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Motivation

Gravity N Super- N 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,...c
iIn AdS space-time. It is formulated at the level of equations of

motion for all spins.

String HS
theory — unbroken phase — theory 777
GR SUGRA HS

— —

black holes black holes black holes 777




Unfolded formulation

e First order coordinate-free differential equations (differential

forms formalism).

e Additional fields (infinitely many, in general) parameterize all

on-shell derivatives of physical fields.

Example: free massless scalar in Minkowski space-time  [¢(xz) = 0
Unfolding: ¢, ¢, =0ud, ...,  Dui...un = Oui1Puo...un
Set of fields: o, Dy - - - Duq...un
Consistency condition: symmetric ¢4q...u,

Equations of motion: ¢, . . —0



Strategy

1. Write the unfolded equations for AdS, space-time and find

objects relevant to black hole such as Kerr-Schild vectors

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

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



Classical black hole properties

d = 4 Kerr solution in Minkowski space

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

reduce to free s = 2 Pauli-Fierz egs.
O — Oudag™y — 8u0x™ = 0 (pu!* = 0)
2. Kerr-Schild form: ¢, = ﬁx)ku(:c)k,,(:c), kF — Kerr-Schild vector

3. BH provides Fronsdal fields ¢u;..us = 7rkpus - - - Kus

s = 0 = Klein-Gordon [¢$ =0

s = 1= Maxwell Oy — 0\0up™ = 0
s =2= Pauli-Fierz  O¢puw — 20,9(,¢,) =0
s = s = Fronsdal Oy s — 500y 8 1y i) = O

4. Kerr-Schild presentation is also valid in AdS. Black hole mass-

less fields ¢,,...,, Satisfies free massless spin-s equations in AdSy.

-



Cartan formalism

Lorentz connection 1-form €2p,,1 = €2,y dat

Vierbein l-fOI’m ha — ha,luldw’u, a, b = 1, “ e ,4

Ry = d2,p + Q¢ A Q2 Riemann 2-form

Ra = dha + Q2% A hy =0 torsion 2-form

Juv = ha,uhb,vnab

Two-component spinor notation
Ve - Ve a,&=1,2, indices raised and lowered with e,53= —eg,
Maxwell F,p — (Faa, Fiyg)
Weyl Copeq — (Co(ay, Coa))

Riemann R, — (Raa, Rag)



AdS, space-time

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

Do Vy + DpVa =0, Kabp = DaVy = —Kpq
DVy = nabhb, Dkgp = AQ(Vahb — Vhe) «+— unfolded equations

A2, + 2 A 2y = ANha A by,  dha + $2.° A hy = 0 «— consistency

Spinor form for AdS, equations:

1 1. .
DVad — Eh’ydh‘qa —|— Ehoﬂﬁlo'n',

Dlﬁ‘,aa — AzhoﬂVa DRdd — )\thyo'évfyo'é .

v



Properties of AdS system

1. AdS, covariant form

AN leag Vi, Qup  —Ah,,

Kip=Kps= o . Qi =Qps= af _O‘ﬁ>
AB BA ( Vﬁa A 15@6 ) AB BA ( _>‘h,3a Qaﬁ
1
DoKap =0, Roap = dQ24p + §QAC NQop=0.
K p — AdS, global symmetry parameter — two Casimir invariants
1 AB 1 4
Co = ZKABK : Cyq = ZTrK :

2. The existence of source-free Maxwell tensor

)\2
Faa — —>\_2G3K,aa, 3 G — — (—F2)1/4

_ K2

Fao and F,, satisfy source free Maxwell equations and Bianchi identities

D, 4Fa? =0, Do FsY = 0.



3. AdS, Killing-Yano tensors
Yoa = iG_SFozoz, *Yoo = G_SFozoz

In vector notation: D, Yy, =0, D, *Y,, 1 =0

4. AdS, unfolded equations in terms of Maxwell field

1 1 = _
DVoo = ZphYaPra+ Spha Fay,  p=-X?G77,
DEF.., — —ihBVVB-F 12
e (B8 aa)

2 \G G2
_ 1 aax oY = 2 1 1 >‘2 1 1 2
2= 5z V' Faataa =V (G2 T c‘;?) T3 <G2 - 62) !

AdS, Casimir invariants: Co =11, Ca = I? + X215



6. The existence of Kerr-Schild vectors

1 1 _ 1 1 _
+ _ = . .
The projectors allow one to build null vectors for any given vector V.,
real: et = ngfﬁﬁj;ﬁvﬁ@, b = NPN OV,

complex: ¢t =ndBazsy,.

oY% a BB
k:% s n:%v_l_
Kerr-Schild vectors; |y (VTV)rea’ o et (VIVE) el
lozo'z — (V-I——V—-I—)Vad ’ lozd — (V-l——v—-l—)vozd
€l,ac — (kada Naas l(;l_d_v l;(j_él_)

eracer,” =0, €I,O‘O‘Dao¢€1,5g =0 (no summation over )



Deformation of AdS, — BH unfolded system

Keep the same form of the unfolded equations

1 1_. 3 -
Ep hfyo'é]:fya + 510 hoz’y]'—é@ ) DFaa = _Ehﬁvvﬁﬁf(ﬁﬁfaa) )

Unlike the AdS,; case p is assumed to be arbitrary p = p(G,G)

DV,y =

Consistency: D2 ~ R ,DR = 0 fix p(G,§) uniquely in the form
p(G,G) =M —XG7% —qG

Curvature 2-form is given by

A2 3(M —-q@G)
=2 Moo

Black hole Weyl tensor is of D-Petrov type i.e., Ca(4) ~ FooF oo

Hﬁﬁf(ﬁﬂfaa)—F% ﬁﬂﬁfﬁ.ﬁ.j_—aa, HeY — hadAhad



Properties of the BH unfolded system

. AdSs-Kerr-Newman-Taub-NUT black hole (rotated, EM and NUT-charged)
M = Re M — BH mass, N =Im M — NUT charge,

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

. Two integrals of motion
_ - A2 /1 1 _
T4 = 2 _ — —_ (— _—) ,
1=V MG — MG > g2+g2 +qGg
1

. - M M 1 1 A2 /1 1 32
2= g Y faafw‘Q(?*?)‘fl <§+§)‘4 (g4+g4)‘zgzgz

. Inherits all AdS unfolded system properties

o F.. IS a source-free Maxwell tensor

e Killing projector construction allows to build two real and two complex

Kerr-Schild vectors



Integrating flow: AdS,; = BHUS

Let the deformation parameters ¢ = (M, M,q) run = one has corre-
sponding flows %.

Example: due to completeness of er e DaAsis and under gauge fixing

4 4 |
OVas = D Prelaas Ombas = D ¢I§I,aa§1,55hﬁﬁ-

I=1 I=1
Applying the integrability conditions to BHUS:
0 o O
we fix coefficients
=",  dr="T"a(r),
G—-g G—-g
¢$3 = 4 B1(y), b4 = 2 B2(y)

with “canonical” (Frolov) coordinates

1 1
7°=Re§, yzlmg, a1 + o =1+ 2 =1.



Kerr-Schild vectors:

A?“ Afr
B B
e (Bu)T o (B
(676 oo Ay ? (676 oo Ay ’
where
A 2,12 2 1 1>
Ay =2Mr 4+ r<(X“r ‘|‘Il)‘|‘§(—q—|-?
_ 1 T
Ay =2Ny+y*(\y* - T1) + ~(a+ ),
and
Ar,y = Ar,y M M.q=0 €l,ac — él’ad‘M,m,qzo .




Black hole metrics

« General case (carter-Plebanski)

deformation parameters: M — black hole mass, N — NUT charge,
q = e?2 + g2 — EM charges

2Mr — q/2 2N 2
052 = ds3 + 2~ V2 () (K + ax(r)N)? — 2T Y205 N1+ 4 Bo(y) L )2
ety T+ Yy
Faor(aa(r) L @My — q/2)dr® — 48, ()82 (0) L (2Ny + q/2)dy?
1 2 = - - 1 2 =~ ’
AA, AN,
where

K =kpdz", N =nudet, LT~ =101"dat, L T =1Tdat

are AdS, Kerr-Schild 1-forms, a1 +ap = (61 + 6> = 1.



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

Mr — 4
ds? = ds? 2L kydatdz? .
S 80+r2+y2 pkydx”dx
Co =14 \2a?, Cy = C5 + 4X%a°.

e Reilssner-Nordstrom (static charged black hole)

Ch=0C3#0, (K °KoP =0C054P)

« DOuble Kerr-Schild solution (compiex form of BH)

a1 =01 =1, arx=p06=0




Conclusions

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? 4+ g?. Black hole kinematic characteristics are expressed via two first
integrals of the unfolded system

e Type of a black hole whether it is rotated or not is defined by the values of AdSa
invariants (Casimir operators). In particular, static black hole is defined by

Cy = C5

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

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



