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Self-consistent equations of motion
of higher-spin gauge theories

Vasiliev 1990, 2003

1) Arbitrary space-time dimension

2) No restrictions on number of SuSy



Quantum self-consistency of

Vasiliev’s theories ?

1) UV behavior 7

2) Anomalies 7



BRST-BV approach

Is powerful method for studying

quantum properties of gauge theorie:

(renormalization, anomalies)



Plan:

Light-cone gauge vertices

(review)

BRST-BV approach

to mixed-symmetry fields (review)

BRST-BV cubic vertices of

higher-spin field fields



Massless spin-1

so(d-2) algebra vector field



Oscillators

G, of] = 5

a’|0) = 0



ket-vector of massless spin-1 field

’¢> degree-1 homogeneous polynomial

in oscillators ozl



Massive spin-1

vector field 4+ scalar field

so(d — 2)



Oscillators

[¢, ¢ =1



ket-vector of massive spin-1 field

) = ol + b

‘¢> degree-1 homogeneous polynomial

in oscillators Oél, C



ket-vector of totally symmetric
arbitrary spin massless field

|¢(O&)> — ail o Oéisgbil“'is

QS(CV) degree-s homogeneous polynomial

in oscillators Oél



ket-vector of totally symmetric
arbitrary spin massive field

|¢(O¢a C)> — ()zil o ais¢i1...is

QS(O{, C) degree-s homogeneous polynomial

in oscillators Oél, C



B(a)) = i1 Ball . ofs|0)

Oéi<;>Ui

»(U) — generating function for
arbitrary spin fields

Ginzburg, Tamm 1947



G

L= (¢|(0+ SMAEMAE — 52)[0)

m2 ~ Bs2 + K2

Ginzburg, Tamm 1947



mixed-symmetry fields

Increase number of oscillators



cubic vertices

H=mH®2 g0 1

H(S) — /¢i1...¢’i2...¢i3...vi1i2i3...

V111213... — 521@25Zn]np23pl3 _|_ L



H®) = [(¢1|(d2l(¢3][V)

V(p1,p2,p3; a1, @, a3))

= a'la2a/3. .. v112134|0)1]0)5[0)3

Problem: find

V = |V(p1,p2,p3; @1, ap,@3))



5 types of vertices

m; =0 mMmMo=0 m3z3=2~0

my 7 0 Mg =0 Mg #*0
RRM 1993

M{ =My =20 Mg = 0

My = M9 =0 Mg =0

Mi{7Z=0 Moax=0 mM3z3=0

My 7= My

RRM 2005

0-



Light-cone cubic vertices
General solution

V=V({L,Q,Z)

L = a'p’ + m¢
Q=ad+fpc

7 = (aa)ap + m(aa)



Illustrative example : vertex for

massless arbitrary spin sy, so, s3 fields

k number of derivatives



BRST-BV approach
o, ¢ — a0, b, c

6t Q))  —  |P(at, ¢, 0,b,¢))

b C ferm. ghost oscillators
9 Grassmann ferm. coordinate
b, ¢: {bct=1, {gbt=1



internal ghost nhumber operator Nmt

external ghost number operator NeXt

N'"t = 0py + be — cb

N = Nlnt _|_ Next

N|®) =0

gh(f) =1 gh(c) =1 gh(b) = —1



BRST-BV

N|P) =0
NNt ) £ 0
BRST
N|®) =0

Nt d) =0



Scalar field

BRST-BV

|P) = ¢0(X) + ‘9¢_1(X>

BV -anti-bracket

(do(x)s () = 6(z — ')

BRST



Massless spin-1

|P) = |¢) + 0[4)

BRST-BV

6) = atet +bp, + et

) = ot + by + ey,

BRST



Free BRST-BV action

So = [ d%zdf(d|Q|d)

o|P) = Q|A)



Q = 0(0—m2) + 4% + ms

pA=0/0z4, pe=0/00

SA=cad—aAc
S=c(+(c

M=cc




L=3¢80¢>+¢,06_,

—op ot —d Pt —S5Uty

1 1
L= 00y — vop by — Sty

¢Q=_pA§b0

L=505 00y +35("9)?



General setup for cubic vertices

Siegel, West, Neveu (~ 1985)

S =52+ 53

S3 = [ d1d2d3(d1[(Po|(P3][Vi23)

dr=d%,do,

V123)=V1230(z1—22)d(z2—23)]0)1|0)2]|0)3

0-



O|P) = QIN) — |[PrN\) — [AxD)

[(PxW)3)=/d1d2(P1|(WV2]|V123)

Equation for cubic vertex

QY Via3) = 0

Qtot = 23: o™

r=1



Field redefinitions

|®) — |P) + [(P|P||F123)

Vi23) — |[Vi23) + Q™Y F123)



Q™Y Via3) = 0

Vi23) 7 QY F23)

Adaptation to higher-spin fields
Buchbinder, Tsulaia, et.al. 2006



totally-symmetric fields

mixed-symmetry fields
aéa Cna 87 bTL? Cn

n=1,...,N

N — oo
Sagnotti, Tsulaia

tensionless limit of string

N < o0

Alkalaev, Grigoriev, Tipunin
O_



BRST cubic vertices
General solution

V =V(,Q,%Z)

L = a®p™ + m¢ + pye

Q =« ozA-I- : pra( + be

Z = (aa)ap™ + m(aal)
+ (aa)pge + bea ApA



5 types of vertices

m; =0 mMmMo=0 m3=0

My = Mo =20 mg#O

My mz#() Mg =0

ml#o m2#_0 Mg = 0

My 7= M2

m;7#=0 Mg27#=0 mg#*0



off-shell vertices (metric approach)

Manvelyan et al (2010)

On-shell vertices (tensionless limit of

string amplitudes)

Sagnotti, Taronna (2010)

off-shell vertices (BRST approach)

Fotopoulos, Tsulaia (2010)
O_



V=v(I@LY, L@ L3 7)

/= Q(lz)L(3) + cycl.perms.

5012 = (D@ _ 1)



