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uum space of the Dewar on a fixed heat conductor. A detailed report on work being carried out will be
published in the near future.
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IN the quantum theory of interacting fields the perturbation-theory series is an asymptotic series.! On
the other hand, the problem of a non-relativistic nucleon interacting with a neutral scalar-meson field
(n.s. theory) has an exact solution.? In this case the exact Green’s function of the nucleon is an analytic
function of the coupling constant with an infinite radius of convergence (in the coordinate representation;
in the momentum representation the radius of convergence is finites).

The problem of a non-relativistic nucleon which interacts with a symmetric pseudoscalar meson field
(s.p.s. theory) does not as yet have an exact analytical solution. In spite of this fact an analysis of the
convergence of the perturbation-theory series can be carried out.

For the interaction
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there is a definite rule for writing the Feynman diagrams. The rule can be completely stated if we write
only one matrix element, corresponding to the self-energy diagram in the first approximation
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where E is the nucleon energy (we neglect the kinetic energy of the nucleon), and the integration ex-
tends to some upper limit. We go around the poles in the complex plane K, by infinitesimal increments
€ >0 and n > 0, The symbol n corresponds to the appropriate Green’s function in the non-relativistic
case.! In the upper half plane of k, there is only one pole ky = — ¥ k? + p2. Closing the integration path
in the k; plane in an upward direction, it is easy to calculate the integral over k; in (2). After integrat-
ing over the angles we have
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where A is the cut-off momentum. In what follows we neglect the meson mass; going over to dimension-
less variables of integration we have
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(z =E/A). The rules for forming more complicated diagrams can be obtained easily by generalizing this
example.
Similarly, in n.s. theory with the interaction g;y¢y, we obtain in place of (4)
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In this case the theory can be renormalized and the cut-off momentum A can approach infinity after
renormalization. However, since the expressions under the integrals are positive (for a given diagram),
by introducing a finite cut-off momentum we reduce the magnitude of the integral and improve the con-
vergence of the power series in g21 We now compare (4) and (5) and the more complicated diagrams.
We denote an arbitrary diagram of order n s.p.s. theory by I*g and the same diagram in n.s. theory by
I(S) Inasmuch as all the var1ables of integration in (4) and in the more complicated diagrams are less
than unity, we have L} ) o In A, if g2 =1/3(gA/2u)? and A, denotes a combination of the matrices ¢ and
7. Since the matrlces o and T have the same properties,
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in which the indices contain n identical pairs for which we carry out a summation from 1 to 3. Hence
the expression in the parentheses in (6) consists of 31 terms. We consider one of these terms. Let the
first matrix be ox while the next successive matrix after o, stands in the k’th position. Having made
k—2 substitutions we change sign k—2 times and, further, since o = 1, we have reduced the number of
matrices by 2. Carrying out this operation n times, we calculate one of the terms in oj,. i+ Tign The
quantity Ap increases only if we drop the factor (— 1)k =2 which arises from the fact that the o matrices
do not commute. Since the number of terms is 3%, A, < 32" and

[(p) <1(S) (7

if now g = 3(geA/2u)%.

Thus, the power series in g% in n.s. theory is the majorant for s.p.s. theory.

In n.s. theory the Green’s function has, in the p-representation, a finite radius of convergence (cf.
Ref. 3) if the cut-off momentum A — «. If A remains finite, however, (the inequality in Eq. (7) is ob-
tained specifically in this case), the radius of convergence in n.s. theory also becomes infinite for a
Green’s function written in the p-representation. Hence, from Eq.(7) it follows that the perturbation-
theory series in s.p.s. theory has an infinite radius of convergence.

The convergence of the perturbation series in non-relativistic theories is due to the fact that the
integral which corresponds to a diagram of n’th order, has a denominator of the following form:
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where k; is the energy of the i’th virtual meson (ki > 0).

This denominator leads to a very rapid, factorial reduction of each diagram of n’th order with in-
creasing n. This means that the n’th term of the power series in g% falls off with increasing n in spite
of the fact that the number of diagrams of n’th order increases as n!

Thus, in non-relativistic theories it is assumed that the energy of a nucleon in virtual states increases
with an increase in the number n. It is obvious that relativistic theories, in which pair production is pos-
sible, will differ in a fundamental way from non-relativistic theories at this point. Hence, in the example
of a relativistic theory chosen by Thirring each matrix element of n’th order does not fall off factorially
with increasing n and the perturbation theory series becomes asymptotic.

The authors wish to express their gratitude to B. L. Ioffe for some illuminating discussions.
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