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Conclusion

2



Introduction



Reaching Future Null Infinity

Hyperboloidal Slices

Contrary to Cauchy Slices, these

allow reaching future null infinity

continuously.

Height Function Approach
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Figure 1: Penrose Diagram W/
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Effect of Constant Mean Curvature Slices
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Figure 4: KCMC = ±1
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Charged Scalar Field

What Has Been Done

Work in hyperboloidal slices is still in its early phase. Real scalar

Field has been tested. 3D work is in progress, allowing propagation

of GW.

What We Are Doing

We will be modelling a charged scalar field, adding Maxwell’s

equations and allowing charged black holes’ modelling.

DµDµϕ = 0 ⇐⇒ (∇µ + iqAµ)(∇µ + iqAµ)ϕ = 0
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Einstein+Maxwell+Klein-Gordon System

Our World

We will have to take into account the coupling to Einstein’s

Equations. We will be assuming spherical symmetry.

TEMµν =
1

4π

[
FµνF

λ
ν − 1

4
gµνFλσF

λσ

]
Tϕµν =

1

2

[
(Dµϕ)

∗(Dνϕ) + (Dνϕ)(Dµϕ)
∗ − gµν((Dλϕ)(D

λϕ)∗)
]

Maxwell’s Equations

∇µFµν = 4πJν → Jν = i((Dνϕ)
∗ϕ− (Dνϕ)ϕ

∗)
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Framework

Conformal Transformation

Perform a conformal transformation: ḡµν = Ω2g̃µν

3+1 Decomposition

Decomposition with the conformally compactified spatial metric

and normal vector: γ̄ij , n̄µ

GBSSN

Changing to Generalized BSSN: γ = χ3γ̄
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Flat Spacetime



Real Part of the Scalar Field [Constraint Solving]

Real and Imaginary parts of the scalar field

ϕ = cϕ + idϕ → cϕ = r2 exp

(
− r2 − µ2

4σ4

)
, dϕ = 0
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Electromagnetic Potentials Dynamics [Constraint Solving]

Electric and Magnetic Potentials

Aµ = Φnµ + γ̄ iµA3i , Φ = δΦ → A3r = −1 + r2

2r
δΦ
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Charged Scalar Field + Maxwell’s Fields [Constraint Solving]

Initial Perturbations
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2 exp
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Charged Scalar Field + Maxwell’s Fields [Constraint Solving]

Charge and Current Densities

Jµ = qdens.nµ + ji γ̄
i
µ
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Schwarzschild and

Reissner-Nördstrom



Trumpet Initial Data

Trumpet Initial Data

Allows us to go through the event horizon, without touching the

singularity.
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Figure 5: Penrose Diagram W/ Hyperboloidal Slices
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Trumpet Initial Data - Constructing the Data

Constant Mean Curvature Slices

In order to have CMC slices, the height function has to fulfill:

h′(r̃) = − 1

A(r̃)

√
A(r̃) +

(
KCMC r̃

3 + CCMC
r̃2

)2

(
KCMCr̃

3
+

CCMC

r̃2

)
,

where CCMC is a constant of integration coming from the trace K .

Schwarzschild and Reissner-Nördstrom Spacetimes

A(r̃)Sch. = 1− 2M

r̃
, A(r̃)RN = 1− 2M

r̃
− Q

r̃2
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Real Part of the Scalar Field in Schwarzschild Spacetime

Initial Perturbation

We give the same ”bump”: cϕ = r2 exp
(
− r2−µ2

4σ4

)
Gauge Conditions

Full evolution still needs appropriate gauge conditions for Sch and

RN spacetimes! Almost done!
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Reissner-Nördstrom

Future Problem: Poisson Constraint

Using the compactified electric field, Ei , the Poisson constraint

becomes (w/ out sources):

DiE
i +

3E iDiχ

2χ
= 0

which has two solutions,

Er = 0, Er =
√
χ
Q

r2

But χ ∼ r → Er ∼ 1/r , near the origin.
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Conclusion



Conclusion

Key Takeaways

1. The electromagnetic tensors and fields do not change under

conformal transformations. This leads to convergence.

2. Charged scalar field has been modelled correctly in flat

spacetime.

3. Real part of the scalar field has been modelled in Schwarzschild

spacetime.

4. The singularity of the electric field remains, under any type of

initial data.
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