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Dynamics of quantum field theory can be formulated by functional equations. To develop a
complete functional quantum theory the physical information has to be given by functional
operations only. The most important physical information of elementary particle physics is the
S-matrix. In this paper the functional S-matrix is constructed for the scattering of relativistic
dressed particles, i.e. for particles with structural properties. The basic functional equation is
assumed to be derived from a nonlinear spinor field equation with noncanonical relativistic
Heisenberg quantization. The initial free dressed many particle states are defined, and the scat-
tering functionals are constructed. By the use ofirre ducible representations the equivalence of the
functional S-matrix with the conventional Hilbert space definition is shown with respect to an
appropriate definition of the functional scalar product. Technical details are discussed in the

appendices.

The operator equations of quantum field theory
can be replaced formally by functional equations
of corresponding Schwinger functionals!=3. To
give this formalism a physical and mathematical
meaning it has to be considered as a mapping
between physical state spaces and functional state
spaces® 5. Thus one has to develop a complete
functional quantum theory, where the complete
physical information has to be obtained by func-
tional operations only. This has been proposed in
a preceding paper®. As has been pointed out in4,
the mapping is possible only for global observables,
ie. the stationary quantum numbers and the S-
matrix. The functional definition of the stationary
quantum numbers has been discussed in 7, while
the S-matrix has been constructed only for spin 1/2
Fermion-Fermion scattering so far8:9. In this paper
the functional S-matrix construction is discussed
in full generality, i.e. for all types of scattering
processes between particles with arbitrary angular
momentum. To be able to perform functional
calculations of interesting high energy phenomena,
the nonlinear spinor equation regularized by non-
canonical Heisenberg quantizationl® is assumed
to be the basic field equation. But the method can
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be applied to any quantum model, provided it
gives finite results and contains particles with
higher angular momentum i.e. composite or dressed
particles. In the case of undressed particles the
S-matrix definition is reduced to that given
already in 8.

1. Fundamentals

The connection between nonlinear spinor theory
and its functional map has been discussed in 11,
Therefore the fundamentals may be discussed only
in functional space. The appropriate state descrip-
tion is provided by the normal functionals4,1l.
They are defined by a power series expansion

DG i= 5 g (-2 7 01) 7 () 909
(1.1)

where for double indices and coordinates the summa-
tion convention is assumed. The power series func-
tionals occuring in (1.1) are defined in 4,11,12, By
(1.1) the functional equation
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FUNCTIONAL QUANTUM THEORY OF SCATTERING PROCESSES. IV.

has to be satisfied where S*(x) is a suitable symme-
trization operator11,13,14 and the definition

dyx (2) := F (22) j*(2) + Ox(2) (1.3)
x o

is used. For a review about the functional space

see 11. Additionally the symmetry conditions

Br| PG> =20 |PGH)>; B2 D)) =m2| D)),
B &4 | B () =ss+1)|¢j)>; (14)
Ca[@ >—831(D

defining the maximal set of quantum numbers with
respect to the Poincaré group have to be satisfied
by state functionals?:15. We do not discuss further
quantum numbers arising from gauge groups etc.
It is assumed, that the set of solutions of (1.2)
(1.4) provides a complete set of physical states of
the theory. Generally for physical states one has to
distinguish between stationary states and scatter-
ing states. For the calculation of stationary states
a method has been proposed in 11. The functional
state vectors satisfy homogeneous equations, and
it is assumed, that the operator kernels of these
equations determine the stationary states com-
pletely like in the simpler case of Fredholm equa-
tions. On the other hand scattering functionals
have to be characterized by initial conditions,
arising from the ingoing resp. outgoing particle
configurations before or after the scattering has
been occured. These initial conditions have to be
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incorporated in the description of scattering
functionals. This has been done for Fermion-
Fermion scattering in 8.9.11. Now we discuss the
general case.

2. Scattering Functionals

The initial conditions of scattering states are
free many particle states of dressed particles. To
construct them we consider a one particle state

| Pg (7))
1
=3 e
n
where & means the set of quantum numbers
defining the particle state completely. This state
can be constructed by applying a creation operator

A+ (R) := z—j,—— @n (@1

T, R) (1) .. 2.1)

j(@m) | @o>

oy, 8)) 7 (2Y)...5(2") (2.2)
on |@o>. From (2.2) immediately follows a many
particle state

|¢(7, f... @n)> = 2['*’(@1) vee Q['*'(@n) I (po> (2.3)

by repeated application of creation operators on
| poy. While the one particle states (2.1) are solu-
tions of (1.2) and (1.4), the many particle states (2.3)
do not satisfy (1.2) but only (1.4).

Stat.: The many particle states are solutions of
(1.4) but in general not of (1.2).

Proof: We consider first a generalisation of formula (3.6) of 7 which reads:

%h?l+(§“1)..‘91+(ﬁ'n)|(p0>: Z 01' 1 Z Py x(l) e +ZP (n)}
01...0n < =1 va=1

-tpgl(x&”- 2, R1) .. @, (@Y ... 20D, Ru) (@) . G Qo> . (24)
By observing

Fn(P1.. P, ) = 0" — D pi) Galp1... Pa) (2.5)

=1
we obtain the relations
P | DG, R1... Ka)> = (2 p3) | P, R1.. , P2 DG, Ry... Ra)>= (D 1) ( Zp"ﬁ‘)l‘pi f1... ®a)),
j=1 7 1 =¥

®y B4 |D(j, R1... R2)> =88+ 1) | D@, K1... Ka)), S3|DP(j, R1... &) = S3|D(j, n)) (2.6)

where S denotes the quantum number of the total angular momentum (relative to the center of mass
of the n-particle system) and Ss that of the third component.
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The first one is clear. The other ones are obtained by the same procedure. Therefore the first state-

ment is verified.

For the second statement, we observe, that any one particle solution does satisfy only Egs. (1.2)
and (1.4) as no further physical conditions are required.

Denoting the operator of Eq. (1.2) by

Dn(j, d) = % () Pa(w) Gi(x — @) Vi dp(2') dy (') do (2')

for a one particle state A+ (R) | po)> the equation

[m2 — Da(j, d) Dn(j, )] U+ () | o) = O

(2.7)

(2.8)

has to be fulfilled. If ]di(j, K1 ... ®))> would be an eigensolution too, a necessary condition would be
to satisfy (2.8) also. We show that this is not true. We consider the special case of a t wo particle state

|D(j, K1, R2)>. Then we have due to (2.8)

[m2 — Dn(j, d) D2(j, d)] Ut (K1) A (K2) | po) = [(m? — Dn(j, d) DA(j, ), A (R1)]- AT (R2) [ @0y . (2.9)

A necessary condition for A+ (R1) A+ (K2) | go> to be an eigensolution is the vanishing of (2.9). As the
one particle state A+ (RK2) | o) satisfies only Egs. (1.2), (1.4) this can be achieved only by

[(m? — Da(j, d) D2(j, d)), Ut (R1)]-) = m® — D (j, d) D (j, d) .

By direct calculation it can be shown that this is not fulfilled, therefore | @ (j, ®1, f2)> is no eigenstate.

For higher states we have

[m? — Da(j,d) TG, d)] [P, K1 ... Ka)>

= S o () 0 ) [ — DaGid) D
=1

B, d)}, U (RD)]- U (Rev) - AT (Ra) [ o> . (2.10)

In this combination at least the term with I =n — 1 is + 0 due to the statement about the two particle
states. Therefore in general (2.10) is + 0 and the many particle states (2.3) are no eigensolutions of

(1.2). q.ed.

The physical reason for this property of many
particle states is obvious: As in nonlinear field
theories the interaction cannot switched out, only
stable one particle solutions may exist. Any many
particle solution has to be a new stable one particle
solution, i.e. a new dressed particle or a scattering
state. For a new stable particle the quantum
numbers of the constituents cannot be fixed.
Therefore (2.3) has to be a scattering state. But
also scattering states in general cannot exist with
one fixed free particle configuration, therefore (2.3)
cannot be a solution of (1.2). As the operators (2.2)
create dressed particles, the following holds

Stat.: The algebra generated by the dressed
particle creation operators A+ (R) and destruction
operators 2 (&) is not isomorphic to the algebra of
the free particle operators A" (&), Ur(R).

Proof: For free particle states the functional
creation operators are given for Spin 1/2 fermions by

U (R) := 1(21) j (). (2.11)

Also for higher spin particles analogous local
operators may be defined. By direct calculation the
commutators and anticommutators of the dressed
particle algebra and the free particle algebra may
be derived. A comparison shows that a mapping is
not possible in general.

As can be seen the dressed particle algebra is
much more complicated than the free particle
algebra. But this is no serious difficulty as the
complete dressed particle algebra is not required for
practical calculations. Concerning the connection
with physical Hilbert space, the following statement
is given:

Stat.: The dressed many particle states in func-
tional space can be mapped on dressed many
particle states in physical Hilbert space.

No proof of this statement is given, as a proof
depends on the cluster properties of vacuum
expectation values, which are not explored satis-
factory.

To apply the states (2.3) for the construction
of scattering states, it is necessary to consider
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wave packets of (2.3). These are given by linear
combinations

| D, %)) := Cu(R1 ... Rn) | PG, K1 ... Rn))

where o denotes the quantum numbers of the
packet. By a suitable choice of wave packets the
configurations of free dressed particles can be arrang-
ed to have an almost vanishing interaction. This
is the starting point of S-matrix construction in
ordinary Hilbert space. For the scattering func-
tionals then the following theorem is assumed

(2.12)

Stat.: The scattering functionals |®® (j)) for
an initial or final configuration (2.12) of free dressed
particles decompose into

| DD (G, 0)> = | xD (G, a)> + | PG, a)>.

Proof: An explicit proof will not be given, as
many assumptions are required. We only give a
hint. The proof should run like that in 8, if one
observes, that the total Hamiltonian in physical
Hilbert space can be decomposed into a spectral
representation of free dressed many particle states
and an additional interaction energy between these
states. Then the considerations of 8 can be applied.

Finally we look for a method of explicit construc-
tion of scattering states. Substitution of (2.13) into
(2.8) gives with (2.10)

[m2 — Dn(j, d) D2(, d)] | x® (j, 0)>
= > A+ (K1) ... U (Ri-1)
1=1
% [{m2 — Dn(j, d) D, d)}, A+ (X))
X Ut (KRi41) ... AT (Kn) l ®o) -
If one assumes a power series solution of

[m2 — Dp DA 4 iy

(2.13)

(2.14)

one obtains from (2.16) by evaluation of the right
side

|26, 0> = | 729G, 29> = | 729G,
= 5 (o) (Zuar@n (e

=0 k=1
X [{m2 — Dp D}, U+ (Rk)1-

5 A+ (Res1) ...w(s@,,)) | pop .

(2.15)

This solution corresponds to the common Born
series. It may be used if no resonance scattering
occur. In the case of resonance phenomena the
reciprocal has to be studied more thoroughly.
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3. S-Matrix Construction

For the construction of the S-matrix a scalar
product definition in functional space is required
especially for spinor field functionals. The possible
functional spaces and the scalar products of their
base vectors are discussed in 411,12, The mapping
between functional state space and physical state
space is produced by the selection of a definite
functional space. This is done by the suitable
choice of a weighting functional W. In preceding
papers a weighting functional W = exp {—j G j}
has been proposed$.11.8.9, If (G is squareintegrabel
in both coordinates no divergencies occur in the
map. But as has been pointed out in 6 no general G
valid for all theories can be found. Rather a special
G has to be defined for any special theory to provide
a physical meaningfull map. Therefore it is of
interest to look for an universal weithting factor
valid for all theories. To achieve this we introduce
the following definition

st £ Bm
W:= z egm I Dy (y1---Ym)> 65: 5(:1/1 — 21)
m=1
i 08 8(ym — 2m) {Dm(21...2m)| (3.1)
Y1

Ym
with the power functionals

B Bm
| Do (91 ym)>i= oy P - 5% (ym) | g0 - (3:2)

Applying now the expressions for power functional
scalar products of4.11,12 the following theorem
holds

Stat.: If | @q (j)> and | Dy (j)) are state functionals
of type (1.1) then

©o

ﬁﬂ; {Da ()| W| Py (j)> = 2 Cy(a, b) 6 (0)

r=0

(3.3)

is valid.
Proof: The proof is given in appendix II.

The power terms of §(0) result of the socalled
disconnected graphs. For exponential weights
these terms are suppressed, i.e. they are finite. For
the universal weight (3.1) they give rise to diver-
gencies. Therefore the scalar product of state
functionals cannot immediately defined by (3.3).
To avoid this difficulty we therefore define the
physical functional scalar product by

Def.:
(Pa ()| Po(5)) := limo<¢a D] W[ Po(1)>/s0y=0 (3:4)
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i.e. this scalar product is defined by the zero order
term of the expansion (3.3). This definition provides
a suitable map between the functional and physical
state space. The following holds

Stat.: Stationary functional
| @y (j)) are orthogonal for a + b.

states

| Da ()

Proof: Any stationary state is characterized by a
maximal set of quantum numbers. If this set is
chosen suitably no degeneracy occurs. This is
assumed for the following. Therefore if @ + b, among
the set of quantum numbers a:= (a;...an),
b:= (by...by) at least one pair ay, by is different.
As the quantum numbers are defined by the eigen-
values of group generators of the corresponding
symmetry group we denote the corresponding
operator by

O 1= jx (¥) Go (x) 0% (). (3.5)

Then we have
(Do ()| W B | Pa(§)) = aalDPo ()| W[ Pa ()
()| W O | Py (7)) = ba{Pa () | W[ Db (j)>. (3.6)
By direct calculation follows
(Da ()| W[ Dy (5)) = (Do j)

where X means complex conjugation. Therefore

| W|Da()>*  (3.7)

from (3.6) follows
<¢b IWOﬁa|¢a \—<(Da? |W®a]¢b(7)>x

= (a0 — ba) (Do ()| W| Da(j)) (3.8)

As &y leads to an observable quantum number, we
may assume Gy () to be a Hermiteam operator
without restriction. Observing this and the defini-
tions of scalar products between power functionals,
by direct calculation follows

(Do ()| W O | Pa(j)> = {Dalf) | W Bu| Dy (j)> * (3.9)
and therefore from (3.8)
{Dp()| W |Dali)y =0 (a=+b). qed. (3.10)

Choosing a suitable normalization one therefore
has an unitary map between stationary functional
states and physical states. This map can be extended
to scattering states. We proof the following

Stat.: If | @)y and | b) are base vectors of irreduzible
representations in physical Hilbert space, then
| Du (7)) and |Dy(j)) are base vectors of the corres-
ponding irreduzible representations in functional
space.

H. STUMPF

Proof: Irreducible representations are defined by
the diagonalization of a maximal set of correspond-
ing group operators. This definition does not depend
on the representation space. Therefore if these
operators are diagonalized in physical state space,
they are diagonalized in functional state space, too.

Stat.: If | @) and |b) are orthogonal base vectors
of irreducible representations in physical Hilbert
space, then also | @, (j)> and | Dy (j))> are orthogonal
with respect to (3.4).

Proof: The proof runs like that for stationary
state functionals. The property that the stationary
functionals are solutions of (1.2) is not required.

By the preceding statement the scattering func-
tionals can be treated to

Stat.:
| B

Proof: Any physical state has to be a base state
of a representation of the corresponding symmetry
groups. In contrary to stationary states, the
scattering states generally do not generate irredu-
cible but reducible representations. As the entire
representation space is given by the direct sum of
the base vectors of irreducible representations, it
follows that any scattering state can be decom-
posed into irreducible parts

Between scattering states |a(®)) and
(j)> an unitary mapping is provided by (3.4).

‘a(:t)> = Zc’éi)(a)|a>i“. (3.11)
But from this follows
B2 (1)) = 089 () | B (3.12)

Therefore if one considers for a suitable normaliza-
tion the scalar product

TBa®) =Dy ()| W D) () = €5 (B) (3.13)

one obtains an unitary mapping of the physical
into functional state space. By this the S-matrix
may be defined immediately

Def.:

Sap 1= (DL (5) | DL (5) (3.14)

From the statements proven in the foregoing it
follows immediately

Stat.: The definition of the S-matrix is invariant
against the map between functional space and
physical space.
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Proof: The S-matrix in physical state space is The same result is obtained by substitution of
defined by (3.12) into (3.14) and by observing the unitary
Sap = {a) | b)) . (3.15) equivalence between the base vectors of irreducible

. representations. q.e.d.
Substituting the decomposition of scattering states P a.e

into irreducible states (3.11) one obtains Acknowledgements

z C( ) C(+) (o) . (3.16) For various discussions and for controlling the compu-
tations I am indebted to K. ILLic and G. SCHAFER.

Appendix I

[n this appendix we discuss the spectral representation of 7-functions. It is

Tn (21 .. xn) =(0| TV, (1) ... Py, (n) | pn> (I.1)
= PZ/1 z (— 1P 0] Vo, (22,) | 1) -+ un—1| Pa, (@2,)| ) O (a(xs, — 73,)) ... O (a(;,_, — 1,))
n Mi...Hln-1

where W, () is the Hermitean field operator of the nonlinear spinor field, a a timelike four vector and
| un> a physical state in Hilbert space. (I.1) may be written

Tn(z1...2a) = P > (— )P M(ux... un)exp {i(po —p,,) €, +

a1 an A1e..hn M1...pin-1 oz, oy,
+ 1 (Puns — Pua) T1a} O (@ (2, — 73,)) ... Ola(z,_, — 73,)) (I.2)
with
M(u1... pn) 1= <0| ¥y, (0) | >+ (| o, (0)|un> . (1.3)
a;_l a’-n

Formula (I.2) may be calculated in the rest system i.e. for a = (1, 0, 0, 0)
@ m) =P 3 (=M (.. )

a1 %An wihn Mlee.fin-1 @y, %3,
n n
X exp {'_ 7’2 (py. - p#:—x) gl. - lzl(p[(i; - pg:—x )tl.} @ (tll = tla) C Q(tlu-x - t}.,.) (1'4)
s=1 8=

with p:= (p% p). Then the Fourier transform of (I.4) reads
Ta(@re-qn)=P> > (—1)PM(u1...un)

o on AMeciin H1...fin-1 @y, %,

n n n—1 r r -1
xa(zqz.—pﬂ")a(zqﬁ.—pﬂﬂ)m(zql,—pﬁ,)~(zq‘zs—pz,+n). (L5)
s s r=1 B=1

=1 =1

Proof: To prove (I.5) we apply the inverse Fourier transformation on (I.5) leading to

APl 2 0 M S (Z = >6<3§qﬁ.—p2n):tli5<ﬂ§%—Pun)

wedn H1...fn-1 %y A%
n . -1 . n
( >, — 1 +i e) exp {— i > (05,8 + @ th)} dgy ... dgyn. (1.6)
=1 1=1

By the substitution of the new variables

r
Z G2, = br> Gz, = 3r — dr-1,
u=1

qu,, =2, qg, = zi(? — *r—1 (17)
u=1
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we obtain from (I.6)

A= PZ Z _1)1’41[(/41...yn)§ (3n —p”n)é p”n H(S r—9,) (@ P2,+i8)_1

whn pre.cpney %, %
> exp {— zZ[ 5= 3-1) L+ (&) —20_1) £ dzy ... dza (L.8)
r=1

=P5 S (0" M. ungna ) — p0 i )

wohn p1...pn-1 %5 %
= ;
x eXP{ — i D [ — 31-1) ¥x + (& — 2-1) 1] — $[(Pn — 3n—1) T, + (Pl — 20—1) 2, )1 d21 ... d2aa.
=1
Now we apply the auxiliary formula
n—1
= izz (G — 31-1) X + (& — 7-1) t2] — T [(Duy — F0-1) Tap + (Phn — Zn—1) 2]
=1

n—1
=— izl[és(ga, — L) + 28 (b — b20)] — 1D Lo — 1 D0, b (L.9)
8=

substitution into (I.8) and evaluation of the d-functions then gives

n—1
A= PZ Z (__ I)P*M(:ul/‘n)gn(zg_pg,‘*_lé')_l

wAn pre.opin- o, o, v r=1
?1—1 .
xexp o @z[pﬂ‘ (z;" — g;..ﬂ) + Z?(tl‘ — tl.u)] — lplln EZ" — ”/p,(t)ln t}-n} dZ? ...d22_1. (IIO)
s=1

In this integral poles occur for z) = p) — ie in the complex z{-plane. Applying the residual integration
the contour has to be closed in the upper half plane for ¢;, — ¢, ., < 0 resultingin 4 = 0. For t;, — ¢, ., >0
the contour has to be closed in the lower half plane giving A = Ay # 0. Therefore for arbitrary t;, —t;,
the result may be written

A :A() O(th ——tl,)...Q(tz"_l _tln)ﬁ (I.ll)
with
do:=P3, 2 (=D M(ur ... pa)
An M1 Un-a1 o %jn
n—1
X exp {— 8 [0 (02, — Lot + P00 (b, — 6, )] — 09,0 T2 — 1D, tz,.} . (L.12)
§=1

Applying now the auxiliary formula

n—1

n
- izlpﬂc (x;u - xlux) = ipun Xy, = 1’2 (pll:—x - p,u.) Xz, - (113)
8= 8=1

(I.11), (I.12) is transformed into

n

A= Pz > (—1)PM(ps... pun)exp lzz Puer — Pua) Tayt Oy, — 1) ... O (b, — t,,) (1.13)

whn p1.pn-1 %2 %An s=1

= T s v Bh) q.e.d.

o1 xn

The Fourier transformed 7, will be used to discuss the scalar products of state functionals.
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Appendix IT

To evaluate the functional scalar product of Section 3 we do not discuss the normal functionals | D (j)>,
but the timeordered functionals

|ZG)y := e 7FT | D (j)) (IL.1)
where F is the vacuum two point function of the theory. Because of the simple connection between normal-
and timeordered functionals any statement about the timeordered functionals can be applied equally
well to normal functionals. It is

TG =

n

Ta(®1...%5) | Dy (;ll $&3 :c:z)> g (I1.2)

0 3%

p8

Observing the definition of W and the scalar product of power functionals

ﬁl ﬁm
{(Dr(uz ... ulc)| Dy (y1..-Ym)) =

1

Okm Pz — )P (ur —y,) ... 00 O (um — ;)  (IL3)

(m’)

we obtain
Eal)| W Toli) = Sen ooy To@1 . o) Ta @1 n) = 3, Sy Fal@1- 20) T L4
a()| W|ZTu()) = 2" Gy Ta (B Zn) Ta (@10 n) = 2 g Talg1 - Gn) T 3113:,) (IT.4)
Now the statement (3.3) reads
lim <Z,(5) | W | Zs(j >——Z44,,(a, b) 67 (0). (11.5)

&8—0

Proof: By (11.4) we evaluate (II.5) in Fourier space by using (I.5). To prove (IL.5) it is sufficient to
show, that (I1.5) contains at least 4¢(a, b) =0 and at least one A4,(a, b) =0 with »+ 0. We obtain

Za(D| W [T ()
a1 Aan n
= &n- (n')2 > z M(,ul...,un)M(yl...‘un)qul...dqndq?...dqgé(th—pﬂn>
n s=1

lu Hl.ee.fin-1 a1 %an"
11 )m m oo it n-1

n n—1 n—1 r -1 n—1 n
<o Sah- pzn)né(zqa’,,—m,)(zqsﬂ—pz,—is) (S w3 (S =2t
s=1 r=1 B=1 8=1 ]

=1

- r -1 .
< T (z _— ) ( Sl — 2%+ ) (IL6)
r=1

=1

275 27 PN

1 ’ ’ ’
=D > > M(ur... pn) M(uy .. ) 8 (Puy — Ppn) [da1...dandg? ... dgd (IL.7)
n (n!) Mooidn  M1...pn-1 A" Oan"
Meiidn’ p1' et n-1

n n—1 r r r -1 r —1
6<qul—p”ﬂ) FI(s(Zq}.p—p[lr>6(quﬁ'—pyr'><qug—p([.)lr_ie> (zqg_)ﬂ'—pg,'—f-i.e)
s=1 r=1 B=1 B=1 B=1 B=1
oAy (e /18

1 ’ ’
= ZenTnT)? z Z M (py ... n) M(uy ... toy) 0 (Pup — Punr) qul...dq,L_l
n 7 h L7V 7

Maiihn  Hle..pin-1
S PR T T
-1

n—1 r (4 ¥ -1 r
x[]o ( 2, Gy m,) 0 ( >, Gy — p,,,») ( 2 — 1, =% s) (zqg, — P+ ie). (IL.8)
B=1 =1 B=1

r=1 A=1

The permutations 4; ... A, can be eliminated. From (IL.8) then follows

1 aL On 7 7
Gl W T =S e 2 S 3 Mure. i) M, . ) 3 (Pun — Pu)
= L o K R1esiliney L Y (I1.9)

#1 . ll n-1

r r =1 i d
Jdgy ...dgn- 11_16( 2,98 — )5<Zqz‘,'—b,‘;) &qu—pﬁ,—its) (qu,'—pﬂ,'Jrie)
p=1 =1 p=1



1738 H. STUMPF

Further the ¢ ... ¢J_; integration paths may be completed to closed contours in the corresponding
complex planes. This gives

fn—1 T =1 r
Sﬂ(ZqB—pﬂ,—iE) (Zqﬁ?ﬁ'—zoﬁ,'Jris) dgf ... dg)_,
r=1\g=1 A=1
1 e B P Wl (RO OJ—'—ldO 0
272,,51'){_1 H Zqﬂ—p”'—zg th'_pﬂr' Lie 9i---dgn_q. (I1.10)
f=1

r=1 \f=1

8
This poles in the upper half plane are ¢ = Z (— 1)*T*(pY, + i &). Therefore one obtains
k=1

cn—1/ r -1/ r
\TI(S-rt—ie) (zqsﬂ'wz,rm) gl g
B B=1

r -1
2~un—1 H(Z Z — L P +1¢) -Pur +18) (IT.11)

B=1k=1

S
By integration of the §-functions follows g5 = Z (— 1)***p,. and therefore

k=1
1 £ s ’ ’
<sa|W|Ib>=Z8n7’~ > > M(uy...pn) M(ug . i) O (Prn — Ppu)
n A An ... fin-t [ % PR 5 g
/u weslhin=d
T g -1
XU(S(Z > (— *”m—pm’)(z D (= )RRl — pﬁ;+ie). (I1.12)
=1 B=1k=1 B=1k=1

Due to the d-functions and the limes procedure ¢ — 0 only four momentum vectors are admitted satisfy-
ing the conditions

r ).g’ i
z — 1) tRkp  =p,, r=1,....,n—1. (11.13)
=1k= 1
This is equivalent with
"
D=1 Ep, =>(—1)"Fp,., r=1,...,n—1. (I1.14)
=1 k=1

By this (II.11) goes over into

1 <31 On
<€Ia| w ’ Ib> = Z en o . Z Z M(pm vo Pun—y plln) M(Z:ul' v Puny g’;l’n) 0 (p/ln - p,u,.')
n Y ' n'

Ve piepin-

ll)'...ll'n—z
n—1 A’ r Y r ~1
11 5( D=1y kp, —>(— 1)'"kp,,,k) ( S(— 1y kpl — S (—1y—kpl, +is)‘ (I1.15)
r=1 k=1 k=1 k=1 k=1

In (I1.15) the summations over the intermediate quantumstates gy, u, have been replaced by summations
over four momentums, due to the symmetry properties of the theory. No other quantum numbers are
considered additionally, as they are of no importance for our proof. Applying the substitution

i
2 =1"%p,, =a.; P = By By » (I1.16)
(IT.15) goes over into
il 1 Axn ~ »
(La| W| Ty = Z en = Z Z M o By Pun) M2y o2, Po)
n * M edn’ i ouy” ®in"
.llx . .M n-1

X 6 pﬂn p,un 1—]6 3/1) 6;1, ("/l), ,u,'+ ie)_l' (1117)
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The summation can be subdivided into a part Zl containing no vacuum state and the rest part ZZ where
the intermediate states contain the vacuum state |0) of the theory

S =31 4+ 3, (IL.18)

141’...[1:;—1 #}...[4»-1 Hle..fin-1
preept’n-r e pn-1 g p a1

Due to symmetry properties 21 contains for any intermediate state an integration over the momentum
space. Therefore (I1.17) can be written

1 ~ 01 Gn-1 On -~
(Fa| W] Ty = 51 51 My 2oy B Mt - Zpias Po) O Bw — P —
P R T oy’ AA'n-1  OAn’
Hl...ln-1
1 o o on = n—1 0 0 .
+ Z &t ST Z Z M(z,ul o g pun) M(zm' cee py,.’) 6(p,u,. - p/‘y.') 1_[ 6 (5/”,’ - 3,147') (Z,LM,’ - Zur' + ? £)~ ¢
n LR P T N oA [ ¥ g r=1
w' e p'n-1

From the first term in (I1.19) all §-functions are eliminated and only the momentum conservation is
present. This term therefore contributes partly to 4¢(a, b). Now we show, that ZZ contains at least one

62(0) term. By construction 22 contains the vacuum state. We assume |p, > = |0>. Then from (II.16)
follows z,,, = — z,,_, and one obtains
1 1 . g =
> en = > D2 )=Den e Z ' T8 M (B v By, B M(zm'. Bt Ppy) 0 (Puy — Pun)
n M An n Madn p. pna oAy oy
g n-1
n—1 .
X 0 (3ure — 3u) O Bty + 3u?) | [0 Guurs — ) Bz — 2z +16)71. (IL.20)
r=1
+x,x—1

Among all permutations }.; the values A, =%, A,_; = x — 1 have to occur. Also for the summations
terms with uy = u, and ux—1 = u,_; have to occur. But then follows
0 (e — ) O Buarues + 3e) = 0 Gurw + 3ud) O Guurraes + )

=90 (3#»" -t 5/1';‘—1) 0 (3#'»:—1 = 5#,") = 02 (0) . (1121)

By this it is shown, that >2 contains at least one 62(0) term. (IL.5) therefore has to be a power series
in 6(0) q.e.d.



