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For o< 1/p, which is the case in this model,
19/1,<1/2 (21 + 1) and is small for large I. It

is easy to see that if - is used as the upper
limit, then If/1, = a%/r% << 1.

For large [, I, | <<I Substituting /

1+ 11 0
Eq. (2) and multiplying by the number of nucleons
in the nucleus, we obtain
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for g2=10,1=5, € = 37 mev, k=v2ue p

=/ 2Mp, we get for the conversion coefficient
’TO/’T’\'SX 10°. Forp =/ Mp, we get To/ T
~ 2 x 10°.

Ifr <l/p, then we put/, , in place of I}

+1 +1°
with a =r_. The value of the conversion coeffi-
cient in this case is also ~ 10% — 10°. The large
values of the conversion coefficient are explained
by the large /, on the one hand, and on the other,
by the fact that the momentum of the nucleon which
absorbed the meson is larger than the momentum of
the meson (p/k >> 1), so that the centrifugal
barrier is more transparent.

Thus the lifetime of the bound A-particle is
approximately 10® times smaller than for the free
A-particles, and the decay ought to be almost ex-
clusively conversion, which contradicts experi-
ment. Our conclusions do not depend on the char-
acter of the internal region, since only the small
dimension of the A-particle is essential for it.

It appears improbable that the contribution from
the internal region could compensate the contribu-
tion of the external region, since such a compensa-
tion would have to be one of extraordinarily great
exactness.

The problem of the spin of the A-particle is
of interest also, aside from any dependence on the
model considered by us. Suppose that the ori-
gins of the metastability of the A-particle are not
due to a large angular momentum, but to some
sort of forbidden principle®'® connected, for ex-
ample, with the isotopic spin. In this case, the
proof carried out above that there can be no large
spin associated with the A-particle, is not
valid. This is connected with the fact that now the
effective dimensions of the A-particle can be of
the order of [ > 4, and inthis case we cannot
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draw any conclusions on the magnitude of con-
version in this interval. However, even in this
case, it can be shown that the presence of a very
large spin in the A-particle leads toan anomal-
ously large ‘‘conversion coefficient’’. In fact,
it follows from Egs. (3) and (4) that the region of
integration from 1/ to «, in the case of [ > 4,
gives a contribution which is of the order of mag-
nitude of the integral from O to =~ and, conse-
quently, all our estimates maintain their force.
We express our gratitude to Prof. I. Ia. Pomer-
anchuk for stating the problem and for his guidance,
and to B. L. Ioffe for discussion of the problem.
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NE of the fundamental discoveries of recent

times has been the discovery of Danisz and
Pinewskil of new types of nucléi--the so-called

hyper- or A-nuclei, which contain a Ao-particle in
addition to neutrons and protons. It has been
shown that in many cases the binding energy of
the A%-particle to the nuclei is positive and that
the comparatively short life of the A-nuclei (7

~ 10719 sec) is connected with the instability of
the Ao-particle itself1"12. The character of the
interaction of the Ao-particles with nucleons (N)
has not yet been established®+7+13, Qbservations
have permitted us to establish, although with low
accuracy, the binding energy of a series of light
nuclei!"??  We have plotted the most trustworthy
values for the binding energy ( see Figure ), which
illustrates the dependence of the binding energy
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of A%-particles (to the nucleus B ) on the number
of nucleons A. As is evident from the graph, the
fundamental regularities can be expressedin the
following fashion: a) B A increases with the
number of nucleons in the nucleus: By = -2.7
+1.154 mev( A = mass number); b) the binding
energy is independent of the charge and also of the
spin of the nuclear part ( A-nucleus minus A°-
particle); ¢) hyper-nuclei lighter than A-tritium
(AHs) are absent.

The absence of saturation of the binding energy,
so clearly evident in ordinary nuclei, is rather
astonishing. It creates the impression that the

Ao-particle interacts on an equal basis with all
the nucleons of the nucleus, in such a way that
the mean binding energy of each nucleus is equal
to ~ 1 mev, i.e., considerably less energy per
nucleon than in ordinary nuclei. We assume that
the forces of interaction of A-particles and
nucleons are identical to the nuclear forces N - N,
in particular, they have, for example, the same
radius of action® 13, We can then introduce a
self-consistent potential for the A--nucleus. This
potential must differ slightly from the potential of
the bar nucleus, in view of the very weak inter-
action of the A%-particle with the nucleus. A
single hyperon, like particles of other types (such
as protons or neutrons) will be found at the 1s
level in the ground state of the A-nucleus. The

energy of this level in the square well model with
infinitely steep walls is given by

e, = Vo—n?h2/ 2M\R, (1)
where V is the depth of the well, R | = r0A1/3 is

the radius of the well, My is the mass of the A°-
particle (M) = 2182 m,). We take Ro =1.4

x 107134 1/3 as the radius of the well. This al-
lows us to obtain the correct energy for the light
nuclei. If we consider V' to be the same for all
nuclei and equal to 43 mev, then the binding

energy of A-nuclei increases rapidly with in-

crease in 4, as calculation shows ( see the broken
line 1 in the Figure). A similar calculation has
also been carried out for the more realistic case of
a rectangular well of finite depth. In this casel5-16

S = Vo— 2{h2/ 2M, r2A’h, (2)

where z is a quantity dependent on the product
VORg. If we now use values of r | and V, in ac-

cord with the binding energy of the nuclei®®1®

(ro = 1.38 x 10°!2 for all nuclei under considera-
tion, with the exception of the very light, where
o increases slightly ) and consider the depth of

the well for the Ao-particle to be half that for
nucleons (i.e., above 25 mev for all nuclei with
the exception of the very light, where ¥ is some-
what smaller), then we get rather satisfactory
agreement with the experimental data ( see curve 3
in the drawing). Curve 2 corresponds to a well
with V= const = 15 mev and r, = const = 1.38

X 10'1:9. Curve 3 should reach saturation for 4

~ 25-30, which would be interesting to verify ex-
perimentally. (A similar saturation sets in for
curve I at somewhat smaller 4, and for curve 2

at somewhat larger 4.) The results of the cal-
culations agree with the available data®'!® in this
regard, that the forces A® - N are weaker ( al-
though of the same order) than the forces N - N3+13,
Curve 4 in the Figure portrays the calculation of
the value of the binding energy of excited A-
nuclei (for the same V, and r as for curve 3),
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when the A%-particle is in the 1p state. In view of
the large excitation energy, it is to be expected
that the perturbed hyper-nuclei would undergo
transitions to the ground state by means of the
emission of a y-quantum or would emit nucleons
before the A%-particle would decay. The other
possibility of excitation of hyper-nuclei is con-

nected with the transition of nucleons to higher
levels.

The A-nucleus can exist if its decay to lighter
hyper-nuclei (in particle, to the Ao-particle) and
to nuclei (or to nucleons) is not energetically
possible, i.e., if the mass of the initial hyper-
nucleus is less than the sum of the massesof the
possible products:

M(A, Z, A —M(A; Zi; A)—M(A— Ay Z—2Z) <0

»

where A is the total number of neutrons + protons

+ Al-particles. 1f M(4, Z, A)=ZM_ +NM,
+Mp~E(4, Z, N)LE(4, Z, A) is the total

binding energy of the given A-nucleus, wherein
E(A, Z,N)=E(A-1,2Z)+ BA], then, asis easy
to work out, the condition for stability of the A-
nucleus with regard to neutron emission will be
(inmev): E(A-1,Z)+1.15-E(A-2,7)

> 0. The conditions for stability of the A-nucleus
relative to decay with emission of a proton and
A-particle will be, correspondingly:

EA—12Z) 41,05 —E(A—2; Z—1)>0

and E(A—1,2) —23,6 —E(A—5; Z—2)>0,

Testing, by means of this formula, shows that the
nuclei AHE4, AHes, ABe8 are sufficiently stable.

At the same time,AHe6 and especially AHS are

slightly stable: the first relative to neutron emis-
sion, the second, to proton emission. If E (HY
+1.15> E (H®), then \H® could be regarded as
stable. AH3’ An3 and (AH3 )* evidently ought to

be unstable and have actually not been discovered
experimentally. However, there does exist the
nucleus AHs, in which, evidently, the spins of the
neutron and proton are antiparallel as in the
deuteron. From the viewpoint of isotopic spin,
the.existence of only one stable A-nucleus with
mass number 3 is connected with the fact that the
isotopic spin of AH3 is equal to zero; the latter

is possible if T = 0 for the A%-particle itself. This
also agrees with the empirical data on the absence
of Ai-hyperons. From the viewpoint of meson
theory, the interaction of the A”-particle with a
nucleon can occur® only be means of the emission

of pions (A°> A% 47t 477, A5 A+ 720), or

by emission of K-mesons, A% 5 N KO which

is permitted by the rule of conservation of ‘‘strange-
ness”’% 4. However, if T = 0 for the Ao-particle,
then the possibility of exchange of 7°-mesons is
excluded by the law of conservation of isotopic
spin. Evidently this is associated with the very
weak interaction of the A%-particles with nucleons.
In view of this, the existence of A-nuclei con-
sisting of two particles (for example,AH2 and Anz)
is highly improbable, in agreement with the esti-
mates based on the conclusion developed above on
the approximately half strength interaction of A°.

particles with nucleons.

Note added in proof: A recent consideration of the
idea that the binding energy of A-nuclei ought to satur-
ate at sufficiently high mass numbers was reported in

aresearch carried out simultaneously and just pub-
lished17.
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