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For the investigation of certain general properties of the S-matrix for arbitrary
spin it is necessary to consider the problem of describing a dynamical system
consisting of several nonlnteractlng quantlzed fields characterized by operator-

valued generalized functions 4y, ..., U,,.

We introduce into consideration the countably normed Hilbert space (1)

S n,l
Dg= &) D& giuuy (1)
n,l=0

of regular states |®), where Dgn’l)(Rz;(n_’l)) is the space of states of a bundle of non-
interacting n particles and [ antiparticles, and, for spins s,.,j, =0, %, 1,..,r=
1,....n, t = 1,...,1, the space Dgl’l)(m(nﬂ)) consists of elements of the space

S(R*™+D) of basic functions (?), represented in the form

n

(n,0) S, = (n,l)
CI)(U) Sl (p Q) . DU;,Q l 1 pr ®D l 1 (I)( "n; (v /)l(pa a)n,h
(2)

where

t=1

(n.l)
l
B (P @y = (@U (»,)) (X)U(l(qt))@) ;

(o,v)n,l

o, and v, are the spin projections, respectively, of a particle of mass m, and
spin s, and of an antiparticle of mass u, and spin j, on the third axis; p, and
g, are their 4-energy-momenta with domain of definition
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n l

©p = Q) U,

r=1 t=1

where Q,,, p? = m7, po, >0, 7 =1,...,n,and Q, : ¢ = pf, go; >0, t = 1,....1;
D4, (I(p)) is a unitary irreducible representation of the (2s+1)-dimensional spin
space (%), I(p) € SL(2,c) and I(p)p = p, p = (m,0), (k); = (ky, ..., k). We
shall assume that ®™! = 0 for n,1 > N , Where Nisa sufficiently large number.
A topology is introduced in Dg in a certain way.

The transformation property of the elements |®) € Dg with respect to the spinor
Poincaré group PI with elements (a, A), where a denotes 4-translations and A

is an arbitrary element of SL(2,c¢) corresponding to the element A € LL, is
defined according to

Ula, A)|®) = {exp

n 1
S, i n,l N
x Q) Dy, (4) @ D, (D)) (A7 p; A 1‘1)n,l} : 3)

r=1

The latter follows from the fact that

X

(U((L A)5>no"§n;<l/>z (p’ q)n,l = exp |j’a (Zpr + Z Qt>
r t

n l

S, i =(n,l — —
x QD, (R(A)p,) QD% (R(A,q)B() ) (A7Ip; Alq),,
(4)

r=1 t=1

where R(A,p) =171 (A p)Al(p) € SU(2,¢).

In Dg the scalar product is introduced

(@) | By) = > (@ | 8"V < o, (5)
n,l
where
@D | Yy = (U (a, A)®) ™D | (U(a, A)Py)™D). (6)

Let H;  be the Hilbert space obtained by completing Dg with respect to the
nondegenerate scalar product (5). Then the family of spaces Dg C H; C Dy,
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where Dy is the space of generalized states, forms a rigged physical Hilbert

space (1,%).

The space Dg<’g>4/>(m, s) of one-particle generalized states

nW(@1W) = gt (@) = /né”(p)ﬁ”(p)f, (7)

where <I>£,1>(p) € Dg(’%)(m, s), is the space of irreducible representations of the

spinor Poincaré group P, 1. Generalized states are defined as common gener-
. . . ~ o/ . .
alized eigenfunctions of the operators Pl’“ S?% 84 and form a canonical basis of

the spinor space (°). L. Schwartz' s kernel theorem (?) makes it possible to
define many-particle generalized states in the form

n n n 1 1 1 1 1 n
o (@ )=o) (@, . 0y = g @) @n ), ()

where @EZ; (p), = <I>£,11> (p1) - <I>S,1) (p,,). Therefore the vectors of an arbitrary
generalized state | p(®)) € D can be represented in the form

/ n l 3
n,l n,l dgpr d q
| p(®)) = Z/ '"/”Eo)n);(u)l(p"J)nJ‘I’Eo):xu)l(p’q)n’lH [ ©
n,1>0 Yy, t=1

r=1 pOT‘ QOt

and possess the transformation property

U(a, A) | p(®)) = {p{, (U (a, D). L (9, 0),)} (10)

where (U(a, A)®)™V is defined according to (3).

In the space D one can define weakly dense sets of vectors of generalized
correlations of a special type. We shall present a scheme for constructing such
a set.

To each function f(z) € S(R*) we assign the Hermitian operator

A(f) = /d4x f(z) A(x) in Dg, (T | A(f) | @), where ¥,® € Dg. (11)

and we shall consider the quantity A(f) as a linear continuous functional in
S(R*) and call it an operator-valued generalized function.

Let us now consider the field operator x(f) for the creation of a particle of mass
m # 0 and spin s, defined as follows:
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~ ~ 3 ~ ~ .
() = X (F7) = / LD Fr(p)xo(p), where Fo(p) = / e 1P () dia

Po
(12)
1 & ~
Py =4 — 7 (—p,) X
wm={ 53 ¥ e
n—1,1
X (I)‘(Tl ,,,,, U)T717o.rr+17m7gn;(V>l(p1u 7pr717pr+17 7pn7 (q)l)}7 (13)

Ula, Axo(J)U™ (@, A) = Xo (e D3, (R7H(A, Ap) 7 (Ap))  (14)

for any f7(x) € S(R*) and |®) € Dyg.

We construct the corresponding covariant operator by setting

~

a(f) = ao(F%) = X0 (D5, (1(p)) F*(p)) (15)
with the transformation property
Ula, A)a, (F)U Y a, A) = a, (e AP D5 (A1) f3(Ap)) . (16)

Now the free field can be characterized by means of the covariant operator-valued
generalized function ¢(f), defined in Dg:

e(H)|®) = a(f(—p))|®) + a(f(p))|®) =

_{;ﬁz S D Up) o (p)

=1 0=, 5,

-1,
X o st P Prts Pt P (€)0)F

1 PP s (110 Fo () '
gl T D! <p>f1>£,,<*i>i1<u>z<f”<p>"’<q>l>}' o

It is clear that

SD(f)DS CDSa
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Ula, A)pa (f) U a, A) = ¢, (D52 (A fH (A7 (z — a))) (18)

for fo(z) € S(R*).

Analogously, introducing the field operator in Dg according to

X =X F) = V(T + (1P (). (19)

where
o) = V() = xo (D WD F0)). (20)
Ula, AW (F)U (0. 4) =¥ (DA Fy(ap)) . (2)

The field operators ¢, and XB satisfy the Dirac equation

0 (®%) = X°(f5) (22)

for arbitrary functions ®*(z) and f4(x) from S (R*) satisfying the relations

0 (—1)2D%(ic - 0), 5\ (®*(2)\ 4. (©*(2)
((—1)25235(1'5—0)5“ 0 6) (fg(@) - (fg(lf))’ (23)

where o = (0,7), & = (0y,—0), 0 = (01, 04,05) are the Pauli matrices, and o,
is the identity matrix.

Now suppose that there exists a set of nonproper field operators <p<a11), @532), e
defined in Dg. Then, using nuclear

by theorem (7 ), we can construct a set of generalized-state vectors everywhere
dense in Dy,

{en ™0 (£ 0100}, (24)

where ¢,, ; are arbitrary complex numbers, |0) € Dg are vacuum states, and

QD (FOOl) Z il g D)oo floni(aly (25)

(c)n;(B)IN 1

with the transformation property
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Ula, A" (£ U1 (a, A) =

)
a)n

= Q5 (exp [wZApT} ® Dé:%(A-l)féB)”(Ap)n) (26)

for foo)™(p),, € S(R4).

In the following work we shall study relativistically invariant matrix elements
of the S-matrix, defined in the form:

S = el

n)

; *(n,l 3 (B
(@S (e o). (27)

)

Here we shall regard the S-matrix as a unitary operator defined in the equipped
physical Hilbert space D C H C D’, which maps one generalized state (25) from
D’, corresponding to an incident wave, into some other generalized state from
D’, corresponding to an outgoing wave.

Taking this opportunity, I express my deep gratitude to N. N. Bogoliubov,
Nguyen Van Hieu, and A. V. Efremov for their interest in the work and for
valuable comments.
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