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M=l paccMaTpuBaeM JMHAMHUKY KBapTETa B3aNMOIEHCTBYIOIINX KOCMUYECKHX CyOCTPATOB, KOTOPHIH BKIIIOYAET
MHAMUYIeCKUil 3hUp, MPeICTABICHHDBIN € JTNHIIHBIM BPEMEHHUIIOTO0HBIM BEKTOPHBIM II0JIEM, AKCHOHHYI0 TEMHYIO
MaTEepHIO, ONUCHIBAEMYIO IICEBIOCKAJISIPHBIM II0JIEM, CIIMHOPHOE II0JIe, CBS3aHHOEe C (hepMUOHHBIMY YACTUIIAMH,
W TPaBUTAIMOHHOE I0je. PacmwupeHHbII HAOOD OCHOBHBIX yDaBHEHUI BBIBEJIEH HA OCHOBE K€U O TOM,
9TO IIOTEHIMAJ IICEBJOCKAIAPHOIO ILOJd gABisgercd QyHkimeidl cemu aprymenrtos. llepsbrii um3 Hux — 310
CaMO TICEBJOCKAJISIPHOE TI0JIe; BTOPOM M TPETHIl apryMEHTHI SIBISIOTCS (DYHIAMEHTAJILHBIMU CIHHOPHBIMY
WHBAPUAHTOM ¥ TICEBIOMHBAPUAHTOM; I€TBEPTHIN U MSATHIM — ITO MePEeKPECTHBIE I(DUPHO-aKCHOHHBIE MHBAPUAHTHI
U IepeKPECTHBIE NICeBIOMHBAPUAHTDI; MIECTOI apryMeHT — CKaJdp PacIlIMpeHusd, a CeAbMOH — KBaJpaT TeH30Da
casura otoka dbupa. IlonHblil HA60P OCHOBHBIX yPaBHEHUI MOIyYeH U IOArOTOBIEH K JabHefIeMy aHaIu3y.
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AXIONIC EXTENSION OF THE EINSTEIN-DIRAC-AETHER THEORY:
DEGENERACY REMOVAL WITH RESPECT TO SHEAR OF THE AETHER FLOW
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We consider dynamics of the quartet of interacting cosmic substrata, which includes the dynamic aether,
presented by the unit timelike vector field, the axionic dark matter, described by the pseudoscalar field, the
spinor field associated with fermion particles, and the gravity field. The extended set of master equations is
derived based on the idea that the potential of the axion field to be the function of seven arguments. The first
one is, standardly, the pseudoscalar field; the second and third arguments are the fundamental spinor invariant
and pseudoinvariant; the fourth and fifth ones are the aether-axion cross-invariants and cross-pseudoinvariants;
the sixth argument is the expansion scalar, and the seventh one is the square of tensor of the shear of the aether
flow. The complete set of Master equations is derived and prepared for analysis.
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Introduction

We study the guiding role of dynamic aether in the processes of interaction between spinor and
pseudoscalar fields. This sector of cosmic interactions attracts attention, when one considers the coupling
between the axionic dark matter and fermions (massive Dirac particles), as well as, the coupling between
axions and massless neutrinos [1]. Since the dynamic aether is mathematically associated with the global
timelike unit vector field U7, the effect of this cosmic substratum on the axion and spinor field could
be associated with the acceleration four-vector a; = UjVjUi, with the expansion scalar © = VU,
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with the skew-symmetric vorticity tensor w,,, and the symmetric traceless shear tensor o,,,. When we
work with the isotropic Friedmann type cosmology, the only © turns out to be not equal to zero. The
nonvanishing vorticity tensor appears in the Godel’s rotating Universe. When we deal with the Bianchi
type anisotropic homogeneous cosmological models, the nonvanishing shear tensor inevitably appears
as an important characteristic of the dynamic aether flow. Five years ago we were faced with specific
degeneracy with respect to the shear of the aether velocity. In 2017, the observation of the binary neutron
star merger [2] has shown that the ratio of the velocities of the gravitational and electromagnetic waves
is highly likely equal to one, so that two Jacobson’s constants C; and Cjs |3] are linked by the relationship
C1+C3=0. This means that the shear tensor happens to be crossed out from the aether kinetic term,
thus disappearing from the Lagrangian of the dynamic aether and becoming the hidden quantity.

We suggest the mechanism of the degeneracy removal with respect to the shear of the aether flow,
which is connected with the introduction of the square of the shear tensor o2 = o,,,0™" into the
potential of the axion field V. Also, we assume that the potential V is the function of © and depends
on the spinor scalar S = 1), on the spinor pseudoscalar S = ¢y°1), as well as, on the cross-invariant
w = Upy™y and cross-pseudoinvariant = U,9py"y°¢. (Here and below 4™ is the Dirac matrices).
As the result, master equations of all the presented fields are shown to acquire new specific terms; we
derive them and reduce to the case of the Bianchi-I model.

1. The formalism

The action functional of the Einstein-Dirac-aether-axion theory contains three groups of terms:

1
S = /d4x\/—g {% [R+2M+N(gimn U U 1)+ K™V U, Vo Uy | + (1.1)

i, - — . 1
+ [2 (7" Dyp— Dy ™) —=mipp| + SUG [V —g’”"vmwm]} :
1
2Kk
vector-tensor theory of gravity known as the Einstein-aether theory [3]. In this theory the variation with

The first group located in square brackets with the multiplier in front, relates to the version of the

respect to the Lagrange multiplier A provides the aether velocity four-vector U* to be unit, g,,, U™U"=1.
The kinetic term K = K"V ,U,, VU, with the constitutive tensor

Kabmnzclgabgmn+C2gamgbn+c3gangbm+C4Ua Ubgmn ; (12)
in which we have to put C5 = —C4 due to results of the observations [2|, can be rewritten as
K = (C1+C4) DU DU*+2C wipw™ +Co02 . (1.3)

Here we use the decomposition of the covariant derivative of the aether velocity four-vector
1 ,
ViU, = UiDUk+Uik+wik+§6Aika D=UV;, Ay =gu—UUy, (1.4)
where the symmetric traceless shear tensor and the vorticity tensor have, respectively, the form
1 1 1
Oik = §AfAZ (VpUg+V,Up)) —g@Aik, Wi = EAfAZ(VpUququ). (1.5)
The second group of terms relates to the contribution of the Dirac field. It includes the spinor field

and its Dirac conjugated v, the Dirac matrices 4™ and 7°. The covariant derivatives of the spinor field

are taken in the Fock-Ivanenko form based on the tetrad four-vectors X ga):

- - - 1
Dpp =0k =Ty, Dpp =00 + 9Ly, Iy = ngnXﬁ“)vsv”VkX{Z) : (1.6)

The third group of terms with the square of the coupling constant W in front, describes the contribution
of the pseudoscalar (axion) field ¢. The potential of the axion field is considered to be the function of
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seven arguments (see their definitions above) V =V ((j), S, P,W,Q,@,O'2). The arguments S and P
describe the specific coupling of the axion and spinor fields; the arguments w and  describe trilateral
interactions between axion, spinor fields and aether; the arguments © and o2 describe the direct control
over the axion field, which is carried out by the aether.

Master equation for the axion field, obtained by the variation of the action functional with
respect to ¢, keeps the standard form:

mn 10 9
9"V Vng = 28¢V(¢,5,Rw7ﬂ,@70)- (1.7)

Dirac equations acquire new terms due to variation of the potential V with respect to ¢ and :

iy D) — <mE—;\1/3M> V=0, iDy" +1p (mE—éW%M) =0, (1.8)
L I ) ) T 6181/5 ov 815 .
M=Z2E+o57 +(a E+557 )Uk V455 E+5p0 <a E+257 )UW . (1.9)

The matrix term M = (mEf%\I/%M ) plays the role of the effective mass of the spinor field interacting
with the axion field; E is the unit matrix (see [1] for details).
Master equations for the unit vector field U’ undergo the following extensions:

VT =AU+ P, N=U;[V,JY -], (1.10)
) ov - . av . av
_ Jrrm 2 J JAD _ jm
Cy(DU,,)(V'U™) + k¥ [aw (Vv Y) + 50 (W' y°) 8(02)0 DU, | , (1.11)
; ; 1% .10V . , ,
aj _ (0)aj 2 aj a] (0)aj _ abjn
J = g0 4 2 {3(02)" 5569 } . T Kb (v, U,). (1.12)

Equations for the gravity field as the result of variation with respect to metric is of the form
Ry R gk = Mg + kT + /T + 1 + 18 (1.13)
The canonic stress-energy tensors of the spinor and pure axion field have the standard form

T4 = & [ Dy —Distbmo¥] ~gie {; [0 Duto— (D)™ ] —mw} , (1.14)

1
Ty = v [wvm + 590 (V—vnqbv%)] : (L.15)
The term TZ(kU ) contains the derivatives of the axion field potential with respect to © and o?:

1 ,
T = 5 i K"V U ViU +UURU;V oJ 9+Cs (DU DUy —UiU DU DU™) +

+vr |:U(“7k)m ‘7m(zUk)_‘7( k) :| +C1 [(V )(va’f)_(VlUm)(kam)] ) (116)

The term Tz(kv ) in addition, contains the derivatives of V with respect to w and :

v ov - ov -
1) = 2503 {&u [DU vy ¥] *ta30 [GU Y v] + (1.17)
ov m 1 ov 1 oV

The complete system of Master equations for gravitational, spinor, vector and axion fields is derived
and is ready for analysis; unfortunately, it is out of the frames of this short note.
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Conclusion

We plan to apply the formulated theory to the anisotropic homogeneous cosmological model of
the Bianchi-I type, for which o;, # 0. For this case the structure of the potential of the axion field
V(¢, S, P,w,Q,0,0?%) guarantees the degeneracy removal with respect to the shear tensor, attributed to
the aether velocity.
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