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use  ɢPT  to calculate irreducible contributions 

to the amplitude ( = nuclear forces)

sum  up enhanced reducible contributions via 

solving the corresponding dynamical equation 

ChiralEFT for few nucleonsà la Weinberg
Weinberg õ90,ô91

ɢ-symm. constrainedparametrized

Structureof the chiral nuclear forces

Derivation of the potential

Notice: nonperturbative renormalization of the Schrödinger equation still under investigationé

time-orderedperturbation theory,  

unitary transformation,

S-matrix based, é

but: and

irreduciblepart

Birse, Gegelia, Harada, van Kolck, Nogga, PavonValderrama, Ruiz Arriola, é 



work in progressé
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Few-nucleon forces in chiral EFT



LO:

NLO:

renormalization of 1ʈ-exchange renormalization of contact terms7 LECs leading 2ʈ-exchange

2 LECs

N2LO: subleading2ʈ-exchangerenormalization of 1ʈ-exchange

N3LO:

sub-subleading2ʈ-exchange 3ʈ-exchange (small)

15 LECs renormalization of contact termsrenormalization of 1ʈ-exchange

Nucleon-nucleon force up to N3LO
Ordonez et al. õ94; Friar & Coon õ94; Kaiser et al. õ97; E.E. et al. õ98,ô03; Kaiser õ99-õ01; Higaet al. õ03; é

+ 1/m and isospin-breaking corrections

V2N = V2N  +V2N + V2N + V2N+ éChiralexpansionfor the 2N force:
(0) (2) (3) (4)



Neutron-proton phase shifts up to N3LO

dʋ/dɱ [mb/sr]

Ay N2LO 
N3LO

PWA

np scattering at 50 MeV

NLO
N2LO

N3LO

Deuteron binding energy & asymptotic normalizations As and �¦d

Entem& Machleidt;  E.E. & Meißner;  see also PavonValderrama& Ruiz Arriola (infinite ǉðframework)


