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]
Outline

e modified gravity = unified theory of gravity and electromagnetism;
e addition of matter:

x classical point-like particle;
+ scalar field;
x spinor field.
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Introduction

General Relativity - current description of gravity in modern physics

Consider modified gravity:
e presence of torsion: Sp, =T, — 7, #0;
@ metric and connection are independent variables (Palatini Formalism):
M # %gap(avgocu + Opva — OaBup)-
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Gravity field equations without matter

The Einstein-Hilbert action:

1
Si= . [ d'xv/=8e" Rulh) (1)

where ¢ is Einstein’s constant, R, is Ricci tensor, g = detg,,,, .

How this action related to §; = —i fd4X\/ngWR>W(F(g))?

X — Riemannian object.
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R
Relation S; and S

Introduce
P, = 15, — T — Rfyap = Ryag + [Daf® Jas + [, s (2)
and
1 VD U e U «
S1=—5_ / d*xv—g(g" Ru + rggrgagﬁ — el 508"") =
_ 1 A A
=5 - / d*xy/—glt 19, L,275% (3)
b3 ay’ By

S1

where
Lo = 5160g" — 6768g% + 678%g°7 — 55687 (4)
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Transformation of 51

& 1 4 « v
5]_ = 4%/d X/ —gr rﬁVL v B (5)
Split 2,: 1
o, = Fa, + B0 (6)

= 5 = & [ d*xy/=glh, [, 1,075
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Equations of motion

Total action

SIS 1 5 1 L
S1=5+5= —M/d“x\/—gg“”RW—M/d“x\/fgrgyrﬁLua%éﬁV

Independent variables: g,,; ', — I:fjl,, éu-
« o, Fa, =0;
* 53“: éu is missing out from action;
Y- I?,“, — %Rgm, =0.

Therefore, full equivalence to the GR.
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Consider R 3

R 4o = [0aTl5,)0p = [0al 5, ]ap = 0aBs — 05Ba. (7)

Construct an additional action:

S = —0/d4X\/ _gRﬂua,BRyupagaprga (8)

So, 6B: Do(0,B, — 0,B,) =0.
Under U(1) transformation: B, — B,, — J,,a.
B - like an electromagnetic potentiall
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Point-like particle

S+ S = —m [ dry ()i lx(r) — a [ dri(n)Bx(r)),
()

Equations of motion

Fe, =0
D, F" = 4xj¥; +electrodynamic

mu“Dﬂua = —qu5F50‘,

1
where F, = R%q 0, J¥ = q [ dsu”d(x — x(s))—,
vV—E&
Tluy + T2[,LV = PmUy Uy _f;%(FuaFua - %g,ul/FaﬁlFaB)v
Pm = mf dS(S(X — X(S))ﬁ, ut = X}'Liﬁ
A/ X¥xP g
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Addition of matter

Matter field

Scalar field ¢:
Instead of S, + S3 — S,

5= [ d xR (@ + 1B.)0) (0, + 1B (10)

Total action:

_ 1 ~ o~
S= —Qi / d*xv/—gg" R, — i / d*x/—glh [, L, —
V1 V1

—9/d4X\/—gRuMa,BRyupogapgﬁa+5<P (11)
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Dirac spinor field W

Metric g, — tetrad €] g = eﬂe,/nab

D,el = d,€f —Fg,jea—i—w# pet =0 —,° b—FW ey —epoen.
Sy = / A3/ gV el (D + Buar® 10+ 1BV, (12)

Total action:

1 L= 1 - ,
S=-o_ / d*xv—gg" R — s / d*x/—gh 15, L, —

-0 / d4X\/ _gR“'u,aBRVVpO'gapgﬁU + S\II (13)

N.V.Kharuk (SPBU) Quarks-2018 11/18



Generalization to GL(2, C)

Whel spinor x4 and (x*)* = XA:
i w1 o
ef — €, 5= %JABea, (14)
(€hs)” = €ac (15)
Sy = /d4x\/—7g(iXA-egADMXB - iXAe’AfBDMXB), (16)
where D, xB = (620, + w, c)xC. )
Constructing metric
eap — Eag(x) = ¢(x)eas, (17)
Sy = e;‘Bel,CbeACEBD — 8w = eﬁBeyCDEACEBD- (18)
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Generalization to GL(2,C)

[, is not independent variable:

D.Uel//AB a eAB - FZV o +w# Ce +wHBD ’//4D =0 (19)
— M, = ezB(aue —i—w# cet +wuBD ,f‘D) (20)

Split connection:

w, g = @, += (/A + B,)dn (21)
~——

uta=0

Change variables

A ~A __ A
Xt — X = x*V¢l

AB ~AB __
€ * €




Addition of matter

Introduce &,"g:

~NA A - A
Wy B=Wu B~ Wy B (22)
Define Riemannian connection (I)HABZ

@,Jé;‘B — T8 g8 | @, -8B¢ - ©,Bp8PA =0 (23)

So, rewrite connection:

WMAB = wu B +wu B+ 35 (’A + Bu)(SA: (24)

[ o = 2Re(&,pE5C éEAEAC-). (25)

Independent variables: éﬁB; A wMAB — T, Bu, Au
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Instead of —6 [ d4X\/—gR#uaﬁRyupO'gapgﬁg:

S = —0/d4x\/—gga“g5”FAAa5FBBW7 (26)

A C
where FABW = [@Lwl,AB +wu cwn " Bl

Total action

1 _
S= _/d4X¢ngMVR“V_

2

—0 / d*xv/—gg* " ((8aAs — 05Aa)(0pAr — s A,)+

+ (0aBs — 93Ba)(9,B5 — 95B)) )+
+ / d4x«/7—g(>"<AiégA(558“ +©,8c +iAE)RE + he)—
1 - o 1 o A o
Y / d*xv/=8l yarT s Lﬂm’wuﬁ / d*x /=g Egau,l &) ;05

y
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Addition of matter

Variation 6T :

[ oy = Clyay 650 E7 jo =
1 -
Sod = > / d*xv/=gT o T 55, L1709 1
4
1 4 avi A ﬁ
+ \/g/d XV_gEﬂoa/ur AX

a,_/
jP

—ﬁ/d4X\/71 P gap, (27)

where

S Gap = 18, TEKCE P gap = VX R epe e =0 (28)

4
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Final action:

5= [ dvge" R
2
— 0 / d*xv/—gg* " ((8aAs — 05Aa)(0pAr — s A,)+
+ (0aBs — 35Ba)(0,B, — 3,B,))+

+/d4x\/— (x4 leBA(5C8 +©,Bc +iAE)KC + he) (29)

Therefore, this is a standart action to the Einstain-Dirac-Maxwell theory.
Electromagnetic potential A, is a component of imaginary trace of
connection.
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Addition of matter

Properties of Lua%gﬁ”

Lo 50" = 81605 — 10,6 + 630467 — 6864g"”
@ 64 x 64 matrix;
@ symmetric: LK = [Kl | = {MO‘V};

@ 4-dimensional zero proper subspace: L,ﬁ“’gﬁl’ =0;

e — rank 60.
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