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The€ current mainstream particle theory, the standard model SM [1], can say
nothing about binding energies of two nucleon nuclei. In its place, the scalar
strong interaction hadron theory SSI has been proposed [2] [3]. The purpose of
this paper is to provide estimates of the binding energies in the two nucleon sys-
tem based upon SSI.

In Section 2, the triplet deuteron binding energy is estimated and compared to
data. Section 3 shows that the singlet deuteron is not a bound state. The same
conclusion is reached for the singlet dineutron in Section 4. In Section 5, the
triplet dineutron binding energy is estimated and its decay mode is shown. This
dineutron is assigned to the observed one in '“Be decay. Some related considera-

tions are given in Section 6.

2. Triplet Deuteron Binding Energy

In SSI [3] (Ch 9), the ground state of a proton consists of a diquark uuz and a
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quark d.

Consider such a free proton and change its uz quarks into d quarks and vice
versa. The result is a neutron with the same spin configuration. Put these two
nucleons next to each other to form a deuteron, as is depicted in Figure 1.

The configuration in Figure 1 is fixed by the: following two conditions: 1) the
total spin in a two nucleon system can only be 1 with the nucleon spins parallel
or 0 with the spins antiparallel and 2) both nucleons are on equal footing and the
configuration remains symmetric with respect to them after an interchange or a

space inversion.

In SSI, R, is in the “hidden” relative space x betweg

qu =26/37 quu p

Consider the total elect
1. There are four contribiions, between uu and dd, uu and u, d and dd, and d

and u so that

Gyt 94900 _10€° 1

-1+ !
LR 9 R, NS

2

proton separation R, E,.,;» = 0 but < 0. Let now the neu-

ot be too small because the neutron will then experience the

pong interaction force from the proton which prevents the merger

s S
proton pT neutron nT

Figure 1. Schematic configuration of the spin 71 component of a triplet deuteron 2H,. X
denotes the coordinate and S the spin of the diquarks and quarks. The subscripts refer to
the quark content. S, = S,;= 1 and S, = S, = —1/2 with signs given by the arrow T for +
and { for —. X, = x;and X, = x;,in [3] (10.1.1) or [4] (A2). R,~ 3.23 fm [5] (2.5) is the mean
value of the diquark-quark distance. The neutron configuration is obtained from the proton
configuration via the interchange u <> d. R, is distance between the both nucleons.
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Let the diquark uu be fixed at X, in Figure 1. Then the d quark can lie any-
where on the surface of a sphere with radius R, centered at X, to form the same
proton. This scenario can be taken over by the neutron in Figure 1 via the in-
terchange u <> d. The same neutron is obtained when the u quark is R, away

from X Since the proton and the neutron cannot occupy the same space,

nn a

R >2R, Ifﬂ <0.5 (3)

nn

With R, ~ 3.23 fm from the caption of Figure 1, € = 4n/137, (2) and (3) yield
the estimate

E, o =—-2.0653 MeV (4)

The lower limit of R, = 2R, in (3) leads to the g energy

Epm = —E.pm = 2.0653 MeV which is 7.7% Sured 2.2245
MeV.

0843fm

= =0.395<0.5 (5)
2.128fm

ded

Note here that t ' arge Jpa

tron spin in Figure 1 has been chosen to be parallel to that of the proton
spijt. But it can also be chosen to be antiparallel to the proton spin. This can be
achieved by inverting the neutron configuration in Figure 1 upside down or,
equivalently, by rotating this configuration 180°. This is carried out in Figure 2.
Analogous to (2), there are also four contributions, now between uu and u, d
and dd, uu and dd, and dand u so that the total electrostatic energy E,, ,, in (2)

is changed to E,,, z1»

P P P P P P L W PR
en2ito = b JR+R 9 R, I+RJR, | ©
==Ly 20

For large neutron-proton separation R, E.. ., = 0 but now > 0. Let now the

pm>
neutron move closer to the proton, R,, decreases and E,,,,, becomes more posi-
tive. Using the lower limit in (3), the singlet deuteron binding energy Ep; =

—E, »m = —2.0653 MeV is negative so that there is no stable spin 0 deuteron, in
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agreement with observation.

4. Singlet Dineutron Binding Energy

Perform the interchange u <> dfor the proton plin Figure 1. This turns pT into
a1 which is the same as the 7T on the right half of Figure 1. By Pauli’s principle,
these two neutrons nT and nT cannot coexist. However, if the spin of this left
neutron is switched to ¥, then the aggregate m and nT, assigned to the singlet
dineutron n,, can exist. The configuration is depicted in Figure 3.

Analogous to (6), the total electrostatic energy E.,,,, for >

E .= 4.9 + 9aa9aa 4 9uYaa T 909, o 1 ?)

R, R +R’
which is simply 0.8 X E,,,» = —1.652 MeV f; imj . Analogous
to the singlet deuteron *H, case in Secti ingutron *n, binding
energy Ep,o = —Eoppm = —1.652 MeV, ivefso there is no stable

spin 0 dineutron.

Saa
neutron Ny,

proton pT

jigure 2. S¢hematic configuration of a singlet deuteron *H, with spin 0. The proton con-
tion is the same as that in Figure 1. The neutron configuration has been inverted
upside down relative to that in Figure 1, indicated by the subscript inv.

Saa

dd O dd o
I)S“
u u
Sad
Su
nd nt
Figure 3. Schematic configuration of a singlet dineutron ?n,. The right neutron configu-

ration is the same as that in Figure 1. Switching the spin directions in nT on the right
leads to the nd configuration on the left.
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5. Triplet Dineutron Binding Energy and Decay

In Section 3, the right neutron configuration in Figure 1 has been inverted to
become the right configuration in Figure 2. Perform the same inversion to the
right neutron in Figure 3 yields Figure 4.

Analogous to (2), the total electrostatic energy E.,,,; for >m, reads

_ 9ubda T 9404, + 4 + 44i9aa
em2nl —
R”” V R:n + Rj
) (8)
8e” 1 1
S i TP S

9 R, JI+R? /R,

than 2.2245 MeV for *H,.
beta decay,

where v, denote

cay separately, th

n be the nucleus of an atom, the deuterium, the neutral

an atom. The decay (9) implies that there are no free di-

MeV has not been measured.

Su
dd O u
lS u
dd

Sad

de

H\L nimv‘l’

Figure 4. Schematic configuration of the spin \\ component of a triplet dineutron 2z,
The right neutron configuration is the same as that in Figure 2. The left neutron con-
figuration is the same as that in Figure 3.
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6. Related Considerations

The third member in the two nucleon system, the diproton pp, can be treated in
an entirely analogous fashion. The results are that the binding energies of a
singlet diproton £, as well as that for a triplet diproton Ej,, are the classical
value —¢/R,, for large R,,. For the lower limit in (3), R,, = 2R, Ep, = —19.26
MeV and Ej,,, = —14.1 MeV. Thus, pp is not bound, as expected.

Thus, in the two nucleon system, only the triplet deuteron *H, and the triplet

dineutron *n, are bound electromagnetically. The former is 20% stronger than

no pp pair.
The above results show that the binding
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