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1. Introduction

During the Cassini Jupiter fly-by in January 2001, an in situ
measurement of the Jovian radio emission was performed, re-
sulting in an unexpectedly low flux density of 0.44 4+ 0.15 Jy
at 13.8 GHz [1], as compared to ground-based observations at
8.6 GHz [2], which produced an averaged flux of 2.3 4+ 0.6 Jy.
This sudden decline is hard to explain with magnetospheric ultra-
relativistic synchrotron radiation models. Here, we investigate the
presently available radio spectrum ranging from 74 MHz up to
the Cassini flux at 13.8 GHz. We perform a spectral fit to the Jo-
vian radio flux with a tachyonic Cherenkov density [3-6] produced
by mildly relativistic thermal electrons in the radiation belts. The
superluminal radiation field (Proca field) satisfies Maxwell’s equa-
tions with negative mass-square [7]. On that basis, we derive the
tachyonic Cherenkov flux generated by inertial charges propagating
in a dispersive spacetime.

In Section 2, we discuss Proca fields with negative mass-square
and frequency-dependent permeabilities. We outline the tachyonic
Maxwell equations in terms of 3D field strengths and inductions
and develop the 4D Lagrange formalism using dispersive perme-
ability tensors. We obtain field equations which have a manifestly
covariant appearance, even though the permeability tensors are a
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manifestation of the absolute spacetime required for causal super-
luminal signal transfer [8-10].

In Section 3, we analyze asymptotic tachyonic radiation fields
generated by a classical subluminal current density, and decom-
pose them into transversal and longitudinal field components. In
Section 4, we derive the tachyonic Cherenkov flux densities of a
relativistic charge in uniform motion. A longitudinal radiation com-
ponent emerges whose intensity scales with the negative mass-
square of the radiation field. As in the case of electromagnetic
Cherenkov radiation, the mass of the radiating particle does not
enter in the tachyonic Cherenkov densities. This gives credence to
the view [3], that Cherenkov radiation is not so much radiation by
a charge passing through a medium, but rather radiation by the
medium itself, excited by the field of the inertial charge.

In Section 5, we average the differential tachyonic Cherenkov
flux over relativistic electron distributions (thermal Maxwell-
Boltzmann and nonthermal power-law distributions). In Sec-
tion 6.1, we discuss spectral fitting with Cherenkov flux densities,
adapted to Jupiter’s radio band. In Section 6.2, a spectral fit to
the Jovian radio emission is performed. The low flux density at
13.8 GHz measured by the Cassini spacecraft can well be ex-
plained by tachyonic Cherenkov emission from thermal electrons
in Jupiter’s radiation belts, the Cassini data point being located in
the exponentially decaying spectral tail. In Section 7, we present
our conclusions.
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2. Tachyonic Proca-Maxwell fields: manifestly covariant field
equations in a permeable spacetime

We start with some conventions regarding the Fourier time
transform. The vector potential A, = (Ap,A) transforms as
A,L(x, w) = [0 Au(x, t)el®t dt, and the same holds for the field
strengths, inductions and the current. Since A, is real, A;’l(x, w) =
A,L(x, —w). The homogeneous Maxwell equations in space-frequency
representation read rotE — iwB = 0, divB = 0. The field strengths
E(X, ®) aAnd B(x, w) are related to the vector potential by E =
iwA + VAo, B= rotA The constitutive equations deﬁnmg the in-
ductions D and H and the inductive potential Cu = (CO,C) read
[7,11]
= pn(w)HE, w),

D(x,w) =e(@EX, ®), BX, )

AKX, 0) = po(@)Cx, @),  Co(x, ) =eo(w)Ap(x, ). (2.1)

The permeabilities €(w), w(w), wo(w) and &o(w) are independent
of the space variable, real and symmetric &(w) = e( w). The 1n—
homogeneous field equations coupled to a current ]Q = (pg,]g)
(which will be defined in (2.5)) read

rotH+iwD =jo + m¥(@)C,  divD=po —m?()Co. (2.2)
m%(a)) is the negative tachyonic mass-square (mf > 0 in our sign
convention), which can be frequency-dependent like the perme-
abilities, m?(w) = m?(—w). We take the divergence of the first
equation in (2.2) and substitute the second, to obtain the Lorentz
condltlon divC +iwCo = 0, subject to current conservation iwpgo —
divj js2 = 0. The corresponding Fourier representation of the Poynt-
ing flux vector [11] is S=ExH*+ mtzi\oé* +c.c.

To write the Maxwell equations manifestly covariantly in
Fourier space, we start with the field tensor Fy,(X,t) = A, ; —
Ay,v. We use the convention that time differentiation in Fourier
space means to multiply with a factor —iw, e.g. Auqo(x, w) =
—1a)AM For conjugated fields, AM0 = 1wi\l’;. Thus, l:"w(x, w) =
AU_M — A,M) and ]Q-ll« =0, which actually means ]’;}m
The 3D field strengths are E‘k = ﬁko and Bk = 8"’71:",-]/2 = skif;\j,i,
and inversely Fij = &;B¥, where eX is the Levi-Civita 3-tensor.
The manifestly covariant homogeneous field equations read
g“MMVE ., 5 =0, where g** is the totally antisymmetric 4-tensor.

The permeabilities (€o(w), wo(w)) and (&(w), w(w)) in (2.1) de-
fine isotropic real and symmetric permeability tensors gf: Y(w) and

() 7],

— ia)}'?z =0.

o8l
00 ij
84 = —¢o; Sp=—,
A A Mo
. 8l
g(p)oz—ﬂl/z ) g;.f:W, (2.3)

with zero flanks gA r =0 and gA F(w) = g ( ). Greek in-
dices are raised and lowered with the Mmkowskl metric 1,y =
diag(—1,1,1,1). We may then write the inductions (2.1) mani-
festly covariantly as C# = gh"A,, H*f = gt gl F,w so that D! =
A% =¢E' and A; = e,lek’/Z =B; i/, and inversely Amn — H sgdmn,
Also, A¥ = Fyy/p and A% = —¢Fy,.

The action functional is S = (27)! fi(x, w)dxdw, defined by
the Lagrangian

N 1.
L=—ZFaﬁg‘;‘“g§

1. - 1 5s 2y n on
=—ZFWH“”+5mtA,LC“+AM]’é

1
F;w + 2mtAMgA Av+Aug1 Jv
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The coupling of the wave modes to an external current }'U(x, w)

is effected by a permeability tensor g’f Y(w),
00 m k0
=—Q2o(w), mn — , =0, 2.5
g o(w) ) g (2.5)

with the same properties as the tensors gﬁ,”F in (2.3). In the
field equations (2.2), we use the ‘dressed’ current ji, = g’]“}jv =

(ﬁg,jg). Euler variation of the action gives the manifestly co-
variant field equations I:I‘“’, —mg 201 = ]Q in space-frequency
(X, w) representation, equivalent to (2.2). (H™ o(x, w) = —iwH™,
as defined above.) If the current j/ is conserved, }’é . =0, we

find the Lorentz condition 6“# = 0. The permeability tensor
(2.5) amounts to a frequency-dependent coupling constant in La-
grangian (2 4) if 20(w) =1/2(w), which we assume in the fol-
lowing, ]Q = J“ /82 (w). Thus, if the external current is conserved
j’11 — iwj® = 0, this also holds for the dressed current J_Q
fact, 2(w) can be scaled into the permeabilities (2.1), ¢ — .Qs
i — /82, and analogously for (&g, (o), cf. (2.2).

3. Asymptotic radiation fields: time-averaged transversal and
longitudinal energy flux

The tachyonic Maxwell equations (stated in (2.2) and after (2.5),
with permeability tensors in (2.3) and (2.5)) are solved by the
transversal and longitudinal asymptotic vector potentials [12,13]

)\T,L .
- elkn_r/ —1kT]_nxiT L(x a)) dx’.

ATL(x, w) ~
Q4nr

(3.1)
Here, we substitute the transversal/longitudinal current compo-
nents, defined with the radial unit wave vector n = x/r: an =
0 and n x jb = 0. We also note divAT = O(1/r?) and rotAl =
0(1/r?). AT in (3.1) stands for AT = u, Al = gouo/e, and the
wave numbers kr | are defined by the dispersion relations kr | =
sign(w)kr,1(w), where [14]

2 M

2€0
K—l- _sua) +mg—,
Mo

—Eo,uoa) +m; — = (3.2)

and kf = k%sop,o/(au). It is convenient to define the current trans-
form [15]

Jx, @, krp) = / dx'j(x, w) exp(—ikr L (@)nx)), (3.3)

whose transversal and longitudinal projections read

J'x ©) =Jx, o, k) — n(njx, o, kp),

J'x @) =n(njx, o, k), (34)

so that the integral in (3.1) can be replacedA by jT’L(x, ).
The transversal field strengths read ET(x,w) = iwA', BT =

rotAT, Al =0, and the longitudinal ones are E' ~ m?Al/(iwpio¢),
Bl =0 and A(LJ = —leAL/(la)So/,Lo). The polarization components

STL(x, ) of the energy flux vector can thus be assembled as, cf.
after (2.2),

N X~ . 2wk
ST~E" x H* +cc.~ mn(f(x, )™ (x, ),
2111% €0 k]_

St~ —m2AoCH* + cc.~

n(J'x o) (x, ).
(3.5)

@rr2)2 2 w

We perform a time average (also see (4.1) below),
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+T/2
1
(5T>=f / E'(x,t) x H(x, t)dt,
)
+T/2
mZ
) =-= / Ao(x, H)CH(x, 1) dt, (3.6)
)
to find
1 +00 X
T\~ n HOKT (o1 T
(S> 27T (47-”»)2/ Q2 (J x, )] (X,a)))dw,
—00
2 +00 K
m n goky  + N
)~ o / x )Y (x ) do, 3.7
) 27T (41r)? 82920)(] x, 0)]* (%, 0)) dw (3.7)
—00

from which the transversal and longitudinal Cherenkov flux densi-
ties can be extracted, cf. Section 4.

4. Superluminal radiation by an inertial charge in a dispersive
spacetime

We consider a classical point charge g in uniform motion
Xo(t) = vt, with subluminal speed v < 1. The charge and current
densities are p = qd(x — vt) and j(X,t) = qué(x — vt). We use the
Heaviside-Lorentz system, so that o = e2/(4mhc) ~ 1/137 and
aq = q%/(4mhic) are the electric and tachyonic fine-structure con-
stants. The current transform (3.3) reads

+T/2

JX 0. kr1; T) =qu / exp[—i(kr,L(@)nv — w)t]dt, (4.1)

—T/2

where the time cutoff T — oo has been introduced as a reg-
ularization. The time integration is performed by means of the

limit definition 8(1).1(w) = 2m)~! ijT/ZZ el dt of the Dirac func-

tion. A second limit definition, §2) v (w) = (27'[/T)8(21)YT(0)), is in-
voked in (4.2) to calculate the time-averaged flux vectors. We write
j(x,a),ku; T) = 2mqué(),1(@w — kr,L(w)nv) and use v as polar
axis, nv = v cos#, to find, cf. (3.7),

—+00
2 2n 1
(ST~ ?4;;)2 sin® 6 / %&mjﬂq(a))v cosf — w) do,
—00
+00
2,22
v men eok
(s4) ~ ‘Z(‘lT)tzcosze / ﬁ&z),r(h(w}vcose—w) dw.
—00

(4.2)

Performing the limit T — oo, we can replace §(2) 1 by the ordinary
delta function.

The radiant transversal/longitudinal power is obtained by inte-
grating the Poynting vectors (4.2) over a sphere of radius r — oo,
PTL =12 [(S")nsin6 do dg. By interchanging the dé and dw in-
tegrations, we find

T, max
PT=

WL, max
pl= pHw) do, (4.3)
0 0

Pl () do,

where pTL(w) are the tachyonic Cherenkov densities for transver-
sal/longitudinal radiation,

2 2
T _qv n(w)w o
P @) = W) (1 k%(w)zﬂ)’
2 2
Py = &M @e@ o 44)

A e2()R% () k(o)

The integration range in (4.3) is actually over positive @ inter-
vals in which o/(krL(w)v) < 1, cf. (3.2). From now on, we will
use constant (i.e. frequency-independent) permeabilities (¢, ) and
(€0, o) as well as a constant tachyonic mass-square mf. In this
case, the integration range in (4.3) is defined by cutoff frequencies
or.L.max Obtained as the solutions of kr (w)v = w, respectively.

In the tachyonic spectral densities (4.4), we substitute the wave
numbers (3.2), and parametrize the particle velocity with the

Lorentz factor, v =+/y2 —1/y:

T q? miu 1) 1 w?\Vy2-1
p ((l), V) = 2 P 2 - _2 )
4 22 gpow? +m? nr(y) mg 14
2 .2
L q- my w )4
w, = — , 45
p(w,y) 47 622 epow? +m2 Jy? — 1 (4.5)
where we use the shortcut
1 21
my)=——-7F (4.6)

gio 1+ (1/(ep) — y?’

We also define n.(y) analogous to nt(y) with the product eu
in (4.6) replaced by eoup. In the following, we restrict to per-
meabilities satisfying e < 1 and eouo < 1, since the spectral
averaging carried out in the next section leads to exponentially
decaying spectral densities only in this case. Subject to these con-
straints, the functions 7n7(y) are positive, irrespectively of the
Lorentz factor y > 1, and related to the cutoff frequencies in (4.3)

by @r L max(¥) = Me /1L

5. Tachyonic Cherenkov densities averaged with relativistic
electron distributions

We rescale the frequency in the radiation densities (4.5), ® =
JERow/my,

Ume og(@)®

T —
p(w,y)—\/%&)%r1
N )
1
X ——,
yvy?—1
Pwy)= T %@e ¥ (5.1)

eEitg & +1 Jy2 71

where we have introduced the frequency-dependent tachyonic
fine-structure constant og(w) = q% /(47 2%(w)). The scale factor
22(w), cf. after (2.5), is chosen as

~D o
@ ) , (52)

2

where the exponent o is to be determined from an empiri-
cal spectral fit. We note 2(w) — 1 for w — oo as well as
my — 0, and 2(w — 0) ~ @°. The permeabilities &, u, &g, o
are positive and constant, satisfying e <1 and egouo < 1, cf.
after (4.6). The transversal/longitudinal spectral range is 0 <
o < Or.Lmax(¥), With @11 max = Mey/N7,L(Y). The cutoff factors
nr.L(y) in (4.6) are monotonically increasing, from zero at y =1
to the maximum n7(co) = [euo(1/(ep) — D]~ and nL(co) =
[epo(1/(gopto) — 1171, respectively.
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We average the radiation densities (5.1) with an electronic
power-law distribution [16-19],

dpap(y) =Aapy @ 'e PV Jy2 —1dy, (5.3)

where the dimensionless normalization constant Ay g is related to
the electronic number count N, by

o0

Ne=AaKap,  Kap= f y e [y —1dy.  (54)

1

The exponential cutoff 8 =me/(kgT) determines the electron tem-
perature, T[K] ~ 5.93 x 10°/8. kg is the Boltzmann constant and
me the electron mass. A thermal Maxwell-Boltzmann distribution
requires the electron index oo = —2.

The spectral average of the transversal radiation densities in
(5.1) is carried out as

o0

(p' @), 5= [ Pl (@, )0 (@r.max(y) — @) dpap(y).  (55)
1

where 6 is the Heaviside step function. The same applies to the
longitudinal density, if we replace T — L and e — &ouo. To eval-
uate integral (5.5), we solve the inequality @ < @T,max, @WT,max =

mey/n1(Y), for y, cf. (4.6):
1+ @?
14+02(1—1/(ew))’

which is valid if the denominator is positive. As pointed out af-
ter (5.2), only frequencies in the range 0 < w < wr max(c0) can be
radiated, where @t max(00) = mey/n1(00). In this frequency range,
the denominator in (5.6) is positive and Yt min(®) is monotonically
increasing, reaching infinity at wr max(c0). Thus, for a frequency
in the range 0 < @ < wr,max(00) to be radiated, this requires the
electronic Lorentz factor y to exceed yr min(w). This holds true
for longitudinal radiation as well, if we perform the substitutions
T— L and g — &opto, which also define yi, min(w) via (5.6).

With these prerequisites, the average (5.5) can be reduced to
the spectral functions [20]

Y% > Vi min(@) = (5.6)

B, 1) = / p M@, ¥) dpa,p(¥), (5.7)
4!

so that, cf. (5.6),

(PT (@), 5 = 6(@1.max(00) — @) BT (@, 1, min(@)). (5.8)

In the Heaviside function 6, it is convenient to rescale the argu-
ment, writing 0(@t,max(00) — ®), where @t max(c0) = (1/(ep) —
1)~Y/2, The longitudinal average (p"(w))q.g is obtained by the sub-
stitutions T— L and e — oo in (5.6) and (5.8).

The spectral functions B™L(w, y1) in (5.7) admit integration in
terms of incomplete gamma functions,

nme gl 1
VEO &% +1 g2yt

1 ~2 2(~2
X {[a(a+1)<1 —<a—1>w ) —B* (& +1)]
x (ByN*T'M(=1—a, By1)

+ (1 _ (i _ 1)@2>e-ﬁ% B —a)}, (5.9)

where og(w) is the tachyonic fine-structure constant defined be-
fore (5.2). The longitudinal spectral function reads

BT (w, y1) = Aa g

me  og® 1
E/ENO »?+1 ,82)/10‘"'1
x [ala+ DBy T I (—a — 1, By1)
e P (B _a)]_ (5.10)

We note that I' is elementary for Maxwell-Boltzmann aver-
ages, a = —2, I'(1,8y1) = e P71, and it decays exponentially
for By > 1, I'(—a — 1,By1) ~ (By1)"*%2e P71, Accordingly,
BT (w, ¥1,min(®w)) decays exponentially as well, since Y1 min(@) di-
verges for @ — @t max(00), cf. (5.6), and the same holds true for
B (w, YLmin(®)) and w — wi, max(00). In the low-frequency limit,
& — 0, we find BT (w, y1.1min(@)) 0x 1727, cf. (5.2).

BY(w, 1) = Aa p

6. Tachyonic spectral fit to Jupiter’s radio emission
6.1. Superluminal Cherenkov flux in the radio band

We restore the units h = c =1 and use eV units for the
tachyon mass, so that m; stands for mcc?[eV]. As for the radi-
ated frequencies, we put w = h[eVs]v[Hz], where h[eVs] ~ 2m x
6.582 x 10716, The energy-dependent tachyonic fine-structure con-
stant is dimensionless, og(w) = ot/ §2%(w), cf. (5.2); the propor-
tionality factor oie = q2/(4mfic) is the tachyonic counterpart to the
electric fine-structure constant e?/(4mhc), agq(w — o0) = ay. The
permeabilities (2.1) and the temperature parameter 8 are dimen-
sionless. The spectral functions B™' in (5.9) and (5.10) and the
averaged densities (pT’L(a)))a,,g in (5.8) are in eV units accord-
ingly. The power transversally and longitudinally radiated is thus
PTLlev/s] = [(pTl(w))q, g dv, where we substitute m¢ — mic?[eV]
and w — h[eVs]v in the integrand. The transversal/longitudinal
flux densities read

1 dptt

FI’L[EV/CmZ] = W[cn‘l] W[GV S_1 Hz_l]

(P (@))a,pleV]
= =7 - (6.1)
4 d?[cm]

where d[cm] is the distance to the radiating source. The total un-
polarized flux density is FI*' = FT + FL. Jupiter’s standard geo-
centric distance is d ~ 4.04 AU ~ 6.04 x 10'3 cm [1,2,21]. As we
have already expressed (pT*L(a))M,ﬂ in terms of the rescaled fre-
quency & = ,/eftow/m, we only need to substitute & — Ky pzV
in the spectral densities (5.8), where v is measured in hertz, and
Kt Hz[s] is a fitting parameter, k¢, = JEMoh[eVs]/(mc?[eV]), de-
termining the tachyon mass in the radio band.

We note the conversions V[GHz] ~ 2.418 x 10°E[eV] and
1]y~ 6.2415 x 10712 eV/(cm?) [21], so that Fr'[Jy] ~ 1.6022 x
1011 FE’L[eV/cmz]. To better distinguish linear spectral slopes from
curved spectral cutoffs, one can use the rescaled flux density
vkFIL[]y (GHZ)¥], where k is preferably a positive integer expo-
nent. In Fig. 1, we plot vFI’L[]yGHz] against v[GHz], and the fit is
performed with the total flux density vFI*L = v(FT + F5)[Jy GHz].

Summarizing the flux densities employed in the spectral fit in
Fig. 1, we assemble V¥F I’L in the above stated units. The transver-
sal Cherenkov density (6.1) reads

1.6022 x 10!
47 d?[cm]

x BT (@, Y1.min(@)), (6.2)

where @1 max(00) = (1/(sp) — 1)~1/2, cf. after (5.8). The spectral

function BT in (5.9) and the argument ¥ min(®) in (5.6) are al-

ready expressed in the rescaled variable @ = ,/gow/m¢. The lon-

gitudinal counterpart to (6.2) is obtained by replacing T — L and
&L — Eolo, SO that dr max(00) = (1/(gofto) — 1)~ 1/2.

VK FT[Jy(GHz)¥] = V¥ (@1, max (00) — @)
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Fig. 1. Tachyonic Cherenkov fit to the Jovian radio emission. Data points of the 1998 multi-site campaign from [2], VLA (Very Large Array), DSN (Deep Space Network) and
Cassini 2001 data from [1]. The fit T+ L (solid curve) depicts the total tachyonic flux density vFEJrL rescaled with frequency. This unpolarized density is obtained by adding
the transversal flux component uFE (dotted curve labeled T) and the longitudinal component uFﬁ (dashed curve L), generated by a thermal electron plasma, cf. (6.2). Jupiter’s
radio spectrum shows an extended power-law ascent terminating in a spectral peak around 6 GHz, which is followed by an exponentially decaying tail inferred from the

Cassini data point at 13.8 GHz. The fitting parameters are recorded in Section 6.2.

In (6.2), we substitute @ = kv, where the frequency v is mea-
sured in GHz so that k¢ = 109/(“.[Z or, cf. after (6.1),

JEMohleV e
kils] = 109 Y EROMEVS] 4 136 5 10-6 YEHO_| (63)
" mec2[eV] mic2[eV]

In this parametrization, we find the transversal spectral function
(5.9) as

en KtV 1
e./—ep, 22(v) kK22 +1 ,323/1?‘;1;

x {[a(aﬂ)(l—(lq) K2 2)
e
ﬂ (Kt v 1)j|(,8VT,min)a+]
x I'(—=1 — o, BYT,min)

- Ge)

BT (@, ¥1.min) = Aq,pmec®[eV]

x e~ P¥rmin (BYT,min — Ol)}7 (6.4)
and the longitudinal spectral function in (5.10) reads
Bl (w in) = Aq_gmic[eV] ! o2 !
» YL, min a,pMt & JZlo .QZ(U)K V2 4+ 1 ﬁzylfxr;]n

x [l + DBy min)* T T (= — 1, BYLmin)
+ e Fmin (B in — )] (6.5)

In (6.4) and (6.5), we have to insert the frequency-dependent min-
imal Lorentz factors, cf. (5.6),

J1+ k22

Y1,min(V) = )
J1HE2020 = 1/(e)
1+ 22
YLmin(V) = (6.6)

ST =1 o))

and the scale factor

K22 o

22w = <t7> (6.7)
k2v2 +1

of the tachyonic fine-structure constant ag(w) = /2%, ap =

q?/(4mhc), see (5.2) and before (6.1).

The Heaviside function in the flux density (6.2) can be replaced
by 0(&®L.T.max(00) — k¢v). The highest frequency transversally/lon-
gitudinally radiated is vrmax = (1/(ept) — 1)~2/k¢ and v max =
(1/(eop0) — 1)~V2 /i respectively, cf. after (6.2). The tachyonic
mass parameter «; is defined in (6.3). The constant amplitudes in
(6.2) and (6.4) can be combined to one fitting parameter,

4 _ 1:6022 x 10" e [eV]A o (68)
T T 4nd?[em] *Pe Jelo )
with 4md? ~ 4.58 x 1028 cm? for Jupiter, cf. after (6.1). This ampli-

tude a; can also be used for the longitudinal radiation component
in (6.2) and (6.5).

6.2. Spectral asymptotics and tachyonic Cherenkov fit of the Jovian
radio emission

We consider a thermal electron distribution (5.3) with electron
index @ = —2, and permeabilities (2.1) satisfying e = oo = 1.
(This is slightly more general than vacuum permeabilities € = yu =
1, &g = o = 1.) The transversal spectral function BT (w, YTI,min) iN
(6.4) then simplifies to

= Aa,ﬁmtcz [eV]
ot 1 KtV VT min _ﬁVT min

X oo 22 k2 11 P
i [(Z—ﬁz(lctv 1))

BT (@, ¥T.min)

BYT,min
+24 Bt | (69)

and its longitudinal counterpart in (6.5) is
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(073 1 KtV YL min
e/EMo 22(v) k22 +1 B2

+2+/3VL,min>- (6.10)

B(@, Y1 min) = Aa, gmic?[eV]

X e*ﬂVL,min <
ﬂVL,min

The minimal Lorentz factor to be substituted is yrpmin(v) =

14 K2, cf. (6.6), and the fine-structure scale factor £22(v) is

stated in (6.7). v is measured in GHz, and the tachyonic mass pa-
rameter k; is defined in (6.3).

The flux densities v"FE’L in (6.2) apply, with the Heaviside
function dropped. In the low-frequency limit x¢v — 0, we find the
unpolarized flux

a K1720
Ao= t#e*f‘(z +8)°.
The parameter a; is defined in (6.8). We can estimate the am-
plitude Ag and the exponent o by fitting this power-law slope,
which is linear in a log-log plot, to the low-frequency spectrum.
In the asymptotic high-frequency limit «¢v > 1, the unpolarized
flux reads

VFIL ~ Agv2=29, (6.11)

VFITL ~ Ae ™V (2 4 pv)?,
a

Aco = ﬂ3—:ct 0 = Bkt. (6.12)
An initial estimate of Ay, and p is obtained by fitting this ex-
ponentially decaying flux in the high-frequency regime. Once the
parameters Ap oo, 0 and p have been estimated from the asymp-
totic spectral fits, we find the temperature parameter S of the
radiating electron population by solving
2 p202 = g2o-2a-F (2 4 B2 (6.13)
This equation readily follows from the definition of the asymptotic
fitting parameters Ap, and o in (6.11) and (6.12). Initial values
for k¢ and a, are found as k¢ = p/B and a; = As8%p.

The least-squares fit of the flux densities (6.2) is performed by
varying the parameters Ao,o, 0 and o in the vicinity of their ini-
tial values obtained from the asymptotic fits (6.11) and (6.12); the
corresponding B is obtained by solving (6.13). In addition, we may
vary the permeabilities in the vicinity of e = gop = 1, subject
to the constraints e <1 and gouo < 1, cf. after (4.6). The elec-
tron index can also be varied around its equilibrium value o = —2,
cf. (5.3), by employing the nonthermal spectral functions (6.4) and
(6.5) instead of (6.9) and (6.10), but this is not necessary for the
Jovian radio spectrum.

The tachyonic Cherenkov fit of Jupiter’s radio emission depicted
in Fig. 1 is performed with a thermal electron distribution o = —2
and permeabilities et = gouo = 1. The numerical values of the
fitting parameters are

o ~0.5,

Kkt ~ 0.0339,

B ~23.6,

ar~1.78 x 10'2. (6.14)

The fine-structure scaling exponent o is defined in (6.7), the tem-
perature parameter § in (5.3), the tachyonic mass parameter «¢[s]
in (6.3), and the flux amplitude a;[eV/cm?] in (6.8). In practice, we
use the parameters of the asymptotic flux limits (6.11) and (6.12)
as fitting parameters, which are Ag ~ 4.9, A ~ 4.0 x 10°, 0 ~ 0.5
and p ~ 0.8. The parameters in (6.14) have been calculated from
these values as explained above.

The electron temperature is T[K] ~ 2.51 x 108, cf. after (5.4),
which is the only point where the electron mass enters, via § =
me/(kgT). (The mass of the radiating particle does not show in
the classical Cherenkov densities (4.5), in contrast to the tachyon

mass m.) Assuming vacuum permeabilities, ¢ ~* u ~ 1, g =
Mo ~ 1, we can estimate the tachyon mass in the radio band,
mec2[eV] &~ 1.22 x 10~% or myc? ~ 29.5 GHz, cf. (6.3) and (6.14).
From the amplitude a; in (6.8) and the Jovian distance estimate,
we find the product of the asymptotic tachyonic fine-structure con-
stant ¢ (defined before (6.1)) and the normalization factor of the
electron distribution (5.3) as Aq ot ~ 4.17 x 1033, The integral
Ky,p in (5.4) determining the electron number Ne = Ay Ko g is
calculated with the temperature parameter $ in (6.14), Ko—_2 8 ~
6.65 x 10713, The estimate for the product of electron count and
tachyonic fine-structure constant is thus Neo; ~ 2.77 x 1021,

7. Conclusion

We have investigated the emission of tachyonic radiation modes
by freely propagating electrons in a dispersive spacetime. The su-
perluminal group velocity vt = dw/dkr (w) is caused by the
negative mass-square in the wave numbers (3.2) of the tachy-
onic radiation field. vt differs for transversal and longitudinal
modes [14], unless the wave numbers coincide, which requires
permeabilities satisfying eouo = €. The tachyonic wavelength is
AtL =27 /kr L. In the radio band and with vacuum permeabilities,

we find the group velocity vr/c = ,/v? +mf/v and wavelength

ArLlcm] ~29.98/,/v2 +mf, with v in GHz. A tachyon mass m; of

29.5 GHz is inferred from the spectral fit in Fig. 1, cf. after (6.14).

We introduced tachyonic field strengths and inductions defined
by constitutive relations with frequency-dependent permeabilities.
We then developed an equivalent 4D space-frequency represen-
tation of the dispersive radiation field, deriving manifestly covari-
ant field equations. Thus the suggestive and efficient formalism of
manifest covariance can be maintained, but the underlying space
conception is non-relativistic, as superluminal wave propagation
requires an absolute spacetime conception to preserve causality
[8-10].

We focused on superluminal Cherenkov radiation, the tachyonic
radiation field being generated by a classical subluminal charge
uniformly moving in a permeable spacetime. The electron mass
does not enter in the classical radiation densities (4.4), which
suggests that the tachyonic quanta are actually emitted by the
medium stimulated by the field of the moving electron [3,22].
A longitudinal radiation component emerges, with amplitude pro-
portional to the negative mass-square of the tachyonic modes. We
parametrized the Cherenkov flux densities with the Lorentz factor
of the inertial charge, averaged them with a relativistic electron
distribution, and explained how to perform tachyonic spectral fits
in the radio band.

A flux average over a mildly relativistic thermal electron pop-
ulation (with Maxwell-Boltzmann distribution) suffices to model
the currently observed Jovian radio spectrum. We also calculated
the tachyonic Cherenkov flux radiated by nonthermal electron pop-
ulations (with power-law distribution), cf. Section 5, which can
be useful to model X- and y-ray spectra [23-25]|. As for Jupiter,
the low flux density at 13.8 GHz (Cassini 2001 in-situ measure-
ment [1,26]) is caused by an exponential spectral cutoff. The low-
frequency spectrum is linear in the double-logarithmic flux repre-
sentation of Fig. 1. The cross-over region around the spectral peak
at 6 GHz is also well reproduced by the tachyonic flux densities
(4.4) averaged over a thermal electron population.
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