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Spectral representations are obtained for the matrix elements of the product of n scalar

Heisenberg operators.

THIS paper presents a generalization of the in-
tegral representation of Dyson, [3] based on the
methods of Schwinger (1] and Gribov, C2] in which
anomalous regions of integration do not arise.

1. Consider the mean in vacuum of the product
of three scalar operators
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where Xji = Xj —xi. The function (1) contains only
positive frequencies and consequently is analytic
relative to time coordinates in the region
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where the € are arbitrary positive constants, which
we consider to be infinitesimally small.

According to (2), this function will have a spec-
tral representation with a factor
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in the integrand if
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‘'The spectral representation of the T-product
can be obtained by assuming xJ, > 0 and x5 > 0
in (4). In this case, it follows from (4) and the
symmetry properties of the T-product that
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we obtain
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the parameters «% take on only positive values,
since they characterize the mass spectra.

From considerations of relativistic invariance,
it follows that the conditions (3) in (4) can be re-
placed by the requirement
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and one can write
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2. Let us turn to a consideration of the matrix
element of the product of three operators

F1as (%12, X25) = (P | @y (X1 — X) @3 (X2 — X)@s(xs — %) | Q)’,
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where X = (X4 + X, + X3)/3, the prime indicates
calculation only of connected diagrams, and P and
Q are the total momenta of the arbitrary states
| Py and |Q). From the spectral condition it fol-
lows that
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here the m are the minimum masses of the inter-
mediate states, and 6(p) = 9(p°) 9(p2) is an invari-
ant discontinuous function.

Function (8) can be written in the form
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The occurrence of spectral representations of
type (7) means that we can set
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where Ijy3 is the Fourier transform of Ijy3 in the
variables u; and ug. From the causality condition

it follows that the functions
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3. A matrix element of general form
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where the function Ij; 5 is symmetrical with re-
spect to the indices (1,2,..., n) [the number of
its arguments k2 equals n(n—1)/2] and has a
Fourier transform
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Consideration of the symmetry properties of Ij; p
brings in additional limitations on the variables «.
In particular, when P and Q correspond to vacuum
states, then the functions I, ., and Tm...n become
identical with each other and depend only on the

variables k2.
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