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E. G. MYCHELKIN
ON THE ORIGIN OF FUNDAMENTAL SCALAR FIELDS

The geometrical and physical aspects of origin of cosmic scalar fields are considered together.

L. Imtroduction. The global “inexplainable’ phe-
nomena, dark energy and dark matter, can be reduced
to fundamental scalar-type background ficlds, and in
such a case the main challenge consists in identifi-
cation of those without invoking any exotic particles
and fields unlmown to modern experiment. But where
‘the fundamental scalar fields’ come from?

2, Geometrical isswes. Unlike U(1) »x SU(2), =
» SU{3)-Standard Model (SM), gravity has no
inlernal symmetries but only those of space-time.
They may be generally described by the spacetime
deformation tensor f}” -—Li{gmj being the Lie
derivative L, of metric tensor g, with respect
to some timelike field & =Z&u", w'u, =1;
Lig,)=4,, +4,., =D, Taking into account of
the appropriate Ricet identity including the Riemannian
curvature tensor, £, — & =%Rﬁpm'§ﬁ , WE
deduce from that for any {u"} -congruence the
master-identity [1] connecting the Ricet tensor £
with scalar field £ = (& £7)"7

R uu" =0l +u, " + &7 0", (1)

| P -
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By applying relation between umpu""e and umﬂu’”‘“

this can be reduced to the Ehlers identity known also
as ‘the Raychaudhuri equation’ [2]. A preference of
{1) consists in its explicit dependence from geomet-
rical scalar field £ = £(x") to be appropriate for
description of redshift, temperature and other
characteristics of physical systems. Moreover, £
induces the existence of some physical scalar
counterpart ¢ to be presented in the form of ansatz:
& =5(p(x")).

For the particular Killing, conformal or space-
conformal symmetries we have [3]: J‘JP,, =0,

- & - .

D, =0x")g,, D, =¥(x")h

.“:m. = g, —U M, , correspondingly. In the Killing

or

a1

case, f" =0, U, g =—l_t, (here u_ — fourac-
celeration), and fundamental identity (1) reduces to

R u® = —E7'0 +u, " = —E 0 +it i =
| g e g
= - ':‘? I‘:'E:.-{ﬁ' t-qu '?"gﬁﬁ } = _':E :EFBLrwl'-‘ :

S0, we have obtained the Hawking-Ellis r:]aﬁncn [2]:

R@n"u'ﬁ = -g"ﬁ"'ﬁgw . which has been used for

the remarkable non-variational deduction of the
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Einstein equations. In static case the Killing-vectar
mﬂdu]LEE and scalar potential are connected by
&=¢* (with our choice of positive ¢ ). In fact
[E‘ns is the first manifestation of the direct relation
between the fundamental geometrical and physical

scalar fields of type £ = £{Mx")) which may be
extended to gravity as a whole. Now we get
—& lk“"’gm =Ag= R, u"u", and so, the Poisson
equation of Newtonian gravity follows by equating
the congruence invariant —R_ %"u" to matier density
47 p . This reduces the master-identity (1) to the

scalar field equation: Ag=—d4xGpo. A general
relation of the Ricci tensor to the complete EMT
(*scalar field + matter’ energy-momentum tensor

T, ) may be easy obtained under some subsidiary

condition, So, for the divergence-free case T =0

we get the habitual
G, =R, —iRg, =T, , but the other viable

variants (for example, with an energy conservation
condition (7w, ) =0)are possible as well [4].
The difference between the habitual and
proposed approaches consists in the statement that
notonly & = S(g{x")) butall the geometry isinduced
by some fundamental scalar field ¢, and the rest of

malter may be conceived as a sort of exited states
of the same field, So, for metric tensor we accept

Einstein equations:

2o = £, (@(x7) . This means that the definite
scalar field (in Torm of EMT) can never he removed
from the field equations due to physical reasons. At
first such ansatz has been proposed by Papapetrou
[3] (for one, and then for two generating scalar fields),
and we po on to elaborate this idea for our task — to
identify the global phenomena, dark energy (DE) and
dark matter (DM). As we shall see DE proves to be
a neutral composition of quasi-static electric ficlds
generated by all fermions in the Universe, and DM
represents Lhe tachyon nevtnino-antineutrine conglo-
merate, The fundamentality of such fields is justified
on the basis of anriscalar approach to gravity.

3. DE as a composition of electric fields

generated by fermions. We begin with the-

fundamenta! Papapetron solution [5] of the Einstem
equations for minimal antiscalar field (AST) ¢ with

the following metric ansatz, g, =gm|{g§{.¥4’j ;
e, pul:

ds® = et =™ (dr + Fd() )=

= g M NP 4 PA) . (2)

Antiscalarity means the polarity [6] or sign of
encrgy-momentum tensor of scalar field (SF) in the
Einstein equations opposite that of EMT of usual
matter. The last of (2) is specified for gravitating mass
M. This solution is more realistic than the Schwarzs-
child one by many reasons. It contains all the “crucial
effects’ and leads to correct formulae of lensing.
There are no black holes (BH) but for the compact
ohjects with a scale of order of gravitational radius
2GMic* we get the uspal results of BH-thermo-
dynamics [7]. Antiscalarity satisfies the thermo-
dynamic stability conditions and is justified by
electrostatic origin of background scalar field [E].

Really, (2} reduces to the static Majumdar-
Papapetrou solution of the Einstein-Maxwell

equations [9] under ‘balance condition” &, = /G M,

for interacting charges e, or masses M, corres-
pondingly. Moreover, the known minimal SF solution
[10] with scalar charge ¢ transforms into the ASF
metric (2) under mapping g=ig, lg|=M. All this means
[£] that no another scalar charge (source of scalar
field) besides mass can exist, and scalar fields produ-
ced by masses reduce to composition of electric fields
produced by charges. So, SF represents the neutral

composition $~g, +¢ (fi. d=(g +¢) 12 Y of
quasi-static electric fields [8] generated by all
fermions of the Universe [7] and “visikle” only
gravitationally, And vice versa, the arbitrarily small
disbalance between ¢, and ¢ becomes apparent as
quasi-static electric fields or charges.

Now from Schwinger’s conjecture [11] that
quasi-static fields do have theit own carriers, we
conclude: these carriers (“statons') should behave
only as sub-quantum super-tachyon objects (1o imitate
the instant action of static fields). If they possess of
negligible masses 4 appreciable only for
cosmological scales, we extend the mimimal sealar
EMT gencrating the ASF-zolution (2) to peneral

EEET
I:I i

of tachyon { 4 < 0) nature with a traditional

positive A -term (the last, however, changes its sign
at once due to antiscalanty):
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T =8 — 18, (4" —1'¢ — N/4nG))
(3)
G, =«T,, =BxG{-Ti™ +T7"), (@)
where @, =g =g, =38 p=8g/x", 1 =" <0,
and negative sign of T;i“"" in the Einstein equations
means antiscalarity. Then neglecting the tensor
T (ineluding DM), but taking into account the
integrability condition (to be manifestation of
indissolubility of A and mass —terms),
|A| =2/ = |y = m = 10"V =10 g, (5)
and using the corresponding (tachyon) Klein-Gordon
equation, &, (y/~g&™)8,8—m*J=gd =0, weget

the cosmological ASF-solution [8] to be appropriate
for description of DE [12]:

ds® =di* —a’ (@1 ))(dr’ +r’dQ) =
=dt’ —exp{—|A|(r -,V Wdr® + FdQ), (6)
From that it follows an equation of state for DE

[12): p=we, e=T;, p=~4{T/,

o DAL —t. ) 12+1
At -1, /2
Asimptotically at ¥ —» o it goes to the de Sitter

state w=-1, When w<—-1/3, we obtain the
accelerated phase for the Universe. After a definite

(7)

iime I, the expansion will always change to
contraction. There are no more phantom fields with

w < =1 in equation of state (7).
The local (2) and cosmological (6) effects may
be jointed in metric:

ds® =& dy® —eMat (WO dr + 7 d),
e ml1+24. (8)

In particular for both the crucial effects and DE we
get the solution

=@ exp{-|A|(1 -1, Hdr" +r7d0F). ()
We suppose that DM effects may be included later

into ¢ of (B): ¢=¢, . (F)+&, (7).

It stands to reason the nature of such dark energy
scalar field (SF1) described by (5-9) as a neutral
composition of quasi-static electric fields remains to
be the same: $~g, +¢ .

4. DM as the tachyon newtrinos background.
DM i= usually believed o be composed of some
heavy particles (wimp's, eic.) or to be the sea of
pseudo-scalar axions or of neutrinos. Axions
and wimp's are unobservable today. The
thermal neutrinos generated in reactions of type

e' +e «»v+¥ at the  temperatures
T = |MeV now  represent  relict  at
T(vi=(4/11)"T(#)=2.1'K with

T.(¥)=2.73°K for CMB, and contribution of those

to critical density .!;“,_.,,-—I{l'lll'auuzl""'}4 =10"g/cn’ s
anly about 1%. The recent estimations of condensate
of massive non-relafivisfic neutrinos v and
antineutrinos i of three generations explain a bulk
of DM [13] if the minimal neutrino masses

m, = 1.5¢F . But the modern data reduce those

down to m, = (107 —107)e¥ , and a problem
Femains to be urgent.

Another situation arises if neulrinos respond to
tachyon representation of the Lorentz group [ 14] with
the corresponding Diirac equation [15]. In fact this is
inevitable way to match the finiteness of neutrino
masses with chirality (all neutrinos v are left and
antineutrinos ¥ are right), The tachyon mass-shell
(L

ppt=—m'c means Elmc’ =(u/c" -1)
i.e. the speeds w > ¢ are very close to ¢ even for

neutrinos with minimal energies E > 0.1Mel
detected today.

In gencral the tachyon neutrinos cannot be
canonically quantized and so cannot produce the
thermal Fermi distribution or the Cooper pairs
condensate. It may be noted [16] that in attempt to
quantize the scalar tachyons one can produce only
the Fermm distribution of those. We suppose instead
that neutrino background may be represented as a
scalar conglomerate (not a condensate)
b = O(v,7) produced with bicomplex Hermitian

spinors ¥ by means of the following ansatz:
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VPav+iv 22 @=F"P=v+F =¢_ (10

to be applied to each generation of neutrino. This
is similar to the Born approach to quantum
mechanics but ¢ is here normalized to be of
dimension of scalar potential. The right side of
{10} has been computed with the usuwal Dirac

spinors: v =w(v) =y, = By =4(1-y")y and
Fep(V)=w, = P =1(1+¥" ). From that

we have vi=viv =y, and

—

~ =0V =yr,, but unlike for the Dirac-

-

conjugate spinors, F = wy", the mixed terms rule

out: v'V =y, =0, Fv=yjy, =0. So, for
the tachvon-type neutrino sector of SM one should
be used only such type Hermitian spinors with no
breaking of chiral invariance as required.

We can define a pscudo-scalar conglomerate as

well, @ ="¥*y"¥ ==y’ + 7, due to the Dirac
y -matrices relations: y°F, = —F, and 'F, = P,.
But scalar ${v,¥) in (10) may be preferable (if
denszities of v and ¥ prove to be equal) due to

symmetry v 3 ¥ . So, the following Lagrangian for
the second fundamental gravitating tachyon scalar
field (SF2)

LY = 4V OV + miD’]
with a corresponding tachyon EMT (see (4)):
T.lnflllhr TW

B a1

(11)
__ rmbamam
_f"“_ +

may be appropriate for the minimal (without un-
necessary cosmological-type term) self-sufficient
description of DM, Taking the values g = i‘;" and

p=-1 i‘"f. onc obtains from (12) the appropriate
tachyon-type equation of state, p=we, and by
variation of (11) with respect to ¢ we gel the
eorresponding tachvon Klein-Gordon equation for
DM: V V'@ —m @ =0, 1
5. Some estimations. DM and DE have the
similar

energy densities (&g, =0.23¢,,

&5 = 0.73£_ ) but with extremely different energy
scales defined by typical masses of carriers of two
underiying scalar fields - specifically, with newirino
masses m, = (107 —107)eF for DM, and with

m =10 el (stipulated by cosmological constant)
for DE.

A ‘natural” number density corresponding to
critical energy density of order (107 eF)* (factor
2.3 may be omitted for hrevity) produced by *particles’
with mass-encrgy scale of order 1072} is about
(107%eF Y =1.25%10° em™ . Comrespondingly, the
effective number density of DM neutrinos related to
a medial global value &, =0.23s_ and mass-
energy scale (107 —107")el will be about

29x(10" =10yl .

There is a way [18] to estimate a scale for self-
gravitating DM *haloe’. A sphere of radius & with
typical local DM energy density £, has a gravita-
tional radius 2Ge, (4R’ /3e"). This is equal to R
when R = (BxGe,, /3’y . For example for the

critical density £, ~10"g/cm® it follows the
Hubble radius of the Universe £ ~10%cm

For typical “local’ DM halo densities in
galaxies [19] &, is about (107 =107 )g /em®,
g0 the associated maximal R is
(10* —10™)em = (3 - 0.3)Mpc . Such large space
scales could be appropriate for DM tachyon neu-
trinos conglomerate. The expected astronomical
observations [20] should confirm the smooth DM
density effects at the maximally accessible scales
[17] but no expressive cusp or sub-haloes effects
for dark tachyon neutrinos background (unlike for
the baryon matter) are possible.

The estimations above can also be applied to
axially symmetric *haloes’. This is especially of
interest because in such a case DM can approxi-
mately be described by logarithmic potential of type
O =¢, =In(r/r,) tobeappropriate for description
of saturation effect of rotation curves in palaxies and
clusters [17].

For definiteness let us consider a class of oblate
cylindrical or conic-like objects (“haloes’ of spiral
galaxies) with approximately the same order of medial
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thickness or depth D. Then the associated
gravilational radius B of such objects may be eva-
luated as 2Gg, IXxR® /¢") which is equal to R
when R =(2z0GDs, fe*y" . It follows from here
that ¢, R =(2xGD/¢")" = const . This includes
the empirical law recently exposed for array of about
1000 spiral galaxies [19].

6. Conclusion. The last estimates are of
geometric nature and mayhe remind a caleulation for
inside of BH. But if is worth to emphasize that the
applied antiscalar approach (AA) to gravity (to be
following from the Papapetrou ansatz and
unremovable character of 5F) i3 very restrictive. So,
the habitual vacuum Einstein equations, together with
BH and G'W (gravitational waves propagating with
gpeed of light) solutions, being tolerant in standard
General Belativity, are out of scope of Ad. Moreover,
there are no such type solutions in AA at all. So, the
‘gravitational radius’ is not a scale having any relation
to the habitual “BH horizons' but it is simply an
independent natural scale relating to the dimensional
unites, and nothing more.

Unlike the customary approaches we do not take
by hands anv ad hoc scalar ficlds to get DE. but
deduce the fundamental scalar field (SF1) from
general geometrical and physical principles, and only
on the last step identify it with DE. Being of
electrostatic origin with a mass-scale of order
m = 10" el such DE has a corresponding “back-
reaction” on the electrodynamics which is however
insignificant due to utterty small mass-scale indicated
here. But of course this is a matter of principle and
as such should be considered separately.

As for SF2 we believe the newtninos to be the
only realistic constituents compatible with DM, and
for the massive neutrinos to be always left (and
antineutrinos — right) they should inevitably respond
1o the tachyon representations of the Lorentz group.
These free neutring and antineutrimo fields together
can naturally compose the second fundamental
effectively scalar background field which should be
classic (not quantized) and capable of accumulation
g5 stated above.

REFERENCES

1. Mychelkin E. Geomeirized Scalar Oravily as a
MewPhysical Paradigm & Proc. intem. S¢. Meeting PIRT-2003
“Physical Interpretations of Rebativity Theory', ed. M.C. Dufly,
V0. Gladyabew, AN, Morozov (EMSTL, Moscow, Liverpool,
Sunderland 23). P, 235-240

2. Hawking S.W., Ellis G.F'R. The Large Scale Structure of
Space-Time // Cambridge University Press, 1973.

3. Mychelkin E. On the Variability of Physical Constants
and Conformal Transformations // Astrophys. and Space
Science. 1991. 184. P. 235-245.

4. Mychelkin E. “The Improved General Relativity’// Abs-
tracts of Eighth Marcel Grossmann Meeting, Jerusalem. 1997.

5. Papapetrou A. // 7. f. Physik. 1954. 139. P. 518.

6. Ellis Homer G. // J. Math. Phys. 1973. {\bf 14. P. 104.

7. Mychelkin E. Inevitability of Antiscalar Gravity // Proc.
Intern. Sc. Meeting ‘Number, Time, Relativity’, ed. D.G. Pavlov,
G.S. Asanov (BMSTU, Moscow, 2004). P. 47-52. (http://
hypercomplex xpsweb.com/ articles/194/en/pdt/sbornik.pdf).

8. Mychelkin E.G. “The Einstein-Maxwell Equations and
Space Background® //J. PEOS (Journ. Probl. Evolut. of Open
Systems, APC, Almaty). 2008. 10/1. P. 4-12.

9. Majumdar S. //Phys Rev. 1947. 72. P. 390; Papapetrou
A. // Proc. R. Trish Ac. 1947. A 51. P. 191.

10. Fisher I.L. // Zh. Exp. Teor. Fiz. 1948. 18. P. 636.
arXiv: gr-qc/9911008 and /0911.5380; Jenis A.1., Newman E.T.,
Winicour J. // Phys. Rev. Lett. 1968. 20. P. 878.

11. Schwinger J. Particles, Sources and Fields // AWPC,
Reading, Massachusetts, 1978.

12. Mychelkin E.G. Equations of State of Antiscalar Field /
/ 1. PEOS (Journ. Probl. Evolut. of Open Systems, APC,
Almaty). 2009. 11/1. P. 49-57.

13. Nieuwenhuizen Th.M. ‘Do non-relativistic neutrinos-
constitute the dark matter?” //EPL. 2009. 86. P. 59001.

14. Caban P., Rembielinski J., Smolinski K., Walczak Z.
Oscillations do not distinguish between massive and tachyonic
neutrinos // arXiv: hep-ph/0304221. 2003. P. 1-4.

15. Ni G.+J. A minimal three-flavor model for neutrino
oscillation based on superluminal property // arXiv: hep-ph/
0306028. 2003. P. 1-5.

16. Feinberg G. Possibility of Faster-Than-Light Particles
// Phys. Rev. 1967. 159. P. 1089-1105.

17. Mychelkin E.G., Denisyuk E.K. The Neutrino
Background and Rotation Curves of Galaxies // J. PEOS (Journ.
Probl. Evolut. of Open Systems, APC, Almaty). 2009. 11/2.
P. 3-12.

18. Coleman S., De Luccia I Gravitational effects onand
of vacuum decay // Phys. Rev. D. 1980. 21. P. 3305.

19. Donato F. et al. A constant dark matter halo surface
density in galaxies // arXiv: astro-ph/0904.4054. 2009. P. 1-9.

20. Denisyuk E.K., Mychelkin E.G. Ultraviolet andNeutrino
// Kazakhstan Space Researches. (Nat. Center of Space
Researches and Technologies, Almaty, 2010), 8 p (in print).

Pe3rome
FapbllTEIK, CKAJISIPIILIK, ©picTepiHiH Haiiaa OOMyBIHBIH,
reoMeTpIIiK MeH (OU3HKaJIbIK KacheTTepi Oipre KOpCeTiIreH.
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Teomerprueckue u pu3IdecKre acTIeKThI IIPOUCKOKICHUS
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