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At the present time there are several so-called realistic potentials that
describe accurately the totallty of the experimental data on a two-nucleon sys-
tem. It is of interest to attempt to describe the properties of systems con-
taining several nucleons by starting from such potentials. A comparison of the
calculated properties with the experimental ones allows us to assess the valid-
ity of pair NN potentials as models of nuclear forces, and also the role of dif-
ferent parts of an NN potential.

We report here the resultant properties of the 3H nucleus with the follow-
ing two "realistic" NN potentials, fitted to the NN-scattering phase shifts in
a large energy interval, namely, the potential of the Eikemeier and Hackenbroich
{11 and the potential of Gogry, Pires, and De Toureil [2], which will henceforth
be denoted E.H. and g.P.7T. A1l the parts of these potentials, without exceptions,
were taken into account in the calculations.

Our method is based on the hyperspherical formalism. We denote by p and
s the radius and the angle variables on a hypersphere in six-dimensional space,

(1)

and by {o . T(l)} the spin-isosplin variables of the particles. We seek the
¥ function of the problem in the form of the expansion
W pm32 I oy Rp) Tk (0, 1ol 100y, (1)
Kn(l,n
where FKaiS the hyperspherical basis. For the time being, we take into account

in the basis Fka only the so-called "potential harmonics" (PH) [3 - 5]. The

general method of constructing the PH, which makes it possible, in particu}ar,
to consider an orbital momentum L # 0 and non-central NN forces, is glven in
[5]. For the system Rn(p) we choose the functions

R (pib,s)=N(bp)'2Ls(bplexp(-bp/2), (2)




s .
where Ln(x) are assoclated Laguerre polynomials, and b and s are parameters

chosen to ensure the fastest convergence with respect to n.)

_ The figure shows the binding energy E(®H) calculated by us and of the mate-
rial rms radius r ¢ as functions of the number of hyperspherical functions

ma,
taken into account in the expansion (1). The points with abscissas Kf corre -
spond to allowance for PH with K = 0, 2, ..., Kf. The largest value of K taken
into account in the expansion (1) was X = 28 for the E.H. potential and X
max max

= 20 for the G.P.T. potential. It is seen from the figure that a practical con-
vergence was attained for E(%H) and r oo With these values of K_

The final results of the calculations of E(®H) and of the partial welghts
of the spatially-symmetrical component of the ¥ function with L = 0 (S), the
mixed-symmetry components with L = 0 (S'), and the components with L = 2 (D)
are listed in Table 1.

ax”

TABLE 1
P(*H), % .
\\ E' MeV rmaf , E o 0 _ PDdeut g %
Potentials e i ___3«_” S’ ] D
E.H. 7.06 1.73 91,3 0,7 8.0 6.2
G.P.T. 8,50 1,74 94.6 0,6 4,7 3.8

We note that the calculations have established that the S' component of
the ¥ function is the result of a difference of two contributions, one due to
the coupling with the D state (via the potential Vél), see the footnote of

Table 2), and one due to coupling with the S state (vlia the potential Vji; -
Vis). As a result, the partial weight of the S' component should be qulte sen-
sitive to details of the NN potential.

To explain the dependence of the results obtained for E(®H) on the struc-
ture of the NN potential, we have calculated the mean values of the kinetic
energy and of the individual parts of the NN potential using the obtained V¥
function of %H. The results are shown in Table 2. The following circumstances
are remarkable: (a) The extremely small contribution of the odd potentials to
E(®H). (b) E(®H) is the result of subtraction of two large quantities, the
kinetic and potential energies. This makes E(°H) sensitive to detalls of the NN
potential. (c¢) The contributions of the kinetic energy and of individual parts
of the NN potential to E(3H) for different realistic local potentials differ
strongly from one another. Thus, these potentials are not "close" in the case
of 3H. It is of interest.that, nevertheless, all the realistic local NN poten-
tials considered to datez) give values of E(gH) that are close to one another
and to the experimental value (the difference in the values of E(®H) is of the
order of 1 - 2 MeV and 1s apparently immaterial in view of the indicated sensi-
tivity %o the detalls of the potential).

1)It can be assumed that a system of functions in the form of (2) with s
that depends on K, say s = o + BK, may even be more sultable.

2)We have in mind, in addition to the results glven above, also the known
results for the potentials of Hamada and Johnston, Bressel, Kerman, and Rouben,

and Reed.
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Table 2

< Wi...[¥> E, MeV .
E.H. G.P.T
Kinetic energy 41,7 29.4
V., + vy, -22.3 -279
v ~23,6 - 95
A —~ - 0.3
vy - 2.7 -0.2
Ve, + v, 0.1 0.02
PV, v, ViR < 0.1 < 0,1
Sum - 17.06 -~ 8,50

_ .center . o) (3)y =
Note. Vij = V2S+1, S 3 Vt (Vt ) is the tensor

singlet (triplet) potential. The notation is analo-

gous for the LS and (LS)? potentials (VI(J%) and Véi)%

We have also assessed the relative role of the NN interactions in states
with different orbital angular momenta Zij of the particle pairs. To this end,

additional calculations were performed, in which the NN interaction for all but

the tensor forces was taken into account only in states with gij i_kmax, and
for the tensor forces we took into account in addition also the transitions Qmax
Z zmax + 2. Table 3 lists the results for E(®H) as a function of lmax for the
E.H. potential. We can conclude that the approximation zmax = 2 is already suf-
fielently accurate.
Table 3

fmax E, MevV

0 - 6,401

2 - 7,059

4 - 7,063

6 - 7.063

We note in conclusion that we have shown in the present paper that the
solution of the nuclear three-body problem with "reallstic" NN forces is pos-
sible in practice within the framework of the hyperspherical approach.

We propose to report in future papers the results of calculations of the
properties of ?H with Bressel-Kerman-Rouben and Reed potentials and the results of
calculations of “He with realistic NN forces.

The authors thank A.I. Baz' for valuable critical remarks concerning the

article and A.M.Badalyan, Yu.A. Simonov, and Ya.A. Smorodinskii for a useful
discussion of the results.
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ERRATA

Article by A. Yu. Aleksandrov et al., Vol. 16, No. U:

On p. 147, lines 17 - 18 from top, read ...Cs,SbClg(B) and RbSbClg«2Rb3SbClg(A)....
instead of ... Csp3bClg(A) and RbSbClg+2Rb3SbClg (B).

%pl%lMﬁM—N&mmMMWmmw.J%wwudmwmwnk%m%m
Article by L. E. Gendenshtein and A. B. Kaidalov, Vol. 16, No. A4:

On p. 177, line 22 from top, read ... CR = 1/3OC1 =~ KhC ... instead of CR =~ 1/30,
= 5C,. b
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