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Summary, — We present a few heuristic remarks on veceni extensions of the
Coulomb law via effective potentials and other means, which appear to admit a lattice
structure in time and space whose spacings are given by the characteristic period of the
electron and its Complon wave-length, respectively.

As is well knowa, since the original contrilutions of the period 18711875 (1), the
formalation of guantum field theory on a latice has developed into oune of the mosb
promising contemporary treatments of strong interactions (*). Significantly, the foun.
dations of the theory rest on the consistency {as well as aestheiic heanty) of the lathice
formulation of the clectromagnetic interactions. In this nebe we shall indieate the pos-
gibility of further extensions of fhe foundations of the theory, via & coineeivable lattice
formulation of the Coulomb law. To prevent excessive expectations, it should be indi-
cated from outset that we shall limit ourselves to a few heuristic commonts specifically
intonded. for the clectromagnetic interactions, whose possible extension to strong inter-
actions remains to be worked out.

To begin with a brief historieal perspeciive, lob us recall that the celebrated Cou-
lomb law

’

(1) FCOL:I(T) = 4 eija

wags proposed by €. Avcustin pe CouLoMms in 1785 for the treatment of macroscopic
charges 4+ ¢. In 1897, J. J. Tmomrson extended the application of the law fo the static
interactions of elementary charges - ¢. As o result of authoritative endorsements,
such as that by L. Ruraerrorp, the Counlomb law became subsequently established
for the clementary charges aceording to exacily the smne strueture {1) conceived for
maecroscopic eharges some two centuries ago.

(*) Permaneni address: D-3570 Stadt Allendorf, Von-Brentane-Str. 1, West Germany.

** Supported hy the U.S. Department of Bunergy wnder conlract no. DW-ACHE-30BRLGH1.AM02,
(1 . WeeNER: J. Malh., Phps. {N.7.), 12, 2250 {1971); K. (. Wnsox: Phys. Ree. D, 14, 2458
(19748 and A, M. Poevakov: Phys. Lelf, 5. 5%, 82 (1975).

(%) See, for ingtanee, bl recent review Ly J. 8. KoorT: Universily of Tilineis as Drbana-Chaapaign
report no, LLL-(TII)-82-£2 (December 1982).
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Nevortheless, the development of quantum mechanics and of quantum f{ield theory
pointed oui gquite naturally the need for refinements of the Coulomb Iaw for particle
interactions. In fact, we knew since 1935 (%) that quanium effects may produce a modi-
fieation of the Coulomb petential. Fluctuations and other aspects produce additional
mmodifications, resulting in what are called today effective potentials (%).

A first contact with lattice theories is provided by the frequent appearance in sf-
feclive potentfials of a length-seale which, for the case of clectrons, is predictably given
by the Compion wave-length I, = #ifm, (¢ == 1). As an example, sccond-order polar.
ization offects can bo expressed by the generalizod potential

2¢° VvZ
(2) Voulr) = o — Zin
3mr lo

acting within the region +<{l,. As another example, fourth-order guantum cifects of
the electrostatie interactions of two points charges of masses m; and m, yield the
generalized potential (5)

(3) V(}un(?‘) = i 62/(7’ + Ee.m.)

acling in the region v 1, , where I, . = ¢*/2(m; + m,) is the electromagnetic radius
of the interacting system. -

A number of other generalizations/modifications of the Coulomb law along lines (2)
and (3) can be found in the literature. As far as our objective is concerned, generaliza-
tions of this type identify a lengbh-scale, but they do not appear fo exhibit a lattice
structure.

A generalization of the Coulomb law which identifies a length-scale and exhibils
a form of lattice structure in fime has been proposed by ono of us (8) according to the
following main ideas. All dynamic-geometric models on the structure of the electron
(such as its interpretation as an oseillation of the geometry of spaee (%)) imply that the
particle force-field at a given space distance is periodie in time, while law (1) implies a
force-field at a given distance which is constant in time.

To attempt a resolution of such an apparent incompatibility, the following hy-
pothesis was submitted in ref. (%).

Hypothesis 1. The electrosiatic interactions between two clectrons, vr two positrons, or
one electron amd one positron, have an explicit lime dependence of pulsaling lype, e.g., ac-
cording to the generalized Coulomb law (3)

o

¢
(4) F(‘:un(’r: l) = 4 - 2 sin? wyt,
2

() E. A. UsannNe: Phys, Rev., 48, 45 (1935) and 3. SErRvER: Phys. Rev., 48, 49 (10335).

() Bee, for ingtance, M, R. Brows and M. J. Durr: Phys. Rev. D, 11, 2121 (1973).

(*) 8. N, Gurra and S, T, Ravbronrp: Phys. Rev. I, 21, 2213 (1980).

() R M, Savminni: Hadronde J., 4, 770 (1981).

() J. A, WHEBLER: Geomelrodynamics (Now Yorl, N.Y¥., 1962).

{*) For completeness, we should reecall that realization (4) is not unique. In fact, anumber of alter-
native forms were proposed in ref (), eg., Fyenlry ) = = (2*fr*)(1 & w sin wel), where w is a suitable
(dimensienless) parnmeter to be determined from experimental data. These additional forms THeserve
the periodicity of (1) and are therefore inessential for the limmited objcetives of this nete. Noto that
Inw (4), besides admitting no free parameter, permits o ¢ struecture model of the ¢iementary chavge »,
ag elaborated in ref. (%),
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whose period of pulsation is given by the churacteristic frequency of the cleclrons {ul rest)

2 h
(3) Tp= — = 27— = 0.520-10"s.
ttig My

Aceording o the hiypethesis, the field of an isolated electron has prec isely the perivdic
time dependence expected [rom geometric models, ag., B = =+ (¢/72) V2 sin wyt. As
suell, the field conbains both attractive and repulsive forees. The cleetrostabic inter-
actions are then responsible for their separation into the attractive or repulsive form (4).

A preliminary study of the plausibility of the hypothesis was presented in ref. (%)
for the nonrelativistic case only (see below for comments on the relativistic extension).
In essence, there are realistic hopes that the hypothesis is compatible with available
data on clectrons’ phenomenology and permits the prediction of new effects (such as
the manifestation—and detection——of the pulsating structure via resonabing cifechs
induced by gammas with characteristic periods multiple of T8, In fact, the gencralized
law {4) recovers law (1) identically for time averages over periods T 3 T (the pulsabing
yohaviour itself is not manifest for a sufficient wmultiple of 1), Also, the conventional
law is recovered for a swfficient superposition of pairs of elementary interactions (even
without time average), owing to their differcnt phases. The recovering of law (1) for a
collection of elementary charges is, therefore, quite natural for hypothesis 1. Finally,
the transition probability for seattering date of law (4) computed via the time- dependent
theory, say, W, coincides with that of the conventional, time-dependent case, say we,
for sufficient valnes of time ab all orders. For instance, the zerc-order contribution of
the difference W, -~ Wi is proportional to the quantity (%)

)
2 gin? e, T
(6) d = “,_J‘dwkm [ 2 Pe 1,
=T wkmil - (wkml’wﬂ)“.i‘

which is sufficiently well approximated by zero already for perieds of time T of the order
of 10~ s, Similar cases oecur for higher-order contribuiions.

In this note, we would like $o point out that generalized Coulomb law (4} has a
particular form of lattice structurc in (ime. In fack af the values

m by == o + 0Ty, n=0,L1, 4 2 ...,
4o,

the generalized law and the conventional one coincide. Thus, the conventional Coulomb
Inw can be interpretod as emerging from the generalized low (4) on a time loliice wilh
spacing Ty.
Intriguingly, such interpretation appears to admib a space counterpart. As an
example, consider the quasi-potential generalization of vef. ().
e r
(8) Veulr} = & —octghm—.
a lg
“Then, at the valaes » == is,,

I
(9) S,;=if+ﬂlc, n=0,F L, F2..,

generalized law (8) eoincides with the conventional one. Thus, the Uoulomb law can

(") N. B. 8kacnkov and L. L. Sonovesov: Sov. J. Nucl. Phys., 26 (1), 367 (1977).
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also be interpreied as emerging from the formulation of generalized law (8) on @ space latlice
with spacing Iy (although absolute values ave needed in this case).
Intriguingly, the space and time spacings can be uaified by rewriting law (4) in the
form (f = ¢ = 1}
(10 Pooalry ) = £ —2sin®m—,
e Iy

thus permitting a formal, space-time, « Coulomb plaquette» with spacing I;. The
understanding is that the actual spacing in time remains T and that in space remains
the Comptor wave-length.

The differences between the type of lattice structure considered here and that cur-
vently used in strong interactions (%) are gelf-evident. For instance, the Iatlice spacing
of the former can only decreasc via the increase of the speed of the particles, while that
of the latter ecan be made to decrease according to computbational needs.

Note that the spacing I, becomes particularly intriguing if the measurements them-
selves are expressed in terms of intervals (). In faet, the Compton wave-length can
be iuterpréted as the quantum-mechanical length-seale for the effective validity of the
point-like characterization of the electron, which is subjected to finer subdivisions
for higher-order effects, as expressed by eg. (2). Also, the spacing T, agrees with the
quantum-mechanical fluctuations of the proper-time operator (1) 1= pAa,.im,. This
opens up the possibility that, under relativistic extensions, lattice structure (7) belongs,
strietly speaking, to the proper time.

To concluds this note, we would like to recall that the pulsating generalization of
the Coulomb law has been submitted for the actual hehaviour of the electrostatic in-
teractions of individual eleciron pairs, and not as higher-order corrections. As a resil,
the validity of the generalizagion cannot be claimed prior to a detailed study of its com-
patibility with available experimental data a the level of a full QED treatment. In
this respect, we should reeall the well-established validity of QLD down to distances
of thie order of 10-10 em. Relativity arguments might therefore be used to imply o cor-
responding validity for periods of time of the order of 10-% 5. Nevertheless, the reader
is discouraged from accepting these arguments as o final character prior to a detailed

- study of the problem. Tn fact, a number of aspects may well imply the compatibility
of the QED treatment of hypothesis 1 with available experimental data, such as the
high value of the electromagnetic coupling constant, or the space-time fluctuations due
to the quantum indeterminacy. In the final analysis, the validity of QED at small
distancos has been ostablished via suitable modifications of the Feynman propagabors,
that i, via suitable effective potentials (**). Then, a reformulation of these studies in
» way compatible with hypothesis 1 cannot be excluded o priovi. After all, we should
not forget that the compatibility scoms to be quite possible for quantum-mechanieal
nonrelativistic settings (%), by thereiore rendering plausible the existence of a consistent,
relabivistic, and ficld-theoretical extension.

Despite these unsettled aspects, the implications for strong interactions rewain
intriguing and deserving further studies. In fact, hypothesis 1 might imply that the
notion of latkice, wlhich is currently restricted to computational funetions (1.2) is in
actuality deeply rooted in the basic physicallaws. Evenin casc the validity of hypothesis
1 cannoé be ostablished for electron pairs, the hypothesis might still be valid for the
hadronie constituents, with self-evident promising implications for a variety of unsettied
issues of our current knowledge of the hadronie strueture.

(19 A, J. KaLvay and B. P. Tourne: Nwovo Cimendo, 48, 997 (1967}
(1) W, Pare: Nuovo Cimenlo B, 10, 471 {1972%
(17) See, ag., B. L. Berox of al.: Phys. Rev. D, 17, 2187 (1978),



