
effective range (Wigner bound! )
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Designing an improved action (2B)

Potential

𝑪𝟎 𝒂𝟎  𝜹 𝒓𝒊𝒋 + 𝚫𝐕

𝑪𝟐 𝒂𝟎, 𝒓𝟎  𝛁𝟐  𝜹 𝒓𝒊𝒋

𝑪𝟐 𝒂𝟎, 𝒓𝟎  𝛁𝟒  𝜹 𝒓𝒊𝒋

T-matrix

𝟏

−
𝟏

𝒂𝟎
+

𝟏
𝟐 𝒓𝟎

∗ 𝒌𝟐 + 𝚫𝝎 𝒌𝟒 + 𝚫𝝎 𝒌𝟔 + ⋯ − 𝒊𝒌

𝑻𝟎 𝟏 + 𝜶𝟏  𝒓𝟎 − 𝒓𝟎
∗

𝟏

−
𝟏

𝒂𝟎
− 𝒊𝒌

𝟏 + 𝜶𝟏( 𝒓𝟎 − 𝒓𝟎
∗ ) + 𝜷𝟏 𝝎𝟎

Observable described

𝒂𝟎, 𝒓𝟎
∗ , 

( + spurious components)

𝒓𝟎

𝝎𝟎
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Hamiltonian formulation

𝐻𝐿𝑂 = −
ℏ2

2𝑚


𝑖

𝛻2 + 

𝑖𝑗

𝐶0 𝛿Λ 𝑟𝑖 , 𝑟𝑗 + 

𝑖𝑗𝑘

𝐷0 𝛿Λ 𝑟𝑖 , 𝑟𝑗, 𝑟𝑘

25

𝐻𝑁𝐿𝑂 = 

𝑖𝑗

𝐶2 𝛿 𝑟𝑖𝑗 ∇2 + ∇2  + 

𝑖𝑗𝑘𝑙

𝐸0 𝛿 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘, 𝑟𝑙

𝛿Λ 𝑟𝑖 , 𝑟𝑗 = 𝑒−
𝜆2 𝑟𝑖𝑗

2

4  

𝛿 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘 = σ𝑐𝑦𝑐 𝑒−
𝜆2 𝑟𝑖𝑗

2 +𝑟𝑖𝑘
2

4  

Fit to 𝑎0, 𝑟0 = 0
And 𝐵3

Fit to 𝑟0

And 𝐵4

U. Van Kolck (1999)
B. Bazak (2018)
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Hamiltonian formulation

𝐻𝐿𝑂 = −
ℏ2

2𝑚


𝑖

𝛻2 + 

𝑖𝑗

𝐶0 𝛿Λ 𝑟𝑖 , 𝑟𝑗 + 

𝑖𝑗𝑘

𝐷0 𝛿Λ 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘 + Δ𝑉

26

𝐻𝑁𝐿𝑂 = 

𝑖𝑗

𝐶2
∗ 𝛿 𝑟𝑖𝑗 ∇2 + ∇2  + 

𝑖𝑗𝑘𝑙

𝐸0
∗ 𝛿 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘, 𝑟𝑙

𝛿Λ 𝑟𝑖 , 𝑟𝑗 = 𝑒−
𝜆2 𝑟𝑖𝑗

2

4  

𝛿 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘 = σ𝑐𝑦𝑐 𝑒−
𝜆2 𝑟𝑖𝑗

2 +𝑟𝑖𝑘
2

4  

Small (perturbative) 
auxiliary interaction

Reproduces (𝑎0, 𝑟∗, 𝛿𝜔, 𝛿𝜔2, … )

Corrects r∗ → 𝑟0 and fit 𝐵4

Corrects 𝛿𝜔, 𝛿𝜔2

𝐻𝑁≥2𝐿𝑂

Lorenzo Contessi - Critical stability - ECT* Trento - 2023

Improve action
mechanism:
K. Symanzik (1983)



Hamiltonian formulation

𝐻𝐿𝑂 = −
ℏ2

2𝑚


𝑖

𝛻2 + 

𝑖𝑗

𝐶0 𝛿Λ 𝑟𝑖 , 𝑟𝑗 + 

𝑖𝑗𝑘

𝐷0 𝛿Λ 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘 + Δ𝑉

27

𝛿Λ 𝑟𝑖 , 𝑟𝑗 = 𝑒−
𝜆2 𝑟𝑖𝑗

2

4  

𝛿 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘 = σ𝑐𝑦𝑐 𝑒−
𝜆2 𝑟𝑖𝑗

2 +𝑟𝑖𝑘
2

4  

Δ𝑉2 =  

𝑖𝑗

𝐶0
∗ ത𝑅−1 𝛿 ത𝑅−1 𝑟𝑖 , 𝑟𝑗  −  𝐶0 Λ 𝛿Λ 𝑟𝑖 , 𝑟𝑗

Δ𝑉3 =  

𝑖𝑗𝑘

𝐷0
∗ ത𝑅−1 𝛿 ത𝑅−1 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘 − 𝐷0 Λ 𝛿Λ 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘

𝐻𝑁𝐿𝑂 = 

𝑖𝑗

𝐶2
∗ 𝛿 𝑟𝑖𝑗 ∇2 + ∇2  + 

𝑖𝑗𝑘𝑙

𝐸0
∗ 𝛿 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘, 𝑟𝑙
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Hamiltonian formulation

𝐻𝐿𝑂 = −
ℏ2

2𝑚


𝑖

𝛻2 + 

𝑖𝑗

𝐶0 𝛿Λ 𝑟𝑖 , 𝑟𝑗 + 

𝑖𝑗𝑘

𝐷0 𝛿Λ 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘 + Δ𝑉

28

𝛿Λ 𝑟𝑖 , 𝑟𝑗 = 𝑒−
𝜆2 𝑟𝑖𝑗

2

4  

𝛿 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘 = σ𝑐𝑦𝑐 𝑒−
𝜆2 𝑟𝑖𝑗

2 +𝑟𝑖𝑘
2

4  

Δ𝑉2 =  

𝑖𝑗

𝐶0
∗ ത𝑅−1 𝛿 ത𝑅−1 𝑟𝑖 , 𝑟𝑗  −  𝐶0 Λ 𝛿Λ 𝑟𝑖 , 𝑟𝑗

Δ𝑉3 =  

𝑖𝑗𝑘

𝐷0
∗ ത𝑅−1 𝛿 ത𝑅−1 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘 − 𝐷0 Λ 𝛿Λ 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘

𝐻𝑁𝐿𝑂 = 

𝑖𝑗

𝐶2
∗ 𝛿 𝑟𝑖𝑗 ∇2 + ∇2  + 

𝑖𝑗𝑘𝑙

𝐸0
∗ 𝛿 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘, 𝑟𝑙

Auxiliary interaction 
contains a lot of 
contributions but has no 
renormalizability problems
Can also be a phenomenological 
interaction!
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Hamiltonian formulation

𝐻𝐿𝑂 = −
ℏ2

2𝑚


𝑖

𝛻2 + 

𝑖𝑗

𝐶0
∗ ത𝑅−1 𝛿 ത𝑅−1 𝑟𝑖 , 𝑟𝑗 + 

𝑖𝑗𝑘

𝐷0 𝛿Λ 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘

29

𝛿Λ 𝑟𝑖 , 𝑟𝑗 = 𝑒−
𝜆2 𝑟𝑖𝑗

2

4  

𝛿 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘 = σ𝑐𝑦𝑐 𝑒−
𝜆2 𝑟𝑖𝑗

2 +𝑟𝑖𝑘
2

4  

𝐻𝑁𝐿𝑂 = 

𝑖𝑗

𝐶2
∗ 𝛿 𝑟𝑖𝑗 ∇2 + ∇2  + 

𝑖𝑗𝑘𝑙

𝐸0
∗ 𝛿 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘, 𝑟𝑙

𝐻𝐿𝑂 = −
ℏ2

2𝑚


𝑖

𝛻2 + 

𝑖𝑗

𝐶0
∗ ത𝑅−1 𝛿 ത𝑅−1 𝑟𝑖, 𝑟𝑗 + 

𝑖𝑗𝑘

𝐷0
∗ ത𝑅−1 𝛿 ത𝑅−1 𝑟𝑖 , 𝑟𝑗, 𝑟𝑘

Option 1:

Option 2:

Subleading orders remain untouched:

Do not forget the four-body force!

Lorenzo Contessi - Critical stability - ECT* Trento - 2023

See also:
P. Recchia 2022



Hamiltonian formulation

𝐻𝐿𝑂 = −
ℏ2

2𝑚


𝑖

𝛻2 + 

𝑖𝑗

𝐶0
∗ ത𝑅−1  𝑒

−
𝑟𝑖𝑗

2

4 ത𝑅2 + 

𝑖𝑗𝑘

𝐷0 𝛿Λ 𝑟𝑖 , 𝑟𝑗, 𝑟𝑘

30

𝛿Λ 𝑟𝑖 , 𝑟𝑗 = 𝑒−
𝜆2 𝑟𝑖𝑗

2

4  

𝛿 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘 = σ𝑐𝑦𝑐 𝑒−
𝜆2 𝑟𝑖𝑗

2 +𝑟𝑖𝑘
2

4  

𝐻𝑁𝐿𝑂 = 

𝑖𝑗

𝐶2
∗ 𝛿 𝑟𝑖𝑗 ∇2 + ∇2  + 

𝑖𝑗𝑘𝑙

𝐸0
∗ 𝛿 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘, 𝑟𝑙

𝐻𝐿𝑂 = −
ℏ2

2𝑚


𝑖

𝛻2 + 

𝑖𝑗

𝐶0
∗ ത𝑅−1  𝑒

−
𝑟𝑖𝑗

2

4 ത𝑅2 + 

𝑖𝑗𝑘

𝐷0
∗ ത𝑅−1 

𝑐𝑦𝑐

𝑒
−

𝑟𝑖𝑗
2 +𝑟𝑖𝑘

2

4 ത𝑅2

Option 1:

Option 2:

Subleading orders remain untouched:

See similarities with:
R. Schiavilla (2021)

(but also notice that 
the effective range is 
still subleading!)
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Test: 

4He atoms up to 5 particles
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Few-body sector (LO) LO ෩𝑽𝑰 = 𝜹ഥ𝑹−𝟏(𝒓𝒊𝒋) + 𝜹𝚲(𝒓𝒊𝒋𝒌)

LO ෩𝑽𝑰𝑰 = 𝜹ഥ𝑹−𝟏(𝒓𝒊𝒋) + 𝜹ഥ𝑹−𝟏(𝒓𝒊𝒋𝒌)

NLO 𝛁𝟐𝜹𝚲(𝒓𝒊𝒋)

ഥ𝑹−𝟏 is the parameter that controls the resummation
𝚲 is the theory cutoff that should go to “infinity”

Legend:
White triangles: the regular LO 
Red lines: improved LO w/ 2Body
Blue band: improved LO 2+3 Body
Green Line (white circle): physical value
Vertical dashed line represents the 𝑟0 treshold

3B excited state

Relevant fake ranges ത𝑅: ത𝑅 > 6 𝑄3

𝑄3 =
2

3
𝑚 𝐵3  
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Few-body sector (LO) LO ෩𝑽𝑰 = 𝜹ഥ𝑹−𝟏(𝒓𝒊𝒋) + 𝜹𝚲(𝒓𝒊𝒋𝒌)

LO ෩𝑽𝑰𝑰 = 𝜹ഥ𝑹−𝟏(𝒓𝒊𝒋) + 𝜹ഥ𝑹−𝟏(𝒓𝒊𝒋𝒌)

NLO 𝛁𝟐𝜹𝚲(𝒓𝒊𝒋)

ഥ𝑹−𝟏 is the parameter that controls the resummation
𝚲 is the theory cutoff that should go to “infinity”

Legend:
White triangles: the regular LO 
Red lines: improved LO w/ 2Body
Blue band: improved LO 2+3 Body
Green Line (white circle): physical value
Vertical dashed line represents the 𝑟0 treshold

4B ground state

Relevant fake ranges ത𝑅: ത𝑅 > 6 𝑄3

𝑄3 =
2

3
𝑚 𝐵3  
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Few-body sector (LO) LO ෩𝑽𝑰 = 𝜹ഥ𝑹−𝟏(𝒓𝒊𝒋) + 𝜹𝚲(𝒓𝒊𝒋𝒌)

LO ෩𝑽𝑰𝑰 = 𝜹ഥ𝑹−𝟏(𝒓𝒊𝒋) + 𝜹ഥ𝑹−𝟏(𝒓𝒊𝒋𝒌)

NLO 𝛁𝟐𝜹𝚲(𝒓𝒊𝒋)

ഥ𝑹−𝟏 is the parameter that controls the resummation
𝚲 is the theory cutoff that should go to “infinity”

5B ground state

Relevant fake ranges ത𝑅: ത𝑅 > 6 𝑄3

𝑄3 =
2

3
𝑚 𝐵3  
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𝐻𝐿𝑂 = −
ℏ2

2𝑚


𝑖

𝛻2

+ 

𝑖𝑗

𝐶0
∗ ത𝑅−1  𝑒

−
𝑟𝑖𝑗

2

4 ത𝑅2 + 

𝑖𝑗𝑘

𝐷0 𝛿Λ 𝑟𝑖 , 𝑟𝑗 , 𝑟𝑘



Few-body sector (NLO) LO ෩𝑽𝑰 = 𝜹ഥ𝑹−𝟏(𝒓𝒊𝒋) + 𝜹𝚲(𝒓𝒊𝒋𝒌)

LO ෩𝑽𝑰𝑰 = 𝜹ഥ𝑹−𝟏(𝒓𝒊𝒋) + 𝜹ഥ𝑹−𝟏(𝒓𝒊𝒋𝒌)

NLO 𝛁𝟐𝜹𝚲(𝒓𝒊𝒋) (the same using 𝒓𝟐𝜹𝚲(𝒓𝒊𝒋) )

ഥ𝑹−𝟏 is the parameter that controls the resummation
𝚲 is the theory cutoff that should go to “infinity”

Legend:
White triangles: the regular LO 
Red lines: improved LO w/ 2Body
Blue band: improved LO 2+3 Body
Green Line (white circle): physical value
Vertical dashed line represents the 𝑟0 treshold

3B excited state Relevant fake ranges ത𝑅: ത𝑅 > 6 𝑄3

𝑄3 =
2

3
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Few-body sector (NLO) LO ෩𝑽𝑰 = 𝜹ഥ𝑹−𝟏(𝒓𝒊𝒋) + 𝜹𝚲(𝒓𝒊𝒋𝒌)

LO ෩𝑽𝑰𝑰 = 𝜹ഥ𝑹−𝟏(𝒓𝒊𝒋) + 𝜹ഥ𝑹−𝟏(𝒓𝒊𝒋𝒌)

NLO 𝛁𝟐𝜹𝚲(𝒓𝒊𝒋) (the same using 𝒓𝟐𝜹𝚲(𝒓𝒊𝒋) )

ഥ𝑹−𝟏 is the parameter that controls the resummation
𝚲 is the theory cutoff that should go to “infinity”

5B ground state Relevant fake ranges ത𝑅: ത𝑅 > 6 𝑄3

𝑄3 =
2

3
𝑚 𝐵3  Lorenzo Contessi - Critical stability - ECT* Trento - 2023 36

𝐻𝐿𝑂 = −
ℏ2

2𝑚


𝑖

𝛻2 + 

𝑖𝑗

𝐶0
∗ ത𝑅−1  𝑒

−
𝑟𝑖𝑗

2

4 ത𝑅2

+ 

𝑖𝑗𝑘

𝐷0
∗ ത𝑅−1 

𝑐𝑦𝑐

𝑒
−

𝑟𝑖𝑗
2 +𝑟𝑖𝑘

2

4 ത𝑅2



Conclusions (Just two slides left)
• Resum and treat exactly subleading contributions 

without Wigner bound/renormalizability issues.

• Powercounting not affected and the auxiliary interaction 
it is “reabsorbed” order by order. 

• Renormalization is preserved 
check it by perturbative insertion of the next order (do it!).

• NLO results in 𝟒He are promising (and expandible).

• Convergence of the powercounting is the only limit
for what can be resumed (check it!).
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Discussion, applications, perspectives

Model to EFT 
improvement

Simplify Many-body calculations
Without compromise renormalizability 

(error control and renormalizability)

Add entire orders non-perturbatively?
(It might be problematic to “improve” N-body forces)

Minimize problematic operators:
Many-body forces, stiff potentials

?SRG – ladder resummation?
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Thank you for the endurance and attention
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