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I] N 1945 Tamm! (see also reference 2) suggested
' a quantum mechanical method for investigating
relativistic problems in particle interactions. A
covariant formulation of Tamm’s method was later
given by Cini®.

We have applied Tamm’s method to the problem
of the interaction of nucleons through a pseudo-
scalar meson field. In the first Tamm approximation for
pseudoscalar coupling, the integral equation for a
two nucleon system is obtained from the
Hamiltonian:
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and for pseudovector coupling, from the Hamilton-
ian:
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In the first Tamm approximation the following
probability amplitudes are taken different from
Zero:
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The equations are investigated by the following
renormalization program: All divergent terms in
the equation due to unobservable vacuum
fluctuations (‘‘ vacuum diagrams’’) are removed.
The divergent terms remaining in the equations
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correspond to self-energies of the nucleons, and
are written as
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For pseudoscalar coupling,

N (%, — 21) = 15Sp (X2 — £1) YsA g (X2 — 1)

(4)
4
= (—21?)? S I, (p) 7" dp

A ipeeesy | Yo (P —k +m) vsdk
= T 2np Sdpep( ) S[(p_k)z_ m?] (2 — u?)

For pseudovector coupling,
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The quantity / (p) can be written 1n the form
N
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and therefore
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N
e Z B, % o'P (¥2—%1) (p— m)*dp + Nc (x5 — 1)

n=1

(for pseudoscalar coupling N =1, for pseudovector
coupling N = 3).

The introduction of terms B _ into the equations
for a two nucleon system is prevented by mass
renormalization, and terms which contain B are
rejected. As aresult of this, we can make the
following substitution in Eq. (3)

N(x)~ N, (x),
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where

—1 ipx
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In the momentum representation, the e;{uation
for a two nucleon system in the center of mass

takes the following form
QE—W)A™ (k, jy=1---1— g°F (E) A" (&, 5, (9

where [ . . . ] denotes the terms corresponding to

the noncovariant Tamm theory?.

The last terms of Eq. (9) arise by separating
finite parts from the divergent terms of the equa-
tion;

(E—m) 1, (pyys— ky)
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(10)
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The denominator in Eq. (10) is obtained from the
finite limits of integration with respect to time in
the divergent terms of Eq. (3). Asymptoticalli’,
for large values of p,, [, ,(p) ~ p (pseudoscalar

coupling), [, .~ pi (pseudoscalar coupling). There-
fore, for pseudovector coupling, the integral (10)
diverges, and accordingly, the integral equation

(9) is not free of divergences. Thus the proposed
renormalization program does not lead to a definite
result for pseudovector coupling. We note that in
perturbation theory, divergences of this type do

not arise, thanks to the infinite limits of integra-
tion with respect to time.

F(E) is finite for pseudoscalar coupling.

We thus find for pseudoscalar coupling a) for
large %, i.e., for small distances between
particles, F(E) — 0, and accordingly the form of
the interaction does not differ from the results of
reference 2; b) for small & , i.e., for large dis-
tances between particles,
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y = p2/ m®. For small values of y, ¢(y) >0, in
particular for y = 1/36, ¢ (y) > 0.

It therefore follows that the computation of
renormalized terms in the equations for a two
nucleon system with pseudoscalar coupling is
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equivalent to a decrease in the nucleon mass

m*=m/1+ o). 12)

After this analysis was completed, there
appeared an article* in which it was shown that
higher Tamm approximations in the equations of a
two nucleon system with pseudoscalar coupling
lead to divergences similar to those described
above for the pseudovector coupling. This shows
that the proposed renormalization program in
principle does not remove divergence difficulties
which arise for the pseudoscalar as well as for
the pseudovector coupling.

In conclusion, I wish to take this occasion to
express my gratitude to V. B. Silin for suggesting
this problem and for his constant help during the
analysis,
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B LANC-Lapierre and coworkers! have recently
shown that if one knows the characteristic
function f{: (u) of a quasi-monochromatic station-

ary random process £(t) = 4 cos(wyt — 6) (4
and 0 are functions of ¢, slowly varying compared
to cos w, ¢) then the probability distribution

W ,(A) of the envelope A(¢) can be obtained using
the Hankel transform:
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