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It is argued that single-particle-like behavior in nuclear matter is much less probable
than Brueckner theory suggests. In particular, the quasiparticle pole strength is evaluat-
ed for nuclear matter and it is shown that, contrary to the spirit of Brueckner theory,
low-inomentum states play a crucial role in determining the magnitude of z„.

F

In Brueckner theory, the probability that nu-
clear matter carrot be described adequately in
terms of single-particle-like behavior is given
by rc, Brandow's def ect-wave-function probabil-
ity. ' Earlier calculations have estimated ~ ~ 0.20.
The smallness of ~ is usually offered as an ex-
planation for the success of the independent-par-
ticle (shell) model of nuclei. Unfortunately, all
previous calculations of ~ have assumed that high-
momentum states alone provide the dominant con-
tribution. While this is certainly true for the
ground-state energy, the authors have shown in
an earlier paper' that many other properties of
nuclear matter are strongly affected by contribu-
tions from low-lying states. In the present pa-
per, it will be shomn that these low-lying states
have a pronounced effect on single-particle-like
behavior, making it much less probable.

Let us begin mith a brief review of the perti-
nent concepts of Brueckner theory: Since the in-
ternucleon force is short ranged, two-body scat-
tering dominates. Since the nuclear force is
strong, high-momentum particle states dominate
because of their clear phase-space advantage
(over hole states, in particular). The appropri-
ate, correlated bvo-body wave function is

ity. In this case, the zero in the energy denomi-
nator, corresponding to energy conservation,
leads to the outgoing scattered wave. In Eq. (I),
however, the Pauli operator prevents the energy
denominator from vanishing. Hence, there can
be no real (energy conserving) scattering and,
at sufficiently large distances, the correlated
wave function must approach the uncorrelated
wave function or, equivalently, the defect wave
function

must vanish. This is the chief effect which the
presence of the other particles (the Fermi sea)
has on the bvo scattering particles. In nuclear
matter, + approaches the uncorrelated plane
mave very rapidly; this phenomenon is called
"healing. '" At extremely small distances, the
core region of the internucleon potential makes
+ negligibly small, thus producing a "m'ound" in
the wave function; however, this wound heals
very rapidly. In other words, I f(r) I is approxi-
mately unity in the core region where the parti-
cles are strongly correlated and goes rapidly to
zero as ~ increases. It is useful to define the
range d of the two-body correlations by

', nd' =J [t-;(r))'d'r (2)
in which C' is the uncorrelated wave function and
the Pauli operator Q excludes hole states. This
equation becomes identical to the free scattering
equation if the Pauli operator is replaced by un™

This distance should be compared mith the aver-
age interparticle spacing xo defined by
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~ = (d/r, )'. (4)

[In defining (&, Brandow took into account the ef-
fect of exchanges; his definition therefore differs
slightly from Eq. (4).]

Actually, independent-particle-like behavior is
much more common than these arguments, based
on Brueckner theory, would suggest. For exam-
ple, liquid He' and conduction electrons in a solid
exhibit a similar behavior. In fact, with any nor-
mal Fermi liquid one can associate a reference

in which n is the density of the system. For nu-
clear matter, d is considerably less than r, .
Since within a sphere of radius r, centered on any
particle there is, on the average, one other par-
ticle, the probability of strong two-body correla-
tions is (d/ro)'. Equivalently, this is the proba-
bility that a particle cannot be described ade-
quately in terms of single-particle-like behavior.
Similarly, the probability that three particles
will be sufficiently close together to be strongly
correlated is (d/ro)' and so on for higher-order
correlations. Hence, the "small parameter" of
Brueckner theory is w, Brandow's defect-wave-
function probability:

gas of "quasiparticles" in order to describe the
low-lying excitation spectrum. 4 Microscopically,
this is just a manifestation of the existence of
poles in the one-particle Green's function. In the
vicinity of this quasiparticle pole, the Green's
function behaves as

~k
G (k& (q&)

which, of course, is similar to the Green's func-
tion of an ideal gas. In general, therefore, the
strength of single-particle-like behavior is given

by the residue at the quasiparticle pole,

@,8Z(k, (q&)

o) ~e(u)/n

An expansion for the self-energy is developed
in PJl. A model space is introduced in order to
take special care of the contributions from low-
lying states. The high-momentum states exclud-
ed from the model space are incorporated into
the model interaction. As suggested by Brueck-
ner theory, a truncated G-matrix approximation
is used for this model interaction. To first order
in the model interaction G~((&&), the self-energy
is given by

g, (k, (d) =—Q f dv [(k, q~G~((u+v)[k, q) —(k, q~G~((u+v)(q, k)]G(q, v),
2& q&k~

(7)

where C is the contour formed by the real v axis and a semicircle at infinity in the upper half of the
complex v plane. In PJ1, it is argued that the model interactions, describing excitations to intermedi-
ate states of high relative momentum by the short-ranged core region of the internucleon force, are
essentially instantaneous. A dimensionless parameter ~~ is introduced in order to describe this prop-
erty quantitatively:

@, ~ s(k, q)G„((d)~k, q)

Q Ckp k =kF t &=2@/~

As discussed in PJ1, K~ is only 0.10 for nuclear matter. To the extent that effects of the order Kz can
be neglected (as assumed in PJ1), the first-order approximation for the self-energy [Eq. (7)] is inde-
pendent of & and, consequently, does not contribute to the quasiparticle pole strength. On the other
hand, eZ, /8&v, by definition, would actually represent the only renormalization of the quasiparticle
pole strength if the high-lying states alone determined the properties of the system (since, in all high-
er orders of the perturbative expansion, low-lying states contribute). Therefore, a straightforward
extension of Brueckner theory suggests that this term will dominate. In fact, z~ is just equal to that
part of Brandow's z [Eq. (4)] which is associated solely with the high-momentum states 'In order .to
see which assertion is correct, it is necessary to evaluate higher-order terms in the perturbative ex-
pansion. The total second-order contribution to the self-energy is given by

z, (q, ~&=-—(
—) Z, J dv, g„dv,g„d~, il&i, q(G„(~+~,&lq„q&-&q, q, la„(~+v,&iq„q&il*

qg( k~

x G(q„v,)G(q„v,)G(q„v,)5-„,-„q „q f&(&u+v, —v, —v, ).
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Even if the & dependence of the model interaction
is neglected, one obtains

, 8Z, (k, (u) i

BC' Ik=kp N=P/~
= 0.36

when only the S-wave components of G„are re-
tained; the addition of I' waves produces an even
larger value, 0.40. It is clear that the low-lying
states play an essential role in determining the
magnitude of the quasiparticle pole strength.
Furthermore, it is reasonable to neglect effects
of the order tc„. The standard Brueckner approx-
imation for zk, namely 1 —z, is clearly inade-
quate because it ignores the crucial effect of the
low-momentum states. Brueckner theory does
not take into account the possibility of special
long-ranged correlations produced by the (weak)
tail region of the nuclear force. Unfortunately,
the apparent weakness of single-particle-like be-
havior in nuclear matter has a most undesirable

side effect: It is possible that no microscopic ex-
pansion for the properties of nuclear matter will
converge sufficiently rapidly. Since 1 —&k rep-kF
resents the fraction. of the time during which the
single-particle Green's function is incoherent,
there is no adequate approximation for this part.
In fact, nuclear matter may be no more amenable
to a microscopic calculation than liquid He'.
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Measurements have been made to check recent findings of fission-fragment energy var-
iations in low-energy neutron resonances of U. The result has been negative.

In a recent paper, Felvinci, Melkonian, and
Havens' describe the observation of apparent
variations, as a function of neutron energy, of
the energy distribution of fission fragments for
the neutron-induced fission of '3'U. In the pres-
ent Letter, we report on a very similar measure-
ment performed at the Central Bureau for Nu-
clear Measurements (CBNM), Geel, Belgium,
which, however, showed a negative result.

The U target assembly of the CBNM 60-MeV
electron linac, including 4-cm-thick polyethylene
moderator slabs, served as a pulsed neutron
source. The "'U sample was exposed to the col-

limated neutron beam at a flight path of 8.1 m.
The sample consisted of 80 pg/cm' UF, evaporat-
ed on a backing of 50 p. g/cm' Vyns plus 20 pg/
cm' Au. Fission fragments emerging from the
sample were detected by two 2000-mm' Ortec
surface-barrier detectors with a depletion depth
of 100 pm. Detector signals were analyzed by a
time coder operated with 1024 channels (channel
width 640 nsec) and an analog-to-digital converter
(64 channels), and the output of the coders was
stored on magnetic tape event by event. With 640-
nsee channel width, the timing resolution was,
in the entire energy range covered, smaller than


