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Nuclei and nuclear matter:
Effective theory: Skyrme(1960) Energy functional E = E(yt, Veg, ¢)

Veﬁ =ty + tlkz + ok - K+ t3/6p

perturbative (no loops); saturation by three-body force
Bender, Heenen, Reinhard, RevModPhys 2003
Nucleon-Nucleon interaction and few-nucleon systems:
Effective field theory

Epelbaum, Hammer, MeiBner RevModPhys 2009
Nuclear matter in effective field theory:

Kaiser, Fritsch, Weise, NPA 2002

Bogner, Schwenk, Furnstahl, Nogga, NPA 2005
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EFFECTIVE FIELD THEORY: Counting Scheme

LO = Leading Order

NLO = Next-to-Leading Order
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_ interaction: NNLO long range
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abbreviation:

o a deim?2 2¢ Ccs o
F2 =60 (- }2 =+ f—;qr% +Zf—§€ Prirlow-aixqp).  (3)
Y

ga = 1.26 axial decay constant

c1 = —0.81GeV ! pion-nucleon scattering

c3 = —3.40GeV "

ca = +3.40GeV !

Buttiker,MeiBner, NPA668(1998)252 N7

Entem,Machleidt, PRC66(2002)014002 N3LO pion diagrams NN
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_ matter, standard Brueckner Theory
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/N\Viean field U (k)
N
7

Momentum k

/

o Note: Mean field is not an observable.
@ Observables should not depend on U(k)!
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PHYSICAL REVIEW C 73, 034307 (2006)

Solution to the Bethe-Faddeev equation within the continuous version
of the hole-line expansion

R. Sartor
University of Liege, dnssitute of Physics BS, B-4000 Licge-1, Belgium
(Received 23 September 2005: published 13 Mureh 2006)
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G.A.Baker, Rev.Mod.Phys.(1971), Singularity Structure of the Perturbation
Series of Ground State Energy of a Many-Fermion System.

Problem: Attractive contributions in two-nucleon interaction may generate
bound states, Deuteron!

Consequence: In the low density limit, nuclear matter has at least two phases,
(i)deuteron gas

(ii)Fermi liquid.

Phase transition implies analytical singularity in the theory.

1. Replace K-matrix by R-matrix!

2. Perturbative expansion in terms of R-matrix!
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(i) R-matrix from Lippmann-Schwinger equation:[as in vacuum]

R(Kv Qf»']i) = V(Qf7qi) _/ ' /2 VQgR( 7q/aq’5) (6)

9(d,q) = - (7
? (q/2 _ q2)2 + PQ

(i) Binding energy from two- and three-body interaction:[Perturbative]

(B/A)2 = oL Z / dzw(z) R(K (2), 4(z), ()31 (8)
(E/A)s = (273}4 ﬂ_kg /d3 /d p(leiTi+ esTs+ caTa+ cpTp + ceTr)
9)
(iii) here:
Cp = —0.2
cg = +0.2
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RIS ter, NNLO .

EFT in NNLO, R-matrix, ALippman—Schwinger = 550MeV, Agpectraifer = 600MeV
Three nucleon interaction
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microscopic mean field calculations; minimal x? for nuclear masses.
triangle: Méller, Swiatecki, Treiner; Bethe
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_om three-body contact interaction

microscopic mean field calculations; minimal X2 for masses.
square: ¢p =0,cg =0; dots: —1.1 < ¢p < 0.5
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o The NNLO effective field theory nucleonic interactions produce saturation
of nuclear matter

with E/A = —16.2 + 0.3 MeV and kr = 1.30 £ 0.03 fm~!
using the R-matrix approach and using cp = —0.2 and cg = +0.2
@ The compression modulus is K = 197 + 37 MeV.

o Below kr = 0.51fm™!, nuclear matter is instable and may form a deuteron
gas.

An approach unifying few-body systems and heavy nuclei requires the explicit
treatment of three-body correlations.
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