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B pamkax sdupHoit Bepcun Teopum itHireitna-/lupaka pasBuTa pacHIMpeHHas MOJIEIb, B KOTOPOH yYTEHO
obpaTHOe BJIMSIHWE CIIMHOPHOI'O II0JIsSl HA €JUHUYHOE BEKTOPHOE II0JIe, OIHChIBaIOIIee JuHaMuIecKuii acup. s
9TOU eI MBI PACIHIMPUIN KOHCTUTYIIMOHHBIA TeH30p J[:KeKoOCOHA, KOTOPBIM BXOJUT B KUHETHIECKYIO YaCTh
JIATPAHKUAHA CIUHITIHOTO BEKTOPHOTO (3(hUPHOro) moJis, 3a CI6T CJIAraeMbIX, COAEPKANIX CIAHOPHBIE TEH30PbI
u 1ceBnoTeH30pbl. CaMOCOryIacoBaHHas CUCTEMa OCHOBOIIOJIATAIONINX YPABHEHUH JJIs €JUHUIHOIO BEKTOPHOTO
1I0JIs1, & TAKZKe JJIs CHUHOPHOIO U I'PABUTAIMOHHOIO TI0JIeH BBIBEIEHA C ITOMOIIBI0 BAPUAIIMOHHOIO (hOpMAIN3Ma
B paMKaX 3(pOEKTUBHOI TEOPUH IIOJIS 10 BTOPOI'O IOPSIIKA II0 IIPOU3BOIHBIM BKJIIOYHTEIBHO.

Karoueswie caosa: AbrepHaTUBHBIE TEOPUM MPABUTAINY, TeOpHUs DifHmreiina-/lupaka, cimHOpHOE TIOJIE.

EXTENDED EINSTEIN-DIRAC-AETHER THEORY: SPINOR MODIFICATIONS OF
THE DYNAMIC AETHER KINETIC TERM

Balakin A.B.%!, Efremova A.0.%?

@ Kazan Federal University, Kremlevskaya str., 18, Kazan, 420008, Russia.

In the framework of the Einstein-Dirac-aether theory the extended model is established, in which the backreaction
of the spinor field on the unit vector field, describing the dynamic aether, is taken into account. For this purpose,
we extended the Jacobson constitutive tensor, which enters the kinetic part of the Lagrangian of the unit vector
(aetheric) field, by the terms containing spinor tensors and pseudotensors. The self-consistent system of master
equations for the unit vector field, as well as, the spinor and gravitational fields is derived using the variation
formalism in the framework of the effective field theory up to the second order in derivatives.
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Introduction

The theory of dynamic aether formulated in [1] was developed later in many works (see, e.g., the
status report [2]). One of the trends in the aether theory extensions deals with the interactions of the
dynamic aether with the electromagnetic, pseudoscalar and spinor fields [3-7]. In this context one can
highlight the idea that the dynamic aether controls the evolution of mentioned fields (see, e.g., [5]).
Now we are interested in studying the backreaction of the spinor field on the dynamic aether. In [8]
we discussed the variant of a backreaction based on the analysis of the potential of the axion field,
which depends on the scalars constructed on spinor and unit vector (aether) fields. Now, in this short
communication we extend the kinetic part of the unit vector (aether) field by including terms depending
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on the spinor field; in this study we restrict ourselves by the terms up to the second order in derivatives in
the context of effective field theory. Such approach extends the arsenal of instruments of this theory, since
now in the process of reconstruction of the Jacobson constitutive tensor we can use not only the metric
coefficients and velocity four-vector, but the spinor tensors and spinor pseudotensors in convolutions
with the Levi-Civita pseudotensor.

Below we reconstruct the total ten-parameter Lagrangian of the model, and derive the self-
consistent system of extended master equations for the unit vector, spinor and gravitational fields.

1. The formalism
1.1. Action functional of the canonic Einstein-Dirac-aether theory

The total action functional of the canonic Einstein-Dirac-aether theory is considered to be of the

form

1 P _ _
= / d'zy=g {—% [RA204X (grmn U™ U =1) + K"V U VU +;[WDkw—DkW]—mww}
(1)

The elements of the canonic Lagrangian of the Einstein-aether model are well documented. The term g
is the determinant of the spacetime metric g,,,; R is the Ricci scalar; A is the cosmological constant;
k=87G includes the Newtonian coupling constant G (c=1). The four-vector U’ is associated with the
aether velocity; the term A (¢, U™U™—1) designed to guarantee that the U7 is normalized to one; ) is
the Lagrange multiplier. The kinetic term K™ V,U,, V,U, is quadratic in the covariant derivative
VU™ of the vector field U™. The spinor field with the mass m is described by two terms ¢ and 1; v*
are the Dirac matrices; the covariant derivatives of the spinor fields

Dytp = 0ptp —Titp,  Ditp = Opb + YTy, (2)

are constructed using the Fock-Ivanenko connection matrices I';,. The canonic constitutive tensor K"
is constructed using the metric tensor g®/ and the aether velocity four-vector U* only:

Kabnmzclgabgmn +ngamgbn+cggangb7n -|-C4 Ue Ubgmn. (3)
The parameters Cy, Co, C3 and Cy are the Jacobson coupling constants.

1.2. Extension of the Lagrangian of the Einstein-Dirac-aether theory

In order to extend the kinetic part of the Lagrangian (3), we replace the term K™V U,,V,U,
with IC“bm"VaUmeUn, where the extended constitutive tensor is

K:abmn _ Kabmn + K(aély);nn7 (4)
K™ =4 [Quy™ 7" y™ "™ + Q2™ "™ + Qa7 ™y y™ + QaU U™y ¢+
i n s ab_.m_n 7’ Jooa S mn
+5@s [0 e Y Y] + Q6 [P e Y] (5)

Ejkmn

Here e/*™" = E=___ is the Levi-Civita pseudotensor with £°'23 = +1. Formally speaking, the new terms

in (8), with @1, Q2, Q3 and Q4 in front, are the spinor analogs of the terms in (3) with C;, Cs, C5 and
Cy, respectively. The terms with @5 and Q)¢ have no analogs in the canonic dynamic aether theory; in
fact, these two terms involve into consideration the anti-symmetric dual tensor (van)* = %emnlSVlUs.

The matrices 7/ in the Riemann space-time with the metric g,, are connected with the constant
Dirac matrices 4(*) defined in the Minkowski spacetime with the metric N(a)(v) via the tetrad vectors X ga),
Y =X (ka)w(“). The following relationships are used in this context. First, we deal with the normalization

of the tetrad four-vectors:

m n a b m n mn
Imn Xy X(by =Ny, 0 VOX0XG) = 9™ (6)
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Second, the Dirac matrices satisfy the fundamental anti-commutation relations
YOOy Oy (8 = 2B O) ey gy = 2EG™T (7)
where E is the four-dimensional unit matrix. Third, the link between the Dirac matrices 4° and ) is

5 1 () ()

m_n 1 m n a d
V= =y emnpeY Y Y = _Iemnpqx(a)X(b)Xg)c)X(qd)'Y( Iy Oyledy(d) =

1 (a)

b
=T @)D @

(@ () = (0) 4 (1) 1(2),,(3) = () (8)

v =T Y

Fourth, the Fock - Ivanenko connection coefficients are used in the form

1
T, = ngnxg%skaxgg) . (9)

2. Master equations of the extended theory
2.1. Master equations of the unit vector field

Variation of the action functional (3) with respect to aether velocity U7 gives the standard balance

equations [1]

VoJ% = \UI 4+ 17, (10)
where the Jacobson tensor has now the extended form

JoI = [Km K] VU, (11)

and the Jacobson current contains new spinor term
7/ = C4DU N U™ 4+ Q4DU, N U, (vy™ ™) . (12)

Here D = U*V,, is the convective derivative, and the Lagrange multiplier A can be standardly presented
as follows

A=U; (VoJ% =T7) . (13)
2.2. Master equations of the spinor field

Variation of the action functional (3) with respect to ¢ and 1 gives two equations for the spinor
field in the standard Dirac’s form, respectively,

Dy = Mp,  iDgy* = —My, (14)
where the matrix of the effective mass has now the following extended form

1
M=mE + VaUnVyUn {[Q17"7"7™7" + Q27"7""7" + Q37"7"9"y™ + QuU U™ y"] +  (15)

+%Q5 [Py e, Py Y] + %Qa [Py yoe, m”v%}} :

We see that the extension of the kinetic part of aether field modifies essentially the effective mass of the

spinor particle.
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2.3. Master equations of the gravity field

Variation of the action functional with respect to metric gP? gives the Einstein equations in the

standard form 1
Rpq = 5900 R = Agpg + T30 + T (16)

The first term in the right-hand side of (16) is the canonic part of the stress-energy tensor of the spinor
field

i, - - . i - - - -
T3g) = —9pa | 5 (07 Drto=Dyipy*)=mipr| + 7 [0 Datp+1h7g Dyto—(Dph) gt —(Dph)ygs] - (17)
The second term describes the extended stress-energy tensor of the aether field interacting with the

spinor field

1

T = 900 KV aUn VoUn+UpUgUs (VaT * = ) 4V [UpTgym—Tm(Ua) = Tipn) Um] + (18)

+C1 [(VinUp) (VU = (VpUn ) (VU™ + (Cs + Quypyp) DU,DU,—

V Un VoUn® {Q1 [ e e e e A T 0 A e M T A B A R L V(p%}

m. b.n
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We used here the following additional formulas

1
_*’Y(pgq)k(()‘gpq’ (575 =0, 66lsmn _ 5gpqg qelemn (19)

1
k _ k —
07" = 57w09 09", oM = —3

As usual, the parentheses denote the symmetrization A(,Bg) = %(Aqu + A,By).
The procedure of the derivation of the total set of coupled master equations for the unit vector
field, spinor and gravitational fields is completed.

Outlook

The extended model of interaction between the unit vector field, spinor and gravitational fields,
which takes into account the backreaction of the spinor field on the dynamic aether, is established.
The total set of the corresponding coupled master equations is derived. What is the next step in the
development of this theory? We expect that this theory will give interesting results in application to
cosmology and astrophysics. These investigations are planned to be realized in the nearest future.
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