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The three-particle A -nucleon potential is calculated in the lowest order of meson theory. It

is shown that the contribution of this potential to the potential energy of a A particle in a hy-
pernucleus is positive and of insignificant amount. The estimates so obtained do not confirm

Spitzer’s!

ASSUMPTIONS that many-particle forces can
play a large part in the interactions of A particles
with nucleons have been put forward repeatedly.z'5
The absence of interaction between a A particle
and a nucleon through the exchange of a single 7
meson has the result that the radius of action of
the pair forces is of the order of 1/2my . At the
same time, on the assumption of charge independ-
ence of the forces the exchange of single 7 mesons is
allowed in three-particle interactions (see figure).
This leads to forces with a radius of action of the
order 1/my. Therefore it might be expected that
three-particle forces are of more importance in

A -nucleon than in nucleon-nucleon interactions.

Spitzer! has calculated the three-particle forces
in the lowest order of perturbation theory and found
that these forces make a very large negative con-
tribution to the potential energy of the A particle.
This result is somewhat unexpected, since such
forces do not play any important part in nucleon-
nucleon interactions.® The study of these forces
is continued in the present paper.

The eight diagrams of the type shown in the
figure lead to the following expression for the
potential-energy operator of the interaction be-
tween a A particle and a system of A nucleons:
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Xj and Xj are the coordinates of the nucleons, x
is the coordinate of the A particle, and v(k) is

the cutoff function.
In the calculation of the potential we have neg-

lected the mass difference A = My — Mp and have
assumed that the parities of the A and X particles
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conclusion that three-particle forces play a large part in hypernuclei.
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are the same as for nucleons. It must be noted that
if the parities of A and X are different, then in
the adiabatic approximation the forces of the type
in question are zero.

The potential (1) does not contain the spin op-
erator of the particle. In both the singlet and the
triplet symmetric S state of a pair of nucleons the
operator (TiTj)(O'ikl)(O'jkz) has the value:

{(ve7)) (a:ky)(o7ke)> = — (kik,). 2)

Therefore in the case of light hypernuclei the con-
tribution to the potential energy of the A particle
from the forces (1) is proportional to the number
of pairs of nucleons in the core nucleus.

To obtain an estimate of the potential energy of
the A particle in a light hypernucleus the distribu-
tion of nucleons in the core nucleus was taken to be
a Gaussian distribution:

p(r) = aexp {(—r¥/y%3}, 3)

rr =1/mg is the Compton wavelength of the 7
meson, and a is a normalization constant (we
take h =c =1). The parameter y was chosen

to make the density distribution in the core nu-
cleus agree with the data on the scattering of elec-
trons by light nuclei (taking account of the size of
the proton).
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The distribution of the A particle in the hyper-
nucleus was also taken to be Gaussian:

pa (r) = apexp {— rig¥/y*r2}. “)

The variation parameter 7 characterizes the de-
viation of the distribution of the A particle from
that of the nucleons. Using Egs. (3), (4), and (2),
we get the following expression for the potential
energy of the A particle in a light hypernucleus,
with the central part of the force fixed by Eq. (1):
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z =k/my, Tm = km/ms, (6)
km is the cutoff momentum (a rectangular cutoff
is used). The function F (72, 'y%, y%) was calcu-
lated numerically for x,, = 6. The values of the
variation parameter were found from the condition
that the binding energy of the A particle be a mini-
mum, as calculated by means of the two-particle
potentials of the meson theory.! The constants in
these potentials were taken to have the values given
in reference 7. The table shows the values of ¥?
and nz that were used, and the potential energies
calculated from Eq. (5) (2 =0.083 ). The last line
shows for comparison the potential energies for
the pair forces caused by the exchange of two =
mesons. The comparison shows that the contribu-
tion of the three-particle forces is insignificant.

Hypernucleus Hi Hf,‘\ Helz'\ He‘;’\

712 1.00 0.80 0.88

7 0.33 0.42 0.25
Three-patticle forces, Mev 0.1 0.3 0.5
Pair forces, Mev —8 —14 —18

From (5) it can be seen that as the number of
particles in the core nucleus increases the contri-
bution of the three-particle forces increases as AZ.
In heavy hypernuclei, however, owing to the short-
range nature of the forces, the contribution to the
potential energy will be determined not by the num-
ber of particles in the core nucleus, but by the den-
sity of the nuclear matter. We can estimate the
contribution of the potential (1) to the potential of
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a A particle in a heavy hypernucleus if we regard
the nucleons as a degenerate Fermi gas and describe
them by a wave function ¥ that is a determinant
made up of plane waves, taking account of the spin
and isotopic spin of the nucleons. In this case the
technique of calculation used earlier to find the
contribution of the pair forces®:? leads to the follow-
ing expression for the potential energy of a A par-
ticle in a heavy hypernucleus owing to the forces
1):

. MyT
U= Viy = Pomags § @
0

2 1 o - 1
x (796%13— - TR —{—2—419) dz, 7

xF =kp/mg, and kf is the maximum momentum
of the nucleons in the nucleus. (In obtaining the ex-
pression (7) we have assumed that the number of
protons is equal to the number of neutrons.) For
nuclear radius R = 1.2AY3 F, XF = 1.77. With this
value of xp and f2 = 0.08 we get from Eq. (7)
U = 2.6 Mev. This result is to be compared with
the contribution of the pair forces from interchange
of two m mesons, which is U®™ = —78 Mev.® Thus
the contribution from three-particle forces of the
type under consideration is positive and of negli-
gible size both for light and also for heavy hyper-
nuclei. The results of these calculations do not
support the conclusion of reference 1, that three-
particle forces play a large part.

There can also be three-particle forces between
a A particle and nucleons owing to the exchange of
K and m mesons

N+A+N->N+K+N+ntN-sAL+NEN,

N+A+No>A+K+AE) 4o+ N->A-+N-LN.

Estimates show that forces of this type make a
negative contribution to the potential energy, but
here also it is negligibly small both in light and
in heavy hypernuclei.

In conclusion the writers thank Professor D. D.
Ivanenko and N. N. Kolesnikov for their interest in
the work and for a helpful discussion of the results,
and Kh. A. Khachartyan for making the numerical
computations.
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