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Abstract: <span>Systems in which the local gravitational attraction is coupled to the expansion of the Universe have been studied since the early
stages of General Relativity as the pioneering works of McVittie show. In thistalk | start reviewing the McVittie black hole solution and its variable
mass generalization from a classical fluid approach to understand its properties. | then move to a field theoretical analysis to investigate the scalar
theories that support such black holes.</span>
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The McVittie Black Hole Solution
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MecVittie solution
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MecVittie solution
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Spherically symmetric
Shear free

Perfect fluid
Asymptotically FLRW

Singularity
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MecVittie solution
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MecVittie solution — canonical coordinates
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MecVittie solution — canonical coordinates
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physical Terminates on spacelike curvature
singularities on both past and future
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MecVittie solution — canonical coordinates
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MecVittie — causal structure

r=2m spacelike singularity

dr=0 g”=4mzH2>O

spacelike 3-sphere of radius 2m in the causal past of
each point of the spacetime

R =12H+22 o
R

McVittie big bang
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MecVittie — causal structure

apparent horizons F=R(r)r H[t]xR(r)

2 solutions “outer” » (r) and “inner” _(¢) apparent horizons
branch off at the bifurcation 2-sphere (o7, (2,)]

'“-Hﬂ antitrapping region

o= normal region (r is spacelike)
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MecVittie — causal structure

limr (t)=r,
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lim H=H ;>0

[ =0

null surface — cosmological de Sitter — like
horizon

BH/BH-WH horizon

at finite affine distance from every point in
the bulk

H,=0

null FLRW infinity

null singularity
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MecVittie — causal structure
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MecVittie — causal structure
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__McVittie — causal structure
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MecVittie — causal structure
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MecVittie — causal structure

BH or BH/WH couple?

Do all ingoing geodesics* enter the normal region?
|s the back-projection of the inner horizon compact
on the big bang surface?
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MecVittie — causal structure

BH or BH/WH couple?

Do all ingoing geodesics* enter the normal region?
|s the back-projection of the inner horizon compact
on the big bang surface?

AH(t)=H(t)—-H, Determines the answer!

In almost every case it is possible to follow a light
geodesic close to the inner apparent horizon to
find whether it crosses to the normal region or not
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MecVittie — causal structure
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MecVittie — causal structure

3
ACDM case: dust + cosmological constant  H (7 )= Hocoth(a H,t)

a) n<0 image bounded BH-WH
b) n>0 image unbounded BH
c) n=0 inconclusive
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For non-extremal BH
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The McVittie Black Hole Solution
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MecVittie — causal structure
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Generalized McV.
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Generalized McV.
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Generalized McV.
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*+ Multiple perfect fluids (— phantom fluid)

* Imperfect fluid
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*+ Multiple perfect fluids (— phantom fluid)
* Imperfect fluid

Gr,_oc 1= Non comoving fluids phantom fluid
+ 4
Ricci isotropy fine tuned
= cancellation
0

S
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GMcV — imperfect fluid
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GMcV — imperfect fluid
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m (1) does not change sign
Additional constraints: - AND

a(r) andm(r) have same sign
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Additional constraints:

alt)=0

Remaining freedom
encoded in
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m(t) does not change sign
— AND

a(r) andm(r) have same sign

Accreting BH in an
expanding background

al(t), m(t), T (1)
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GMcV — an explicit model

Are these solutions still describing a BH in a
cosmological background?
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GMcV — an explicit model

Are these solutions still describing a BH in a
cosmological background?

Patching McV and GMcV

m(t)~t—sin(z)

smooth connection
and smooth derivatives
—
continuous pressure and
energy density

m=i, m=mlt) M=1n,
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GMcV — pushing the boundaries

Even models smoothly patched to McV can produce unexpected results
and need to be investigated
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Sm=_[c‘/4x \-"QL(X,(I)) X=- Q!I\'VU(PV\-(P

1
2

* Introduced to solve the c.c. Problem

* Tracking solutions

* Issues with causality due to superluminal
propagation of perturbations
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V-gdg

tensor

An equivalent hydrodynamical description exists

Defining V.o Hortogonal

: § =——rr , hyv=8uvtu,u,
velocity S 7)) 4 projector

T canbe y=2XL,, —L
v I.=puu,+ph,, : *

recast as
p=L
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Cuscuton — spherical symmetry.

Field
equations

Bianchi
identities
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—P =31
w

Just a label
for now

Field equation in
FLRW

Michele Fontanini - USP

Page 60/65



Cuscuton sourcing McVittie

Homogeneous cuscuton ~ homogeneous density fluid
McVittie requires homogeneous energy density

Can McVittie be a solution for the system SHE+S ?

Cuscuton

(o) — 3 Fr2
Einstein e STTH

equations ;e

2T
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o , 2ar+m 2.,
+nH'—8n(I llq)

Field iy o

equations RN
L a
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Cuscuton sourcing McVittie

H:—4nu2¢'

av \’ , 2
(W) “24nutV=0 —) V({p)=—6nu*(@+C)*

-~

Vi(p)=——H>
(@) B

Homogeneous Cuscuton with quadratic potential
admits/sources McVittie black hole
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k-essence sourcing, McVittie

t-t component
Einstein egns

no r dependence
take r derivative

, (2ar+m

4?7?C1q-m [2XL ’.L'\'+L,-\..):O

| - Homogeneous Cuscuton as
L(X,9p)=A(¢g)+Blg)vX unigue k-essence source for
McVittie
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How about generalized McVittie BH?

k-essence does not seem to work

Horndeski fields do

(stay tuned)
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McVittie as non-vacuum BH solution.
Possibility of obtaining a BH/WH couple.
BH 1n expanding background with non-

constant mass parameter generated by an
imperfect fluid.

McVittie from fields: Cuscuton as unique
k-essence model supporting it.
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