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PACS. 03.50. — Classical field theory.

Summary. — We wonsider the hadronic isotopic generalization of the Dirac delta-
function proposed by Myune and Santiri, and we introduce its extension to field
theory. Some of the first implications are identified, such as the capability of removing
the singularities of the DPropagation function_on the light-cone.

As ig ‘'well known, the Dirac delta-function is 2t the ultimate foundations of quantum
mechanics, in as mueh ag it‘is the central representative of the pointlike deseription
of particles which is inherent in the mechanics itseif. '

In a recent paper (1}, MYUNG and SawTInLx proposed the following hadronie-isotopie
generalization of the Dirae delia-function

1 1
(1) O* (@) = — | exp [ink x]ds = — exp [iz1'%) dz,
2n 2x

where ' is an operator generally restricted to be nonsingular and Hermitian, General-

ization (1}, hereon referred to as the Dirac-Myung-Santilli delta-function, was proposed

to achieve a representation of hadrona as extended-deformable charge distributions.
In fact, eq. (1) can be formally written as

(2 0*{z) = (T},

where T' can be, in particular, also a function of @, thus illustrating the possibility of
« smoothing » the distribution character of-the Dirae delta, and of spreading it over
a finite region of space, which is exactly the original proposal (1). ’

Myuve and SANTILLI continued their analysis for the particular case when 7T is
a constant, for which they wrote &(Tw) — (1/T) d(=). The understanding is that
this gimplified form does not hold for the general case when T is an operator.

(") H.O. Myuxe and R.M. SANTIII: Hadronie J., 5, 1277 (1982).
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370 . . . M. NISHIOEA

In this paper we shall initiate the studies on the extension of the Dirac-Myung-
Santilli delta-function to field theory. For this purpose, let us recall the definition of
the Dirac delta-function in a Minkowski space-time with local co-ordinates x#, p =
=0123,

(3) d(z) = fexp [iky a1 dl ,

(27

where dk = dk, dk, dk, d%; and kya# is Lorentz invariant.
Tollowing (1), we shall, therefore, introduce the following hadronic-isotopic lifting
of strueture (3): ‘

(4) ' d* (@) = fexp [eToy sk ] dls = ! fexp [eley T2¥1d% ,
(2m)

(2n)*

where T s assumed %o be, for simplicity, a (scalar) function of Lorentz-invariant
quantities,

'We shall show that generalization (4) offers a number of intrigning possibilities in
field theory, such as that of removing light-cone singularities of propagators, or at
least rendering them more manageable.

Consider the invariant distance with the Minkowski metrio

{5) P=al—al—al—a].

7 ig asgsumed to be a function of 7, that iz to say

T .

(6) T,
If we gel
(N o' = Tur = f(r)ar,

we have for the invariant square

(8) @, @' = fAr)mpt = fi(r) .

Then it follows from (8) that the space-time of x» differs from the Minkowski space-
time. .

A Tie isotopic generalization of Einstein’s special relativity has been recently
proposed by Sanririr (?) for the generalized principle according to the invariance of
the maximal speed of propagation of causal mignals, whose value depends on the local
physical conditions in whick the signal propagates.

The generalization is based on the consiruction of the Lorentz group on the identity
I = g(w, ...)1, where ¢ ia a nopsingular and Hermitian metric characterizing the space-
time separation w?= xfgs which ig left invariant by the Lorentz-isotopic transfor-
pations identified in ref. (2). It is evident that (8) is a particular ease of the relativity
of ref. (3} for the case when g = fX(x)nI, 5 is the Minkowski metric, I= diag [+ 1,
+1, %1, +1].

Tt should be reocalled thal one of the implications of the relativity proposed by
SANTILLI is the variation of the cone of light depending on local physical eonditions

(*) R.M. SANTILIA: Lelf. Nuovo Cimenio, 37, 545 (1983).
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(density of medium, temperature, ete.), which is expai‘iménta]ly established for light
Propagating in transparent, material media {such as for the Cerenkov light), and conjeo-

tured for the interior of hadrong {2). Lvidently, the game modifieation exists for our
particular case of metric (8), This defo

stand the physical origin of the removal of the singularities on the conventional light-
cone in vacuum (empty space), as we shall ges. : :
If we consider the D*Alembert equation of scalar fields y(a'®) in a'# space-time,

(8) o D= <o,
the pl#ne-wa,va solution is of course givon by

(10) ¥ = exp [ik,a™].

Equation (9) written in terms of e
solution will be

(11

will be slighily complieated, but the piane-wa.ve

¥ = exp [iky Tu"] = exp[ik, f2#],

{

where we used (7). We evidently assume that the wave Propagation oceurs, not in
vacuum, but within a material medium

» a8 in ref. (12), Dirae’s delta-function with
argument a, w# is often used in field theory (3), 8o we consider it with argument :c:‘ 'H

(12) S(a, %) = dnD(a'n)
where Diax'#) ig a Propagation function in field theory. From (8) and (12) D(z's) ig
expresged by '

1
(13) Dia's) = — §(f277),

dn

If we assume that f(v) has the following form:

)

(14) P = =2,

T

and that h{z) obeys the following conditions: the equation Afr)

= 0 has the roots s,
and %'(s;) do not vanish, where Riz) = dRfds,

then D of (13) is expresged as

1 1
(15) Diz'e) = o ‘ mé(r—si) .

If 5; do not vanish, from (15) the singularities of the propagation funection D do not
lie on the light-cone. So¢ the field theory, with (13) is not the ordinary field theory,
oxamples of this type were given by several authors (+9), ‘

(*} C. ITzyxxsoN and J.
1980).

() M. A, MAREOV: Nuel. Phys., 10, 140 (1959),

() A, A. KoMmar and M. A. MARKOV: Nuecl. Phys., 12, 190 (1959),
(*} ¥. Borr: 4dnn. Phys. (Leipzig), 38, 345 (1940},

-B. ZUBER: Quanifum Field Theory (MoGraw-Hill Oo., New York, N. Y.,

rmation of the light-cone is important to under-
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372 M. NISHIOKA

Trom (4) and (7) we obtain

(18) 5%(x) -

(2:;)4 .[exp Lika we]dl = 6(@") .

Tt foliows from (16) that &*(x)} corresponds to the four-dimensional Dirac’s delba-
function in the #'# space-time the relation of which o the Minkowski space-time is given
by (7). As scen above, §*(z) plays an important role to modify the ordinary field theory,
especially for eseaping out from the gingularity on the light-cone of the propaga-
tion funetion. Additional studies will be presented elsewhere.
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‘We would like to thank Prof. R. M. Saxziirifor his great interest in our work and
for his valuable suggestions..
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