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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 dp — 0\Oud™ = 0
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 AdS4 derivatives of AdSs-Kerr black hole fields (vierbein, curvature).

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

Strategy

1. Find in pure AdS, space-time objects relevant to black hole

such as Kerr-Schild vectors and blocks of BH curvature

2. Find appropriate deformation of AdS, equations that leads to
BH

3. Find integrating flow with respect to deformation parameters
mapping one system to another. Try to integrate flow equa-
tions with AdS, initial data



Cartan formalism

Instead of g, — Lorentz connection 1-form £2;,, = 24 ,dx* and vier-

bein 1-form hq = hqudz*, a,b=1,...,4
Ry = d2,p + Q¢ A Q2 Riemann 2-form

Ra = dha + QP Ahy =0 torsion 2-form

guv = ha by ,n™

Two-component spinor notation
Ve Ve 4 &4=1,2., indicies raised and lowered with €08 = —€Ba
Fop = —Fyq — (Faa; Faa), C?,?Cd(Weyl tensor) — (Cy(a) Ci(a))

Ra (Ricci) — Puaaa



AdSs, space-time (A)

ds? = —du? — dv? + dz? + dy? + dz2, —u? — 222y 22 =\

Isometries: 0(3,2) = 10 Killing vectors. Let V¢ be an AdS, Killing

vector:
Do Vy + DpVa =0, Kabp = DaVy = —Kpq
(Ricci identity: D,DyV. = R%,,.Vy)

DVa = kgph?, Drkg, = A2(Vahy — Vyhe) — unfolded equations

A+ QLN Qe = Azha/\hb, dha—|—§2ab/\hb = 0 «—— consistency, AdSy



Spinor form for AdS, equations:

1 1
—h,yo'élfvoz + 5

DVys = >

Dliaa — Azhoﬂvm, Dl_idd — )\thdvfyd .

Properties of the system (A)

1. AdS, covariant form

AN lkag Vo, Qug  —Ah
Kap=Kpa = o , Qup=pa= ( _ b ) =
( Vﬂdc )\ K“dB _Ahﬂdc Qdﬂ
DaKan =0 D2~ R = dQ +1s2 CAQAr=0
oONnAB — Y, 0O~ {0AB — AB > A cCB — VY.

Kip — AdS, global symmetry parameter



2. The existence of source-free Maxwell tensor

Faa — _)\_2G3KQ¢O¢ , FOéOé — _>\ 2G3,{OéOé ,
where
A2 _ A2 _
G = :(—F2)1/4, G = :(—F2)1/4
— K2 —R2

Faa and F o, satisfy source free Maxwell equations and Bianchi identities

nyo'éFoz7 — O, Doz"yFo'sz = 0.
AdS, Unfolded equations in terms of Maxwell field take the form:

1

DV —2ph nya—l_ pha Fafy,

3 - _
DFogq = _%hﬁWVB#F(ﬁﬁFaa) 3 DFyo = _E—hﬂYBV’YﬁF(ﬂﬁ aq)

with

p=—N°G 3, p= NG 3.



3. Two first integrals

A2 /1 1
_ 12
L=V ——<—2+—2)7

I, =

C _ 1 1 A2 /1 1\2
2
Gaga" "V FaaFis -V (Gt ga) + 5 (G2 )

dl1 =0
related to two AdS, invariants (Casimir operators)

1 1
Co =Ky pKAB =1, Cyp = ZTrK‘L =17 4+ \°I,



4. The existence of Kerr-Schild vectors

Introduce projectors

1 1 _ 1 1 _
+ _ = . .
The projectors allow one to build light-light vectors for any given
vector V.,
. + — nt8Fts - — n-8A-8v..
real: o = NMAPATPVs, €L, = NG NPV,
complex: ¢1- =ndAA-~A 56 et = Hgﬁﬁgﬁvﬁﬁ-
Eaal™™ =

k:% s n:%v_k
Kerr-Schild vectors: fj_ (V+V2) R _I__w (V;V ) o

lozo'z — (V-I-—V—-I—)Vozd ) lozd — (V-I-—V—-I—)Vozd




Kerr-Schild relations

_ +—- ;—+
€I, o — (kada N lozd ’lad )
ac __ 1 ao __
€Il,aa€I, — 0, Eel,adv =1,

e}"é‘DadeIﬁﬂ- =0 (no summation over I)
Towards black hole
1. Black hole Weyl tensor is of D-Petrov type i.e., C, ) ~ FaadFaa
2. Has at least two Killing vectors

3. Metric admits Kerr-Schild vector



Deformation of AdS, — black hole unfolded
system (B)

(Keep the same form of the unfolded equations)

1 1_. - =
DVas = 5:0 h” 3, Frya + 5;0 hoﬂfo'm'/ ;
DFaa = ——hVO. T,y F
Qo 2G v (BB aa)
DF: . — _thBV 5]? T
ao oG Y (BB a)

Unlike the AdS; case with p = —)\?G—3 we assume p to be arbitrary p = p(G,G)
Bianchi identities: D2 ~ R, DR =0
fix p(G,G) uniquely in the form
p(G,G) = M - 2G> —qG



Curvature 2-form is given by

A2 3(M —-qQ)
Roo = > Hpo—
aq > aq 4G

Hﬁﬁf(ﬁﬁfaa)+% ﬁﬁﬁﬁgﬁfaa, Hqoo = had/\had
AdSs-Kerr-Newman-Taub-NUT black hole (rotated, EM and NUT-charged)

M=ReM — black hole mass
N=ImM- NUT charge

q = e® + g2 — sum of squared electric and magnetic charges

Properties of the system (B)

1. Two integrals of motion

71 = V? — MG — MG —

1 o _ M M 1 1 A2 /1 1 3)\2
To = ——yreprr F.-2(—4+)-T1 =4+ =) - _
> G353 (g t g) ' ( + ) ( T )




2. Faay Fyo form source free Maxwell tensor

Daﬁfo'ﬂ — O, Dvdfom =0

3. admits two real and two complex Kerr-Schild vectors

[ ] — 2 - p— 2 +
real: £k, ;= (V"I'V_)Vad’ Naa = (V"‘V_)Vad
Co—+ 2 —t +- _ 2 +-
complex: [ T = (V+—V—+)VO‘O" , I = (V+—V_+)Vad

Systems (A) and (B) are algebraically similar in many respects
and coincide at M = q = 0 describing empty AdS, space-time =
map to M,q #0777



Integrating flow (A)<(B)

Let the deformation parameters x = (M, M,q) run = one has corre-

sponding flows %. Applying the integrability conditions to (B):
d —]=[—,—] =0
5] = 55l =
Example:
4 .
a/\/lvozd — Z ¢Iél,ad7 a/\/lhozoz — Z ¢prer aae[ Igﬁhﬁﬁa 8)(»7'—0404 =0,
I=1 2 =1
where
G+ G G+ G
¢1 = ai(r), o = 4 as(r),
G—-g G—-g
¢$3 = 1 B1(y) , b4 = 1 B2(y)
and
1
r=Re_, y=Im_, oa1tax=p+p5k=1



Integration

Kerr-Schild vectors:

R A2 A\
kaa — kozoz (E) ) ac — Naa (A—T) ’
B B
Z\_:l_l__ ﬂ ° A_._I_:__I_ ﬂ 1
oo ax Ay ? oo ax Ay !
where
A 2,122 1 L2
Ay = 2Mr 4+ r<(X“r —|—1'1)—|—§(—q—|—5
_ 1 T
Ay = 2Ny + y*(\%y* - T1) + Sa+72),
and
A’I“,y — A?“,y ./\/l,m,qz ’ e[,ad — é\I,OéOé‘M7m,q:O )



Black hole metrics

« General case (carter-Plebanski)
deformation parameters: M — black hole mass, N — NUT charge,
q — EM charges
first integrals parameters: ¢ — Carter constant, a — angular mo-
mentum

2Mr — 2 2N 2
052 = ds3 + 2~ V2 () (K + ax(r)N)? — 2T Y205 (14 4 Ba(y) L )2
ety T+ Yy
Faon (M as(r) Y My — q/2)dr? — 481 (1) () -T2 (2N + q/2) dy?
1 2 = - - 1 2 = ’
JANWANS AyA,y
where

K =kpdz", N =nudet, LT~ =10f"dat, L T =1Tdat

and kinematical parameters €,a are expressed via AdS, Casimir in-

variants

e=Ch, 4X°a’=0Cy—C3



e Kerr-Newman case (rotated and charged black hole)

B
y22 kykydotdz” .

2Mr
2 2
ds® = dsj + 2

Cor =1+ \2a?, Cq = C5 + 4X%a°.

o« Reissner-Nordstrom (static charged black hole)

Ca=C5#0, (K KcP ~5,5)



Conclusion

e It is shown that a wide class of black hole metrics (Carter-Plebanski) admits simple
unfolded description in terms of Killing and source-free Maxwell fields. The system
is obtained as a parametric deformation of AdSs global symmetry equation. Two
deformation parameters M € C and q € R are associated with black hole mass
M=Re M, NUT charge N=Im M and electro-magnetic charges q = e?>+g~?. Black
hole kinematic characteristics related to the angular momentum a and the Carter
parameter € are expressed via two first integrals of the unfolded system

e Type of a black hole whether it is rotated or static is defined by the values of
AdS, invariants (Casimir operators). In particular static black hole is defined by

Cy = C5

e [ he proposed formulation gives rise to a coordinate independent description of
the black hole metric in AdSs

e Black hole Fronsdal fields result as a simple consequence in the unfolded system



