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Motivation

Gravity Super- Higher spin gauge theory (HS)
s=2 gravity s=0,1/2,1,...,00 (Vasiliev)

HS gauge theory:

Consistent theory of interacting massless fields s = 0,1/2,...00 in

AdS space-time
Current status:
Formulated at the level of equations of motion for all spins in

d = 4 Bosonic version is known in any d

String HS .
theory | unbroken phase — theory (?777)
Lack of:

Action principle, quantization.



GR SUGRA HS
black holes black holes black holes 777

Obstacles:

1. HS does not have decoupled spin-2 sector — all higher spins involved

in the equations of motion.

2. The interval ds? = guvdztdx” is not gauge invariant quantity in higher

spin algebra.
3. Considerable technical difficulties — the equations are essentially non-

local involving space-time derivatives of all orders.

Perturbative analysis available

HS O-th order 1-st order free field 2-nd order

theory vacua AdS Fronsdal equations interactions




Classical black hole properties
Ex. d =4 Kerr Solution

1. gu = nu(x) + Mhy(z) — no O(M?) terms == Einstein equations

reduce to free s = 2 Pauli-Fierz eqgs.

2. hyy = ﬁx)ku(az)ky(az) — factorized form. k#* — Kerr-Schild vector

3. BH provides Fronsdal fields ¢p;..us = 1rkpuy - - - Kus

s = 0 = Klein-Gordon [lp =0
s =1 == Maxwell Oy — 030ud™ = 0O
s = 2 == Pauli-Fierz Oy — 28,\8(”%)/\ =0

s = s = Fronsdal Oy dps — SN (1D g pis) = O



4. Kerr-Schild presentation is also valid in AdS
Gur = M (2) + —kﬂky, klk, =0, krDuky = kMDyky, =0
Just as well,

Puy...ps = ?km Ry

satisfies free massless spin-s equations (Metsaev) in AdSy

Oduy.pps = SDAD (11, s ) = —2(s = 1) (5 4+ DA%y .,

¢u1-.-us($) — Black hole massless fields

Program for HS black holes

vacuum black hole HS
AdSy massless fields ¢;...us () corrections




Unfolded formulation

e First order coordinate independent differential equations (dif-

ferential forms formalism)

e Assumes additional fields (generally infinitely many) that pa-

rameterize all on-shell derivatives of physical fields

Example: free massless scalar in Minkowski space-time [1¢p(x) = 0

unfolding — (), ©u=0up, Yuvr = 0uPv, -  Pui..pn = OuiPus...un»

Set of fields: ¢, Qu,...  Puq..pny---
Consistency condition: ¢yy...u, — symmetric

Equations of motion: ¢#,, . ., —0



To perform perturbative analysis of black holes in HS theory one has to have explicit
expressions for all AdS, derivatives of AdSs-Kerr black hole fields (vierbein, curvature).

Therefore, one needs AdS, covariant description of classical black hole to proceed.

Strategy

1. Find unfolded, AdS, covariant, coordinate free description of

a black hole (arxiv: 0801.2213, 0901.2172 [hep-th])

2. Choose AdS, black hole with its generalization for the rest of

spins as the first order solution in HS perturbative expansion

3. Calculate HS nonlinear corrections



Unfolded formulation of AdS, black hole

Let Kyp(x) = Kga(x), A= (a,&) = 1...4 be an AdS, global sym-

metry parameter

DoK 45 =0, D3=0
A1k V. .
Lorentz components — K g = Kpg = P _10‘_6
Vﬂo'z A ,{dﬁ.

4d Kerr black hole:  gmn = 7,y AdS -+ QMkMkV

2 A2 A2 1 n TN
— = + : koo = V., where V&% =a 77V,
U~ o2 2 (V-vF) ed °0 ©
and
1 K 1
7'('3:6 = E(eaﬁ + P ), K2 = Emaﬁmo‘ﬁ

S

Einstein equations satisfied for any K 45(x)



Type of a black hole (v - rean

1. KA°K~P £+ Cc5,48 — stationary (Kerr)

2. K,*K-B = Cs§ B — static (Schwarzschild) =

r2 _V2=1 : /?;d;yVﬁ;y -+ Vvdlﬁ',,yﬁ =0, 2=k

Weyl tensor — C, 4y = %/{aa/{aa, Cogay =



HS equations

e Star-product operation

Let Y4 = (ya,yy) and Z4 = (za, z5) be commuting variables.
P2 = [ f(V 45,7+ 8)g(Y +,7 - e’ —
associative algebra with
[Z4, ZBlx = —[Ya, YBlx = 2e4B, [Ya,ZBlx =0

Klein operators —

v=exp (zay®), v =-exp(Z,7%) with the following properties

vkv = vkv =1 ) U*f(ya Z) — f(_ya —Z)*’U, E*f(ga Z) — f(_ga _5)7"'z

Singular Klein operators — v =6(y) xd(z), v =96(y)*d(Z2)
6(y) xd(y) =1, &(y)* f(y,2) = f(—y,2) *x(y)

fly,z) = f(y,2)*x6(y) = /dQuf(u, z)e_“aya<— Fourier transformation



e Free equations (Z = 0)

HS linearized field strengths (twisted-adjoint module)

o
_ 1 _ 4
C(y,ylz) = ) 1%am)am)y” YT
n,m=0 """""""

ﬁoCEdC—’wo*C-I-C*’JJO:O,

where f(y,y) = f(—y,y) — twist operator

wo(y, y|lr) is an AdS4 connection

1 _ - -
wo = —g(waayo‘yo‘ + ©aa¥ YUY — 2haay?y”),  dwo — wox Awg = 0
Global symmetry — 0C' = egx C — cx€p, Doeo(y,ﬂx) = 0,
Do =d—wg

Note:

Any ¢g(y,y|r) generates solution of the twisted-adjoint module

C(y,ylz) = creq(y, ylz) * 6(y) + coeo(y, ylx) x 6(y) .



e Nonlinear HS equations (Z # 0)
w(y, ylz) — W(y,y, 2, z|z) C(y,ylz) — B(y,y, 2, z|x)

Pure gauge compensator 1-form — S(Z,Y|x) = Sadz™+ S,dz%
Introducing A=d+ W + S, HS nonlinear equations take the form

A*xNA =R(B,v,v)
Component form (bosonic eqs.) —

dW — W x AW =0, dB—W xB+B+xW =0,
dSa — [W7 SOé]* — Oa d‘ga_ [W7 ‘go'z]*: O)
Sa*xS*=2(14+B*v), S;x5*=2(14+B*d), [Sa,S:lx=0,

BxSy+SaxB=0, B*x8,+S5,+B=0,

Dynamical potentials and field strengths: W (Y, Z|$)\z=o , B(Y, Z|x)\z:o

- P~



Black holes from the free HS theory

Kaig(x) — AdS, global symmetry parameter (DgK g =0) =
Dof(KapY"Y") =0
generates solution of the twisted-adjoint module
C(y,y|lx) = Mf(KABYAYB) *0(y) <« complex solution

C(y,§|x) describes two AdS;-Kerr-Taub-NUT black holes in s = 2 sector and

HS generalization for the rest of integer spins (Didenko, Matveev, Vasiliev)

m ~ ReM , n ~ ImM

Schwarzschild case — M - real, KA\“KoP = §4P
Choose — f =exp (3K 4pYA4YP). It gives the real solution

M M

1 B ]___ I B o .
¢ =-——exp (Eﬁaéyo‘yo‘ + E%alyayo‘ — kg7 6y T — Cy(an) = 7(%&)“,
_ M M
Ca(2n) = —(Fagdl)n, Guqo.um = —kuq ...k,  — BH Fronsdal fields
r r



Solving nonlinear HS equations

Main idea: The function Fp = exp (%KABYAYB) generates invariant
subspace in the star-product algebra and provides suitable ansatz for

solving nonlinear HS equations
Properties of F}

1. Fp. x Fj., = F,, <« projector
2. DogF, =0 <« by definition
3. Generates subalgebra of the form Fi¢(a|z), where aq = Z4+K4PYp

(Frop1(alz)) x (Fpopo(alz)) = Fr(¢p1(alx) * pa(alx))
* is Fock induced associative Star—prOdUCt Operation on the space of as - oscillators

-~ 2 -~
4. Do(Fip(alz)) = Fi(d — 3dKAP 5 45 m)¢alr),  dag=0




* - properties

1. associativity — (¢1 * ¢2) * p3 = ¢1 * (P2 * ¢3)

l[aa,apls = 2e4p
2. Admits Klein operators of the form

1 1, _ 1 1o g
K = - exp (Enaaao‘ao‘) : K = ;exp (Eﬁsddaaaa)

K*K:R*I_{Zl, {K,aa}*Z{f_(,c_La}*ZO

~ 2
3. Differential — Q =d — %dKAB(%sz

Q(f(alz) * g(alr)) = Qf (alz) * g(alz) + f(a|z) * Qg(alz)

02 =0, Qa, =0, OK =0



T he Ansatz

B = MFy*6(y),
Sa = za + Froa(alz) Se = Zo + Fo4(alz)

W = wo(y, ylz) + Fr(w(a|lz) + ©(alx)), wq is the AdSs connection

HS equations reduce to " 3d massive equations”
[sa; s8]« = 2e43(1 + M - K),
QS(X — [w, Sa]* — O,

Qw —w*x Aw =0,

where so = aqn + oa(alx) - the so called deformed oscillators (Wigner).
Note: 3¢ HS equations around the vacuum By = v = const were considered by Prokushkin

and Vasiliev and were shown to provide massive field dynamics with the mass scale v



Final solution

0a=M / dtexp( kg 1 aP ﬁ) a&"zw&l_ﬁaﬁ = [Ja,aﬂ]*zo

w= N sq*xsq—aaq*aq) + fot+cec — Q% gx0q=0,
where
Qoo = %dTOﬂTfya, Taoa = I{;,M. (Qaa, aa) Sp(Q) D Sp(2) flat connection
and
M

dfO = 1—6d7'a/y A\ d'TfyaTaa



Straightforward star-product calculation leads to

a&F 1 t 1
S = za—I—MFk—/O dtexp (5rzja’a’),
[r.

S, —za—I—MFk—/ dtexp( /4, 1 a’a 5)

M 1 _ i _ G
B:TGXD (E%ﬁyo‘y _|_2 aﬁlya 5_f§a%v7dyaya)’

M
W=WO+(§deTaﬁ7r;aaaaa/ dt(l—t}exp( kg 1 a” B)—I—kao—l—cc)

T he solution is of first order in M corresponding to a very specific

gauge fixing in HS equations



Conclusion

® The new exact solution of 4d bosonic HS theory is presented. It is constructed to
correspond to Schwarzschild black hole in spin two sector and to natural general-
ization for the rest of Fronsdal fields at free level and is called HS black hole. The
HS corrections cancel each other (in a specific gauge) for this solution reducing

HS nonlinear equations to free ones.

® T he crucial element of the proposed construction is a Fock vacuum in the star—
product algebra which is available for Schwarzschild black hole. It allows us to
project 4d equations to 3d ones upon inducing the inner star—product operation.
This reduction suggests an interesting duality between AdS3 massive fields of a
mass scale v and 4d HS black hole of mass M

v = )\GM

® T he construction admits natural generalization for the Kerr and supersymmetric

cases as well as for higher dimensions (black rings?7?)



