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Higher Spin Gauge T heories

Elementary particles are characterized by mass m and spins=0,1/2,1,....
Dirac (1936)

All elementary particles discovered so far are of only two types
s =1 : photons, gluons, W, Z
s=1/2: e,v,u,u,d...

Main goal of LHC is to discover a still hypothetical spin O particle:

Higgs boson

Spin two graviton and spin 3/2 gravitino still have not been directly

observed

The problem (at the moment, mostly theoretical): what about higher

sSpins s > 2,



Higher spins are higher tensors:

An 3 gnm o o o
e m #* 0 symmetric fields of any spin: Singh-Hagen (1974)
° m = 0 symmetric fields of any spin: Fronsdal (1978)
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Gauge transformation:

_ m —

Higher-spin symmetries: far going extension of SUSY

Higher-spin gauge theories far going extension of supergravity



String

String Field Theory:

Massive fields of all symmetry types

Mg Nsg
W) = Zwml---mslvnl---nsz’ ,._ain% .. a_llaTQ .. a_22 ... |0)
QV) = 0 equations + constraints
oY) = Qle) gauge symmetries: true4-Stueckelberg

Mass scale m? ~ 1/d/
Tensionless limit o — oo : All fields become massless

High-energy symmetries?!

A HS symmetric String Theory = HS gauge theory



Unfolded Dynamics

First-order form of differential equations

§'(t) = ' (q(t)) initial values: ¢*(¢p)

Unfolded dynamics: multidimensional covariant generalization

o .
ot — d, q'(t) = WHz) =dz"t AL A dxnpwﬁl...np(x)

a set of differential forms



Unfolded equations

dW(z) = G*(W(z)), d = dx"0n,

GY(W) : function of “supercoordinates” W< Covariant first-order
differential equations

d > 1: Nontrivial compatibility conditions

OG(W)
GP(W) A =0

equivalent to the generalized Jacobi identities

Any solution to generalized Jacobi identities:

FDA (Sullivan (1968); R.D’Auria and P.Fre (1982))



Properties

e General applicability
e Manifest (HS) gauge invariance
e General coordinate invariance
e Interactions: nonlinear deformation of G*(W)
e Independence of ambient space-time
Geometry is encoded by G*(W)
e Lie algebra cohomology interpretation: «_ cohomology

e Covariant twistor transform



Achievments
Higher-spin field interactions for symmetric fields

Free fields of general type

Open problems
Spontaneous breaking of higher spin symmetries
Nonlinear theories of general (mixed symmetry) fields
Higher-spin interpretation of String Theory

Higher-spin theory of fundamental interactions
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