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ABSTRACT

Based on the results presented in previous work [1, 2| two types of Inoni-
Wigner contraction [3] is presented. After going to gravitational limits [4] the same
Lagrangian is obtained in both cases i.e. Holst action with cosmological constant.
This simplification dose not requite additional constrains to obtain torsionless
condition. One of the contracted algebra is extended by dilation generator, and
because of this the final solution is invariant under conformal resacling.

1. Introduction

In the previous work [1, 2| we presented the constructions of MacDowell-
Mansouri theory in BF formulation (A similar approch has been also pre-
sented e.g. in [4, 5]). We obtained the action which can be interpreted as an
action of two Lorentzian co-frame one-forms. As a solution of equation of
motion one could obtain the linear relation between two of them. Based of
this one soldering form can be distinguished. Another consequence of field
equation is that field associated with dilation generator is identically equal
zero, thus it can be set to zero. The torsion does not vanish by field equa-
tion, therefore the additional constrain is required as discussed in [6]. After
preceding the above steps you can stay with metric dependent Weyl action
with Holst extension and the set of boundary terms |7, 8|. The final theory
is invariant under conformal rescaling of the metric. The aim of this short
paper is to check if the In6ni-Wigner contraction lead to the proper grav-
ity action, as it has been done originally i.e the theory constructed based
on contraction of anti de-Sitter symmetry so(3,2) algebra to the Poincaré
algebra. The result which can be expected is a gravity action, which can
be invariant under rescaling. This is also the behavior of the final theory
presented in [1, 9]. More over all terms containing scalar field disappear
from theory because of contraction of algebra. Also the torsionless condi-
tion dose not have to be added as a separate constrain but it comes directly
as solution of equation of motion. Just for simplicity the gravitation limit
has been chosen as the simplest one i.e. It was assumed that two co-frame
one-forms are equal.
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2. Construction of the conformal action

The construction of conformal invariant action starts from choosing so(4, 2)
as a group of symmetry. It is well know that this Lie algebra is isomorphic
to the conformal symmetry group Conf(R>!) of the Minkowski space-time
R3! by the relation [10, 11]:

Jij = Mij, Jus =D, (1)
1 1
Jij=5Pi=Ky)  Jsi= 5P+ K)) (2)
The so(4,2) algebra is described by the following commutation relations:

i, Jxkr) = —i(nixJsn + nyrdik — nuxJrn — nindik) (3)

where I,J = 0,...,5 and n7; denotes a pseudo-Euclidean metric of the
signature (—, +,+, 4+, +, —). In matrix representation it can written as

( M ) —5(Pi — Ki) —3(P + K;)
Jry =

( %(P,; -Ki) ) 0 -D

( 3(Pi+Ki) ) D 0

(4)

The choise of Anti de-Sitter algebra allows to use MacDowell-Mansouri
mechanism [12] as it was done before by several authors. The mechanism
is based on a gauge field with so(4,2) gauge symmetry, which is intended
to be broken down to Loretnz symmetry.

As a starting point one can construct a physical viable gauge connection
field

1 .. 1 . 1 . 1
A=AV, = §w”Jij + foJM + ZféJsi—F Z¢J45’ (5)

where 7,7 = 0...3. Pulling-back this form to a four-dimensional space-
time manifold M?, one should notice that fi, fi can be interpreted as
two Lorentzian co-frame one-forms. Additionally ¢ has interpretation as
Lorentzian scalar one-form.

In the presented construction it is useful to rescale the generators by
A, Kk l.e. const. complex number

Jij = M;j, Jyi = (A — k) Ry, Jsi = (A + k) Rai, Jys = kD,
(6)

then the connection (5) becomes

1 .. 1 . 1 . 1
A=AYJr = WM+ ————— iRy + ————fiRo; + —¢D.
JIJ QW ]+£()\_H)flRl +€(>\—|—H})f2R2 +€/€¢ (7)
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The action is a MacDowell-Mansouri action [12, 13, 14, 15| on a 4-dimen-
sional manifold M* in formulation of the BF theory [16, 17], and it takes
the form

1
S = BIJ/\F[J—gB]J/\B[J—iUMNGIJKLMNBIJ/\BKL, (8)
M4

where I,J = 0...5; F = F!JJ;; is a curvature two-form for A (c.f. (5))
and the two-forms By are the components of a Lie algebra valued two-

form B = B!’ J;;. To break symmetry one can assume the components of
a scalar-valued matrix U = UMY Jy;n in the form:

0 -+ --- 0
MN _ D
: '(;é %
0 - -2 0

where « is a real, positive number. o '
The field equations for the auxiliary fields B¥, B*, B® and B* can be
solved and put back to the action

1
B

where Z;; kl — (B0i; kl 4 S€ij k). One can note that at acion (9) the Immirzi
parameter [18, 19] has been introduced and it has sense as far as Immirzi
parameter 72 # —1. At this approach parameters a, 3,4, are related to

physical (gravitational and cosmological) constants by the following rela-
tions [16, 17|

1 L ) )
S = / §(Zijkl)—lFW ANFM 4 Z(FANFyy — FB AN Fys — F¥ A Fys) (9)
M4

A A A
5=—3 G _GA (10)

, a=—:", = .
3(1+92) v 3(1+92)
Straightforward calculation can show that a ~ 107120,
Using algebraic connection field (7) it is possible to calculate the curva-
ture tensor explicitly in analogues to[9, 20|

ij ij 1 i 1 i i
FJMz'j:(R]—mfl/\fermfz/\fg)Mij (11)
1 1 ;
idp 1 Wi N\ o
FURu = (g D0~ @ ) P (13)
id 1 Wi 1 N\
F B (E()wl—/-a)D f2 m(A—m)“fl)RQ’ (14)
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where two-form R;; is a space-time curvature of the corresponding Rie-
mann-Cartan connection (see e.g. [13, 14, 15]). After substituting these
curvature tensors into the action (9) one can obtain

1 o B ij ki 2 i e R
S = (m(a&jkz - €ijkl)) (RJ AR™ — mfl AN [ /\fz)

M4Z
2 RIAFEAS
TBEO—r)p? Ji AL+

1 S IO 1 i i oa gk oa gl
mﬁ/\ffAﬁ Afl'ﬁ‘mfz/\fg/\fz A f2
1,1 2 1

- @(?Chf’/\d(ﬁ— md¢/\f1i/\f2i— mff/\fzi/\ff /\f2j)

w pt w L 2 w pt .
DESiAD fri = ey P FINGNA fai)

D BN D* o= oz s DO A 61 i) (15)

2 i k !
62()\+K))2R /\f2/\f2

+

b
B0 —
_ ;(
BEO )2

Similar form of the action has already appeared in [9, 20|. Some algebraic
calculation can separate the boundary terms (i.a. Euler, Pontryagin and
Nieh-Yan) form the action

S = 4E4+P4+NY4(f1)—NY4(f2)
M
€ijkl ij A £k oA fl €ijkl in I A fRoA fl
+2G()\—|—/<a)2R A f3 /\f2+4£2G()\+/<;)4f2/\f2 N I3 A fa

__ Gkl pij A phoa ply CURL pi g koA gl
2G()\—/€)2R /\fl/\f1+4£2G()\—/i)4f1/\f1/\f1/\fl
€ijkl % j k l
_QGEQ(A;—KJz)Zfl/\ff/\fZ/\fQ
1
TGrnT— o)

foAff A fai N f25

+spoE A A A

+G’Y()\1+/€)2Rij A foi N faj — MR” A fri A fi

F o DA B N0 = s DU A A
—Béﬁquﬁ/\mjtwwdmﬁwm. (16)

At that point it is more convenient to use a conformal groups isomorphism
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and to change the basis in the algebra by the following transformation:

(A—H)fl_)\e /ﬂ',f (17)

One has to note that in conformal algebra some rescaling is made. It will
turn out later that at gravitational limit this rescaling makes sens.

This choice of rescaling can be equivalent with taking rescaling of con-
formal algebra generators:

D— kD, P—A\P, K- kK (19)

A Lagrangian for the action (16) reads now as

S = E4+P4+NY4(€>f)
A
G2€2€ N A fi N fi— /3546 N NSNS
+G—Rij/\ewfj
+/87D“’( e NN
M? 2d¢/\d¢+B€3 2d¢/\e A fi. (20)

one can notices that the equation (20) has been already obtained within a
bigravity approach, as presented in [21]. Since the co-frame ¢’ is associated
with the Poincaré translation generators (soldering form), the solution of
equation of motion shows the linear realtion between fields e’ and f* [9] i.e.

f; = —GRL + Rei = .7-"(@(3:))6;. (21)
Equation (21) describe a special choice of gravitational limits i.e. f! =

F(z)e!, where F is some function of space-time. ! It is also possible to
make a simpler choice of function F i.e. F(z) = 1 [4], and take limit Kk — oo

!Some rescaling of field f; = —3RL + %Re,ﬂ can give some impression that r.h.s. of
this eq. is similar to r.h.s of Ricci flow equation.
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the action (20) reads

5:/ Ei+ P+ NY;

261jkl €ijkl

de .
ZURRI AR Ae —|—£2Ge Aed Aef A e
+G7’)/R Ne;Nej.

The equation of motion are standard Einstein equation and torsionless equa-
tion. The following gravity limit as well as limit of Kk — oo leads to two
modification of conformal algebra for A = 1

[D,Pi] =0, (22)
[Pi, PJ] = —QiﬁijD, (23)
[(Mij, Px] = —i(mkiPj — i Pi) (24)
[Mij, M) = —i(niaMji + njpMa — njpMa — naMji) (25)

[D,Pi] =0, (26)
[Pi, Ps] =0, (27)
[Mij, P] = —i(mkiPj — i Pi) (28)
[(Mij, M) = —i(miaMji + njpMa, — njpMa — naMiy) . (29)

Algebra (26-29) is a Poincaré algebra as algebra (22-25) is Poincaré algebra
extended by generator D. Some one can note that Lagrangian dose not
depend on A any more, therefore it both cases Lagrangian is invariant under
symmetries induced from both chose of algebras. Especially in case A = 1
it is invariant under symmetry generated by D.

3. Summary

The construction from [1] has been taken as starting point. But then the
two types of very simple contractions has been presented on algebra level
as well as action level. The obtained theory has a form of gravity with two
co-frame feild without interaction term between them. Then gravitational
limit has been proposed i.e. to make this two co-frame equal. The final
theory is exactly the same action as obtained in [16, 17] i.e. Holst action
with cosmological constant and boundary term [7, 8]. The main difference
is that one of contraction contains trivial extension by dilation generator.
Gauge symmetry base on it is conserved.
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