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Unified nonlinear spinor field models are selfregularizing quantum field theories in which all
observable (elementary and non-elementary) particles are assumed to be bound states of
fermionic preon fields. Due to their large masses the preons themselves are confined. In
preceding papers a functional energy representation, the statistical interpretation and the
dynamic equations were derived. In this paper the dynamics of composite particles is discussed.
The composite particles are defined to be eigensolutions of the diagonal part of the energy
representation. Corresponding calculations are in preparation, but in the present paper a suitable
composite particle spectrum is assumed. It consists of preon-antipreon boson states and three-
preon-fermion states with corresponding antifermions and contains bound states as well as preon
scattering states. The state functional is expanded in terms of these composite particle states
with inclusion of preon scattering states. The transformation of the functional energy representa-
tion of the spinor field into composite particle functional operators produces a hierarchy of
effective interactions at the composite particle level, the leading terms of which are identical with
the functional energy representation of a phenomenological boson-fermion coupling theory. This
representation is valid as long as the processes are assumed to be below the energetic threshold
for preon production or preon break-up reactions, respectively. From this it can be concluded
that below the threshold the effective interactions of composite particles in a unified spinor field
model lead to phenomenological coupling theories which depend in their properties on the
bound state spectrum of the self-regularizing spinor theory.

PACS 11.10 Field Theory
PACS 12.35 Composite Models of Particles

8. Evaluation of Cluster Interactions 1) the removal of all elementary fermion scattering

states from the cluster representation (5.1) must

The cluster representation (5.1) of the operator
' of (1.15) contains two-fermion bound states as
well as all scattering states of elementary fermions.
This can be seen from the formulae for the cluster
representation of the various suboperators given in
Section 5. Since the scattering states partly exhibit a
negative norm this entails that neither the original
representation (1.15) nor the complete cluster rep-
resentation (5.1) of (1.11) admit a physical inter-
pretation. For a cluster representation there is,
however, a chance that a physically meaningful
interpretation can be achieved which is not obvious
in the original representation: As the bound states of
elementary fermions belong to the positive definite
part of the spectrum it has to be demonstrated that
only these states play the essential role and that all
other states can be neglected. This finally leads to a
correct statistical interpretation. In order to realize
this, two problems have to be solved:

* References see Part I. 40 a, 14 (1985).
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be justified:
i1) the bound state cluster interactions themselves

have to be evaluated to give a physically mean-

ingful theory.

While the first problem is a fundamental problem,
the second one is concerned only with the elabora-
tion of an already compatible theory. Nevertheless,
it is of basic interest, too, as a cluster theory with no
relation to phenomenological theories is practically
useless.

Both problems are closely related. It is, however,
convenient to treat the second problem first.

We decompose . of (5.1) into two terms

//[h L1 i iﬁ_] =0+ 8.
ob ol ol
where ! contains only those cluster operators
which belong to bound states, while #" contains all
remaining cluster operators, i.e. bound state and
scattering state cluster operators together as well as
only scattering state cluster operators. It follows
directly from an inspection of the various terms
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(5.7)—(5.23) that such a decomposition is possible.
In the following we will treat #! extensively and
afterwards sketch the inclusion of #!!, which even-
tually leads to its exclusion.

For the evaluation of the operator expressions
(5.7)—(5.23) we have to calculate integrals which
contain the propagator functions F’(r,0), r=1, 2.
Hence we need a manageable approximation to
work successfully with it. The general expression for
F(r,0) reads

1
F(r,0)=iy- r[ 3K (mr) (8.2)
. m 2 s
+mr“1(,(mr) +Eo(z' 517 Ky (mr).

If F is integrated over r, the 6’- and J-distributions
drop out and the remaining integral takes a value
which is independent of m. This can be verified by
the substitution z = mr. If F is integrated over r in
combination with functions which are normalizable
and finite and steady differentiable at the origin,
the 0’- and J-distributions drop out in this case, too.
As according to our assumptions these conditions
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are satisfied by the bound state cluster wave func-
tions, we can omit these terms. Furthermore, as the
bound state wave functions are isotropic we assume
that the direction dependent parts of (8.2) cancel
out in such integrals. Then under the integral, F can
be approximated by

WIZ > -mr 1/2
Fir0) x5 Kimn) = ’L(m) (8.3)

2n)? A2 2
and in this approximation we obtain

[ F(r,0) & =r(3/2). (8.4)

For very large m (8.3) is a very concentrated func-
tion about the origin with a singularity in it. As
simultaneously (8.4) holds for all m and indepen-
dent of m we can consider the set (8.3) as a
sequence of test functions converging in the limit of
infinite m towards a J-distribution. We thus make
the following assumption:

——drdxdydzdy’ dz’dk dg dg’

Assumption 4: In the isotropic approximation the
propagator F(r, 0) is approximately given by
F(r,0) = d(r) I'(3/2)

for sufficient large m.

Concerning the sum (F' + F?) which also appears
in the integrals it can easily be verified that in the
approximation (8.5) this sum yields

F'(r,0)+ F2(r,0) ~ 5" 8(r) I (3/2)

(8.5)

(8.6)

in the limit of large m, and m,. In deriving (8.6) it
has to be observed that the ghost field ¢, produces a
minus sign of the corresponding propagator F? com-
pared with the regular propagator F;. From this it
follows furthermore that (F'— F?) which also
occurs in the integrals is given by

F'(r,0) — F2(r,0) = 26(r) I'(3/2). (8.7)

We now turn to the operator expressions. We will
explicitly treat only the most important terms. The
calculation of all other terms runs along similar
lines and will be omitted here.

We first consider the first term of (5.15) (denoted
with index a)

=2 2 (= 1) Dy d(r—x) d(r—y) 0(r—2) (8.8)
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where the full notation is used. In particular (¢) and
(t") denote the various spin directions of the com-
posite fermions while (s) denotes the class index of
the boson. Furthermore for brevity we write
dg = d3g etc. here and in the following and define
V:= G°V?in accordance with (1.13).

Observing the special form of the cluster wave
functions (6.14), (6.17), (6.18) and (7.12), (7.15),
(7.16) after integration over r, x, y we obtain
(%)ll)a =Z K(s, t,t) m!52 j” ek pig(z+y +2)1/3

st
~e"l’"20"’=')2 —3mPle=3 O HE pmig @AY+

eI —12mi (2= 2 (YD)
0
g —— 2 dzdy d’ dkdgdg’  (89)
. ol ob,k
with
K(s,1,1') = Z Va/f;‘é(_ 1) urr Xsy
Lyrer Z/’fxz’ Seur Z;;M’ . (810)
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Direct calculation of (8.9) yields
(k= K(s.t.tym”*[o(k+q—q')
str’
0
Ay — ——dk dg dq’
'y oy Ob‘k 4 dq.
Since the multicenter mtegrals in (8.9) cannot exact-
ly be solved, beyond the leading term (8.11) there
appear terms of the same structure but multiplied
by negative powers of m. These terms describe the
deviation from the pointlike structure of the
particles, i.e. are related to their finite spatial (and
temporal) extension. Due to the smallness of m™"
these therms are very small compared with (8.11)
and therefore are not explicitly given here.
The algebraic contributions contained in (8.10)
can be exactly calculated. From (6.15) it follows

(8.11)

Z IJ, T (?) 1/2 ’7 =1 (8]2)
and from (7.13) and (7.14)
Z (_l): Lr/'ul S:ur = (16 + %) r/—l (813)

Zrur
We calculate the remaining spin part of (8.10) by
means of V., which follows directly by com-
parison with (1.13). For a scalar interaction it is

Vigss = Y55 005 — 135 0y — 705 Oy + 105 O p- (8.14)
With the definition

A= Yy (@) T () (8.15)
we then obtain
Vs 60 Lo Fort (8.16)

)]+ tr(A) tr (7).

This equation need be evaluated only in the rest
frame of the boson, since any process of the kind
(8.11) can be transformed into this rest frame. In
this frame, i.e. for k=0, the relation y,;=— yp, 1
exactly valid independent of our approximation of
the boson wave functions. If only scalar or pseudo-
scalar bosons are admitted the only antisymmetric
spintensor is given by y = »37% i.e. a pseudoscalar
boson. Physically this tensor describes the spin-
pairing of opposite spins of a particle-antiparticle
pair at rest, i.e.

=tr(P)tr() —tr[AQ° x + x°

7= =5 0) r5(0) + 15 (0) 5 (0)]s . (8.17)

With this choice it can easily be seen that (8.16)
vanishes. But if a process vanishes in the rest frame

it vanishes everywhere. Thus we have K =0 and
therefore

(#302=0, (8.18)

a result which is independent of any boson approxi-
mation.

The second term of (5.15) (denoted with index b)
is defined by

. o 9
= Vagn BCT™ €87 Ry Uy
(#b1)b (MZ(I ) 7 5[ 5b,
_ _ _ (8.19)
This term contains the algebraic part
K@, t,0):= 3, Vyps(= 1) U gy,
“U™Y yhsn ST X (8.20)

and with (6.15), (7.13) and (7.14) direct calculation
yields

E -1r

zre'r’
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In contrast to the first term the spin sum does in
general not vanish. However, as the results of such
calculations depend on the explicit form of the wave
functions we do not attempt to specify them in more
detail. Rather we assume the spin part to be
unequal zero and try to make this plausible by using
a simplified model. We assume the spin part of the
three-fermion cluster to result from the pairing of
antiparallel spins of a particle-antiparticle system
combined with a single fermion spin, i.e. from the
fusion of a boson with an elementary fermion. In
this simplified case we have

vy (q) 74,(q) (8.21)

and in the rest frame of the boson b, with k = 0 by
means of (8.14) the spin sum gives

Zi/x;r(‘I) =

LA’J/};'(S L'y //IXO/ (q) Z;zz’ (q)
=W v r@i0 - v G0k v

+§ -y (240 0. (8.22)

If the space coordinate integrations etc. are per-
formed in a similar way to the preceding case, we
eventually get the formula

(#h =2 K(s. 1, gl B
st .
Jotk+q—q) Ly —?—Td/\ dgdq’, (8.23)
0
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where it has to be observed that K (s, 1, 1")s,, does
not depend on s, i.e. K (s, 7, 1")gpin = K (1, 1) spin-

In the following we give only the final expressions
of our calculations. In the course of these calcula-
tions the sumis over the auxiliary fields were per-
formed exactly and the integrations were done along
similar lines as demonstrated in the preceding
example, while the spin sums in general were not
evaluated at all. For brevity we suppress the spin
state indices etc., i.e. we write K = K (s, 1, ') etc.
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We then obtain (8.24)
(#3)'=K3m*? n2 [ 5(q—k—q") by |, [ —dkdgdg’
with K%EK(S. L Vg = 0, !

() = (8.25)
(m)'—lﬁ -’§o<k K+q-q)
0
by l, — ——dqg dg’dk dk’, 8.26
T bA qdq (8.26)
(D' =Kim> 22 [6(q—q' +k— Kk —k”) (8.27)
o0 o0 0
L by —dk dk’dk” dqgd
¢ K Sby dby ol, 9dq’
(A = K3m™3"? 'Zfo(q+q +le=p~p)
0
“ dgdq’dp dp’dk, (8.28
pp()/()lbbqupp ( )
() =Kin2[o(gq—w—k—Kk)
o 0
b, by — — dw dg dk dk’ 8.29
b/\ b/\ 5[“. 5[4 wdq d 5 ( )
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_ 0 o0 0
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g b o/ oL ob g dg’ dw dw (8.30)
(i =Kimo 2 [o(q+q —q"+w—k—k")
0 0
0 bk b — —dg dq’ dg¢” dw dk dk’,
oly olh ol,
(8.31)
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(/7/},]/7)1 = K} ’]_2 3‘ (S(k + k' — q— ql)

0
by by ——d/\dl\d d 8.32
k ob, ob, qdq’, (8.32)
(A =Km™ 32 g2 jo k+k'+k"—q—¢q)
LI N JPAETY dk” dq dg’
e by 0b ’
0bir Obic Oby (8.33)
(o) =K m?? 2 jo(k +k'—9q)
B dk dk’d
¢ obA by q
This process 1s energetically forbidden, hence
(#4)' =0 (8.34)
() =Kim 2 fotk—q—q)
b, by 5b, d/\ dg dq’. (8.35)
This process is energetically forbidden, hence
(#)'=0 (8.36)

Due to the vanishing of the spin part it is further-
more

(#35)' =0 (8.37)
while for the fermion-fermion interaction the
following expression results

(7 =Ksn2§o(q+q —p—p)

0
el 51, [ dp dp’dgdq’. (8.38)

The terms for b1 etc. processes can be obtained from
the terms given here by simply changing / into / etc.
and shall not explicitly be written out here.

Finally, we treat the expression #; of (5.23)
which is more difficult to evaluate than the preced-
ing terms. It is given by the formula

P I

8.39
ol, My
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zr) Jelqlx+x'+x "/3(p0.,(x'—x”,x—';(x’+x”))
B j g

A

ii (x’i xn))()ik'(:'+)-'+y“)1/3
2 o

yl

(x—x
P

OTled\dld dz’dx’ d1 d\'”dl”dqdq dk dk’.
sk



298 H. Stumpf - Relativistic Composite Particles in Unified Nonlinear Spinor-Field Models. III

Observing the special form of the cluster wave
functions (7.12), (7.15), (7.16) we can treat the
expression

K= Z (_1): Fr” yrue §eur Ur’u'r’ Sr”u’r’ (840)
separately. By direct calculation we obtain

32
> (=1 U™ S”‘"=—(l6+T) oy (8.41)

and
P ., 12
¥, e g (36 +—3—) (F'+ F?) (8.42)

ur 16
+(8+—9—) (Fl—Fz) ?]_I v

If for the latter expression the approximations (8.6)
and (8.7) are taken into account, apart from numer-
ical factors (8.42) yields

Y, Fy(a—2) U™ S7 % 47 62— ') s

phy (8.43)
For further evaluation we use the notation /,(q) = /,,
etc. and introduce the definition

l,(q) =2 vi(q) l(q),

where {y,(¢)] is a complete set of Dirac spinors for
the center of mass motion of the composite fermion

(8.44)

gives for the original configuration
15

Xopy = Kopy (@)= al(q, ) Ih,-
I=1
If we assume that the composite fermion is a bound
state of a scalar boson and a spin 1/2 fermion then
only I'! occurs in the expansion (8.46) and observ-
ing d.(q.1) = v (q) we obtain

X Ap (@) =3 di(g.1) By(@) Th, y(q)
t !
=30 Thy (@)

(8.46)

(8.47)

With these expressions we can rearrange the spin
part of (8.39) in the following way
Z Vx/)’;'o' 56:5' :Z/}.i.).’:as {Z;xx';as {Z;}.}.’}as {Zél'xx’}as

s’

Tt P) P

1,(q) 1 (k) ———— 8.48
S ) ST P
- 1) 0
=> K, (s,5)1,q) 1, (k') ————
2: Ko 0:57 @) o ) 70 570
with _
Kgg’ (S, S,) = Vzb’;'d {Z};ZZ’}as {Z;xx’}as
' {raltg F/'!}.’}as {rcﬁlg' r;ix‘}asv (849)

where ¢ and o’ are excluded from antisymmetriza-
tion. If we define by /,(r)=7 [L(q)] etc. the
Fourier transform of (8.44) then after integration
over r, x, y, z and with (8.40)—(8.49) the expression
(8.39) goes over into

(A =217 [ Kogr(5.8) o (' = %", 2= 3 (X +27)) 2o 0 = p", 2= 3 (97 + 7)) €77 00012
ss’

. ZO(xl —x", 71— % (x/ £l x//)) eik’(z+y'+y”)l/310(y:_yu, z __;_ (y/ +yu)) [Q[(z +x + x//) 1/3]

T[4y +y7)1/3])

5[sq Is’k

with center of mass momentum ¢. The inversion of
(8.44) yields

() =2 7(q) () (8.45)
if the metric tensor of the spin space is incorporated
in y'.
Since the total wave function ¢, o(r, 7, r"|1q)
g L

7

must be antisymmetric, according to (7.15) and
(7.16) this antisymmetry must be provided by the
spin part y;,.. As usual we choose a suitable spin
configuration and antisymmetrize afterwards. This
will be expressed by the notation {y}s.},. The spin
part can be expanded in terms of the y-algebra. This

5
— dzdx’dx”dy’ dy” dq dk.

(8.50)

For the final step of the evaluation of (8.50) we
need the following lemma:

Lemma: The product of the fermion and anti-
fermion cluster operators /,(r) and /, (r’) respective-
ly allows the representation

LN Ip(r) =2 [ e 2y (r— 1) (= 1) by dk

s (]

' (8.51)
in terms of boson cluster operators.

Proof: Owing to the Theorem 1 the set of one-time
boson wave functions {C¥"} can uniquely be con-
tinued to the set {Bi'| of many-time boson wave
functions. The latter set can be used to define the
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manifest covariant boson cluster operators

bn:= By ju j, (8.52)
with u, v four-dimensional coordinates etc. The
states
SUsm ony)y = (N)2 b, (j) ... byy(j) 0 (8.53)

are N-boson functional states which satisfy the sub-
sidiary conditions (3.3), i.e.

nN)>=;]p,’; TS(], By o

but which do not satisfy the dynamical equation
(3.2). Hence the set of many boson states
/&, ny...ny)» YN} is only characterized by the
relations (8.54) but not by being solutions of (3.2).

For the derivation of (8.51) we need equivalent
boson state representations. Obviously this equiv-
alence can only be defined with respect to the sub-
sidiary conditions (8.54) as no other equivalence
criteria are available (apart from the spin sub-
sidiary conditions which are omitted for brevity).
For instance the time-ordered functionals

T(om-..ny)) =exp(=jF) [F(jm...

AT (8.54)

nN)>

ny)y
(8.55)
satisfy (8.54) as well. If the dynamical equation,
however, plays no role, then it follows immediately
that even by the single terms of the power series
expansion of (8.55) transformed boson cluster
operators
b = (= jFj) bu;
can be defined such that the states

TGy ny ... my)HO = (N2 () ...

v=1,...

(8.56)

b () 10)
(8.57)
satisfy (8.54), too. Thus the set of states (8.57) and
boson cluster operators (8.56) can be equally well
used for the description of many boson systems and,
without changing the content of the theory, in a
cluster representation () can be replaced by b,. In
the one-time limit we therefore obtain for v= 2
Lim 5@ = p@ (8.58)
=CYF*F F¥F jyjujuJsipip 2 ba-

By means of (3.15a) and (3.15b) this can be

rewritten as

by}, CPF*0 F¥F Ry o Reppr by s .
99

(8.59)

If this formula is written in the full notation the
auxiliary field algebra can be separated and directly
calculated. It yields

ur
W

K: Z U“" Fu;rl Fuul,u 51“[»’ 5u"r” Suurun Sl’l"l‘“
(8.60)
81 1 9 1
=(F'+F 2(—+ —+— ) g
={ ) 72 n

+IF - Py(F +Fy (

1, LL)
FI T,

1
4(F =F )(9+—— )

and with (8.6) and (8.7) we obtain for (8.59)
by = fe"'"(ﬁy)l/Z]O (x — ) emigxrE+I/3
: v U, o ﬁ

dolx =¥, x =L (@ +x) (8.61)

. —lq 'y+x'+x")1/3

Zo(x' —x",p— 5 (x +x"))

’ Zla'u’a" lef’z’z” (9 /r(q’) dx dx’dydy’dgdq’.
tr
By similar considerations as above we have

D e T 1(@) 1(q) = 1,(q) Ty(q") (8.62)
v

and direct calculation of (8.61) leads to

by Jer kI 2y, (X =) L(x) Ip(y) dx dy. (8.63)
5

If it 1s observed that for inversion the class index is
negative for the negative class, we obtain from
(8.63) formula (8.51). Q.E.D.

As we work in the cluster representation, in the
following we can replace = by = in (8.63). Sub-
stitution of (8.51) into (8.50) yields after straight-
forward integrations

(' =2 K@, rym’? n? (8.64)
i
P
[ 8(p+k—gq)(=1) b, —dkdpd
fo(p q)(—1) P 5T Sl pdg
with
K, 1) =K,p(t, V) Yoo (8.65)

With the derivation of formula (8.64) the discussion
of #!is complete. The discussion about the effect
of the inclusion of # ! is performed in the next
section.
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9. Leading Term Approximation

The cluster expansion of the operator 5 of the
basic functional energy representation (1.11) or
(1.15) respectively is characterized by the decom-
positions (5.1), (5.6) and (8.1). The evaluation of the
various terms of these decompositions in particular
with respect to the interaction terms of ! showed
that, apart from the various cluster operator com-
binations, three numerical constants m, » and g play
an essential role. Due to the large values of m and 5
and the freedom in fixing 4m these constants are
well suited for defining a hierarchy of interaction
terms. Summarizing the results of our preceding
calculations we have the following magnitude of the
various operators (cf. Def. (6.10))

(#HH ~my2g; (#h)' ~mP 2y
(A =0: (A3 ~m™3 g
()t~ '7_29' (#3)' =0

(A ~m 2y rgs () =0

(A ~m3 g (#2)' =0

(A = (D ~m 2 p2g 9.1)
(A ~mP g (#~m g
(A ~m™ 2 g

(A ~m g

where the complete vanishing of some elements is
due to spin sums or energy non-conservation respec-
tively. The leading terms in this hierarchy of inter-
actions are proportional to m* 5% g while all other
terms are smaller in magnitudes of m~3> compared
to these leading terms. Due to the large m values we
are thus justified to neglect these terms. In this
leading term approximation we then get the follow-
ing functional energy cluster representation
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theory apart from the fermion and boson quantiza-
tion terms. The latter terms cannot be expected to
appear in a cluster map, as by introducing clusters
the local field operators are softened into cluster
operators. Hence a perfect map can only be achieved
between representations where the quantization
terms are removed. Such a removal can be per-
formed in the functional equations of the phenome-
nological fields by a transition to normal ordered
functionals

X0 0))y =exp (= nF'—=JF°J) §(n, 7.7)).(9.3)

In the elementary fermion field functionals the trans-
formation

T o (9.4)
=exp[—jFaj—jjFajj—JjjiFeijj113G, D)

corresponds to this transition. The further study of
this map is postponed to subsequent papers. We
only sketch the inclusion of # into these calcula-
tions in order to complete our investigation.

The following statement holds:

The terms of ' contribute to all cluster reac-
tions with expressions proportional to m~2 provided
that for the total energy E < m holds.

To explain this statement we observe that to each
cluster independently of being a scattering state or a
bound state a kinetic energy term appears in #
which contains the cluster energies E?, E/, E/
respectively. For cluster scattering states these
energies are all above the threshold of elementary
fermion production. This means that for all energies
below the elementary fermion production threshold
no direct reactions with cluster scattering states are
admitted due to energy conservation; i.e. if it is
assumed that the total energy £ is smaller than this

; 0
8= 2 [Elyb, b soo 49 ® T LI EGly 5= da ®+ X[ Efle57-da §)
§ rq
+Z Kttymy2g [o(k+q—q') | = 0 + = 2_[. [/,q - +1, } dkdgdg” §) (9.2)
28 ’ ()b+k Ob—k ()/ O/l q 7
K tymr g otk +q—q') [bak— k] O/—dkdqdq’ B+ .
e lq rq

By comparison with (2.6) we see that the cluster
representation of (1.11) in the leading term approxi-
mation yields the functional energy representation
of a phenomenological meson-fermion coupling

threshold there is no contribution of cluster scatter-
ing states with respect to direct reactions. Therefore,
the occurrence of elementary fermion cluster scatter-
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ing states is restricted to off-mass shell intermediate
states.

Concerning the influence of such intermediate
states on the dynamics we re-express all cluster
terms in (5.1) which describe elementary fermion
scattering by their original sources. Then (5.1) goes
over into

# (b, [, N=#[b,1.1j,]] 9.5)
i.e. # describes a system of bound states with small
masses and of elementary fermions with very large
masses which are all in interaction. As the original
field equation (1.1) is renormalizable we assume
that also the theory belonging to (9.5) is renormaliz-
able. For this kind of theories Kazama and York-
Peng Yao [91] published a basic paper in which
they demonstrated that the total Green function for
a system of light particles and of very heavy
particles can be separated into two parts. The first
part gives the Green functions of the light particles
alone, while the second part contains contributions
of both kinds of particles multiplied with the factor
m™2 where m is the large mass of the heavy
particles. If we transfer this result to our model we

can identify #'! with that part of .#* which leads to
the light particle Green functions, while ! leads
to the remaining Green functions, i.e. gives only
corrections of order m ™2,

Although this result indicates that the influence
of #! below the threshold E < m can be approxi-
mately neglected, it is not satisfactory insofar as the
leading term approximation is based on the factor
m¥? y~2 g = m™"2(4m)? g. Therefore, the results of
Kazama and York-Peng Yao need a further elabora-
tion for our model. In principle this must be done
by extending our method which we used for the
evaluation of bound states to include the scattering
states, too. However, for brevity we postpone this
problem to forthcoming papers. In the literature the
study of the separation of heavy particle effects
from light particle dynamics and the derivation of
effective field theories for the light particles was
initiated by Appelquist and Carazzone [92] who
proved a decoupling theorem. Further papers about
this topic were published by Ovrut and Schnitzer
[93], Weisberger [94], Lee and Pac [95], Manoukian
[96], Chang, Das, Li, Xian and Zhou [97], Akhoury
and Yao [98], McKeon [99], Barbieri, Ferrara and
Nanopoulos [100] etc.
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