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Evidence for three-particle correlations in nuclear matter†

W. Bentz∗1 and I. C. Cloët∗2

The properties of infinite nuclear matter have
been the subject of intensive investigations for many
decades, mainly because of the wide range of appli-
cations, including the properties of heavy nuclei, su-
pernova explosions, and neutron stars. In particu-
lar, studies on three-particle correlations have a long
history, beginning with the pioneering work of Bethe
in 1965.1) In this paper we focus our attention on
the skewness of nuclear matter and its implications
for three-particle correlations. Skewness is defined as
J = 27ρ3

(
d3EA/dρ

3
)
at ρ = ρ0, where EA is the en-

ergy per nucleon in isospin symmetric nuclear matter,
and ρ0 is the saturation density. Recently, empirical
values of J have been extracted in Ref. 2) from heavy
ion collisions and neutron star observations, and the
following range was deduced:

−0.50 GeV < J < −0.01 GeV . (1)

By using the theoretical framework of the Landau-
Migdal theory, we will show that those empirical values
provide us with information on three-particle correla-
tions in nuclear matter.
Extending Landau’s basic formula3) for the variation

of the energy density of nuclear matter to include the
third order term, which involves the totally symmetric
spin-isospin averaged three-particle forward scattering
amplitude h(k1,k2,k3), we are able to derive the fol-
lowing exact expression for J :
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whereK is the incompressibility, pF the Fermi momen-
tum, M∗ ≡ M∗(k = pF ) the Landau effective mass

at the Fermi surface, dM∗
dpF

= dM∗(k)
dk |k=pF

the slope

of M∗(k) at the Fermi surface, and the dimensionless
three-particle interaction parameters H� (� = 0, 1) are
defined by

H� =

(
2pFM

∗

π2
ρ0

)
h� , (3)

where h� = h�(k1 = k2 = k3 = pF ) is given by the
angular average

1

2�+ 1
h�(k1, k2, k3)
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Phys. Rev. C 100, 014303 (2019).

∗1 Department of Physics, Tokai University
∗2 Physics Division, Argonne National Laboratory

=

∫
dΩ2

4π

∫
dΩ3

4π

(
k̂1 · k̂2

)�

h(k1,k2,k3) . (4)

By using empirically and theoretically obtained ranges
for the incompressibility,2) the effective mass M∗,4)

and its slope at the Fermi surface,5,6) we can deduce
the following inequality from (1) and (2):

M

M∗ (H0 −H1) > 1.24 (5)

The three-particle amplitudes H� satisfy a Faddeev
equation in the medium, with a 1-particle reducible
driving term (first diagram in Fig. 1), and genuine
three-particle correlations, which start with the sec-
ond diagram in Fig. 1. The driving term can be eas-
ily estimated by using effective contact interactions of
the Landau-Migdal type, and give a contribution be-
tween 0.75 and 1.23 to Eq. (5). (Here we used the
Landau-Migdal parameters obtained from Skyrme in-
teractions7)) and chiral effective field theory.8)) This
gives us an important hint that two-particle correla-
tions alone cannot satisfy the inequality Eq. (5), and
three-particle correlations processes are needed to ex-
plain the skewness of nuclear matter.
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Fig. 1. The first two terms in the Faddeev series of the

three-particle amplitudes. Genuine three-particle cor-

relations start with the second diagram. The circles

represent two-body t-matrices.
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