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Amado and Greenwood1 showed that there is no Efimov2 effect for four or
more particles. They had investigated a four-body kernel which contains the
full (not approximated) subsystem operator. As a consequence, their trace for
small E,p,q is proportional to

f p
J (E-p^-q

dpdq

and thus does not become divergent as E-*o, because y = 1 or 1/2 in the four-
body case. The divergence of the trace of the kernel, however, is a necessary
condition for the appearance of the Efimov effect. Hence, taking into account
the full subsystem amplitude, an (n-1)-body zero-energy bound state will not pro-
duce an infinite number of bound states in the n-body case for n >_ 4. The es-
sential point in their consideration is the fact that there are n-2 free momenta
and one propagator in the part of the equation containing the n-1 connected
kernel. The dimension of the propagator is always the same, but each additional
particle gives three more powers of momentum in the numerator. Since the (n-1)-
amplitudes do not diverge more and more strongly at an (n-l)-body zero-energy
bound state, the integrals are finite for small momentum cutoff parameters and
small momenta for n > 3.

In contrast to such an attempt, our final equations^ are determined by a
(n-l)-fold successive separable approximation to the general n-body operator
identities.'1 We are left with a system of one-dimensional integral equations,
which variable describes the relative movement of the clusters. By introducing
a position space cutoff parameter r£** ' in the (n-1) subsystem and adjusting it
to a value rE, which provides the coincidence of the (n-1) and (n-2) bound states,
we arrive at the following expression for the trace of the kernel, after split-
ting up its irrelevant parts (wN, K N are kinematical factors, e is a suitable
chosen momentum cutoff):

«-l 1 (a} 1) dqfe ?N-:n ̂ a **' q

F(N-l) is the form factor of the (n-l)-bound state and a is the scattering length
'Of the (n-l)-bound state and the free particle. Obviously this integral is
logarithmically divergent as a(r^ *') ~}°°.

Thus, in contrast to the more general case discussed by Amado and Greenwood,
here the necessary condition for the existence of an infinite number of n-body



bound levels (n >_ 4) is not violated. This is essentially the merit of the
applied (n-l)-fold separable approximation. It does not change the dimension
of the relevant propagators by incorporating the dominant subsystem structures
(bound states, resonances, etc.), but reduces the n-body to an effectrlve two-
body-phase-space.

Moreover, we have shown** that for n = 4 the divergence of the integral (Eq.
2) is sufficient for the existence of Efimov's pathology in the four-boson case.
We found that for a value r-p = 1.82 fm the number of four-body bound levels in
the 0 + state goes with

N = k«ln (ea)
(3)

2/3TT < k < 1/3

So the appearance of the Efimov effect is not restricted to three-body systems.
There are some indications for its existence also in the (n>4)-particle case,
if the complexity of the n-body equations is reduced by separable approxima-
tions of the subsystem amplitudes.
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