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were measured at dry ice temperatures while Logan's 
were measured at room temperature. Furthermore, 
Logan's points scatter as much as 100% from the line 
drawn through them, while my data when plotted 
yielded a rather good straight line. It therefore seems 
to me that, within the possible experimental errors 
inherent in this kind of experiment, Logan's and my 
results agree for the number of acceptors quenched into 
Ge. Furthermore, we both find the same activation 
energy of 2 ev. 

Logan's method of quenching is to drop his samples 
into an oil bath. His quench time is clearly faster than 
the quench time used in my experiments where the 
sample cools by its own radiation. On the other hand, 
this is not to say that one can conclude from Logan's 
data that I could not possibly have quenched fast 
enough to trap these defects. Logan's shortest annealing 
time is of the order of one minute; in order to conduct 
annealing experiments to determine whether a given 
quench is fast enough, he would need to control anneals 
for periods of only a few seconds. My quenching rate 
was 100°C/sec initially and 5 seconds were required for 
the sample to cool to 500°C. 

Logan has provided an interesting new fact on the 
quenching problem when he studied the effect of dis­
locations on the annealing rate. Logan found that in a 
sample with a dislocation density of 106/cm2 (measured 
by etch pits) he could not quench in any acceptors. 
Clearly, this is an indication that dislocations influence 
the speed of annealing of the defects produced by the 
heat treatment. In the process of dropping samples 
into the oil bath, it would be quite likely that some 
dislocations were introduced through plastic flow during 
the thermal shock associated with the quench. Possibly 
for this reason Logan's samples anneal much faster 
than my sample. On the other hand, the nature of his 
annealing curves is very similar to the annealing I 
observed. 

Because of the obvious importance of dislocations on 
the annealing rate which Logan has shown, I have had 
the dislocation density measured in the sample which I 
used for my annealing experiments. We4 found a dis­
location density of 104/cm2 by counting CP4 etch pits 
on the (111) surface. This density is typical of the 
dislocation density for crystals pulled from the melt, 
indicating no noticeable production of dislocations 
during my heat treatment. I, therefore, would like 
to suggest that the apparent differences between the 
annealing rates in Logan's experiments and in mine 
arises from different dislocation densities. 

As far as the experiments of Hopkins and Clarke are 
concerned, it is conceivable that no quenched defects 
were observed because the dislocation density in their 
samples might have been too high for their quench rate. 
It seems clear from the importance of the dislocations 
on the annealing process that any future experiments 

in this field should include measurements of dislocation 
density. 
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AN analysis of the binding of A0 hyperons in nuclei 
by Dalitz1 has produced some definite information 

on the A-nucleon force. In particular the forces are 
strong and highly spin-dependent. It is the purpose of 
this note to show how this result may be predicted by a 
simple field-theoretic model, assuming the forces are 
due only to exchange of pions.2 We assume spin J for 
the A and 2 and give them the same parity. The form 
of the fixed-source Hamiltonian is then prescribed for 
processes 

A<F±2 + 7T. (1) 

Instead of writing this directly, the interaction is more 
conveniently expressed in terms of a model of some 
intrinsic interest,3 i.e., consider the A and 2 as cor­
responding singlet and triplet isotopic spin states of a 
bound nucleon and some other isotopic spin J particle 
(such as the 0 meson). This picture, coupled with the 
assumption that the 0, say, does not interact with pions 
and so plays only a geometrical role, is equivalent to 
the assumption above. Now the A-nucleon potential 
is expressed in terms of the usual fixed-source pion-
nucleon Hamiltonian 

H=J^k,a (akaVka+dka* Vka*), 

F*«=( tA/ i«)&-k/ (2« i b )*>a . (2) 

We must, of course, consider that the coupling constant 
h may be different from the usual constant / . We shall 
consider only fourth order diagrams. All crossed dia­
grams plus diagram (b) of Fig. 1, are those usually 
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FIG. 2. The calculated A-nucleon potential for &2 = 0.14/2, 
/2=0.08. The three curves are the singlet potential (S), the triplet 
central potential (TC), and minus the triplet tensor potential 
( - 7 T ) . 

summed to obtain the fourth order of the two-nucleon 
potential. The uncrossed diagrams such as (a) of Fig. 1, 
with no mesons present in one intermediate state, are 
different from those usually considered in the two-
nucleon problem.4 The energy denominator in the zero-
meson intermediate state is just A^M^~MA=S0 Mev. 

The evaluation of the potentials is straightforward. 
The integrals are easily performed in closed form if we 
neglect A compared to o> in the energy denominators. 
Noting that the expectation value of <zvz2 in the 
A-nucleon system vanishes, we obtain for the un­
crossed diagrams such as that of Fig. 1(a): 

V& = - 3[>2 /2 / (4TT)2] (M2/A) (e~2x/x2) 
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where x=nr and fi=c=l. For the remaining contri­
butions, merely set T I - T 2 = 0 and let f->f2h2 in the 
expression given, for example, by Brueckner and 
Watson.4 As might be expected, the F ( a ) is about five 
times as large as the latter potential except in the 
singlet state where V(a) is very small. 

The total potential (see Fig. 2) is very singular near 
the origin as in the two-nucleon case. Since the static 
model fails for small x, these potentials are not valid 
there, and we therefore adopt repulsive cores for %<xQ, 

in analogy with the two-nucleon case. The quantitative 
results are sensitive to the core, so we will just illustrate 
the situation roughly with two examples. In the fol­
lowing the relatively weak tensor force has been neg­
lected and distances are expressed in meson Compton 
wavelengths. There is a strong attraction in the triplet 
state which we know experimentally should not bind 
the A-nucleon system (at least, not strongly). Then let 
us ask: (A) what core radius corresponds to a just 
unbound state using h2/4:7r=f2/^T=0.08; and (B) what 
coupling constant h2 corresponds to a just unbound 
state using the Brueckner-Wat son two-nucleon radius 
.T0=0.3.5 The results are approximately: 

(A) :* 0 = 0.49, r0=1.3S, 

(B):/?2 = 0.14/2, ro=1.04, 

where the fo's are the corresponding triplet effective 
ranges. Equivalent square-well potentials6 have ranges 
equal to rQ. Their depths and volume integrals, 
U= - fV0d

3r in Mev cm3X lO"39, are: 

( A ) : 7 0 = 2 6 M e v , [7=710, 

(B): F 0 = 4 4 M e v , £/,=570. 

These results compare with the empirical value of 
Dalitz (assuming that the spin of the A is \ and its 
parity is + ) : Z7*=380. In the singlet state the attrac­
tion is too weak to dominate the repulsive core and a 
discussion of the volume integral of the equivalent 
square well is not meaningful. However, a crude esti­
mate of the role of such a hard core potential in a 
nucleus, assuming the nucleon-nuclear forces are rela­
tively long-ranged, indicates that Us~ — Uh a result 
which agrees to an order of magnitude with Dalitz' 
rinding: Us=— 480. Thus this model is qualitatively 
in agreement with the highly spin-dependent A-nucleon 
force. 
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