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MacDowell-Mansouri action

3
Sum = —~ | FYAFKE 1
MM 4GA/M €IJKL (1)
It is possible to show that Sy, is equivalent to Palatini action.

1 . . A .
Spa = Yel /M(el Ael A RF— ge’ Ael Aef A el)eijkl (2)
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1

S = BIJ/\F]J — —BIJ/\B]J — *EIJKLM’UM/\BIJ/\BKL .
M4 2 2

(3)

where I,J =0...4.

where a ~ 10710
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BF action. Motivation

The construction base on two term. One is a topological term which
generates the topological vacuum and second term are breaking
symmetry down to Lorentz symmetry.

This kind of construction has 3 adventiges:

@ The Lagrangian is quadratic in fields, where the Palatini formalism
is trilinear.

@ The presented modification will introduce Immirzi parameter.

© It allows for introducing dynamical degrees of freedom as a
perturbation around topological vacuum.
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BF action conti.

- B o y

S: 4BZ‘7 /\FZJ - 7B” /\BU - 767;]']6[/\3” /\Bkl (4)
M

where i,j,---=0...3.

Note that o # . If « = g then it leads to self—dual gravity. The physical
meaning of constatnts is:

A GA GA v
) Q=g B=gm— (5)
e 3 3(1-192) 3(1-192)
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BF action conti.

Q 15} 1
= 2 _ Bw) - P = NY
S SH+A+/M4(4(042—ﬁ2) (w) 2(a? — 3?) (w) +ﬁ (w,€))
(6)
where
1 o kA Nk 2 i
SH—}-A:_éeijkl(R Ne" Ne — 3¢ Nel Ne Ae)_aR Ne; N e;
(7)

and E(w)is Euler P(w) is Pontryagin NY (w,e) in Nieh-Yan
invariants.
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Conformal algebra

D, Ki] = iKi, (8)
[D, P;] = —iP; (9)
[Ki, Pj] = —=2i(ni;D — Mij) (10)
[(Mij, K] = =i(mwilCs — mieiKs) (11)
[Mij, Pr] = —i(meiPj — miPi) (12)
[Mij, M| = —i(nieMii + nMag — npMa — M) (13)
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Initial action

1

S = BIJ/\F[J — EBIJ/\B[J — *EIJKLMN'UMN/\BIJ/\BKL .
M4 2 2

(14)

where I,J =0...5.

ol

where o ~ 107120
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Initial action conti.

1 g 1 . ,
S :/ i(Mijkl)ilF” A + *(FZ4 N Fiq — F® N Fis — 5 /\F45)
M4

B
(15)
where M;; " = (80, + Seiy )
ij g Lo gL
F Mz’j:(R —ﬁfl/\fl‘f‘ﬁfz/\fg)Mij (16)
1 1 .
F¥D = (ngb — ﬁff A fa5)D (17)
, 1 1 ,
F"Ry; = (ZDWH @O f3) R (18)
, 1 1 .
FU Ry = (ZDng — FM ) Ro; . (19)

Michat Szczachor (CIfTR) Conformal BF theory September 12, 2019 9/22



substitution...

B 1 « I5;
5= /M44(a2+62<

FRINFEA S AR A A (20)

. 2
Sijk — €ijra)) (R A RF — £—2R” AIEAF
E

) . 2 )
+ﬁﬁAﬁAﬁAﬁ—ﬁﬁAﬁAﬁAﬁ)

(A6 N6~ 2db N F{A For — g fi A Foi A ST o)

e
/8162 (D“fi A D fri — ngff NN fai)
562 (D¥ fs A D¥ fo; — %D“f2 NP N fri) . (21)
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The field equations are

2

50 (DS N foa = DI A fra— U A ) =0 (22)
S+ 815 D (a4 o Ner) = D (peabeaf N+ 2 fo i)

3)

u 21(; Cased D (5 N J5) + 5 anaD (5 A S (24

- VfGD (an/\be)+TD (fia A fib) (25)

+ 3 M o N = 5 Fa A i N6 = 0. (26)
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Changing algebra basie

At that point it is more convenient to use a conformal groups

isomorphism and to change the algebra base. Notice that by such
treatment the vector field transform as follows

fi= 5 =Y @)
Fi= 5+ 1Y) (29)

GeijklRij AeR A fl

Memkle AfIneEAfl=0. (29)
w 1 c d 1 w 1 c d 1

D (Eﬁabcde Ne” + aea A eb) =D (ifabcdf A f + ;fa A fb) . (30)
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1 y
—eijuRI N ef A f! Gwa Aei A f

26
Aed A FEA F
4£2G€”kl€ c
— L 5u(6)+ 25Cule, £,6) + = Eafw) (31)
B2t ﬂ€3 PTehmin
fye v +1
—P, 2 NY,
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—eijuRI N ef A f! Gwa Aei A f

e
4£2G€Ukl€ N /\fk /\fl
1 2
5751 () + Z5Csle £.6) + 15 Fr(w) 32)
0? A
gGPz;( )+2772 NYy(e, f)
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Topological invariants

Ey(w) = PR x R (33)
P4(w) = EuyaﬁRuyinaﬁ i (34)
NYie, ) = 3NYile = 1) = 30,0 (e = ), Dale — f)ar] - (36)

S4(¢) = d(é A do) (36)
Cale, f,¢) = d(f* Nea N ) (37)
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Topological invariants

In CS notation:
E4 (w) = eul/ocﬁleij * Raﬁ i (38)
Py(w) = e“”aﬁRWjRaﬁ g (39)
1 1
NYi(e, ) = 5NYa(e = f) = 50, (e = f)u " Dale = )pr]  (40)

Sa(¢) = d(¢ Ndo) , (41)
04(67 f7 (b) = d(fa AYCPAN ¢) (42)
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Topological invariants in CS notation

Ey(w) = 32id(C( tw) + C( ~w)) (43)
Py(w) = 16d(C( Tw) + C( ~w)) (44)
NYie, f) = 5dCle — f) (45)
S4(¢) = dC(o) (46)
Cule, f,0) =d(—6R* Neg Ap+ RA@). (47)
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Constraints and distingues frame field

If one distinguishes ¢” as a field associated with translation generator,
the solution of is'

fi = —6R}, + Rej, . (48)
The above assumption can be justify if the constraint?
DY) =0< D¥(f°)=0 (49)

has been added. Then, indeed w becomes to be a spin connection
field e.i. w = w(e, ¢).

M. Kaku, P. K. Townsend and P. van Nieuwenhuizen, Phys. Rev. D 17 (1978) 3179.
2P, K. Townsend and P. van Nieuwenhuizen, Phys. Rev. D 191979) 3166.
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Ation as a function of 'graviton’

L=-— %const e (R RM — %RQ) + [Holst
1 1 02
= 5519 + 50l 0) + (o Faw) (50)
2 241
+ ;—GP4(0J) + 2776, NYi(e).
where
LAkt (4, e) = Gl"yRij NesNf; = 2?;}/5(*}2) ANR. (51)
(52)
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Topological terms conti.

1 1
L =— Econst e- (RMVIOUR,LLI/pO' o QRMVR;W + *RQ) + LHolst
L const e GBuw,e) — —=54(9) + —Cile,w, )
4Gcons e 1(w, e B 4 663 e,w
0 02 v +1
+EE4( w) + 2GP(w)-|—2 G NY,(e,w). (53)

The Gauss-Bonet term

GB4 (U), e) = _(RMVPO'R#VPO_ - 4RMVR,LLZI + Rz) (54)
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Weyl action

1
L= —Econst - LWeut o pHelst 4 “topological terms” . (55)

where

1
I (GO A — TR IS o = DRI e B e

3
(56)
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Thank you for your attention!

email: ms@capstone-itr.eu
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