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some remarks:

• very large literature (thousands of papers)

- Black Hole uniqueness: classic subject

(review: e-Print: 1205.6112)

- dirty Black Holes: subjective choice of models

(minimize the deviation from GR&SM)

- here: dirty  hairy

the no hair conjecture can be violated!

(validity is rather an exception)

- here: no dynamics or contact with observations.. 

- exercises/questions



Outline of the lectures

- review of (electro-)vacuum black hole solutions

- black hole uniqueness

- the “no hair” concept 

- Beckenstein theorem

- scalar hair: various  mechanisms

- black holes with synchronized hair: scalar and Proca  fields

- beyond GR: higher order curvature terms 

- black hole scalarization

- vector  hair 

- other models of hairy black holes (e.g. gauged scalars)

L1

L2



Modern description of black holes

- geometric theory of gravitation:

(non-Euclidean geometry)

- non-linear partial differential      

equations



1915: Einstein’s General Relativity



1916: Schwarzschild’s solution



the vacuum, axially symmetric,  

stationary Black Hole

1963: Kerr solution
a rotating black hole

a=0: spherical symmetry (Schwarzschild solution)

Roy Kerr

no matter

geometry:



- how general are these results?

- what about matter fields?

so far vacuum case only



1916,1918: Reissner-Nordström solution

H. Reissner, 

Annalen der Physik,

355 (1916) 106-120

Maxwell

field



also R. H. Boyer and R. W. Lindquist

J. Math. Phys. 8 (1967) 265

1965: Kerr-Newman solution  Maxwell

field



gravity + electromagnetism

Schwarzschild/Kerr Black Hole

Reissner-Nordström/Kerr-Newmann Black Hole

add electric charge Q

Q: are there more general (electrovacuum) BHs?Q: are there more general (electrovacuum) BHs?Q: are there more general (electrovacuum) BHs?Q: are there more general (electrovacuum) BHs?Q: are there more general (electrovacuum) BHs?

what abour the multipolar field structure?



U(1) potential
Minkowski spacetime:

BH with e.g. electric dipole hair?

Q: are there more general (electrovacuum) BHs?

Maxwell  field: multipolar structure

Schwarzschild 

Black Hole::

(probe limit)

singularities

e.g.

(Exercise 1)



1967: Israel’s theorem

Israel’s theorem:

An asymptotically flat static vacuum spacetime that is non-singular on 

and outside an event horizon, must be isometric to the Schwarzschild 

spacetime.

uniqueness theorems for Black Hole



1967-...: The electro-vacuum uniqueness theorems

Phys. Rev. Lett. 26 (1971) 331-333

uniqueness theorems for Black Hole



limitations:  (e.g.) analyticity, assumes connected event horizon, causality
- Einstein gravity

remark:  - D=4 is very special (e.g. Black Rings in D>4)

- also asymptotic flatness

(e.g. a very different picture in AdS)

uniqueness theorems for Black Hole

review: e-Print: 1205.6112



gravity + electromagnetism

Schwarzschild/Kerr Black Hole

Reissner-Nordström/Kerr-Newmann Black Hole

electric charge Q



“In my entire scientific life, extending over forty-five years, the most 

shattering experience has been the realization that an exact solution of 

Einstein’s field equations of general relativity, discovered by the New 

Zealand mathematician, Roy Kerr, provides the absolutely exact 

representation of untold numbers of black holes 

that populate the Universe.”

S. Chandrasekhar, in Truth and Beauty (1987)

uniqueness theorems for Black Hole

Nobel Prize (1983)
“Kerr paradigm”



“hair” is a metaphor for any messy/ complicated details  (other fields, multipoles etc)

not important 

In astrophysics

“Kerr paradigm”



1971: Ruffini and Wheeler coin the expression “a black hole has no hair”

“Kerr paradigm”



a Black Hole is still  entirely defined by a set of parameters  

which are its mass, spin and charge respectively

(saying the black hole has “no hair” is a metaphor for this simplicity)

no hair theoremsproof?



however, no general proof

uniqueness and no-hair theorems: case by case study

vacuum 

electromagnetic field

vacuum 

electromagnetic field

• the status of “no hair” conjecture

• other fields/beyond GR  ?

These lectures:



Black Hole hair: challenging the Kerr paradigm

two main directions:

i) include matter fields

ii) change the theory of gravity

(still) an active area of research…

also together

(other than Maxwell)

Kerr geometry  “provides the absolutely exact representation of untold numbers 

of Black Holes  that populate the Universe” (Chandrasekhar)



the meaning of hair:
matter fields y

Einstein equations

matter field equations

the study is done case by case

(no general results):

prove a no hair theorem

construct the hairy black hole solutions

• rich subject

• many interesting results

or



some general remarks (i)

• very few exact solutions

• numerical methods (existence proof sometimes)

• all configurations here: no dynamics



some general remarks (ii)

matter field(s) y

- probe limit: y in a fixed background

- the concept of soliton: particle-like, no horizon; 

R4-topology;  globally regular (do not require stability) 

also, (here) no dynamics

Minkowski

Schwarzschild, 

Kerr etc



the solutions should survive 

when including backreaction 
Einstein-matter field solitons

the setup

i)

various such models possess particle-like solutions in a flat     

spacetime background (solitons)  -- supported by non-linear effects

a general

mechanism

e.g. Q-balls, monopoles, sphalerons..



the solutions should survive 

when including backreaction 
gravitating solitons

the setup

i)

moreover, when  solitons exist in a 

given model, bound states of such 

solitons with an event horizon 

can typically be constructed

(hairy) Black Holes

inside solitonsii)

various such models possess particle-like solutions in a flat     

spacetime background (solitons)  -- supported by non-linear effects

a general

mechanism

e.g. Q-balls, monopoles, sphalerons..



some general remarks (iii)

the hair

primary

(new global charges)

secondary

(typically)

finally: it is not safe to extrapolate the results to D>4   

and/or other spacetime asymptotics



Black Holes

+

Scalar Fields



why scalar hair?

i) Scalar fields are one of the simplest types of “matter” often considered by 

physicists

ii) Scalar fields may be considered as a proxy to realistic matter, since 

canonical scalar fields can be modeled as perfect fluids with some equation of state

iii) There is at least one scalar particle in Nature (Higgs boson)

Beyond the Standard Model High Energy Physics models predict many more

(also Susy, String Theory,...)

- the case of scalar hair is rather special (more difficult than expected)

- Mayo and Bekenstein Phys. Rev. D 54 (1996) 5059 [gr-qc/9602057]:

“the proliferation in the 1990s of stationary black hole solutions with hair of 

various sorts may give the impression that the principle has fallen by the 

wayside. However, this is emphatically not the case for scalar field hair.”

lectures yesterday



Fisher (1948)

Janis, Newman and Winicour (1968) et al.  

`simplest case: real, massless scalar field

metric

scalar field

>1

naked singularity!

thus we need to consider more complicated models…

scalar ‘monopole’

(RN-like)

(Exercise 1)



field

decomposition Minkowski spacetime::

BH with e.g. dipole scalar hair?

Also:

scalar  field: multipolar structure

Schwarzschild 

Black Hole::

(exercise)

(probe limit)

singularities

(Exercise 1)



• there is some tension between Black Holes and Scalar fields

• normally, the  Black Holes do not allow for scalar clouds around

• however, the no-hair theorems can be circumvented

• Black Holes with scalar hair: many unusual properties

Black Holes

+

Scalar Fields



at least a scalar field exists in Nature:

the Higgs field:

special 

potential

‘Mexican hat’ potential

•non-linear field

•interacts with other fields 

in the Standard Model

of Particle Physics

more complex case (e.g. self-interaction)

detected at LHC in CERN (2012)

mass ~ 125 GeV (~10-25 Kg)



other scalar fields?

extensions of the 

Standard Model

String Theory

+extra dims

cosmo/ogy

inflation
effective description.. no evidence yet…

hints



Sagittarius A* Black Hole:

rh ~ 24 million kilometers

(distance Earth-Sun: 

47 million kilometers)

normally (very) different characteristic scales

massive scalar field gravity

Higgs field:

OBSERVATION:



Black Holes

+

Scalar Fields

thus: 

new physics required:  ‘light scalars’

for Black Holes with the mass of the Sun: m ~ 10-11 eV  (~10-47 Kg) 

(Higgs mass ~ 125 GeV)

~ (macroscopic Black Holes)



Assumption 1: -- canonical and minimally coupled scalar field to 

Einstein’s gravity.

various no-hair theorems:

Assumption 3:-- the scalar field inherits the spacetime symmetries.

Assumption 2:-- the potential V obeys: Φ(dV/dΦ)≥ 0 everywhere

- other versions as well (V>0)

still not so simple…

more details e.g. in Herdeiro and Radu, e-Print: 1504.08209 



a (classic) no-hair theorem: (J. Bekenstein 1972)

Klein-Gordon equation

no (static) scalar field around a Black Hole

Identity:



Bekenstein argument:

Identity:



Identity:

Bekenstein argument:



=0 =0 > 0-

e.g.

f=0

Q.E.D.

Bekenstein argument:



electric field              vs.          scalar field

non-zero flux           global (electric) charge

no scalar  charge

how to understand this result:



black holes with ‘scalar hair’?

LOOPHOLES?

Yes – several different mechanisms

• various recent developments

• active field of research



Assumption 1: -- canonical and minimally coupled scalar field to 

Einstein’s gravity.

no-hair theorems:

Assumption 3:-- the scalar field inherits the spacetime symmetries.

Assumption 2:-- the potential V obeys: Φ(dV/dΦ)≥ 0 everywhere
- other versions as well (V>0)

more details in Herdeiro and Radu, e-Print: 1504.08209 

however, these assumptions can be violated...



Assumption 1: -- canonical and minimally coupled scalar field(s) to 

Einstein’s gravity.

no-hair theorems:

an early example: Einstein-Skyrme model

the flat space Skyrme model - effective theory

(T. Skyrme, 1961)                    - active field of research

four scalars satisfying the sigma-model 

constraint  Fa Fa = 1

quartic kinetic term

- the first physically relevant counterexample to the

no-hair conjecture in the literature

Luckock and Moss (1986)
hep-th/9810070

review:

no-hair theorems:

Skyrmions

violation:



Assumption 1: -- canonical and minimally coupled scalar field to 

Einstein’s gravity.

no-hair theorems:

Assumption 3:-- the scalar field inherits the spacetime symmetries.

Assumption 2:-- the potential V obeys: Φ(dV/dΦ)≥ 0 everywhere
- other versions as well (V>0)

more details in Herdeiro and Radu, e-Print: 1504.08209 



LOOPHOLES?

- it requires violation of the energy conditions

- the scalar fields may possess particle-like solutions   

- all known solutions are unstable

single scalar

Assumption 2:-- the potential V obeys: Φ(dV/dΦ)≥ 0 everywhere,

no-hair theorems:

violation:

LOOPHOLES?

no-hair theorems:

single scalar
LOOPHOLES?LOOPHOLES?

no-hair theorems:



The KG equation:

steps towards  build your own hairy BH solution:

•step 1)  choose your own scalar profile f(r)

•step 2)  invert it to get r=r(f)

•step 3)  use the Klein-Gordon equation to compute dV/df

•step 4)  reconstruct the scalar potential V(f)

Spherical symmetry:

such  solutions are simple to construct (even in closed form)

(here flat space)

exercise!exercise 2

“potential engineering”



an example:

step 1: scalar fields in Schwarzschild BH background

(Klein-Gordon equation only)

exercise!

simplest (?)

example:
(Coulomb field)

(no backreaction)

1504.08209 [gr-qc]

“potential engineering”



Including the backreaction:

(very useful expression)

exercise 3

JHEP 04 (2022) 096 • e-Print: 2107.05656 

1504.08209 [gr-qc]

prove virial identity



an example:

Einstein—Klein-Gordon equations:

we postulate:
(just a possible choice)

JHEP 04 (2022) 096 • e-Print: 2107.05656 

1504.08209 [gr-qc]

“potential engineering”



with

the solution:

Scalar field potential:

mass function:

extra metric function:

not natural:

JHEP 04 (2022) 096 • e-Print: 2107.05656 

“potential engineering”



Burda,  Gregory and   Moss\

“Gravity and the stability of the Higgs vacuum”, Phys.Rev.Lett. 115 (2015) 

071303 

what about  the Higgs field?

Black holes with Higgs hair



Many thanks for your attention!

Acknowledgements:

https://doi.org/10.54499/UIDB/04106/2020

https://doi.org/10.54499/UIDP/04106/2020
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The “no-hair” original idea (1971):

collapse leads to equilibrium black holes uniquely determined by (M,J,Q) -

asymptotically measured quantities subject to a Gauss law

and no other independent characteristics (hair)

Summary:

The idea is motivated by the uniqueness theorems

and indicates that black holes are very special objects



Black Holes

+

Scalar Fields



Assumption 1: -- canonical and minimally coupled scalar field to 

Einstein’s gravity.

no-hair theorems:

Assumption 3:-- the scalar field inherits the spacetime symmetries.

Assumption 2:-- the potential V obeys: Φ(dV/dΦ)≥ 0 everywhere,

more details in Herdeiro and Radu, e-Print: 1504.08209 

however, these assumptions can be violated...



Assumption 1: -- canonical and minimally coupled scalar field(s) to 

Einstein’s gravity.

four scalars satisfying the sigma-model 

constraint  Fa Fa = 1

quartic kinetic term

Skyrmions

an early example: Einstein-Skyrme modelviolation:

LOOPHOLES?

rather exotic example 



LOOPHOLES?

- it requires violations of the energy conditions

- such models typically possess particle-like solutions even 

in a flat space background

- the solutions are unstable (?)

single scalar

Assumption 2:-- the potential V obeys: Φ(dV/dΦ)≥ 0 everywhere,

no-hair theorems:

violation:

LOOPHOLES?

no-hair theorems:

single scalar
LOOPHOLES?LOOPHOLES?

no-hair theorems:

LOOPHOLES?
single scalar

LOOPHOLES?
single scalar

LOOPHOLES?

rather artificial models 

“potential engineering”



(no quantum effects)

Assumption 3:-- the scalar field inherits the spacetime symmetries.

LOOPHOLES?

no-hair theorems:

Y : a complex scalar field with wave features

violation:

(e-Print: 1403.2757)

Kerr black hole with scalar hair:



spin 1: arXiv: 1603.02687

spin 0: arXiv: 1501.04319

i) complex field: Y, Aa,...

ii) mass term: m  (however, box&AdS)

basic

ingredients

spin 2: ?

i) complex field: Y, Aa,...

more generally…



• Boson/Proca stars:- one can add a BH at the center

• Kerr black holes:    - branching towards a new family of 

solutions due to superradiant instability

two (complementary) viewpoints:

a very rich subject

hairy black hole:  bound state soliton + Kerr horizon

S. Dolan’s lecture



scalar cloud

horizon

Klein-Gordon equation

in a rotating Black Hole background

possesses ‘scalar cloud ‘solutions

(even closed form (Hod 2012))

m



wave analogue of 

Penrose process:
superradiant 

instability

review: arXiv:1501.06570  (Brito, Cardoso and Pani)

Zeldovich (1971)   +  many studies…

R>1

S. Dolan’s lecture



bosonic 

field

(no quantum effects)

wI>0

grow

wI<0

decay

wI

wc=mWH

wR

branching of

hairy Black Holes

S. Dolan’s lecture



scalar:

vector:

stationary configurations



Kerr black holes with synchronised hair

solutions regular on and outside the horizon

numerics

existence proof:

arXiv:1510.08025

Chodosh&Shlapentokh-Rothman



different pattern from Kerr(-Newman) !

• no static limit

with

synchronization condition

: (circumvent no-hair theorems)

naively, such solutions should be simpler than Kerr-Newman:

However:

spin-one



different pattern from Kerr

• no static limit

• can violate Kerr bound

general properties:

counterexample to 

all we knew 



general properties:

different pattern from Kerr

• no static limit

• violate Kerr bound

• different quadrupole

counterexample to 

all we knew 
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• no static limit

• violate Kerr bound

• different quadrupole

• distinct ISCOs

• ergo-Saturns

• different shadows
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general properties:

different pattern from Kerr

• no static limit

• violate Kerr bound

• different quadrupole

• distinct ISCOs

• ergo-Saturns

• different shadows

• solitonic limit

counterexample to 

all we knew 



general properties:

different pattern from Kerr

• no static limit

• violate Kerr bound

• different quadrupole

• distinct ISCOs

• ergo-Saturns

• different shadows

• solitonic limit

counterexample to 

all we knew 

•a recent result: two BHs balanced by scalar hair arXiv: 2305.15467



-- endpoint of superradiant instablity?

--“black hole bomb” 

(Press and Teukolsky -- 1972 )

important result:

•the endpoints of evolution matches the known hairy black holes



challenging the Kerr paradigm

two main directions:

i) include matter fields

ii) change the theory of gravity

still an active area of research…

also together

(other than Maxwell)

Kerr geometry  “provides the absolutely exact representation of untold numbers 

of Black Holes  that populate the Universe” (Chandrasekhar)



Black Holes

+

gauge fields



they exist in flat space 

already: YM+Higgs:

no need for gravity

Einstein-Maxwell system: 

simple properties: 

- Reissner-Nordstrom/Kerr-Newman:  unique solution

- the electric (magnetic) charge: the only new parameter

non-Abelian gauge fields: part of the nature

- is the same picture valid?

- for many years, this was the consensus in the literature…

- a few no-hair theorems..

known non-Abelian solutions before EYM: 

-- magnetic monopoles (1974)

-- sphalerons (1984)

spin-1 fields (other than Proca)



however…



nonlinearity

the action:

(the origin of all new features)

SU(2) gauge group
(however, not important)

balance



Bartnik and McKinnon (1988): 

EYM solitons (no horizon)

regular everywhere

Galtsov and Volkov, 

Kuenzle, Bizon (1989, 1990)

EYM black holes

a review of

such hairy solutions:

Volkov-Galtsov

hep-th/9810070

however…

the no-hair conjecture is violated in

Einstein-Yang-Mills model

‘coloured’ Black Holes

(Exercise 4)



-- many interesting properties

-- various generalizations 

-- in the static case, the only global chare is the mass M

(no magnetic/electric charge) 

however:

-- all solutions are unstable

-- also, the Schwarzschild solution maximize the entropy 

(for a given mass)

-- no important physical applications

-- no exact solutions…

-- however, rigorous existence proof

(several mathematicians in the ’90s)

Mass~MPl



Einstein-Maxwell-dilaton system:

• an early example of hairy Black Holes

• secondary hair

the Einstein-scalar model

spin 0 + spin 1:

large 

literature

M,Q

the Einstein-Maxwell/YM model



vacuum:

Kerr solution - gauge fields: U(1):

SU(2):
-

-gauged scalar fields

single (massive, complex) 

scalar field

spin 0

- Abelian Proca field:

(‘synchronized hair)’

(‘synchronized hair)’

spin 1

spin 0+1

violations of the

no hair conjecture

?`natural` models



the Einstein-Maxwell/YM model

the Einstein-scalar model

spin 0 + spin 1:

physical model :



boson stars

constant phase

mass term

spherically symmetric sector:

the Einstein-scalar model

global U(1) invariance:

no black holes

(Pena and Sudarsly theorem)



local U(1) invariance:

the Einstein-Maxwell-scalar model

gauge coupling constant
• more realistic

(standard model)

next step:



boson stars

spherically symmetric sector:

the Einstein-scalar model

no black holes

(Pena and Sudarsly theorem)

the Einstein-Maxwell-scalar model

gauged boson stars

no black holes

(Mayo-Bekenstein theorem)

spherically symmetric sector: (expectation)



the Einstein-Maxwell-scalar model

gauged boson stars

no black holes

(Mayo-Bekenstein theorem)

spherically symmetric sector:

however, loophole!

static, spherically symmetric black holes

resonance condition

recent result

2004.00336

e-Print: 1907.04982

the Einstein-Maxwell-scalar model



charged black hole with scalar hairrotating black hole with scalar hair

Rotation         Electric charge

resonance 

condition:
synchronization 

condition:

the Einstein-Maxwell-scalar model

Fmn=0

e-Print: 2312.02280 



the Lagrangian of the 

Standard Model:

what we know it exists

In Nature:

Spin 0: scalars

Higgs field

Spin 1: vector fields

Maxwell + non-Abelian

(SU(2), SU(3))

Spin 1/2: spinors

include matter fields

MicrocosmMicrocosm



Standard Model: SU(2)xU(1) gauged Higgs solitons 

sphalerons

(monopoles?)

Georgi-Glashow model: SU(2) gauged Higgs solitons 

mass ~10 TeV

Hairy Black Holes  inside sphalerons/monopoles

minimal mass - 1GeV

(no evidence)

(also GUT)



challenging the Kerr paradigm

two main directions:

i) include matter fields

ii) change the theory of gravity

still an active area of research…

also together

(other than Maxwell)

Kerr geometry  “provides the absolutely exact representation of untold numbers 

of Black Holes  that populate the Universe” (Chandrasekhar)



Hairy Black Holes

beyond General Relativity



Extensively studied over the last decades 

Einstein-Gauss-Bonnet-dilaton model

- a lot of interesting features

- (perhaps) the most unusual property: the existence of a minimal size for
the black holes 

- the Kerr bound can also be violated

- no solitons

stringy model
a classic

example

dilaton



the Chern-Simons modified gravity

- perturbative solutions mainly

- Schwarzschild BH is a solution; Kerr is not!

(CS term affects only the spinning solutions)  

- third order equations of motion…

a ‘cousin’ model:



Fundamental solutions:

Scalarised solutions:

(ground state of the system)

(excited state)

usually thermodynamically

favoured

Black hole scalarisation
another 

mechanism
not a new idea

Damour and   E-Farese

(neutron stars)

different case

e.g.



possible models

requires rotation

(1810.09560)

arXiv:1711.01187, 1711.02080, 1711.03390 

1806.05190

1901.02953 

•vectorization

•spinorization…



Generic features of scalarized  Black Holes:

horizon shape

all modes are relevant

l>0

• static and not spherically symmetric

• Black Holes without isometries

i)

very different from the Einstein(-Maxwell –(dilaton)) case

the nonlinear continuation 

of zero modes



Generic features:

ii)

the l=0 scalarized Black Holes are usually entropically favoured



Generic features:

iii) • the scalarized Black Holes in some models were shown to be stable

• also, they can form dynamically

here: the EMs model (arXiv:1806.05190 )



NCG inspired modified Schwarzschild BHs

(Nicolini solution)

another example

better motivated

arXiv: 1901.02953



Lu,  Perkins,  Pope and Stelle, “Black Holes in Higher Derivative Gravity“,

Phys. Rev. Lett. 114, 171601 (2015)

spin 2:

new solutions bifurcating from Schwarzschild black hole ‘tensorization’

Hairy Black Holes even in the absence of matter fields



vacuum:

Kerr solution - gauge fields: U(1):

SU(2):
-

-gauged scalar fields

single (massive, complex) 

scalar field

spin 0

open problem

- Abelian Proca field:

(‘synchronized hair)’

(‘synchronized hair)’

what about spin 1/2?

no BH with fermionic hair: the only exception (so far)

spin 1

spin 0+1

• fermions ?



We have seen that there are uniqueness theorems, in vacuum, 

proving that the most general black hole solution (regular on and 

outside an event horizon) is the Kerr solution.

Overview

These theorems generalize to electro-vacuum: the most general 

black hole solution (regular on and outside an event horizon) is 

the Kerr-Newman solution

These uniqueness theorems motivated the no-hair conjecture 

stating that in general (i.e even for more general matter fields) 

the final state of gravitational collapse is a black holes 

characterized by conserved charges M,J,Q,

all of them associated to a Gauss law, and no further 

parameters, to which “hair” provides a metaphor.



To support this idea, the community established various 

no-hair theorems applying to different models and with 

different assumptions.

Nevertheless, solutions with hair

have been found  in various models



• the spirit of ‘no hair’ theorems is respected

• the solutions are typically unstable

• these are not macroscopic configurations

• (possibly) relevant at microscopic scales, only

Standard Model matter: there are Black Holes beyond Kerr

however:

Microcosm

`NO HAIR` CONJECTURE IS NOT VALID



Kerr black hole  

with synchronized hair 

superradiant

instability

scalarized black holes

(also static)

tachyonic 

instability

Macrocosm/beyond Standard Model:

even more complicated picture

two recent results:
first mechanism

second mechanism



a byproduct of this study:

some  new theory results as compared to electro-vacuum General Relativity
(one cannot safely extrapolate the Kerr results)

example (i): the shape of the event horizon

(“Black Hole shape’)

Schwarzschild/RN 

Black Hole
Black Holes in some 

Einstein-Maxwell-scalar model

example (ii): the issue of :maximal rotation

usual Black holes cannot rotate ’too fast’’

Kerr bound:

not a universal bound!

discrete symmetries



….however, still a lot of work to be done

to summarize:

the GR black hole possesses hairy generalizations

• find realistic models

• establish stability/uniqueness 

• rotating Black Holes

are there any fields in Nature that can be relevant 

in the physics of astrophysical black holes?Q:



Many thanks for your attention!
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