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1. INTRO TO UNFOLDING ; VASILIEV’S EQUNS

Weyl’s Gauge Principle : HS theories contain gravity. ∞-dim

gauge algebra ;

Vasiliev’s unfolding : A geometric, Cartan-like approach to

field theory ;

AdS/CFT dualities for Vasiliev’s theory : AdS4/CFT3

[Sezgin-Sundell, Klebanov-Polyakov] and AdS3/CFT2

[Gaberdiel-Gopakumar]. Relations with statistical physics,

non-commutative field theory, strings.
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The gauge principle [H. Weyl, 1929]

M. A. Vasiliev : fully nonlinear field equations for higher-spin

gauge fields in 4D [Vasiliev, 1990 – 1992] and in D space-time

dimensions [hep-th/0304049]. Salient features :

Manifest diffeomorphism invariance, no explicit d2s ;

Cartan integrability ⇒ gauge invariance under hsD ;

Two ∞-dim so(2, D − 1) modules : adjoint and

twisted-adjoint representations � master 1-form and master

zero -form. Uses unfolding in terms of FDA.
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Unfolded equations and FDA

A free (graded commutative, associative) differential algebra R is

set {Xα} of a priori independent variables, locally-defined

differential forms obeying first-order equations of motion

Rα
= dXα

+Qα
(X) = 0 , Qα

(X) =

�

n

fα
β1...βn

Xβ1 · · ·Xβn .

Nilpotency of d and integrability condition dRα
= 0 require

Qβ ∂Qα

∂Xβ
≡ 0 .

For Xα
[pα]

with pα > 0 , gauge transformation preserving Rα ≈ 0 :

δ�X
α
= d�α − �β

∂L

∂Xβ
Qα .
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The principle of unfolding [Vasiliev, 1988 –]

The concepts of spacetime, dynamics and observables are

derived from infinite-dimensional FDA’s.

Unfolded dynamics is an inclusion of local d.o.f. into field

theories described on-shell by flatness conditions on

generalized curvatures.

The local, perturbative d.o.f. are contained in the zero-forms ;

Lorentz-covariant derivative, minimal coupling.
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HSGRA’s minimal model : VERY schematically

A master 1-form A =
�

s=2,4,... A(s) where

A(s) = −i
s−1�

t=0

dxµ Aa(s−1),b(t)
µ (x)Ma1b1 . . .MatbtP at+1 . . . P as−1

;

A master zero-form Φ =
�

s=0,2,4,... Φ(s) where

Φ(s) =

∞�

k=0

1
k! Φ

a(s+k),b(s)
(x)Ma1b1 . . .MasbsP as+1 . . . P as+k

;

Vasiliev’s eqns : F +
�∞

n=1 J(n)(A,A;Φ, . . . ,Φ) = 0 ,

DxΦ+
�∞

n=2 P(n)(A;Φ, . . . ,Φ) = 0 ,

F := dxA+ A � A , DxΦ := dxΦ+ [A,Φ]π , π(P,M) = (−P,M) ,
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Some elements of Vasiliev’s 4D equations

Master fields of the minimal bosonic model :

� adjoint A = Ax + Az ,

Ax = dxM AM(x, Z;Y ) , Az = dZα Aα(x, Z;Y ) ,

and a

� twisted-adjoint zero-form Φ = Φ(x, Z;Y ) ,

where the xM
’s are commuting coordinates, while

(Y α, Zα
) = (yα, ȳα̇; zα,−z̄α̇) are non-commutative.
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Minimal bosonic higher-spin gravity :

F + Φ � J = 0 , DΦ = 0 , dJ = 0 ,

F := dA+ A � A , DΦ := dΦ+ [A,Φ]π ,

τ(A,Φ) = (−A, π(Φ)) , (A,Φ)† = (−A, π(Φ)) ,

�→ [A, J ]π = 0 = [Φ, J ]π .

[ The integrability of F +Φ � J = 0 implies that DΦ � J = 0, that is, DΦ = 0 ,

where the twisted-adjoint covariant derivative DΦ = dΦ+A � Φ− Φ � π(A) .

This constraints is integrable since

D2Φ = F �Φ−Φ � π(F ) = −Φ � J �Φ+Φ � π(Φ) � J gives zero, using the

constraint on F and 0 = [Φ, J ]π with π(J) = J .]
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�→ Integrability implies invariance under Cartan gauge

transformations

δ�A = D� , δ�Φ = −[�,Φ]π� ,

for zero-form gauge parameters �(x, Z;Y ) obeying the same

kinematic constraints as the master one-form, i.e. τ(�) = −� and

(�)† = −� .

�→ The closure of the gauge transformations reads

[δ�1 , δ�2 ] = δ�12 , �12 = [�1, �2]� ,

defining the algebra hs(4) .
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