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I am looking at the old problem of the ground-
state energy of quantum many-Fermion systems. The non-
relat ivist ic Hamiltonian is 

3 = 1 , < j ( i ) 
W = E^ 

and i t is the lowest eigenvalue which is sought. My 
tools wil l be a version of perturbation theory. A 
review of the basic material has been given by Baker1. 
I t is there made plain that the ordinary, low-density 
rearrangement can not be used directly to compute the 
saturation energy and density of a system for which 
the two-body potential has a strong repulsive core 
and an attractive portion beyond the core, because 
the path of continuation from low-density to satura-

» tion density passes through the two-phase (vacuum, 
liquid) region. Likewise i t is di f f icult to supply an 
expansion directly in X for fixed p (density) because 
of the dif f iculty of the strong repulsive core and 
the tediousness of the calculations. 

A different approach is needed. One that works 
well for classical f luids 2 is to take the fluid of 
repulsive cores as the unperturbed system. I t is 
based on the observation that the pair distribution 
function for a hard-sphere fluid is very l i t t l e chang
ed by the addition of the attractive part of the po
tent ia l . Of course the value of E 0 may change signi
ficantly because of strong cancelations between the 
attractive and repulsive portions. 

My approach here is to expand the energy in a 
double series in kp, the Fermi momentum, and X, the 
strength of the attractive part of the potential. The 
plan 1s then to sum up, by the Padê method or a gen
eralization of i t , the kp expansions of the coefficients 
of each power of X into a function of kp. The coeffi
cient of X° Is just the repulsive-core energy i tse l f . 
This approach was f i rs t introduced by Baker et a l 3 

for many-Boson systems, where i t worked out fair ly 
well. I t was then applied to many-Fermion systems in 
a preliminary way* and further work was reported in 
Baker et a l s . I refer the reader to these references 
for the details and to Aguilera-Navarro et a l 6 . I will 
confine my discussion here to a few points which have 
not otherwise been ful ly discussed. In the work of * 
the procedure was compared with Monte Carlo results 
as a function of kp for the coefficients computed1 for 
a soft.repulsive square well . In ref . 6 the fu l l prob
lem is addressed. In addition, the ladder approxima
tion 1 was computed in re f . 6 by the solution of an in 
tegral equation, and from numerical differencing, the 
series expansion In X was computed at various values 
of kp. A discovery made in ref . 6 is that the following 
physical effect qreatly helps this approach. As the 
density increases toward random close nacking density, 

the wave function becomes very rigid. A consequence 
of this effect is that as the strength of the attrac
tion increases for fixed high density, the attractive 
part of the energy is just the integral of the (a l 
most) fixed wave function times the fixed shape po
tential and so is just proportional to X. Thus the 
coefficients of X 2 , X 3 , . . . a l l very nearly vanish. 
The computations in the ladder approximation show 
that this effect appears very rapidly as the density 
increases. Since the ladder approximation does not 
have a divergent energy at f inite density, as does 
the hard-sphere f lu id , but instead the ground state 
ladder energy diverges proportionally to (kpc) 6 as 
kp-»<», where c is the hard-core radius, I expect 
this effect to be even more pronounced for the com
plete theory. For my approach the imoortant conse
quence i s , for twc-particle potentials with a strong 
repulsive core, that the series in X can be expected 
to converge rapidly in the density region of inter
est. Thus the method requires the determination of 
the repulsive-core fluid energy as a function of the 
density. In the hard-core Boson case 3, Monte Carlo 
information' was added to the power series informa
tion which served to provide a very good representa
tion of the hard-core fluid ground-state energy. Once 
this representation is obtained, the implied density 
of divergence of the energy (probably a spinodal) can 
be combined with the above physical argument and the 
power series information to obtain reasonable repre
sentations for the coefficients of higher powers of 
X. Unfortunately, no Monte Carlo data is available 
to date for the hard-sphere Fermion fluid which data 
I feel would be very important to stabilize this ap
proach. An alternate procedure would be to evaluate 
the K-matrix expansion through fourth order in the 
manner of Baker et a l * . Their additional R-matrix 
rearrangement would not be required for the hard-core 
f luid. In either case, a major computational effort 
would be require to supply this information. 

I now il lustrate the rapid convergence, pre
viously mentioned, of the ^-expansion for the ladder 
approximation energy. The potential used is 

105 H2/Mc2 

V(r) = Vn 

r < c , 

c< r<R 

R< r , 

(2) 

where M is Planck's constant, M is the mass of the 
neutron, c is the core radius (say 0.4 Fermi ) . My 
dimensionless parameters are 

R-c 22 
T 

MV„ 
X « __£ (R-c) 2 

X2 

(3) 

I present results for the solution of the K-matrix 
equation1 for X = -0.234375 which value is somewhat 
weaker than that required to bind two particles. I 



treat the case of "neutron-matter" in that only the 
two nuclear spin-states, but not the two isospn 
states,occur. In table 1 I qive the binding energy per 
particle in units of H2/Mc2 = 259.2 MeV. The columns 
are the various Padé approximants to the X series and 
U/n] means the ratio of a polynomial of degree l over 
one of degree n which f i ts the exact series to as many 
terms as possible. The column labelled jxact is the 
numerical solution of the integral equation. 

Table 1 - X Series Approximation to the Ladder Binding 
Energy 

V [2/0] [2/1] U/2] Exact 

0.25 -0.007869 -0.011074 -0.011048 -0.011294 
0.50 -0.086902 -0.093397 -0.093576 -0.093627 
0.75 -0.338022 -0.343626 -0.343794 -0.343805 
1.00 -0.760854 -0.763106 -0.763158 -0.763819 
1.50 -1.82292 -1.82394 -1.82396 -1.82396 
2.00 0.18178 0.18140 0.18139 0.18139 
3.00 74.187 74.187 74.187 74.187 
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