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Basic ideas of effective theories:
Multipole expansion

Figure 2: A localized charge distribution generates an electrostatic potential which can be described
in terms of the multipole expansion.

3 Chiral perturbation theory: An elementary introduction

E↵ective field theories have proved to be an important and very useful tool in nuclear and particle
physics. One understands under an e↵ective (field) theory an approximate theory whose scope is to
describe phenomena which occur at a chosen length (or energy) range. The main idea of this method
can be illustrated with the following example from classical electrodynamics. Consider a localized
charge distribution in space of a size a. The resulting electrostatic potential at any given position ~R
can be calculated by integrating over the elementary charges and using the familiar expression for the
Coulomb potential generated by a point charge:
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with i, j denoting the Cartesian components allows to rewrite the integral as
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but also allows to make predictions if        is unknown!
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Strategy (assuming that we don’t even know Poisson’s law!):

1.Symmetries: write down most general expression in terms of vectors     

and     that is consistent with symmetries (which symmetry here?)

2.Naturalness: unknown multipole moments expected to be of natural size:

3.Fixing constants: measure          at several locations (              ), 

determine                 and make predictions for other locations 
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Chiral effective field theory

Basic idea: utilize separation of energy scales!

Q

⇤
typical momenta of nucleons

breakdown scale of EFT (~500 MeV) 

(compare multipole expansion in     ) 
a

R
Strategy:

1.Symmetries: write down most general Lagrangian which respects symmetries 

of QCD in terms of low-energy degrees of freedom (pions and nucleons)

2.Power counting: identify contributions (i.e. Feynman diagrams) that give 

contributions at a given order in 

3.Fixing of low-energy constants: perform calculations at a given order in 

expansion, determine constants by matching to experimental data (e.g. NN 

scattering observables) and make predictions for other observables,              

in principle constants can be computed from QCD (cf. multipole expansion) 
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Symmetries of QCD - chiral symmetry

Dµ = @µ � igq�µTaqA
a
µ

LQCD = �1

4
F a
µ⌫F

aµ⌫ + qf (i�
µ@µ �mf )qf + gq�µTaqA

a
µ

⌘ �1

4
F a
µ⌫F

aµ⌫ + qf (i�
µDµ �mf )qf

•     : flavour index, here we consider only light flavors (              )

•   ‘covariant derivative’ (independent of flavor):

f f = u, d

Decompose quark fields (for each flavor) into left- and right-handed 

chiral components via:

qL = PLq, qR = PRq, PL/R =
1

2
(1⌥ �5) , PL + PR = 1

•   introduce mass matrix (in flavour space):

M = diag(mu,md)
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Regularization schemes for
nuclear interactions (here: NN)

V3NV

p0
1 p0

2

p1 p2

Separation of long- and 
short-range physics
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nonlocal
Epelbaum, Glöckle, Meissner, NPA 747, 362 (2005)
Entem, Machleidt, PRC 68, 041001 (2003)

V3NV

p0
1 p0

2

p1 p2

Separation of long- and 
short-range physics

VNN(p,p
0) ! exp

h
�
�
(p2 + p02)/⇤2

�ni
VNN(p,p

0)

p = (p1 � p2)/2

p0 = (p0
1 � p0

2)/2

q = (p1 � p0
1)



VNN(q) ! exp
h
�
�
q2/⇤2

�ni
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A conservative prescription:



Chiral EFT uncertainty estimation: examples

Epelbaum et al., PRL 115 (2015) 122301 



Chiral EFT uncertainty estimation: examples

Epelbaum et al., PRC 99 (2019) 024313 Lonardoni et al., PRC 97 (2018) 044318 

Hüther et al., PLB 808 (2020) 135651 
Hoppe et al., PRC 100 (2019) 024318



Chiral EFT uncertainty estimation: examples

Keller et al., arXiv:2204.14016

Drischler et al., PRL 122 (2019) 042501



Fits of 3N LECs

Constrained from 
scattering
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Hoferichter et al., Phys .Rept. 625 (2016) 1

E3H fit

Drischler et al., PRL 122 (2019) 042501



Fits of 3N LECs: 
three-body scattering cross sections

• a single scattering observable not too constraining (correlated with E3H)
• a more global fit using several observables more robust



Determination of LECs:
From nuclear matter saturation point

• Use nuclear matter saturation energy and density to constrain LECs

• Reasonable reproduction of both quantities possible

• Results for medium-mass nuclei still not satisfactory

Drischler et al., PRL 122 (2019) 042501



Determination of LECs:
From nuclear matter saturation point

Drischler et al., PRL 122 (2019) 042501

Hoppe et al.
PRC 100, 024318 (2019)



Determination of LECs:
triton beta decay half life

• utilize that electroweak 2b current contributions are proportional to cD

• Triton beta decay half life much less correlated with E3H

• how to choose the cutoffs consistently in currents and interaction
(continuity equation?)

Gazit et al., PRL103 (2009) 102502 Klos et al., EPJA 53 (2017) 168



Determination of LECs:
Simultaneous fit of NN and 3N interactions

• Automatized framework for fitting NN plus 3N interactions

• Computational challenging due to high dimension of parameter space

• Indications that simultaneous fits lead to more systematic EFT convergence

• Results for heavier systems not consistent with experimental results
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Carlsson et al.,
PRX 6, 011019 (2016) 

• Automatized framework for fitting NN plus 3N interactions

• Computational challenging due to high dimension of parameter space

• Indications that simultaneous fits lead to more systematic EFT convergence

• Results for heavier systems not consistent with experimental results


