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“That's why the Pendulum disturbs me. [t promises the Infinity,
but where to put the Infinity Is left to me. So 1t i1sn't enough to
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MOTIVATION

“That's why the Conformal Factor disturbs me. [t promises the
R SDUL where to put the Infinity 1s left 1o USESERIERISHN
enough to worship the Conformal Factor; we still have to make
a decision, we have to find the best point for it. And yet..."

(Umberto Eco - Foucault's Pendulum)

g=Q"g
ﬁ

Unphysical manifold (M, g)
Boundary: M (2 =0)

Physical manifold (M, g)

Decision: coordinates for hyperboloidal slices in black-hole spacetimes
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e Static, spherically symmetric - Schwarzschild coordinates: (¢, 7,6, ¢)

ds” = —alle e o - 2 dw?
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t)\(TH(J)) r_)\p <. — Nl

\ Length scale o 1
H (o,0): Height function dsi, — YiEss

p(o) : Conformal areal radius o
z(o) : Dimensionless P

tortoi‘w — -
Decision #0

— 70 = ;r
e — Use conformal factor as rad|a| coordmate o )\Q " dw
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t)\('rH(a)> r= 229 &~ xa(o)

O

ds® = E(0) |[—p(o)dr? + 2y(0)drdo + w(o)do?| + p(o)*dw?
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 Compactified hyperboloidal coordinates (1,0,0,¢)
tA(TH(J)) T—)\p @T*_)\CIZ
ds® = E(0) |[—p(o)dr? + 2y(0)drdo + w(o)do?| + p(o)*dw?

Radial degrees of freedom

o(o) : Conformal areal radius 8(o) i= ple) = o olc)
Horizons: F(o4) = 0 Spacetime properties
= \/a(&:(?“)
- m

Fancy C( )#1

Metric:
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* Compactified hyperboloidal coordinateS' (7,0,0,0)
t)\(TH(U)> T_)‘p @’r*—)\m
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* Compactified hyperboloidal coordinateS' (7,0,0,0)
t)\(TH(U)> T_)‘p @’r*—)\m

ds® = E(0) |[—p(o)dr? + 2y(0)drdo + w(o)do?| + p(o)*dw?

Radial degrees of freedom
p(o) : Conformal areal radius B(o) = p(o) —op'(o)

Spacetime properties

F(o) = v/a(r)b(r) p(a) = —Aj—i — —m,ga) (o) = /-1, det Mg
((0) = /a(r)/b(r) o) f’;f(f? =(0) = ¢(0)B(0)
Time degrees of freedom
1o)== A 1 )p(o) o) o

p(o)
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3 1 i il
1% =y (52 e ﬂéﬁ) = (52 i 1—”53)

W 929y w

(Outgoing null vector)  (Ingoing null vector)
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A A 50, /750,
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(Ingoing null vector) (Normal vector to
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Compactified hyperboloidal coordinates: (7,0, 0, ¢)

ds* = Z(0) |—p(o)dr* 4 2v(0)drdo + w(o)do?| + p(o)?dw”

Causal structure 5 .
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- 1 s il = )
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(Outgoing null vector) (Ingoing null vector) (Normal vector to
time surfaces)

Hyperboloidal Surface

* Vector 0, Is generator of null surfaces.
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Compactified hyperboloidal coordinates: (7,0, 0, ¢)
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(Outgoing null vector) (Ingoing null vector) (Normal vector to
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Hyperboloidal Surface

* Vector 0, Is generator of null surfaces.
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Compactified hyperboloidal coordinates: (7,0, 0, ¢)
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— ::1
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* Surfaces 7 = constant are spacelike.
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» Compactified hyperboloidal coordinates: (7,0,0,¢)

ds® = Z(0) |—p(0)dr* + 2v(o)drdo + w(o)do?| + p(o)*dw?

Causal structure - y
1 NS =0
=y (52 - ﬂdﬁ) e (53 + 1_—75§;> o
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(Outgoing null vector) (Ingoing null vector) ( 0 sorini 3
Hyperboloidal Surface
* Vector 0, Is generator of null surfaces. il e = 2L

l_a’océf. or /%aocéff

* Surfaces T = constant are spacelike. |7%]]* < 0 < w(o) >0
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Compactified hyperboloidal coordinates: (7,0, 0, ¢)

ds® = Z(0) |—p(0)dr* + 2v(o)drdo + w(o)do?| + p(o)*dw?

Causal structure 5 .

’ﬁa e :5?_ =T :53
- 1 s il = )
la:V 52_ﬂ53 ka: ,li‘} 5a_|_1 ’yéa -
w =TT e | = 2

(Outgoing null vector) (Ingoing null vector) (Normal vector to
time surfaces)

Hyperboloidal Surface

— ::1

e Vector 8, is generator of null surfaces. V| pull surface

BRGSO k% oc 02
* Surfaces T = constant are spacelike. |7%]]* < 0 < w(o) >0

o)
p(o)

w(o) :
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Compactified hyperboloidal coordinates: (7,0, 0, ¢)

ds® = Z(0) |—p(0)dr* + 2v(o)drdo + w(o)do?| + p(o)*dw?

Causal structure 5 .

’ﬁa e :5?_ =T :53
- 1 s il = )
la:V 52_ﬂ53 ka: ,li‘} 5a_|_1 ’yéa -
w =TT e | = 2

(Outgoing null vector) (Ingoing null vector) (Normal vector to
time surfaces)

Hyperboloidal Surface

— ::1

B CaoiNO s ocrerator of null surfaces. il e

l_a’océf. or /%aocéff
Hﬁ“HQ <0+ w(o)>0

)2

* Surfaces 7 = constant are spacelike.

1 — (o
el —
o
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» Compactified hyperboloidal coordinates: (7,0,0,¢)

ds* = Z(0) |—p(o)dr* 4 2v(0)drdo + w(o)do?| + p(o)?dw”

Causal structure o

n® = 0= 15
7a b e UM s e 1 o =N
i =2 e = (524——53) 2 W

- AN ) = -2
(Outgoing null vector) (Ingoing null vector) (Normal vector to

time surfaces)

Hyperboloidal Surface
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(B) Cauchy horizon fixing: the extremal limit
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The Robinson-Bertotti metric (near-horizon geometry): AdSy x S°

BRR= (ot Flys Rev [ 16 1331 (1959)  RPB'Geroch, Commun: Math, Phys. (1969) JSHPE'PﬁaggO("ZEG%JOh”SO”' Shansak

R.l, Bull Acad. Polon. Sci. 7 351 (1959) FM.Paiva, M.J. Reboucas, M.A.H. MacCalllum . Bengtsson, S. Holst, E. Jakobsson
Quant. Grav. 10 1165 (1993) CQG 31 205008 (2014)
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(VRO = = 2kl =

o(r) = 77 ¢(o)

N ,
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regular

Radial transformation Height Function in

in the (Cauchy fix) the Minimal Gauge
Minimal Gauge

. BC regulalr
Leaver's regular field is the frequency-domain

representation of hyperboloidal field in minimal gauge |

Leaver’s approach fails in a direct limit to the extremal case, because
spacetime representation corresponds to discontinuous transition into
the near-horizon geometry
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|. Ingoing null coordinates: v =1t — 7.

2. Compactified hyperboloidal Ansatz v = A(T - h(a)) ey
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3. Asymptotic behaviour of outgoing light rays k(o) = ho(o) + (o)
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EONCLUSICHS

* Historical review on the conceptual framework behind the so-
called hyperboloidal minimal gauge for black-hole spacetimes

* [he hyperboloidal framework in the minimal gauge provides a
seometrical (spacetime) interpretation for methods employed In
the ONM literature

* Minimal gauge height function follows from just flipping signs In
the tortoise coordinate

* [here always exists a well-defined hyperboloidal foliation with
the out-In strategy (empirical observation; no formal proof)

* Minimal gauge conceptual construction is based on coordinate
change: there Is no covariant classification to define It.



PROJECTS

Perturbation theory and Gravitational Wave astronomy

Second order: Self-force and ring-down
(e.g. regularity of source terms)

Environmental effects: coupling between waves with different
characteristic speeds (regularity in time and frequency domain)

~Y it + Yror, — Vop(r) + Cy(r)p =0
_U_Qp,tt T D VP(T‘),O N Cp(r)¢ =0

* Black-hole pertubation theory In the (regular) conformal set up:
Derive Regge-Wheller-Zerrili and/or Bardeen-Press- Teukolsky

equations directly from the conformal equations?
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