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Within the framework of the Faddeev equations I the triton binding energy, Coulomb energy, S’- and D- 
state probabilities are determined. The two-particle interactions thereby employed are of the local 
Yukawa type and include also tensor forces. 

Recently a computational method was pre- 
sented which enabled us to calculate in a simple 
way the binding energy and the wave function of 
the ground state of a three particle system and 
which is applicable even in the case of local in- 
teractions [l]. This method was applied to the 
triton problem where central local two-particle 
interactions for the triplet and singlet channels 
were used as input forces. A reasonable agree- 
ment was thereby obtained with experiment. It is 
of some interest to extend these calculations to 
include also tensor forces. In this note we pre- 
sent some of the results we have obtained in do- 
ing this. 

The two-body potentials which have been used 
in these calculations are of the following type. In 
the first place, we have chosen the potential 
shape for the triplet channel to be given in the 
momentum representation by 

J$(pl P’) = -A I++ rS12 
k2 

[ k2 
(1) 

+fft (k2+P;)2 I 
where: k=p -p’, p=$==(kl -k2) , 

S 12 = 
3d1)*k)(d2)* k) _ ,(l).,(2) 

k2 

and k , i = 1,2 are the momenta of the particles. 
The parameters A, y, at and Pt were determined 
from the triplet low energy data, i.e., the scat- 
tering length, deuteron binding energy, qua- 
drupole moment and the D-state probability. 
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Since the latter quantity is experimentally not 
very well known, we have used two different 
values for it (2.9 and 4.2%) in order to see what 
the effect of such a variation is in the three body 
problem. Secondly, the singlet potential used 
contains a soft-core repulsion and has the fol- 
lowing form 

+ _~_ (2) 

The parameters in eq. (2) were adjusted to the 
singlet scattering length and effective range. 
Moreover, the adjustment was made in such a 
way that good agreement with the experimental 
lS, phase shifts was obtained up to 300 MeV lab 
energy. In order to study the sensitivity of the 
three-body calculations with respect to the sin- 
glet effective range we have used two different 
values for it (2.6 and 2.8 fm). The values 
found for the potential parameters together with 
the corresponding low energy two-body data are 
collected in table 1. 

Having determined the above set of two-body 
interactions, we reduced the Faddeev equations 
by making a partial wave decomposition simi- 
larly as has been done in ref. 2 for the case of 
spinless particles. Keeping thereby only the s- 
wave part of the singlet channel and the s- and 
d-wave parts of the triplet channel, a coupled 
set of three integral equations in two continuous 
variables is derived from the Faddeev equations. 
In the derivation it is also assumed that the or- 
bital angular momentum of the third particle, 
with respect to the other two particles, is in an 
I= 0 state. 
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Table 1 
Theoretical and experimental two-nucleon low-energy parameters. 

Singlet 

AA PA hR PR as Ys 

(MeV)“’ (MeV)liz (IvreV) ‘I2 weV)ll* (fm) (fm) 

5.08 11 12.00 20 -23.4 2.6 
4.10 10 11.48 20 -23.4 2.8 
Exp. (ref. 4) -23.7 2.7 

Triplet 

A at Y Pt 9 -%I Q pD 

(MeV)“2 (MeV)“’ (MeV)112 (fm) (MeV) (fm2) (%) 

0.4647 5 -0.74 5 5.45 2.225 0.281 2.9 
0.2232 3.5 -3.1 7 5.45 2.225 0.281 4.2 
Exp. (ref. 4) 5.42 2,225 0.282 4-7 

The resulting set of integral equations has 
been studied numerically in the same way as de- 
scribed in ref. 1. The results are shown in ta- 
ble 2. From this table, together with the results 
from ref. 1, it is clear that the inclusion of ten- 
sor forces reduces the binding energy (B.E.) of 
the triton considerably by 1 to 1.5 MeV depend- 
ing very sensitively on the D-percentage. It is 
also interesting to note that the relative differ- 
ences in B.E. between the two sets of D-percent- 
age and singlet effective range are of the same 
order as indicated by the results obtained by 
Phillips [3] for the case of separable interac- 
tions. On the other hand, if we compare the ab- 
solute magnitude of B.E. of, for instance, 
7.1 MeV, with calculations using various sep- 
arable potentials $ , we see that our local poten- 
tials give underbinding with respect to the ex- 
perimental value while separable ones give 
overbinding due to the fact that the inclusion of a 
soft core repulsion and a tensor force in the lo- 
cal interaction decreases enormously the binding 
energy of the triton (from 12.1 MeV to 7.1 MeV) 
while the effect of similar separable potentials 
is much less pronounced. It is also amusing to 
note that our calculations with the set of poten- 
tials (1) and (2) are consistent with the latest 
variational results of Delves et al. [6] who ob- 
tained for the B.E. of triton 6.7 f 0.7 MeV using 
the Hamada-Johnston potential and who ascribed 
the difference of 1.8 MeV with experiment to 
relativistic effects, the presence of three-body 
forces or to the assumed form of the potential. 
If one would neglect the first two possibilities, 
this would imply that quite low values of D-mix- 

ing and singlet effective range should be taken in 
our calculation. Of course, it should be said that 
in our calculations we have also neglected the 
contributions coming from other waves than s- 
and d-waves. As pointed out by several authors 
[6] for the simple cases studied by them, ne- 
glecting the higher partial waves is in fact a 
reasonable approximation. In order to get some 
feeling in our case for this, we have truncated 
the Faddeev equations into an effective two- 
channel problem by leaving out the d-wave con- 
tributions. Comparing the results with those ob- 
tained by solving the full three-channel problem, 
we find that there is a difference of only about 
2% in binding energy and Coulomb energy. From 
this we expect that the contributions from the 
higher partial waves should indeed be quite neg- 
ligible. 

Concerning the Coulomb energy, calculated 
as in ref. 1, we see from table 2 that tensor 
forces do not improve the situation (although 

Table 2 
Triton binding energy B(3H). Coulomb energy Ec, D- 
state probability P(D) and St-state probability P(S’) for 
different sets of potentials corresponding to a change 
in singlet effective range us and triplet D-state proba- 
bility PD. The numbers given in the last two columns 
are those obtained for the binding energy Bt(3H) and 
Coulomb energy EAby restricting the Faddeev kernel 

to s-waves only. 

$ References can be found in refs. 4. 

Y PD B(3H) EC P(D) W’) %(3W EL 

(fG (%‘c) WeV) WeV) (%) (%‘c) WeV) OMeV) 

2.6 2.9 -8.1 0.73 3.5 1.6 -8.3 0.74 
2.6 4.2 -7.5 0.70 5.7 1.3 -7.7 0.72 
2.8 2.9 -7.5 0.71 3.5 1.9 -7.7 0.72 
2.8 4.2 -7.1 0.68 5.7 1.5 -7.3 0.70 
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their effect is to increase the Coulomb energy), 
so that taking also into account a possible 5% ef- 
fect due to the finite proton size, the values of 
EC thus obtained is definitely smaller than the 

experimental value of 0.764 MeV, which would 
imply a charge asymmetry of nuclear forces as 
already suggested by Okamoto et al. [7]. 

Finally, we also calculated the D-state and 
St-state probabilities in the triton. The St-state 
probabilities contain a large numerical error of 
about 20% but give the correct magnitudes while 
the decrease with decreasing singlet effective 
range is in agreement with other results [8]. 
The D-state probabilities vary from 5.7% to 
3.5% which is in agreement with numbers quoted 
by Delves [6] and Phillips [9] concerning their 
relative difference and agree with a 5 to 6% D- 
mixing in the triton quoted by Phillips for a 
triplet potential which gives 4% D-percentage. 

This investigation is part of the research 
program of the “Stichting voor Fundamenteel 
Onderzoek der Materiel’ and was made possible 
by financial support from the “Nederlandse Or- 
ganisatie voor Zuiver Wetenschappelijk Onder- 
zoek”. We are greatly indebted for the compu- 
tational facilities offered by the “Stichting voor 
Fundamenteel Onderzoek der Materie” at the 
Zeeman Laboratory in Amsterdam. 
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