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We show how one can interpret the Lagrangians defining quantum and scalar
electrodynamics as asymptotic descriptions of certain relativistic transport-
theoretic Lagrangians. It is suggested that the gauge parameter, regularizations,
and renormalizations may have their origins in the way such transport-theoretic
Lagrangians are asymptotically approximated. As an alternative to the Higgs
mechanism the interaction with Lorentz-invariant ground states of vector bosons
is put forward. '

1. INTRODUCTION

The Lagrangian density & is used by contemporary theories of funda-
mental interactions as the basic description of the physical world in terms
of its state W. The Lagrangian formulation most clearly exhibits all global
and local symmetries of a theory and provides a common starting point (i)
for classical field theories whose equations of motion are given by Hamilton’s
principle of stationary action

3I{¥] =0, VY] = J

1

N dzf LV, V) dV (L.1)

R3

and (ii) for relativistic quantum field theories constructed through the path-
integral method using Feynman’s path integral

JED‘I’ exp{(I/MIV]} 1.2)
or through canonical quantization, which both imply the Feynman graph
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expansions. Now, the Lagrangians of quantum field theories have to be
amended by the rules governing the gauge parameter, regularizations, renor-
malizations, and omissions of vacuum-vacuum subdiagrams. So, one can
argue that they are actually just asymptotic approximations to some underlying
Lagrangian that has been simplified by effective parameters (masses and
coupling constants) standing for certain interactions that should, therefore,
be omitted from theories based on asymptotic Lagrangians.

Now the question arises of how to arrive at this underlying Lagrangian—
provided of course there is one. According to Feynman, sound theories the
limits of which are quantum field theories are still an open question of
theoretical physics (Mehra, 1994). It was suggested, e.g., by Bjorken and
Drell (1965) already 30 years ago that the quantum field theories may not
give an adequate description of the physical world at distances smaller than
some characteristic length. To obtain an idea how to improve on the conven-
tional Lagrangians of quantum field theories we follow a suggestion by
Feynman et al. (1965) and reason on the analogy of the kinetic theory of
gases, where phenomena smoothed over the time and space variable may be
adequately described by the partial differential equations of fluid dynamics
in terms of certain fields of the time-space variable x € IR!>. On the other
hand, a more precise description can be given in terms of the single-particle
distribution function that depends on the time-space variable x and four-
momentum variable p e IR'3, and satisfies an integrodifferential transport
equation (Williams, 1971; de Groot et al., 1980). We have shown (Ribari¢
and Sustersig, 1995) how one can construct covariant linear integrodifferential
transport equations that (a) imply in the strong-scattering asymptote the
Klein—Gordon, Dirac, and Proca partial differential equations of quantum
field theories, and (b) display faster-than-light effects, though they do not
propagate signals faster than light. In what follows we will consider how
one can derive from transport-theoretic Lagrangians the conventional Lagran-
gians of quantum and scalar electrodynamics.

2. TRANSPORT-THEORETIC LAGRANGIANS

Within the proposed transport-theoretic framework, we presume that the
state of a physical system is described by a relativistic field ¥(x, p) of two
independent four-vector variables: the time-space variable x = (ct, r) € IR!?
and the four-momentum variable p = (p°, p) € IR'?; so to say, we assume
that physical space has 4 + 4 dimensions. We assume that the Lagrangian
density & of a physical system maps the state W(x, p) and its first-order
derivative VW(x, p) with respect to the time-space variable x into a real
relativistic-scalar field of x € IR!>. We take that the Lagrangian density £
is a sum
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P, V) = & + & 2.1)

of the free and interaction parts. The free part &; completely describes the
free states We(x, p) that are taken as the primary concept analogous to the
concept of free bodies described by Newton’s first law. All differences
between states W(x, p) and the free states W¢(x, p) are modeled and explained
by the interaction part &; characteristic of the physical system considered.

2.1. Lagrangian Density &£; of a Free State
In transport theory a free state Wy(x, p) is assumed to satisfy the covariant

equation of motion

pVE(6 p) =0,  with pV =p —i-g; +pV 2.2)

being the covariant substantial derivative (de Groot et al., 1980). This equation
is an analog to Newton’s first law, since a solution to (2.2) for p® # 0 in
terms of its value We(cty, r, p°, p) at t = 1, reads

'\I’f(Ct, r, PO’ p) = \I,f(CtO’ r— Cp(t - tO)/pO’ poa p) (23)

Any state W(x, p) that does not depend on the time-space variable is a free
state. A plane wave

Woulx, p) = Wo(p)e?*  with Wy(p) =0 if [p°P — |p[> # 0

2.4)
is also a transport-theoretic free state, and it satisfies the same wave equation
V-V .(x, p) =0 (2.5)

as the free massless fields of quantum field theories. If we interpret the state
W(x, p) as describing at x a certain property of pointlike entities characterized
by their four-momentum p e IR!?, the relation (2.3) tells us that in a free
state Wi(x, p) this property is streaming with velocity cp/p® € IR?; note that
the speed cIp/p°l is not bounded. If we take that W(x;, p) # 0 (= 0) signifies
that such pointlike entities with four-momentum p = p, are present (absent)
at x = xp, then in the case of a spatially localized initial free state, say W(ct,
r, p) = 0if Irl > Ry, the relation (2.3) points out that in a free state they
are spreading with a speed cip;/p?l that may be arbitrarily high. So we could
say that in the case of a free state there are pointlike entities with arbitrary
four-momenta p that are streaming through the three-dimensional space IR3,
In relativistic kinetic theory one assumes that p® > 0 and IpI? < [p°)?, so
that the speeds clp/p®l < c; here p° Ip/? € IR and so the speeds clp/p®l e
[09 OO)
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To construct a Lagrangian that implies (2.2), we use a mapping (WI¥"),
of any two states W(x, p) and ¥'(x, p) into a complex function of x € IR!”.
We designate (:l:), as a scalar product with respect to the independent four-
momentum variable p and assume that (:1i), has the following properties:

(i) It is local with respect to the time-space variable x and does not
depend explicitly on x, i.e., for any a € IR'?,

(P, PP (x5 P|,_, = (Pla, P)|Y'(a p))y (2.6)
(Tx + a p¥'x + a p)p = Y& pIY'(x ph)

x—x+a

(ii) It is bilinear, i.e., for any three states W(x, p), ¥'(x, p), and ¥"(x,
p) and for any two complex constants ¢’, ¢” € C,

(Plc'¥’ + "), = (Y|P, + "(P|¥"),
(W), = (V'[W)x 2.7
with the asterisk denoting complex conjugation (so (WI¥), is real, but not
necessarily nonnegative).

(iii) It is a relativistic-scalar field of the time-space variable x, i.e., if
the states ¥ and ¥’ transform under Lorentz transformations A as, say,

AV = (AT) (A, A" lp) (2.8)
then for any A,

(AY|AY"), = (¥(x, p)|¥'(x, p))y| = ACY¥),) 29

AT x
(iv) It is such that
(P'|¥),=0 V¥ implies ¥ =0 (2.10)
and
(Pl(ap)¥), = —{(ap)¥[¥'), VaelR3 (2.11)

where a'p = a’%® — a-p.

Using the above properties of the scalar product (il:),, one can show
that the covariant equation of motion (2.2) of a free field is the Euler-Lagrange
equation of the Lagrangian density

LAV, VE) = G |p- V), = (V]p- V), — LV-(¥|p¥), (2.12)

where R denotes the real part. So we take (2.12) as the free part &; of the
transport-theoretic Lagrangians (2.1) we are going to consider. Note that
Le(V, V) defined by (2.12) is a relativistic-scalar field of x, i.e., for any A,
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LAY, VAT = L, V) (2.13)

x—A " L

2.2. Interaction Part &; of the Lagrangian &

In what follows we assume that the interaction part &£; of the transport-
theoretic Lagrangian &£ is such that

+ LV, ¥, ¥, ¥

in which the operators £(¥,), L,(V, V1), £V, V5, ¥y), and L4V, ¥,
W¥,, ¥,) have the following properties:

(i) They map states ¥, ¥,, ¥;, and ¥, into complex relativistic-scalar
fields of the time-space variable x € IR!? that do not depend on the four-
momentum variable p; e.g., in the case of the trilinear term &, for any A,

LAYy, AWy, AWy = Zy(¥), ¥y, ‘I's)lx AL T ACE(Y, Wy, T3))
(2.15)

(ii) £,(9), LV, W), L5(F, ¥, V), and L,(¥, ¥, ¥, ) are real for
any .

(iii) They are totally symmetric with respect to their arguments; e.g., in
the case of the quadrilinear term,

La(Wy, Wy, U5, W) = LWy, Wy, U3, W) = ... = Ly(Wy, Vs, o, V)
(2.16)

This requirement [that, e.g., £,(V,, ¥,) is the symmetric extension of £,(¥,
)] simplifies subsequent results and imposes no additional restrictions on
the interaction part &£;.

(iv) They are linear in each argument; e.g., in the case of the bilinear
interaction term ¥,, for any states ¥, and for any real constants c,,

522(21. j\pj: Ekck‘yk) - ECjCkgz(\I’j, q”k) (217)
Tk

(v) They are local with respect to the independent variable x and do not
depend explicitly on x, i.e., they satisfy relations analogous to (2.6). Thus,
1, £, s, and E, represent a kind of contact interactions in a homogeneous
time-space IR!3, since the values of, e.g., £,(¥,, ¥,) at x = x; and of
L], V) at x = x, are equal when ¥V ((x = x;, p) = ¥i(x = x;, p) and
Wolx = x5, p) = ¥alx = xp, p).
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As a consequence, Lagrangian density & is form-invariant: (a) under
Lorentz transformations,

F(AY, VAY) = L(V(x, p), VI(x, p))[x_) AL, VA (2.18)
and (b) under time-space shifts,
LY + a, p), V¥ + a, p) (2.19)
= L(V(x, p), V¥, p))| Va e IRY

x—x+a

2.3. The Euler-Lagrange Equations of the Lagrangian
E(P, V) + F(P)

By Hamilton’s principle, the Euler-Lagrange equations for state ¥ read

EL(¥Y; ¥') =0 v (2.20)
where
EL(¥; ') = (W'|p-V¥), + (p-VE|¥'), + L") + 28,9, ¥)
+ 3&,(V', P, V) + 4LV, P, ¥, V) 2.21)

The zero state W(x, p) = 0 is a solution to the Euler-Lagrange equations
(2.20) if and only if there is no linear term, i.e., £, = 0. If both ¥(x, p) and
—W(x, p) are solutions to (2.20), then, for such a state ¥, by (2.7) and (2.17),

¥ + 38,0, P, ¥ =0 v v (2.22)

The Euler-Lagrange equations (2.20)—2.21), (2.6), (2.7), and (2.11)
imply that any solution ¥ to (2.20) satisfies the covariant continuity equation

V(¥ |p¥), = L,G¥) + 28,31V, V) + 3LV, ¥, ¥)  (2.23)
+ 4L, ¥, ¥, V)

2.4, Shifted Lagrangian
For a given reference state W (x, p) we define the difference
Wylx, p) = V(x, p) — Vilx, p) (2.24)
and write the transport-theoretic Lagrangian
EP, V) = LV, V¥) + V-RY, | pV ), + £, (2.25)

in which the shifted Lagrangian density is
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Lo(Po, VW4 W) = Le(Wy, VW) + Lig(Py; V) (2.26)
with the interaction part
LV V) =Ly + Py + Loy + LWy, ¥y, Vi, ¥
L1V W) = EL(Y; Vo)
Los(Wy, Vo, V) = Lr(Vy, Vo) + 3LV, ¥y, Vo)
+ 62V, ¥, ¥y, ¥y
La(Py, Wy, Uy, V) = La(Vy, Py, Vo) + 4Z,(V, Py, ¥y, Ty 2.27)

Here the state Wy(x, p) is the independent dynamical variable of the shifted
Lagrangian LWy, VW4; V) and W (x, p) is a given reference state, i.e., a kind
of parameter. The shifted and original Lagrangians &, and & are physically
equivalent. In particular, if W4(x, p) is a solution to the Euler-Lagrange
equations of the shifted Lagrangian &4, then the sum W, + ¥, is a solution
to the original Euler-Lagrange equations (2.20).

The shifted Lagrangian £, has, in particular, the following properties:
(a) The free part of &£ is the same as in the original Lagrangian ¥. (b) The
interaction part £y has no linear term, i.e., £4 = 0, if ¥, (x, p) is a solution
to the original Euler-Lagrange equations (2.20). (c) Even if the original
Lagrangian & did not have the linear and bilinear terms £, and &%,, the
shifted Lagrangian &4 would in general acquire linear and bilinear interaction
terms £4 and &£, from £; and/or £, terms. (d) The quadrilinear interaction
term £, of the original Lagrangian &£ may contribute to the linear, bilinear,
and/or trilinear terms &£4, L5, and £L4. (€) The quadrilinear interaction terms
of £ and ¥, are the same. Consequently, the shifted Lagrangian &£; may
have linear, bilinear, and trilinear interaction terms, though they are absent
in the original Lagrangian &£!

2.5. Inherited and Explicitly Broken Symmetries of Lagrangians
Suppose that the original Lagrangian &£ exhibits a certain symmetry, say
STILSY, VST¥) = LV, V) A (2.28)

where § is a linear invertible transformation of states ¥(x, p) and of scalar
fields of x such that for any two states ¥, and ¥,,

S(c;¥, + &, ¥,) = ¢SV, + ,S¥, Ve, elR
<S‘I’1tsq'2)p = S<\F1‘q’2>p
p'VS‘PI = Sp‘V‘I;I (2.29)
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Note that (2.28) with (2.29) is equivalent to

S_l.fn(S‘Pl, ey S‘I’,,) = gn(‘l’b ey \I,n)» n=1, 2, 3, 4
(2.30)

by (2.1), (2.12), (2.7), (2.14), and (2.17). When ¥ is a solution to the
Euler-Lagrange equations (2.20), then one can verify that also SV is a
solution to the same Euler—Lagrange equations (2.20). In particular, if
W¥(x, p) is a solution to (2.20), then for any Lorentz transformation A and
time-space shift a € IR also the state (AV)(A~'x + @, A™'p) is a solution
to (2.20), by (2.18)—(2.19). Further, if ¥, is a solution to the Euler~Lagrange
equations of &y, then SW, + SV, is a solution to the original Euler-Lagrange
equations (2.20).

When the original Lagrangian & exhibits a certain symmetry (2.28),
then it is of interest to know whether the shifted Lagrangian %4 derived from
it exhibits the same symmetry with respect to the independent dynamical
variable W, or if this symmetry is explicitly broken. In general the symmetry
will be explicitly broken; e.g., if £; = 0 and &; = 0, then & is invariant
under the substitution of ¥ by —V, but ¥4 will be invariant under the
substitution of ¥4 by —¥, only in particular cases. However, one can
show that

STILASYy, VST, ST,) = Ly(Wy, VI V) VW, W, (2.31)

by (2.26)-(2.30), (2.12), (2.7), and (2.14). Thus, if ¥, is a solution to the
Euler-Lagrange equations of the shifted Lagrangian £4(¥y, V¥4 W¥,) for a
given reference state ¥,, then SW, is a solution to the Euler-Lagrange equa-
tions for ¥y of the Lagrangian £V, VW, S¥,). When the reference state
W, is such that

Lia(Wg; SV = Lig(Py; V) vV ¥y (2.32)

then the shifted Lagrangian Ly(Wy, VW4, W)) of the independent dynamical
variable Wy inherits the symmetry (2.28) of &£, by (2.26) and (2.31). In
particular, we have (2.32) when the reference state W, is invariant under
symmetry S, though S¥, = W¥_is not a necessary condition for (2.32). For
example, the state W, = { exp(ip-x), ¥ being a constant bispinor, is neither
invariant under time-space shifts nor under Lorentz transformations A, but
£L:a(Vg; P,) is when it depends on the reference state W, only through the
scalar product W, ..

2.6. The Basic Lagrangian

In the Euler-Lagrange equations (2.20), the terms £,(¥’) and 2£,(¥’,
V) describe the independent sources and interactions with an underlying
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medium whose properties do not depend on W(x, p), respectively. So it
makes physical sense to assume that these two terms are absent from the
Euler-Lagrange equations that give a complete description of the physical
world, so that, were it not for the self-interaction terms &5 and ¥, the state
of the physical world would be a free field W;(x, p). Thence, we put forward
the hypothesis that in the case of the transport-theoretic Lagrangian &; + &;
that gives a complete description of the basic physical phenomena,

W) =0 and LY, W) =0 (2.33)

i.e., we hypothesize that all physical phenomena are due solely to the free
streaming and self-interaction described by £; and £, + &£,, respectively.
According to hypothesis (2.33), a Lagrangian density with linear and/or
bilinear interaction terms can be interpreted in view of (2.26)-(2.27) as a
shifted Lagrangian £, whose linear and/or bilinear terms originate from the
interaction of the state W, with some reference state W,

2.7. Ground State

On assuming (2.33), it is physically convenient to generate the bilinear
term &£,4 (if needed) by using as a reference state ¥ (x, p) a ground state,
i.e., a particular reference state W, such that:

(i) It is invariant under Lorentz transformations and under time-space
shifts, i.e., AV)A x + a, A~'p) = ¥.(x p) for all A and for all a € IR'.
Thence, a ground state does not depend on the time-space variable x, say

Vi, p) = Vop) and  (AVHYAT'p) =V, (p) (234

i.e., a ground state is a free state. As a consequence, the shifted Lagrangian
£4(Vy, V¥4, W) is invariant under Lorentz transformations and under time-
space shifts, by (2.18), (2.19), and (2.32).

(ii) It is a solution to the Euler-Lagrange equations (2.20), i.e.,

3E(W, Wy, W) + 4LV, W, U, ) =0 V¥ (235)

by (2.21), (2.33), and (2.34). Thence, by (2.27), the linear interaction term
&£,q is absent from the shifted Lagrangian £,(¥y, V¥ V), ie.,

L1a(Wg; \I’g) =0 V¥, (2.36)

so that it is stationary in the following sense: £4(eWy, VeWy; ¥,) = 0(&?)
as e — 0.

Requirement (2.34) that the ground state W (p) is invariant under proper
orthochronous Lorentz transformations A implies:

(1) When the states W(x, p) are complex (real) relativistic-scalar
fields, then

Veoolp) = f(p'p) (2.37)
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is a ground state for any complex (real) function f(y) of y € IR such that
(2.35) holds.

(ii) When the states W(x, p) are spinor fields, then it seems that only
the zero ground state W,(p) = O can satisfy (2.34).

(iii) When the states ¥(x, p) are complex (real) four-vector fields, then

Y.(p) = flp-p)p (2.38)

is a ground state for any complex (real) function f(y) of y IR such that
WY,:(p) is a solution to (2.35). Thus, in contradistinction to conventional
quantum field theories, within the transport-theoretic framework not only
scalar bosons, but also four-vector bosons may have a Lorentz-invariant
nonzero ground state.

2.8. Quartic Vertices as the Starting Point

In the kinetic theory of gases, interactions are due to collisions without
absorption between two or more particles. This fact could suggest that in
quantum field theories quartic vertices are actually basic and, therefore, any
three-leg vertex is actually a four-leg vertex with one of its legs standing for
interaction with a constant Lorentz-invariant bosonic ground state and there-
fore suppressed and taken into account by the coupling constant of the
resulting three-leg vertex. If so, the interaction part &£; of the basic transport-
theoretic Lagrangian ¥; + &; underlying quantum field theories has only a
quadrilinear interaction term £,(¥, ¥, ¥, ¥) and

(9 =0, LV, ¥) =0, E(P, P, ¥)=0 (2.39)

In such a case, the quadrilinear term ¥, is the origin of any linear, bilinear,
and trilinear interaction terms £,4, $pq, and £, the shifted Lagrangian &
+ &4 may have.

If for any complex constants ¢, ¢,, ¢3, and ¢y,

L)V, ¥, ¥, c¥) = IR(cFcTeseq + cfercies (2.40)

+ cFerescH) (Y, ¥, ¥, 1)
then the Lagrangian £ = &; + ¥, is invariant under a phase change, i.e.,
L&V, Vb)) = L(F, V) VaelR (241

and (¥Ip¥), is a conserved current when ¥ is a solution to the Euler-
Lagrange equations (2.20), by (2.40) and (2.23). In general, a modified
Lagrangian density &4 will not inherit the symmetry (2.41); it will be hidden
in the relation
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EBd(e""“I’d, Vei“‘I’d; ei“‘I’,) = gd(‘yd, V\Pd, \I,r) VaelR (242)

by (2.31). Thus one can use the proposed hypothesis (2.39)~(2.40) to give
a physical interpretation of the invariance of Lagrangians £oep and £sqep
of quantum electrodynamics (3.1) and of scalar electrodynamics (3.16) under
the substitution of A by ¢4, e by e e, & by b, and U(x) by eW(x), o
e IR; also, the Lagrangian of the standard model can be interpreted so
that it exhibits an analogous invariance that can be interpreted as a broken
symmetry (2.41).

3. QUANTUM FIELD THEORIES
3.1. Quantum Electrodynamics

Quantum electrodynamics of charged spin-1/2 particles is characterized
by the Lagrangian density

Lomp = —HV® A — (VR AY|] — 3|V-AF + R(Y[iv*V, (3.1
— ey*A, — mly}

in which {i(x) and A(x) are complex, bispinor and four-vector fields of the
time-space variable x € IR', IMI2 = M#M"® for any second-order four-
tensor M, & denotes the dyadic product of two four-vectors, the superscript
t designates the transposed tensor, I = 'y, the dagger denotes the adjoint
(transposed and complex conjugated) spinor, y* are the Dirac matrices, and
\, e, and m are real constants. The Lagrangian £qep is a real relativistic-
scalar field of x; for real fields A(x), it equals the usual Lagrangian of quantum
electrodynamics up to a divergence term (Itzykson and Zuber, 1987). We are
going to show how one can derive Ly from a particular transport-theoretic
Lagrangian of Section 2 shifted with respect to a ground state, so that

Sgld = (,
To this end we assume that the state
Yin(x, p)
Yix, p) = 32
d(-x P) (‘P[(x, p) ( )

where ¥, and ¥, are complex, left-handed-spinor and four-vector fields of
x, p € IR', respectively. In such a case, the ground state W (x, p) = (0,
W, (p)). We take the scalar product

(Vo ¥a), = (W1 Pidin + (¥, |¥),
<‘I’1/2I\I’i/2>1/2 = Ip@-{/Z(x) P¥in(x p)
(¥ = LY p¥i(x p) (3.3)
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where for complex values of the four-momentum variable p = (p° p),

Tz, p) = i[p°* + p*al¥u(x, —p*)

V,(x, p) = ¥(x, —p¥ (3.4)
with
(1] 3 1 202
2 e (Pt P —p
p-t+po= (pl + ipz - p3> (3.5)
and the momentum total
R
LF(p) = lim J dy f F(iy, p) d°p (3.6)
R—e J_p ’pf25R2~y2

for any function F(p) = F(p°, p) such that the limit (3.6) exists, the values
of Wy(x, p) and ¥ (x, p) for complex values of the four-momentum variable
p being defined by analytic continuation of Wy(x, p) and ¥)(x, p), p € IR'3.
The definition (3.6) of the integral over the independent variable p is suggested
by the standard, covariant, Euclidean definition of a four-momentum integral
through the Wick rotation in momentum space, followed by symmetric inte-
gration. For a fairly general class of states ¥(x, p), one can show (Ribari¢ and
Suteri¢, 1995) that the scalar product (3.3) has the properties (2.6)—(2.11).

The shifted transport-theoretic Lagrangian &4 depends on fields ¥ ,(x,
p) and ¥,(x, p) of 4 + 4 independent variables (the components of x and
p), whereas the quantum electrodynamic Lagrangian £qgp depends on fields
Ui(x) and A(x) of only 4 independent variables. So the crucial question is how
to achieve this transition from a transport-theoretic Lagrangian with states
of eight independent variables to a Lagrangian with states depending on just
four of them. Taking a clue from the kinetic theory of gases, where in the
strong-scattering asymptote as the mean free path tends to zero the gas
exhibits everywhere the same Maxwellian distribution of velocities, we define
an analogous strong-scattering asymptote to accomplish this reduction of
dimensionality as follows: We assume that the interaction Lagrangian &£;y(Wy;
W¥,) depends on the gauge parameter N in such a way that in the strong-
scattering asymptote A — 0 it tends to infinity unless the state

Wyx, p) = P (x, p) = Fin@P)(—p-p)dlx) + i(p° — pra)br(x)]
ax p % p [ pAR) + fi(p-p)M(x)p
(3.7

where ¢ (x) and dg(x) are some complex, left- and right-handed spinor fields
of x, respectively; A(x) and M(x) are some complex, four-vector and second-
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rank four-tensor fields of x, respectively; and fi,(y), fi(y), and f1(y) are certain
complex functions of y € IR (but not of \) such that

(977)

%'rrZJ P fin(—=n|*dr >0

]

i

1

%ﬂzrrzfi"(—r)fi(—r) dr#0 (3.8)

0

(For what follows, there is actually no mathematical need to assume that the
parameter that tends to zero in the strong-scattering asymptote is the same
as the gauge parameter N in Fqp, but it saves introducing an additional
parameter.) Since, by (2.12) and (3.3)-(3.6), the free Lagrangian LW, V¥ )
is defined so that it does not depend on A, in the strong-scattering asymptote
A — 0 the Lagrangian £4(W4, V¥4; ¥,) and the corresponding action I[W]
defined by (1.1) both tend to infinity unless the state Wy(x, p) is of the form
(3.7). We assume, therefore, that in the strong-scattering asymptote A — 0,
only those states Wy(x, p) that are given by (3.7) contribute to the path integral
(1.2); i.e., we assume that in the strong-scattering asymptote A — 0, in the
functional integral (1.2) we need take account only of the states Vu(x, p) =
W, (x, p). If so, in the asymptote X — O, the physical system considered is
described by the asymptotic Lagrangian £{(¥,, V¥,) + £,y(V,; ¥,), where:
(A) By (3.2)-(3.8), the free Lagrangian

LAY, V) = R{HM*V)A — cA*(VM) + ici by Vi) (3.9)
where {s(x) is the complex bispinor field such that in the chiral representation

_ (e
Ve = (¢‘2<x>)

(B) Assumption (3.7) and the properties (i)~(v) in Section 2.2 of the
interaction terms imply that £,y [£34, £,4] with ¥4 = W, is such a sum of
the second- [third-, fourth-] order products of ¥(x), A(x), and M(x) that is a
real relativistic-scalar field of x. For our purpose we can assume, e.g., that

ooV, W ‘I’g) = _01/2m$‘1’ - 2f1|M12 - %ﬁcl/zlcll”z[lMlz
+ N+ D|Tr M|?
gZ’ad(‘Paa ’\Pao q’a; \Pg) = _CI/ZQ?' {emA;ﬂp"b},
‘S£4d(\Pay \I’aa ‘Pm \Pa) =0 (31 1)

(3.10)

Tr M is the trace of M and ¢, a real parameter different from zero.
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If we assume that
tM(x) = ¢V ® A) (3.12)

then the asymptotic transport-theoretic Lagrangian LWV, V¥,) + £i(V,;
W¥,) as defined by (3.9)-(3.11) is equal to the quantum-electrodynamic
Lagrangian £qgp, we set out to derive, up to the factor ¢, and a diver-
gence term.

The physical significance of assumption (3.12), needed to derive terms
quadratic in V & A such that are present in £qgp, is open. Relation (3.12) may
be given a transport-theoretic interpretation, e.g., in the following three cases:

(i) The four-vector component ¥(x, p) of any state W(x, p) must satisfy
the covariant constraint

FVa@)|lp'V = foplla¥ilby =0  Va belRY (3.13)

where f.(y) is some real function of y € IR such that

C?‘f PR =nfi(=nf—r) dr = tlJ PfA—nf(-r) dr  (3.14)
0

[}

for ¥4 = ¥, this constraint (3.13) reduces to (3.12).
(ii) The four-vector component ¥ ,(x, p) of any state W4(x, p) satisfies
a covariant generalization of Fick’s first law

¥(x, p) — ¥i(x, —p) = flp-p)p-VI¥i(x, p) + ¥i(x, —p)] (3.15)

where f{y) is some real function of y € IR (Ribari¢ and Sustersic, 1987);
for ¥ (x, p) = filp'P)A(x) + fi(p:p)M(x)p, relation (3.15) is equivalent to
(3.12) provided t,fi(y)fi(y) = cFfi(y).

(iii) Like the free Lagrangian (¥, V), the interaction Lagrangian
%ia depends locally not only on the state W4 but also on its time-space
derivative VW,. In such a case, it seems that one is allowed to assume (3.7)
and (3.11) with M(x) replaced by ¢} {(V & A).

It does not seem possible to derive the quadratic, mass, and gauge terms
of the quantum-electrodynamic Lagrangian £ogp if the shifted transport-
theoretic Lagrangian &; + ;4 does not have a bilinear interaction term
L2a(Vy, Vu; W,). If we adopt the hypothesis (2.33) that the basic transport-
theoretic Lagrangian £; + &; has no bilinear interaction term, then we have
to conclude that the Lagrangian £¢ + £, needed to obtain £qoep in the
strong-scattering asymptote A — 0, is a result of some nonzero shift as
defined by (2.24). Consequently:

(i) We can expect that some of the symmetries exhibited by the basic
Lagrangian &; + &; will not be inherited by the shifted Lagrangian & +



Interpretation of Basic Lagrangians 585

¥4 and, therefore, in the quantum electrodynamic Lagrangian £qgp, they
will be explicitly broken.

(ii) Quantum fields A(x) and (x) describe in the asymptote A — 0 the
addition Wy(x, p) to the ground state W,(x, p) = (0, ¥,)".

(iii) Since by (3.11) the spinor field W, ,(x, p) acquires mass through
interaction with the nonzero ground state W,,(p) of four-vector field W,(x,
p), it is the electromagnetic ground state W,,(p) and the shift (2.24) of the
Lagrangian &; + &; that, in the transport-theoretic interpretation of quantum
electrodynamics, play a role analogous to that of the Higgs mechanism in
the standard model (Cheng and Li, 1992).

3.2. Scalar Electrodynamics

Scalar electrodynamics, i.e., quantum electrodynamics of charged spin-
zero particles, may be characterized by the Lagrangian

gSQED = —%lV ® A e (V ® A)IIZ - %iV'A!Z (3.16)
+ [V + ieAd)* [V + ieAd] — m*db*db — 1g(d*d)’

in which ¢(x) and A(x) are complex, scalar and four-vector fields of the time-
space variable x € IR!?, and e, m, g, and \ are real constants. The Lagrangian
ZLsoep is a real relativistic-scalar field of x; for real fields A(x), it equals the
conventional Lagrangian of scalar electrodynamics (Itzykson and Zuber,
1987).

Let us sketch how one can derive £sqep from a transport-theoretic
Lagrangian &; + &4 of Section 2, if we assume that

v = (v )

where W, and ¥, are complex, scalar and four-vector fields of x, p e IR!3,

respectively; here, the ground state is Wy(x, p) = (Vy0(p), ¥,1(p)), and the

scalar product is

(W W), = ("Wole"W¥o) + (¥)[¥1),  with ¢=(1,0,0,0)

(3.18)

We will consider a case where interaction terms £,y(Wy, Wy ¥y), L30(V,,

Wy, Wg; W), and L4(Vy, Py, ¥y, ¥y) depend on the gauge parameter \ in

such a way that in the asymptote A — 0 the action (1.1) tends to infinity unless

Yax, p) = Vulx, p) = (fo(p'p )b + folp-p)b(x)-p

(3.17)

H@PAX) + fi(p-p)Mx)p

where &(x), b(x), A(x), and M(x) are some compiex, scalar, four-vector, four-
vector, and second-rank four-tensor fields of x, respectively; and fy(y),

) (3.19)
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o0, fi(), and fi(y), are certain complex functions of y € IR, independent
of \ and such that

cj E%ﬂzr PrE(=nfi(=ndr 0,  j=0,1 (3.20)
0

By (3.17)—(3.20), the free Lagrangian density &; does not depend on
A, and

LY, V&) = R{cib*-Vdb — cod*V-b + cFM*V)-A  (3.21)
- c;A*(VM")}
Suppose that, e.g.,
Los(Wa Vo3 W) = 2(1 + Ny |Tr M|* — m*b*b

Laa(Vo, Vo Vo3 W) = 28R {iecg ' db*-A) 3.22)

LV, Vo Wy, V) = AP — Z8[0% P
where 1, and #; are two real parameters; and let

HM(x) = cF(V Q Ay and tob(x) = cEVb(x) (3.23)

In such a case, the asymptotic transport-theoretic Lagrangian £(V¥,, V¥,)
+ Eiu(Vy; ¥,) with 1 = 2lcol* and t; = —4lc,1? is equal to Lsqpp up to a
divergence term. There are transport-theoretic interpretations of constraints
(3.23) analogous to those of (3.12). Due to the second constraint in (3.23),
we were able to obtain the derivative coupling in £sqep Without having to
assume that a derivative coupling is already present in the interaction part
&4 of the transport-theoretic Lagrangian.

To obtain transport-theoretic derivations of £qgp and of Lsqpp We have
given explicit expressions for the free part &; of the transport-theoretic
Lagrangians needed, but only a few qualitative properties (2.14)—(2.17) of
the interaction part ;. It would be of interest to identify further properties
that interaction parts £; of physically relevant transport-theoretic Lagrangians
have to display.

4. CONCLUDING REMARKS

Presuming the Lagrangians of fundamental interactions in quantum field
theories to be just asymptotic approximations to some underlying Lagrangian,
we have considered the possibility that such an underlying Lagrangian is
of the transport-theoretic kind, with the states W(x, p) depending on eight
independent variables (four components of the conventional space-time vari-
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able x € IR"* and four components of the four-momentum variable p €
IR"?). In Section 3, we introduced the concept of the strong-scattering asymp-
tote, where the gauge parameter A — 0 and only particular states ¥(x, p),
which are products of the usual quantum mechanical fields of x and of certain
functions of the four-momentum variable p, contribute to the path integral
(1.2). We have also shown how one can interpret Lagrangians of quantum
and scalar electrodynamics as describing some underlying transport-theoretic
Lagrangians in the strong-scattering asymptote; also, the Lagrangians of
non-Abelian gauge theories can be interpreted this way. According to this
interpretation, by using the gauge parameter, regularizations, and renormaliza-
tions in relativistic quantum field theories one is in effect simulating a post-
ponement of a certain asymptotic approximation so as to derive proper, finite,
asymptotic results implied by the underlying transport-theoretic Lagrangian.

Within the transport-theoretic framework, a four-vector field may have
anonzero ground state (2.38) that does not depend on the time-space variable
x and is an eigenvector of the Lorentz transformations. According to the
given transport-theoretic interpretation of quantum electrodynamics, fermions
acquire their mass through interaction with the electromagnetic ground state
in the strong-scattering asymptote. Thus, within the transport-theoretic frame-
work, interactions with nonzero ground states of vector bosons present an
alternative to the Higgs mechanism of the standard model. So, if it turns out
that we will give the scalar Higgs boson up since there will be no satisfactory
experimental upper bound on its mass forthcoming, it might be worth consid-
ering whether massless, vector-boson and fermion fields acquire mass by
interaction with the ground states of vector bosons (fermions being absent
from the ground state since spinor fields do not have a nonzero ground state).

On the analogy of the kinetic theory of gases, we cannot expect that
the concept of mass had any physical meaning immediately after the big
bang when the state W(x, p) was changing rapidly as a function of x and
therefore could not be approximated by a sum W (p) + ¥,(x, p) of the ground
and asymptotic states needed to transform the transport-theoretic Lagrangian
into the conventional Lagrangian of the standard model that defines masses.

Regarding the relation between gravitation and the transport-theoretic
hypothesis that may be interpreted as attributing physical phenomena to an
underlying motion and interaction of pointlike entities, we see two open ques-
tions:

(i) Can we apply the transport hypothesis to gravitation?

(ii) Does the ground state or/and the said hypothetical pointlike entities
exert some gravitational interaction? Have they anything to do with the so-
called cold dark matter proposed as a way to explain the missing mass
problem?
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