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Abstract

A model mechanics is established for classical, charged point
tachyons, with omission of Cerenkov radiation. The principle

of relativity provides that several observables, e.g.

electric charge, momentum, and energy of tachyons, dofnot

show the usual Lorentz covariance, but transform as "metascalars",
"metavectors", etc.; Lorentz covariant quantities are associable
with them, but the signs of some of these are not observable.

A critical survey of tachyon kinematics and of "supraluminal
reference frames" is given. In tachyon dynamics i1t follows

from the principle of' relativity that the sign of the observable
kinetic energy 1s Lorentz invariant, while the sign of the
observable electric charge is not. Any reinterpretation of
negative energies is neither required nor possible. Classical
tachyons may undergo pseudocreation and pseudoannihilation,
which differ from ordinary creation and annihilation in that
thelr world points depend on the frame of reference. Closed
world lines may occur. Tachyons show a classical tunnel effect,
which is discussed in detall. Classical tachyon mechanics may

be useful for developing a Maxwell-Vlasov theory of tachyon

plasmas.




I. Introduction

Tachyons ére hypothetical physical objects (elementary

particles) with imaginary resf mass (1'7). Experimental

evidence of their existence has not been found so far (8_11),

but three theoretical models have been proposed:

(1) Tachyons as classical point particles that move faster
than light (12).

(2) Tachyons as wave groups of classical Klein-Gordon fields
of imaginary rest mass (6’ 18, 19).

(3) Tachyons represented by quantized Klein-Gordon fields of

imaginary rest mass (4’ 2 29'24).

The correspondence between the particle model 1 and the wave
models 2, 3 is not very good, however. In view of the dis-

persion relation (f=c=1)

a1y ot = AT~ MY,

o

where Mo= 'LM is the imaginary rest mass, the fz-spectrum
is incomplete and contains only wave numbers larger than the
inverse of the Compton wavelength if only real frequencies

are taken into account. Hence the corresponding "particles"

‘are not localizable (4-6’ 23, 26).

Furthermore, in models 2, 3
signals cannot propagate faster than with the velocity of
light, which is the velocity of the wave fronts. The supra-

luminal group velocity
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)"c%'I"' \f"f- o

oo [42]

has no significance for the propagation of signals or in-
tormation: (72 95 19y .. B thespartsicle. model>ds on the bther
hand, only special properties of the tachyon interaction

could interfere with the use of point tachyons as carriers

of supraluminal signals. The particle model shows the further
difficulty that the electromagnetic and gravitational

Cerenkov radiation leads to unphysical infinities (16’ 17, 27).
On the other hand, a consistent quantized field theory of

tachyons with interaction has not been established up to

Nnow (5).

Under the circumstances it seems improbable that taghyons,

if they could be found, would have any properties resembling
those of point particles. Consideration of a classical point
particle model of tachyons can nevertheless provide some use-
ful information, in the heuristic sense. There has been some
discussion about the Lorentz covariance properties of tachyon
observables and about the sign of tachyon energy. The model
mechanics below provides a unique solution to these questions.
It also describes some qualitatively new effects not found
with tardons (28). Pseudoprocesses occur that differ from
normal processes in that the world point of their occurrence
and the occumence itself are not Lorentz invariant. Tachyon world
lines may be closed, and tachyons may undergo a classical

tunnel effect. For simplicity all these results are derived




by means of an electromagnetic interaction of tachyons, but
with omission of Cerenkov radiation in order to avoid
infinities. The kinematical sections of this paper are not
restricted to tachyons alone, but apply to all kinds of
supraluminal objects, e.g. supraluminal wave groups propa=
gating in dispersive media. Special chapters concern supra-
luminal frames of reference and length and time intervals

assoclated with supraluminal objects.

II. Modes of Description, Covariance and Observability

If the equations of tachyon mechanies are to be written in

a form such that only observable quantities appear,rthen

all equations, including definitions must satisfy the
principle of relativity, i.e. they must have the same form
in all frames of reference. We shall call this type of
description the "laboratory picture". Hence, as a real-valued
orbit parameter of world lines we use, instead of the proper

- L
time ¥ , the orthochronous proper path §, viz.

(11.1)  d§2 = d+* - dt*,

e )

(11.2) & T Sign (Jf/:{.?) =1,
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The sign of a time-interval At between two neighbouring
points of a'tachyon world line is not invariant with

respect to orthochronous Lorentz transformations (L.T.);

see eq.(III.10) below. On the other hand, according to
Section IV, tachyon world lines may bend backwards and
forwards in time. It follows that the proper path g' is
usually a nonmonotonic function of the %4 -length of a tachyon
world line. Also it is not a Lorentz invariant. Because the
sign of dg is defined as the sign of df . dt and /d§7 being
observable, the orthochronous proper path element d? itself
is an observable.

We shall denote all quantities of the laboratory picture

by a tilde (~ ). Quantities defined in this picture will not,
in general, be Lorentz covariant (in the usual sense) because
&g' itself is not Lorentz invariant. This holds, in particular,
for the observables charge, momentum, and energy (see

Section VIII).

It is advantageous to use a second picture in which all
quantities have the usual covariance properties, but are not
all completely observable, i.e. their signs cannot be determ-
ined. We call this description the "world picture". Here a

scalar proper path § is used, viz.

(IL.3)" iovdd* =iiidsodqs edl'y,

(i) Z = sim(dt/ds) = * 4.




= B =

The quantity % 1a obviously not Lorentz invariant. Each
world line allows for a choice of two different world
picture;, with d&,==—-&sz . Evidently the signs of ds4
or dsz are not observable since no measuring prescription !
exists or could be given. The same holds for the other "world
quantities" except those that equal their observable counter-

parts. In particular, the signs of covariant "charge",

"momentum", and "energy" are unobservable.

I1I. Tachyon Kinematics

In this section we present the kinematic equations for
tachyons and a critical interpretation of them that makes
use of the results of the previous section. Some of the
formulas have, of course, appeared in the literature before
(29), but are included for completeness. It is convenient
to set up tachyon kinematics in the covariant world picture
first and switch to the observable laboratory picture later.
The definition of velocity

dx* L
(III.1) 1‘/“ = ‘OT.E" / i {r.2

may be written by introducing the space-like 4 -velocity as

yr
(III.2) u# = 0{.)(” = u-o -U/u. ) }-’L: O(/f, 2/ 3,-

ds

0
with X ‘—'t, v’=4. Hence




(1

. It o N
(III.3) —_ W 23» z O)

I

where
. [°]
(III.4) Z o= s L
(III.5) yoo= W -4 = /]/Vraq/( > 0,
o4 K E
with L& = J Uk U I . In a space-favoring metric

J4

one has nyu— = + 1 for tachyons. In contradistinction
2 2

to the tardon case the variables U ) u_,)f extend over

the following ranges:

2
7 TN A -

2
(111.6) | 0 > 4 > 4
po.. 2P . 2. 0,

The 4 -acceleration of a tachyon may, of course, be introd-
uced in an analogous fashion.

It follows from Section II that LJW and all quantities
representable only by coordinate differentials and odd powers
of ds are not observable. We obtain the observable quantities
of the laboratory picture by using the orthochronous proper
path EJ and postulating that the kinematic equations holding
for the observables are derived from eqs.(III.1) to (III.5)

by substituting the pertinent observables into them. It




follows that

ey Bt W 2wy Fhavid Eodf 707

A

Obviously, W 1is not a ‘*-vector. We may agree upon the
following definition. Let & be a 4 -tensor of rank v , and
let us call & =Zg§ a "metatensor" of rank ¥ (30). With
this definition d? is a metascalar, and E}Lis a metavector.
Next, we discuss the transformation formulas for the

3 -velocity V. Upon a L.T. of the normal form

3/’{I:Iﬁ(Vk+t),

I

o x5 'y

wen o= (4-V377 Ly

in the ¥ -direction, between the two reference frames, the

relative velocity

transformed velocity components are:

v, + V’ : [ 'Ui ! Uz

!
— - v - [
(I11.9) VY, —A——-—-—-_H&V ; V% FU*V«V} /A F(/{-&u;V/

The formulas are the same for tachyons as for tardons. They

do not give information, however, on "relative velocities
between tachyons" because there is no real-valued L.T. that
would transform a tachyon into a state of rest; see Section VI.
Hence in egs.(III.9) \/ is always subluminal, i.e. !V/ < 1.

It is seen that infinite velocities are not invariant.

An observer who slowly moves in the direction of a tachyon,
paradoxically, measures a greater tachyon speed than his

colleague "at rest". When he accelerates his motion he



-9 -

finally measures an infinite, and then a reversed tachyon
velocity. In view of the time reversal occurring at ¥ = o0
no kinematic contradictions follow as might appear at first
sight. It is seen that upon L.T. the components v, U3
change their signs if and only if the tachyon flight time

changes sign, i.e. for

d{, 10 ?’ /
(I1I1.10) ---—-—--:—{i‘.a--—:—ﬁi :F(/1+1)4V)<O'
dt " Zy
For completeness we
give the transformation of the flight time,At'of a free
tachyon, i.e. the time interval between two points on a

world line. It is

(rr1.11) At = W 4t = -V—i;z_%' )

where A‘t: A{‘o for V:VE 57 D W = 1. The pertinent flight

distance Ax transforms as

A U"A{--yz‘dt’
(III.12) L e ez e W o m
Equation (III.11) may be transformed directly into eq.(V.8)
to give the velocity dependence of the frequency of a supra-
luminal oscillator. On the other hand, eq.(III.12) is, of
course, different from eq.(V.3), which gives the velocity
dependence of the length of a supraluminal rod. In eqgs.(III.1l1)

and (III.12) the quantity éZ is well-defined if the two end-

points of the interval are numbered.
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IV. Pseudoprocesses and Conservation of Particles

In this section the qualitative aspects of tachyon kine=-
matics are discussed by considering farious cases of
accelerated motion. It is advisable to treat the uniform
motion of tachyons as a limiting case of the accelerated
one, because otherwise there are frames of reference in
which a tachyon has infinite velocity and cannot be
localized in 3-space. New phenomena with tachyons, not
present with tardons, are the occurrence of infinite
velocities and the reversal of direction in time of a world
line, when a suitable acceleration is effective (Fig. 1). In
the world picture one may speak of a world line that bends
backwards in time. In the laboratory picture two tachyons
move forward in time and, as if by appointment, meet and
vanish together in a world point_ﬁ. A second observer, who
is at rest in another frame of reference, observes a
different annihilation point‘ﬂ', or no annihilation at all.
Hence this phenomenon will be called "pseudoannihilation".
World lines can also occur that are observed in the labora-
tory picture as a creation of two tachyons out of nothing
(Fig. 2). We call this "pseudocreation" for the same reason.
Pseudocreation or pseudoannihilation may be obtained by
applying a L.T. to a pilece of world line that does not
exhibit such pseudoprocesses (Figs. 1, 2). Hence, these
phenomena are purely kinematic. World lines exist which

show the phenomenon of pseudoannihilation in one frame of
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reference E; and the phenomenon of pseudecreation in an-
other frame of reference .S’(Fig. 3). In the example in
Fig.3 the quantities L§ and 'Qﬁ must both go through zero.
In a world with only one spatial dimension this would be
impossible, because |U|> - for tachyons. The same holds
for the occurrence of closed world lines (Fig. 4). These

are observed in any frame of reference as the temporal
sequence of pseudocreation and pseudoannihilation, with the
possible exception of frames such that U = const on the
world line. Closed world lines are exceptional in so far as
the proper path § 1is a many-valued function of the world
points on this line. This does not have the consequence that
the world line is covered by infinitely many tachyons. A
closed world line should be understood to represent one
tachyon in the world picture, and two (or more) tachyons in
the laboratory picture. An arbitrarily small perturbation of
a closed world line may lead to a spiraling, open world line
that represents an enormous number of tachyons in the
laboratory picture. This discontinuity is not a physical one,
however, since the "perturbation" is a mathematical device,
not an experimental procedure. An example of a closed world

line will be given in Section IX (31).

The number of tachyons is not a Lorentz invariant (4), as
can easlly be seen from the examples considered. Furthermore,
classical tachyons do not obey conservation in time of the
observable number of particles. However, there exists an

analogous theorem for the unobservable quantity 21. It is
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~S

true that in the world picture the observable number Z

is constant along world lines, i.e.
g ~
(v.1) dZ/ds =0 : Z = 4.

In the laboratory plcture, however, one has only
(Iv.2) > Z = constant in time,

where the sum Zi extends over the isochronous points of the
world line. The situation is different in the case of

conservation of charge; see Section VIII.

V. Transformation of Length and Oscillation Fregquency of
Supraluminal ObJjects

Supraluminal "objects" may be of a mathematical (kinematical)
or of a physical nature, as in the theory of waves or in the
theory of spatially distributed tachyons (13). We shall regard
"tachyon rods" and "tachyon clocks" primarily as fictitious

or mathematical objects that may be defined with reference to

subluminal observers. We do not mean to introduce any "supra-
luminal observers" having measuring rods and clocks at their
disposal because the notion of "supraluminal frames of reference"
appears to introduce more problems than advantages; see Section
VI,

A "tachyon rod" is defined by the position of its two endpoints,

viz.



(vedyeus 36 + = radiloag ) TR PR,

v

with.lf and._L; constant in time. The rod length is given

by the vector

A simple calculation shows that upon L.T. of the normal

form [eq.(III.Bi} the rod length transforms thus:

Ly = [ (4-v V)L,

(V.3) ,

oo gl -l o g <5

I

|

where | stands for y and z. If v and!z are parallel, then
way LU o= T (4-vVIL = L/[F(4+vV)].

These equations hold for tardons, luxops, and tachyons. By

eliminating V from eq.(V.4) one obtains for tachyons:

(vesy lmsgfu’ o= L [T segw(dt/ds),

The reference length Lo equals the rod length for|v1=Vz?.
The 1ength.L becomes infinite for U=e0 , it may become
negative (the two ends of the rod change their sequence in

space), and for |VU| =41 the length goes to zero. Hence,




- 14 -

one has cases of Lorentz contraction and Lorentz dilatation
as compared to Lo .

A "supraluminal clock", or "supraluminal oscillator" will be
defined by its position in ordinary space and by its Lorentz

invariant phase, viz.
v.e) x = vt

with VY and @ constant in time. Again a simple calculation

gives the transformed frequency

)

Fa+v V)

"

wn w' = T (4-v V)

Hence, for tachyons:

(v.8) W = w,/ua £, Vvt -4 S (olt/o(s),

in agreement with eq.(III.11). Infinite frequencies occur

for =% , and "time reversal" (negative w ) may occur

as well as red shift (time dilatation) and blue shift (time
contraction) relative to &, . In eqs. (V.5) and (V.8) the scalar
proper path element ds can be made well-defined if the rod ends

are numbered and if positive and negative times can be distinguished

on the "clock".
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VI. Supraluminal Frames of Reference

Let us consider the question in what sense "supraluminal
frames of reference" could be defined (32-34) even though

no real-valued L.T. exists that transforms a tachyon into

a state of rest.

Some authors (33’ 34) have endeavored to establish new
theories by supplementing the mathematical definition of
supraluminal reference frames by additional postulates of

a physical nature. Since all of physics, including tachyons,
can be formulated completely using subluminal frames of
reference, it appears, however, that there is no freedom to
introduce additional postulates. Consider, for instance, the
proposal (33’ 34) of generalizing the principle of relativity
in such a way that a "supraluminal observer" could not decide
whether he is moving more slowly or faster than light. Of
course, the same would have to hold for a subluminal observer
as well. A reciprocity relation between mutually supraluminal
reference frames would have to hold. But this contradicts

the fact that two tardons which move side by side on straight,
parallel paths can exchange light signals, while two tachyons
moving in the same way cannot. This fundamental asymmetry
cannot be "postulated away". Parker (34) himself asserts that
his proposal could be realized only for a space of one
dimension.

Another possibility seems to be introducing supraluminal frames

of reference as a mathematical device only. In this way one
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gains another mathematical representation of the same
tardon or tachyon physics. For instance, one may employ

the following pseudo-Lorentz transformation (33’ 34)

(VI.1) X’:F*(X'*VU/' 3’:;} ?(:2-/' J(,r = F*(V)W#{tjl

with “// >'/f P*': (Vz"/’)‘/]/z. Howeve.r',

because of

/

wrey dst = = (') + (dg)t 4 (daf + ()]

it follows that in the new "frame of reference" the 3-space
has a metric that is not only anisotropic, but indefinite.
The analogy with the Schwarzschild metric inside the Schwarz-
schild sphere is evident. The new representation is thus more
complicated than the old one, new physical results cannot

be derived in this way, and in order to make theoretical
calculations, one will rather prefer spatially isotropic
frames of reference.

The following question seems to lie behind the proposals for
supraluminal frames of reference:"Provided that supraluminal
observers having their own measuring procedures for length
and time intervals existed, could information on the natural
physical definition of length and time valid for such ob-
servers be obtained from general principles only?" In the
case of subluminal frames of reference the answer to the

corresponding question is yes; 1in essence, it is sufficient
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here to employ the principle of relativity and the constancy
of the velocity of light, so that detailed theories of
measuring rods and clocks are not needed. The same would not
be true of "supraluminal observers" because the principle

of relativity does not apply in the sense of a reciprocity
between subluminal and supraluminal observers. Only detailed
theories of supraluminal measuring procedures and apparatus
could be of help, if they could be meaningfully formulated
at all. In particular, this is true if one wishes to define
"relative velocities between tachyons" in an operational
sense and not just as a mathematical expression devoid of
physical content.

As a result "supraluminal frames of reference" appear to
offer neither mathematical simplification nor new physical

information.

VII. Tachyon Dynamics

If the momentum and energy of a free tachyon form a space-like
f-vector - as is true in the world picture - then the sign
of the energy changes upon suitable L.T. (4), 6f060: [IIT10)s
We shall show below that the observable energy does not change
its sign, however, and that the occurrence of negative ob-
servable kinetic energies, can easily be excluded without any

ad hoc reinterpretation.
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In the following, we consider the classical Hamilton dynamics
L ]
of a charged tachyon moving in an electromagnetic field. The

Cerenkov radiation and the Cerenkov self-force (13’ 16, 17)
are omitted because both lead to divergence difficulties in
the frame of classical theory. Hence, this mechanics can be
coupled in a consistent way to Maxwell's equations with
tachyonic sources only if the Vlasov approximation (35'37)

is employed. Apart from the omission of Cerenkov radiation,

the electromagnétic field introduced in this manner 1s a
perfectly normal e.m. field that acts on tardons and tachyons
alike. As mentioned earlier, this model mechanics is useful

in that it allows discussing the definition of the observables,
charge, momentum, and energy, and it demonstrates novel
effects such as the classical tunnel effect, or the occurrence
of closed world lines.

The Hamiltonian mechanics of a charged tachyon‘in the world

picture is obtained by formal analogy with tardon mechanics,

i.e. by substituting

(vi1.1) m, = tiM ; dr = Fids by pmcsdaci H
in the equations of motion of a charged tardon. Here

Ho Sy, T are’ the Hamiltoﬁian, the rest mass, and the
proper time of a tardon;\4 and Pf are the Hamiltonian and ®%he
"proper mass" of a tachyon,rq being a real-valued scalar.

Hence, the Hamiltonian of a charged tachyon, in the world

picture, 1s

A____i:i




& 10

(VII.2) o= 17%‘(&‘7’42)(?1‘7’471

and the Hamilton equations read

e 2, dpt _ _ H

. ——

(VII.3) (e %Pl ) e = ?X‘,\.

Here 7% 0 1is the invariant charge, Pk is the covariant,
canonical 4-momentum, /& is the 4-potential, and & = .9 |
is a constant scalar yet to be fully determined. As mentioned,
all quantitigs are Lorentz-covariant,but not necessarily

fully observable. From eq. (VII.3) it follows in the usual

way that
X M A A'l
(VIL:Y) ~riiPss. e Mw t 1 )
M
dp AT
(VII.5) .g%_ = j\k)k 'Biq

The kinetic momentum and energy are defined by the 4-vector
1 ) A A
wir.eg W' = eMu® = F‘?A'

Hence, the equations of motlon are

A Ap AJ‘ A JQM
(VII.T) di;l = 7(«5“ = ; F = 47 - A

or in vectorial form:
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(VII.8)

-
%
| -

with

vir.9) W' = G’ZMOV ; L\/z G‘ZMJJ_Q' r-l/\/'og.

As is seen, the equations of tachyon dynamics are almost
literally the same as those for tardons.

To obtain the observable quantities and the equations of

the laboratory picture, one must again introduce the ortho-
chronous proper path element 0\3'=ch5 and employ the implicit
definition that the dynamical equations in the laboratory
picture are obtained by replacing all covariant quantities

by the pertinent observables (designated by ~ ). The quanti-
ties F1 and E? must be defined as scalars, too. It is con=
venient to choose H= M!?'-:s' . It follows that the observables

are given by
v 3 shozpt s ez W
(VII.10) L(=H,' Cr=‘2cr/' P = P/ = .

~F

A
Here is the observable charge, F is the observable
e
canonical 4-momentum, and LJ is the observable kinetic

4 -momentum. One notices the possible difference in sign of
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charge, momentum, and energy in the two pictures. The

constant & will be determined below.

VIII. Charge and Energy of Tachyons

The properties of the electric charge of tachyons are dis-
cussed first. Inspection of the equations in the preceding
section reveals the following: (see also Fig. 5)

1. The magnitudes of ? and ﬁ' are equal, but their

signs may differ.

2e While 7 is a scalar, the observable charge §' is a

metascalar, i.e. the sign of §' may change upon L.T.(38).

e While ? is constant along a world line when s 1is defined
as a monotonic function of the 4-length, ?‘ changes its

sign along a world line at all points with V= oco.

Yy The sign of has no physical meaning since it depends
1

on the direction of increasing s , which can be chosen

arbitrarily. One may, for instance, agree upon a definition

of S such that ?g © for all tachyon world lines.

It follows that the theorem of charge conservation assumes the

following two forms for tachyons. In the world picture one has

(VIII.1) Eljr- = Oy
ds

while in the laboratory picture one has instead




(VIII.2) 2 q‘ = constant in time,

where the sum‘ektends over the isochronous points of the
world line. Contrary to the conservation of the number of
particles (Section IV), the laboratory form of the conserv-
ation theorem holds for the observable quantity ?l

Next, tachyon energy is discussed. The relations $U° ==£§!A/o
and F“’ = £ Po are reminiscent of Bilaniuk, Deshpande, and
Sudarshan's reinterpretation of negative energies (h Y
However, no reinterpretation is required or even possible

0 o
in our theory since\N} and P are not observables. The

~
o ~
observables »V, and jbo have been well defined to begin with.
From the preceding section one derives the following results

relating to energies (see also Fig. 5):

‘VO~
1. Observable energies LV, Po and covariant energies
A ,
\J ,Fo may differ by their signs, their magnitudes

being equal.

2. While covariant energies are, of course, zero components
of 4-vectors, observable energles are zero components
kinetic
of metavectors. Hence, the sign of an observable /energy
is Lorentz invariant, while the sign of a covariant kinetic

energy is not (38).

0
D The sign of the observable kinetic energy \A/ is essentially
0
constant along a world line, while the sign of bJ changes

at all points with V¥ = co.
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0
4, The sign of W is unobservable because it depends on

the definition of s.
v a

5 The sign of the observable kinetic energy W is zero or equal
to® , i.e. one could introduce two classes of tachyons,
with 6= +4 ana & =-4 respectiv?ly. However, negative-
energy tachyons are undesirable because they lead to
thermodynamic non-equilibrium if they interact with
tardon matter (39). Hence 6=+ 1is to be chosen in
Section VII in order to obtain tachyons with non-negative

definite kinetic energies:
(VIII.3) W°® = MJJ = M/f/yz-4 2 0.

Finally, the conservation of total energy (= canonical energy)
is discussed. For time-independent fields the conservation

law in the world picture reads:

e, e

(VIII.%) <+ _ = 0
ds 7 ds

/

0
or \A/ '+<7(b = const along a world line. In the laboratory

picture one has instead:

(VIII.5) 2(\/’\\'/31-'?'4’) = constant in time,

where, again, the sum extends over the isochronous points of
the world line, and V¢ =-E . Analogous formulas hold if

momentum is conserved.
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Upon a L.T. of the normal form, see eq. (III.8), observable
charge ?’ and observable kinetic energy-momentum transform

in the following way:

(VIII.6) ?7"’ = 067

and

(VIII.T) \;\J/“r- = D&F(Wr*‘ [/Wo)
(TE 2o fm st [

"

with
(VIII.8) % = BEe = S—/;JM (/f-f- U}V/.

Of course, the transfcrmation of the bbservable, canonical

energy-momentum agrees with eq. (VIII.7).

IX. Closed World Lines and Tachyon Gyration in a Magnetic Field

As an application of the equations of motion we now consider
the gyration of a charged tachyon in a homogeneous 'E-field,
rirst with E=0 . For a B-rield in the z direction the

tachyon orbit is simply
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X=X, = K c,os(ﬂt) = RO@S(JZOS)
- R SHQn(de) = — R sim (JZ,S)

2-2. = vt

I

(IX.1) g = Bo

with

= ﬁB/M w5s =i el ;

/

v/a] = | Mu/gkl

0

I

kﬂ.a
(1X.2) R
t

Uan = Consf .

The solution is formally identical with that holding for a
charged tardon. However, the case Vv=o0 is qualitatively

new. In this case the world line is closed (Fig. 6a), and
t=0, l=c, R=|M/gR] The
laboratory picture becomes singular, similar to the case of

a free tachyon with > = 0o ., The world picture remains regular.
By a L.T. in the x-direction one obtains crossed _E_ and E
fields (with E; 0 ), and the closed world line now extends
over a non-vanishing, finite time interval, t; = f! g 't;
(see Fig. 6b). This isadynamical example for the closed world
lines introduced in Section IV, Even though in the example
the electric and magnetic fields extend through the whole
space, this is not necessary; clearly it suffices for the
fields to extend over a finite volume that encloses the

tachyon orbit.
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X. Classical Tunnel Effect of Tachyons

A classical, charged tardon can reach the other side of a
potential hill only if Fo > (GI qb/L . holds. In quantum
mechanics passage through the hill is also possible if

FO <;(7 #%“@” ; this is the well-known quantum tunnel
effect. Surprisingly, the same possibility also exists in
classical tachyon mechanics, although for a different reason.
We call this phenomenon the "eclassical tunnel effect". It

is associated with a real charge reversal, in the laboratory
picture.
We shall (theoretically) demonstrate this effect and give the
conditions for its occurrence. For simplicity we limit our-
selves to the case of a static electric field jg(x) without
magnetic field. The equations of motion assume the following

form in the world picture:

g-o
|Jm
|
T
S

(X.1)

|

2
Since Fo, Uﬁ' and W are constants of the motion, ond has

for E (X) in the X-direction (plane geometry):
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o o0
= J'L_M_j_
0 2 A/2
v o X (P;ﬂzcb). 2 L&M)

(x.2) W =

2
Co&st } Ww = Com:t )

=
acC
I

with
¥ 3 X
) upo= (W4 (W7 TS smow

These equations demonstrate that a tachyon that hits a
potential hill shows a qualitatively different behavior,
depending on whether upon increasing (7¢) it .ds ux or u.o
that goes to zero first. The first case, ordinary reflection
of the tachyon, occurs for |Vi| < 41 , i.e. W > 1,

The second case, the classical tunnel effect, occurs for
vl > A1 , i.e. W < 4 | Since in the case of the
tunnel effect the sign of Uf changes twice, the sign of

the observable charge ﬁ' also changes twice, once in front

of the potential hill, and once at the rear. In the case

| v | = 4 » lee. U= 4, a singular form of motion occurs
with an orbit that approaches, in a finite time interval but
asymptotically in space, the plane P°-7¢(x}: O, with ‘Ul
becoming infinite.
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We first consider the special case U, = O of the classical
tunnel effect. rFigure 7a shows the potential hill 3¢(>r) 2 )
and the orbit of the tachyon. Within the hill the direction of
the velocity and the sign of the observable charge 5' are
reversed. Hence, the tachyon leaves the inside of the potential
hill earlier on the right-hand side than it enters the inside
on the left-hand side. Figure 7b shows the temporal progress
of the tunneling motion. Because of the charge reversal con-
servation of energy holds throughout the whole process, in
contradistinetion to the quantum tunnel effect.

The general case of tunneling, Uu"< 1 s 1s visualized
most easily 1in the a}space. Figure 8 shows the function
“\1"(&") - at the point of entry, X =X, , and at the point
of exit, X-= Xi . The arrows indicate the positive direction
of time. It follows that safe confinement'of charged tachyons

by electric fields is not possible.

XI. Conclusion

We have shown that a consistent classical point mechanics of
charged tachyons without Cerenkov self-force can be
established. Problems of causality have not been considered(40‘46)_
As compared to tardons the following new phenomema may occur with

classical tachyons:




- 297&

1. Closed world lines.

2. Real charge inversion by L.T.

S Pseudoprocesses, with violation of conservation of
the particle number.

4, Classical tunnel effect.

5. Length reversal and Lorentz dilatation for "tachyon
rods"; time reversal and time contraction for
"tachyon clocks".

A Some observables transform differently from the
corresponding tardon observables, viz. as "metascalars",

"metavectors", etc.

It is the very principle of relativity that provides for the
tachyon observables not to be Lorentz covariant in general.
Negative kinetic energies are not observable in the mechanics
considered; hence, they do not form a problem that ﬁould have

to be "postulated away".

As mentioned in the introduction, it i1s questionable whether
classical point particle theory could describe any tachyon
phenomena, provided tachyons existed. The main reasons for
this scepticism are the apparent disagreement with field
theory, the divergence of Cerenkov radiation, and, perhaps,
reasons of macrocausality. On the other hand, it is thought
that the results concerning covariance properties are of
heuristic value - in fact they have their analogues in fleld
theoretical results obtained by Ecker (5). Furthermore, the
classical tachyon mechanics considered yields results, such as
the classical tunnel effect, that seem interesting in them-
selves (47).
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Figure Captions

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fige.

Fig.

Tachyon world lines with pseudoannihilation,
Tachyon world lines with pseudocreation,

Tachyon world line (projection in x-t plane)

with pseudoannihilation at 15 in the frame S',
/

and pseudocreation at _C." in the frame S

Closed tachyon world line with Z = const, extending
in the time interval 1 £ ¢ £ ¢, .

The signs of electric charge and kinetic energy
along a tachyon world line (projection in x-t plane).

a: Tachyon in a magnetic field gyrating with infinite
gyrofrequency.
b: Application of L.T. to a.

a: Potential energy versus X , and tunneling path
of tachyon,
b: Tunneling motion in the x-t diagram,

Tachyon tunneling in the EfL-a° diagram, for the
entry point x=Y%, and the exit point X = X, .
Thearrows indicate the direction of increasing time.
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