
NO9800002

UNIVERSITY OF
DEPARTMENT OF PHYSICS

YUKAWA-DISSOCIATION

AND

THE DEUTERON BINDING ENERGY

T. Jacobsen

Department of Physics, University of Oslo
P.O.Box 1048 Blindern
N-0316 Oslo, Norway

UIO/PHYS/97-05 Received: 1997-05-05
ISSN-O332-5571

REPORT SERIES

2 0 - 2 3



YUKAWA-DISSOCIATION

AND

THE DEUTERON BINDING ENERGY

T. Jacobsen

Department of Physics, University of Oslo
P.O.Box 1048 Blindern

^ P N-0316 Oslo, Norway
UIO/PHYS/97-05 Received: 1997-05-05
ISSN-O332-5571



YUKAWA-DISSOCIATION

AND

THE DEUTERON BINDING ENERGY

T.Jacobsen,
Institute of Physics,
University of Oslo,
PB-1048-Blindern,

N-0316-Oslo,
Norway.

Abstract

We show that energy must be conserved by the dissociation
of an elementary particle. The energy deficit by a disso-
ciation behaves as a basic concept. The binding energy of
the deuteron is reproduced.

Zusammenfassung

Es wird nachgewiesen dass Energie bei der Dissoziation
eines Elementarteilchens bewahrt werden muss. Die feh-
lende Energie bei einer Dissoziation benimmt sich als
ein fundamentaler Begriff. Die Bindungsenergie der Deu-
teronen ist reproduziert.



The dissociation

A -> B + X

of a particle A to a particle B and a boson X, where B may-
be identical to A, is according to Wick [l] allowed by Hei-
senberg's uncertainty relation, i.e. the energy AE needed to
create a boson X is "borrowed" a short time At given by

AE At « #.

This argument is used in order to estimate the mass of Yuka-
wa's particle, the pion. However, if a free particle A with
rest mass M, momentum p and energy E dissociates to a two-
particle system B + X with a total energy E + AE > E, the
velocity of the system decreases by the dissociation from

(3 = p/E
to

(3' = p/(E + AE) < 0,

which is not acceptable since p and j3 must be conserved [2] .
Particle dissociation is therefore, contrary to Wick's as-
sumption, not a consequence of Heisenberg's uncertainty rela-
tion. On the other hand, energy and momentum conservation is
required at every vertex in a Feyman diagram, in agreement
with our conclusion above.

If E and p are conserved, M is also conserved. This is ob-
tained if the Q-value of the dissociated state with masses
M' and m' is taken into account, i.e.

M = M' + m' + Q.

I.e. the dissociation creates an energy deficit Q which keeps
the particles B and X trapped. The energy deficit therefore
behaves as a basic physical concept and the basic reason for
the existence of a force.

Any dissociated state which conserves the quantum numbers and
total energy of the initial state is possible. Such states are
in this context equivalent, but the Q-values are different for
different dissociated states.

In a previous comment we have reproduced the Coulomb interac-
tion as the energy deficit by the creation of a photon [3]. By
analogy we now assume that a nucleon is dissociated to N + ir
effectively a fraction f of each unit of time, and the two
nucleons in a deuteron effectively a fraction 2f of each unit
of time. Since the dissociation N - > N + T T of a nucleon
implies 1=1 and spinflip of a nucleon because of conservation
of parity [4] , we try f = oi = 1/137 = the fine structure con-
stant. The time average Q-value of the system of two nucleons
+ one created pion in a deuteron is then

Q - 2a m(7r) c2 - 2 MeV.



If both nucleons in a deuteron simultaneously dissociate with
spin-flip and creation of a pion, two pions would exist simul-
taneously a fraction f2 = a2 of each unit of time. This would
change the time average Q value with -a2 m(7r)c2 = -0.015 MeV
to _

Q - - 2.15 MeV.

The agreement between this value of Q and the binding energy
of a deuteron is equivalent to a successful "one parameter
fit" of the model to an observed value. The result favours
the assumptions that a nucleon N is in a spin-flipped N + TT
state a fraction a of each unit of time.

If nuclear forces are due to the creation of pions, then such
pions can not be ignored when the possible spin states of a
deuteron are discussed. Since the deuteron has spin J = 1, the
state is 3S Lwhen no pion is created. The state is

 LPXwhen one
pion is created with 1 = 1 and spinflip of one nucleon. L = 2
and the state is 3DL when two pions are created both with 1 = 1
and with spinflip of both nucleons. These states have parity =
+1. (If the parity of the pion is ignored, the state 1P1 would
have a parity = -1.)

In an energetic collision, such pions may appear in the final
state as free particles, in agreement with well known experi-
mental facts.

Based on the arguments mentioned above, the lack of pp and nn
bound states can be understood in the following way. pp or nn
1S-states can not create a pion with 1 = 1 since spin-flip of
one nucleon would lead to a 3S pp or nn state, which is not
allowed by Pauli's principle. Since no pion can be created, no
pp or nn bound state can exist.
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