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Motivation

Cartan gravity is based on two symmetry principles: diffeomorphisms

and local Lorentz symmetry.

The formulation in terms of exterior algebra automatically respects

diffeomorphisms.

From the very special form of HS Vasiliev equations, related to the
deformed oscillator algebra, it follows that this system respects local

Lorentz symmetry. Mmv 1992

Problem: to find the variables in which Lorentz covariance is manifest.



BRST Approach

Recently the BRST language was applied to formulate the sp(2) invari-

ance condition in the d-dimensional HS models. MV 2503.10967

We use BRST to Lorentz covariantize HS equations in AdS, within
the framework of spinor coordinates. Our approach dgeneralizes the

construction of Didenko, Misuna, MV 1712.09272

In our approach in addition to the Lorentz connection wl a new Lorentz

connection one-form w is introduced
Additional Stuckelberg shift symmetry acts on wl and on &

The gauge condition wl = 0 leads to Mmanifestly Lorentz covariant
formulation of the theory while & = 0 leads to usual formulation of the
HS theory



Nonlinear HS Equations

dW +W s W =004 + inB x~v + inB % 5
dB+ [W,B]« =0 Vasiliev 1992

Central elements v = kx0%0,,, v = E,Z;édéd : A = dzA
W(Z,Y; K|z) = Wi(Z,Y; K|z)dz™ 4+ SA(Z,Y; K|z)64
n, n -free parameters , Space-time indices m,n take 4 values, (AB) = (a8) U (apB)

Mutually commutative Klein operators k, k, k, k
k= expizqay®, K=expiz;y®, k*xf(y,y)=f(—y,y)*Kr, Kixk=Kxk=1
ky® = —y“k, kO = —0%k, kk = kk = 1
HS star product
(fxg)(Z,Y) = /deTf(Z 4S8 Y +Ng(Z~T,Y +T)exp —iS, T4

[YAayB]* — _[ZA7 ZB]* — 27:8143



Fields of the Nonlinear System
Infinite set of spins s

one-form w IS a free of Z and 6 part of W

(YK |2) = Dws(y, 5 K |2)

Ws = ) ﬁwal...an,dl...o}mfyal CooyOny L ym
n+m=2s
zero-form C(C'iIs a free of Z part of B
C(Y; K |z) =;Cs(y,§;K | z)
= 1 oq Q0 —Qy
Cs = X mcal...an,al...amy L YyTYyTE Ly

In—m|=2s



Additional Variables
Ghosts c48 _pAB (AB) = (af) U (&)
{barn, cABYe = 64568 + 68,64
Ghosts anticommute with differentials dx and 6
Z grading 7(c) =n(dx) =n(0) =1, n(b) = —1
(W) =1, w(B) =0
HS equations are invariant under the HS gauge transformations
W = [e, W]x, 6B = [e, B]«
In addition

0B = {p, W}s, OW = ¢ * (iny + ify)



Mutually Commuting sl>,(C)-generators and
BRST Operator

] )
inner’ LYgf = —Z[YAYB , fls

)
Llef — Z[ZAZB f]*

Lapf = %( AgeB T BagA) d

LY | = —{CA bes +cs“boa, f]
1
'outer’  [Tap,Tpclx = E(GADTBC’ + eacTBp + €BpTac + €BcTAD)

[Tot — 1Y + LZ + LY + [,ghost + T
BRST operator Q=cB(Tup+ LY+ LYp) — 53¢ pcPPoap

Q*=0



Lorentz Covariant HS Equations
Additional one-form &45(z)L1% and two-form UAB(x)
Decomposition W =: d, + W + Q + &4B(2) L% + JUAB(2)bap
W' is free of terms like GAB(2)byp, GAB(2)Tap, GAB(2)c“PTap

~ T—term must be zero = Substitution W into HS equations implies

LCHS equations:

UAB—I—dg;CDAB—FAA ~BC __ —0

d.UAB + 25,4UPB = 0

DIW + W s W + (W', QY + %UABYAYB + %{UABbAB W+
+ 00 ANOY(1 +nB x k) + 0, ANOY(1 + 7B xkk) =0

DB+ [UAPbap + W 4+ Q, Bl =0

where DIf :=d.f 4+ oAB{LL%, fl..



Gauge Symmetries

e = ¢ + £4B(2)byp, ¢ is free of terms like f48(z)bsp. Hence LCHS

equations are invariant under the following gauge transformations
5oAB = ¢AB SUAB = _(deAB -I- 25 ,A¢PBY |
SW = g (iny + i) + ¢AP (YAYB + S {ban W) +
+e, do +PLEE + W +Q + UABbAB}
5B = [ + €' B@)bap, B], + (o, de + 0 PLEG + W + Q4+ S0 by}

The following gauge transformations

OWAB = §AB SUAP = —dpe4P — ofiePP — apehA

W' = B (YVaYp 4+ {bap,W'}), B ="P(@)bap, B

form a Stuckelberg symmetry, allowing to gauge away either @ or wl



Vacuum Solution

Bp=0, W, = Wo + So, Wo = w(Y; K|z), So = ZA01+Q,

{Qa HAZA}* — Oa SO * SO — iQAHAa [HAZA ) ]* — _QidZ7 dZ = GA((?ZLA

- DEw + w * w—l—%UoAB(at)YAYB = 0.

Let w be free from the Lorentz connection.

To find appropriate Uy we set to zero bilinear in y or in y parts of wx*xw

82<w*w) i 82(w*w> i
ayrayn v=i=0 TRl =0 —itg =m0t 5l0ap =0 =
For w = —4AhPy,g;  one has U = A2 hoehf, Ug®B = \2 pép, B,

Equations on wgy acquire the form
dz@3” 4+ B0y 2% + N2h¥RP, =0, de@5” + 20520077 4+ A2hheP = 0.

Hence g is the vacuum Lorentz connection.



First-order Fluctuations
W=w+Sg4+W1+51,U=Ug+U;, o =0ug+ w1, B=C(z,Y)

(—2idy +Q)S1+ inC xv+inC x5 =20, ~v = kexpizay®0%0,
—2id;S"+inCxvy+inC x5 =0

S'(z,Y,Z) the solution of mv 1992

= Using Didenko, Misuna, MV 1712.09272 S =58 +5"
ghost-dependent S” = Sl/ﬁ P 4 Sgﬁ-c‘w, Sﬁﬁ = 2za S/ﬁ’ SgB =z, S,B

= Wi(z,Y,Z) the solution of Mmv 1992

Dhw+twrw=— (DLW1 + %(Uo + U1)ABYaYp + {W1,w}s + UOABS”AB> :

If w is demanded not to contain Lorentz connection =
O2R O?R

ly=g=0 + U vp =0, ——

Oyv oyt 8ya8y5

|y =y= O+ Ulaﬁ—o

R:=D'Wi 4+ {W1,wh + Up?B9" 45



Differential Homotopy

Various homotopy and shift parameters =  [dt; [dio.... 0 < ¢t' < 1
Additional coordinates ¢

Differential Homotopy is based on the removal of the integrals

Total differential d = d + dt'.2; MV 2307.09331

At every perturbation order equations to be solved:

df =g, dg=0

Functions like f and g contain 0(t*), 0(1 —¢t*), 6(¢)) ...

Q-dependent total differential d = dQ =dy + %Q -+ dti%



Ansatz for the n Deformations

fu=mn [ 1OR°dQEEDGIg()] _y,  d((dR)2E(2)) =0 MV 2307.09331

E(R) = expi(Qﬁ(yﬁ + pr) —prpf)
( J>1

Qo =720 — (1 — T)(ZZ%@%)

0
Orje

Gi(g) :=g1(r1) ... g(r))k, gi(y) =C(y) or w(y), Pjo = —1

Total differential d = dg = d2®;2; + dr i + do 2+ 4Q [(dg)2,.]=0

If only 2 and u can depend on ghosts and 7T

= dg ((dQQ)Qé’(Q)) = 0.



Lorentz Covariantization within Differential
Homotopy

' 1
(DF — 2idg)WV' + W = W' + %UABYAYB + 5{UABbAB W +
+ 100 A 0“NB x kk + i0, A 9°7B * ki £ 0
(DL — 2idg) B + [P LYL Bl + W, Bl £ 0
In this approach one has

S = —g 5(7)5(1 — 1) (dg)2E(Q)C x k + cc
T
Q¥ =r2%, Q% =7z
)

dQQO‘ = drz% + 70% — ETCVaZy =

1
S, = —77/ 0(7)0(1 — 7)7dT(2%00 + 'I:ECVQZQZV)E(Q)C *x k 4+ cc,
T

that coincides with S obtained above.



Conclusion

A BRST extension with respect to local Lorentz symmetry of the

standard 4d HS equations is proposed.

This leads to an additional Stuckelberg symmetry allowing to ex-
change the Lorentz connection wl of the original HS theory by the new

s[(2|C) gauge field @.

The gauge condition wl =0 vields the proper Lorentz covariant deriva-
tive DL with respect to & at all stages of the computations making local

Lorentz symmetry manifest.

T he advantage of the proposed scheme, compared to that of
Didenko, Misuna, MV 1712.09272, is that it applies to any homotopy solu-
tion scheme of the HS equations including the differential homotopy

approach.



