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Context / Motivations



The holographic principle

(quantum) gravity in
Anti-de Sitter spacetimes

A<O

= lower-dimensional QFT

René Magritte (1960)
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The holographic principle

Conformal field theory

(quantum) gravity in
Anti-de Sitter spacetimes

o S\,
‘ '.r_\ "..A"?'.‘f’ :
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= lower-dimensional QFT B \

AdS/CFT correspondence

René Magritte (1960)
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Flat space

Goal : establish a holographic correspondence for

@}- Event Horizon Telescope

guantum gravity in
asymptotically flat spacetimes
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Flat space ™
-

Goal : establish a holographic correspondence for
}- Event Horizon Telescope

i+

5 guantum gravity in
\ asymptotically flat spacetimes

0 Not a new idea:

[Susskind ‘99][Polchinski ‘99][Giddings "'99]

[de Boer, Solodukhin ‘03][Arcioni, Dappiaggi ‘03 '04]
g [Dappiaggi, Moretti, Pinamonti '06][Mann, Marolf '06]...

i much harder to formulate / differ from AdS/CFT
Minkowski
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Flat space
holography

Recent new input [Strominger ‘14]

ON BMS INVARIANCE OF GRAVITATIONAL
SCATTERING

Andrew Strominger

Center for the Fundamental Laws of Nature, Harvard University,
Cambridge, MA 02158, USA

Key point: BMS acts globally

(out|S|in)
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Flat space
holography

Recent new input [Strominger ‘14]

ON BMS INVARIANCE OF GRAVITATIONAL
SCATTERING

Andrew Strominger

Center for the Fundamental Laws of Nature, Harvard University,
Cambridge, MA 021538, USA

Key point: BMS acts globally

(out|S|in)

The S-matrix is BMS invariant

Provided a (new) starting point for
flat space holography

!

Celestial / Carrollian
holography

Laura Donnay
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Flat space holography with horizons?

The role of asymptotic symmetries was key for the
flat space holography program.

Remarkably, BMS-like symmetries also appear in
the near-horizon region of black holes!

[LD, Giribet, Gonzalez, Pino, PRL ‘16]
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Flat space holography with horizons?

The role of asymptotic symmetries was key for the
flat space holography program.

Remarkably, BMS-like symmetries also appear in
the near-horizon region of black holes!

[LD, Giribet, Gonzalez, Pino, PRL ‘16]

|

What are the physical constraints implied by the
infinite conservation laws for an asymptotically flat
spacetime with a horizon?

—> can we interpolate between .77 <> ¥ ?

Laura Donnay @



Outline

= Black hole horizon vs null infinity

" ¥ < . geometric duality

= Matching an infinite number
of conserved quantities



Outline

—p> = Black hole horizon vs null infinity

" ¥ < . geometric duality

= Matching an infinite number
of conserved quantities




Geometry of null infinity

= Asymptotically flat spacetime
[Bondi, van der Burg, Metzner '62] [Sachs ’62] [Newman, Unti ‘62]

)

BONDI  METZNER SACHS

ds?* = ds3,, + O(2)

(w, 7, x

f—l—
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Geometry of null infinity

= Asymptotically flat spacetime
[Bondi, van der Burg, Metzner '62] [Sachs ’62] [Newman, Unti ‘62]

(u, r, )

r — 0Q A 7B
ds?jﬁ — —Fdu® — 2dudr + r*H g (dmA — —2du> (d:cB — —Qdu

T r
F(u,’r,a: )— 5 28UCA ; 1
1

Hap (u,r,az )ZQAB (.GEC)—I-;CAB—I—...
U4 (u,r,wB) —%(DBC’AB—DACBB) +3_2?“ [NA %CABDCC’ ol +...
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Geometry of null infinity

Asymptotically flat spacetime

[Bondi, van der Burg, Metzner '62] [Sachs ’62] [Newman, Unti ‘62]

(u, T, .SCA)

r — 00

d8?¢+ — —Fdu® — 2dudr + r*H g (dacA —

1 2
F(u,r, wA) _ RT[Q] _ §auCAA ~ 2Gmg +
r

1
Hap (u,r,xc) = gAB (a:c) + " Cap+...

2

U4 (u,fr, wB) = % (DBC'AB — DACBB) + 3

mp(u, zt) : “Bondi mass aspect”

NA (u, :UA) : angular momentum aspect

—2du

(o

1
[NA . §CABDCCBC

+ ...

Laura Donnay

€



Geometry of null infinity

Asymptotically flat spacetime

[Bondi, van der Burg, Metzner '62] [Sachs ’62] [Newman, Unti ‘62]

(u, T, acA)

r — 00

ds?ﬁ+ — —Fdu® — 2dudr + r*H g (da:A

1 2
F (u,r, CBA) = RTM — iauCAA — G:lB +

1
HaB (ua Ty xc) — 4AB (xC) + ; OAB + ...

2

UA(U,T,.’EB): 3

(DBCAB - DACBB) ‘|‘

b | —

mp(u, zt) : “Bondi mass aspect”

N4 (u,z?) :angular momentum aspect

1
[NA . §CABDCCBC

BONDI  METZNER SACHS

+ ...

Cap(u, CUA) : asymptotic shear

NAB(U, ZCA) = 8uOAB : “news”

Laura Donnay



Geometry of a black hole horizon
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Geometry of a black hole horizon

-0
A /w" ' Coordin aAeS :g)%'XA)
) d- Coondhin 3D
é P advanceodl nadaaf (d-2) slgl\b-u_
/

mudl ket oordind

/ In these coordinates, the black hole horizon is located at p = 0.
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Geometry of a black hole horizon

-0
A /w" ' Coordin aAeS :g)%'XA)
) d- Coondhin 3D
é P advanceodl nadaaf (d-2) slgl\b-u_
/

mudl ket oordind

/ In these coordinates, the black hole horizon is located at p = 0.

Near-horizon geometry:

ds?%mr = —pﬁ:dvz +2dvdp+2p6’Advd:UA + (QAB —I—p)\AB)da:Ad:L’B + ...

~ , A
p~0 )X, By, Qg ¢ Fundkions %?_(Ar,,of.)
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Geometry of a black hole horizon

~ 0

ds2,."= —pkdv? + 2 dvdp + 2p 0 advdz™ + (QAB + o\ AB)da:Ad:UB +.
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Geometry of a black hole horizon

- ~0
? dsgﬁpz —p K dv? + 2 dudp + 2p OAdfud:cA + (QAB + p)\AB)d:UAdCUB + ...
" ! 1
f): ot surface gravity “twist”
é (for a Killing horizon)
/5 L’DyL* = KL*
/
“Stnetched
houzon"
VAR
P4
L =4,
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Geometry of a black hole horizon

o PV 2 A A B
dsyr = —pKdv” + 2dvdp + 2p0 advdx™ + | Qap + pAap |drx"dx”™ + ...

T

surface gravity “twist”
(for a Killing horizon)

LD, L% = kL*

AR
=42 A, ¥~ ®- » S
Z. =4 A8 2~ T
AR 2N %
d
%P%q;ﬂs:é-
o/ “ oot
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Geometry of a black hole horizon

o PV 2 A A B
dsyr = —pKdv” + 2dvdp + 2p0 advdx™ + | Qap + pAap |drx"dx”™ + ...

T

surface gravity “twist”
(for a Killing horizon)

LD, L% = kL*
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Horizon dynamics

1
» Null Raychaudhuri equation: (0, — k) © + m@2 +osp0iB =0

describes how the expansion evolves along the null geodesic congruence
Key in the proof of singularity theorems (+ energy conditions)

Laura Donnay @



Horizon dynamics

1
* Null Raychaudhuri equation: (&U — HJ) © + —@2 -+ UABUAB =0

d— 2
| d—3 B
Damour equation: (0, + ©) 04 +2D4 [ kK + ﬂ@ —2D7 045 =0
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Horizon dynamics

1
» Null Raychaudhuri equation: (0, — k) © + m@z +osp0iB =0

d—3
- Damour equation: (0, +0) 04 + 2D 4 (Kj—}— ﬂ@) _ QDBUAB =0

Q originally thought of as the Navier-Stokes equation for a viscous fluid [Damour ’79][Price,Thorne ‘86]

In fact, it is a conservation equation of a Carrollian (not a Galilean) fluid [LD, Marteau ‘19]
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Horizon dynamics

1
» Null Raychaudhuri equation: (0, — k) © + m@z +osp0iB =0

d— 3
Damour equation: (0, + 0) 04 + 2D 4 (ﬁj—}— ﬂ@) _ QDBUAB — 0

Q originally thought of as the Navier-Stokes equation for a viscous fluid [Damour ’79][Price,Thorne ‘86]

In fact, it is a conservation equation of a Carrollian (not a Galilean) fluid [LD, Marteau ‘19]

evolution equation:

Rag [Q] — (av -+ H:) AAB — QD(AQJB) — 2WAWR

1 d— 06 1
205« [ Amve — =QmeAPy | — A — QA =
Tidal force equation:
1
(0y — k) —OAc'O'BC— d_QQABUCDUCDZO

Laura Donnay @



d82ﬁ+

1
TN e 2

// dsiﬁ — —Fdu® — 2dudr + r*H g (da:A —
o+ g+
Rlg 1 2Gms
F(U,T,$A):T—§auOAA— - +

1
Hap (’U,,T‘,.GCC) = (gaAB (.GCC) + ;CAB—F...

U4 (u,fr, wB) = (DBCAB — DACBB) +

= —pF dv* 4+ 2dvdp + gap (da:A + pﬁAdv) (da:B — pﬂde) :
F (’U, p,xA) = 2K (U, EE’A) + pFo (v, scA) +o
I (v,p,xB) — 94 (’U,IEB) + ...
JdAB (vaa xc) — QAB (Uaxc) + p/\AB (Uaxc) +...

2

3r

r

A B
U—Qd’u) (da:B — U—Qdu>

r

1
[NA _ §CABDCCBC] 4+
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Outline

= Black hole horizon vs null infinity

—> = 7+ ¥ geometric duality

= Matching an infinite number
of conserved quantities




Null infinity as an extremal horizon

f is an extremal non-expanding horizon for the (unphysical) conformally completed spacetime

dstr—Qstﬂ, Q:g
"

[Ashtekar, Khera, Kolanowski, Lewandowski ‘22] [Ashtekar, Speziale ‘24] [Agrawal, Charalambous, LD ‘25]
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Null infinity as an extremal horizon

f is an extremal non-expanding horizon for the (unphysical) conformally completed spacetime

A B
d§?¢+ — des?¢+ = 0? | —Fdu? — 2dudr + r*Hag (d.ﬂCA — U—du) (dacB — U—du)]

r? r2

spatial inversion

Laura Donnay @



Null infinity as an extremal horizon

f is an extremal non-expanding horizon for the (unphysical) conformally completed spacetime

A B
ds?,. = 0%ds®,,. = Q% | —Fdu? — 2dudr + r*Hag | dz? — U—du daB — U—du
54 5

r? r2

spatial inversion

r=-—, u=v
P

[d8ﬂ+ = dsiﬁrJ: —pF dv® + 2dvdp + gag (da: —|—,019Ad1)) (dz® + p9Pdv) , °
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Null infinity as an extremal horizon

f is an extremal non-expanding horizon for the (unphysical) conformally completed spacetime

A B
ds?,. = 0%ds®,,. = Q% | —Fdu? — 2dudr + r*Hag | dz? — U—du daB — U—du
54 5

spatial inversion

r=-—, u=v
P

[d8ﬂ+ = dsiﬁrJ —pF dv® + 2dvdp + gap (dz? + p0idv) (dz® + pdPdv) , -

with F = oz_QF, gAB = QQHAB; I —pa_4UA

— K=0 ©=0 QA:O

extremal non-expanding non-twisting

Laura Donnay @



Null infinity as an extremal horizon

/.7 dictionary

I Name Evolution equation 5
K surface gravity - 0
© expansion Null Raychaudhuri eq. 0
WA twist Damour eq. 0
oag | longitudinal shear Tidal force eq. 0
Qap horizon metric - gas (fixed)
Aag | transversal shear | Trans. deform. rate ev. eq. || Cap (free data)

[Agrawal, Charalambous, LD ‘25]

Laura Donnay @



Null infinity as an extremal horizon
f is an extremal non-expanding horizon for the (unphysical) conformally completed spacetime

~ 84
A5’ = Q%ds’,,, Q= -

This horizon “dual’ to null infinity is in general not part of the physical spacetime

Laura Donnay @



Null infinity as an extremal horizon

f is an extremal non-expanding horizon for the (unphysical) conformally completed spacetime

~ 84
A5’ = Q%ds’,,, Q= -

This horizon “dual’ to null infinity is in general not part of the physical spacetime

BUT

A consequence of this duality is

If the spacetime contains an extremal non-rotating horizon, then

the map %i > fi should be an exact isometry

[Agrawal, Charalambous, LD ‘25]

Laura Donnay @



Null infinity as an extremal horizon

f is an extremal non-expanding horizon for the (unphysical) conformally completed spacetime

~ 84
A5’ = Q%ds’,,, Q= -

This horizon “dual’ to null infinity is in general not part of the physical spacetime

BUT

A consequence of this duality is

If the spacetime contains an extremal non-rotating horizon, then

the map %i > fi should be an exact isometry

This ‘explains’ the Couch-Torrence symmetry of
extreme Reissner-Nordstrom (ERN) black holes

[Agrawal, Charalambous, LD ‘25]

Laura Donnay @



A self-dual example:

the 4D extremal Reissner-Nordstrom geometry



ERN as a self-dual example: the Couch-Torrence inversion symmetry

Extremal Reissner-Nordstrom (ERN) black hole

M =@ 2
A 2 A(r)=(r—M
ds%RN = — T(;) dt? + Ar(r) dr? + erdQ% ’T‘H(Z) M( )

Laura Donnay @



ERN as a self-dual example: the Couch-Torrence inversion symmetry

Extremal Reissner-Nordstrom (ERN) black hole
M=Q
A(r) o ’
dSERN —_ — 5 dt ‘1‘
r A(r)

dr? + erdQ%

Couch-Torrence (CT) discrete conformal symmetry  [couch, Torrence ‘84]

Mr

. CT :
r— M

2
dSERN —> dSERN = () dSERN
M
r— M

() =

Laura Donnay
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ERN as a self-dual example: the Couch-Torrence inversion symmetry

Extremal Reissner-Nordstrom (ERN) black hole

A (r) 02 r

d2 QdQZ
2 AT TTER

dSERN = —

Couch-Torrence (CT) discrete conformal symmetry  [couch, Torrence ‘84]

CT . Mr
P T =T dsprN = dspry = O dspp
M
() =
r— M
effect: exchanges null infinity and the horizon!
VE - M
r, CT —r, r.=r—M— m— + 2M In g

CT CT
r=M&ESr=00 & 2 AT gt
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ERN as a self-dual example: the Couch-Torrence inversion symmetry

Extremal Reissner-Nordstrom (ERN) black hole

A (r) 02 r

d2 QdQZ
2 AT TTER

dSERN = —

Couch-Torrence (CT) discrete conformal symmetry  [couch, Torrence ‘84]

CT . Mr
P T =T dsprN = dspry = O dspp
M
() =
r— M
effect: exchanges null infinity and the horizon!
VE - M
r, CT —r, r.=r—M— m— + 2M In g

CT CT
r=M&ESr=00 & 2 AT gt

CT
r=2M <— r =2M fixed point: photon sphere!

Laura Donnay @



Outline

= Black hole horizon vs null infinity

" ¥ < . geometric duality

=—> = Matching an infinite number
of conserved quantities




Matching of near-.#Z charges to near- .7# charges

Massless scalar perturbations on ERN black hole

ErN® =0

Laura Donnay @



Matching of near-.#Z charges to near- .7# charges

Massless scalar perturbations on ERN black hole

LUErND =0 r*OgrN = Oy (1 — M)2 0, — 2r0,0,r + 200
= Near f+ expansion:
A 00 14
Z EL xr (I)('n, Z Z ngm (.’,EA)
n—O =0 m=—/¢
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Matching of near-.#Z charges to near- .7# charges

Massless scalar perturbations on ERN black hole

LUErND =0 r*OgrN = Oy (1 — M)2 0, — 2r0,0,r + 200

= Near f+ expansion:

b ; i o (1) (u, IA) q)(n Z Z oY, (:EA)

(r — M)" 0=0 m=—1

= One obtains the recursion relations: 8, (q)( ) +M<I>(0)) €(€+ 1)(13( )

1 .
D, ((n+1)cp<”+”+(2n+1)Mc1>< )+ M o\ ”) = (L =n)((+n+1) D)
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Matching of near-.#Z charges to near- .7# charges

Massless scalar perturbations on ERN black hole

LUErND =0 r*OgrN = Oy (1 — M)2 0, — 2r0,0,r + 200
= Near f+ expansion:
A
Z EL xr (I)('n, Z Z ngm (.’,EA)
= =0 m=—¢

= One obtains the recursion relations: 8, (q)( ) +M<I>(0)) €(€+ 1)(13( )

1
D, ((n+1)cp<”+”+(2n+1)Mc1>< )+ M o\ ”) = (L =n)((+n+1) D)

20 + 1
LT (£)

14 _
{41 Em(u)+—M2(I)éfnl)(u) = O0uNegm =0, £2>0

(+1

Laura Donnay
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Matching of near-.#Z charges to near- .7# charges

Massless scalar perturbations on ERN black hole

ErN® =0 r*Ogry = Oy (1 — J\/[)2 0, — 2r0,0,r + 200

= Near f+ expansion:

(1)(7?,) A S ¢
(u,ac ) (I)(n) (u,xA) _ Z Z Yo (3:‘4)

(r—M)" 0—0 m——¢

O, (<I>( ) +M<1>(°)) €(£+ 1) 3!

0, ((n+1)c1>(”“)+(2n+1)M<I>( )M\ 1)) (e n)(l+n+1) o

¢ _
<1'>(€)(u)—|—€_|_—1M2¢§fn D) = 0,Nyn=0, £>0

infinite tower of conserved quantities

Newman-Penrose conserved quantities [Newman, Penrose ‘65 ‘68]

Laura Donnay
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Matching of near-.#Z charges to near- .7# charges

Massless scalar perturbations on ERN black hole

ErN® =0

- Near .7# T expansion:

Laura Donnay @



Matching of near-.#Z charges to near- .7# charges

Massless scalar perturbations on ERN black hole

Uern® =0
- Near .7# T expansion: ,
O S DM (A (ﬁ)” 3™ (y, z4) =

_2(M + p)QDERN = 8)9 anO + 2 (M + p) Bvap (M + p) + 266’

Onm (xA)

Laura Donnay
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Matching of near-.#Z charges to near- .7# charges

Massless scalar perturbations on ERN black hole

Lgrn® =0
- Near .7# T expansion: ,
D ~ o) ; . (ﬁ)n ) U, x?) =

_2(M + p)QDERN = 8)9 anO + 2 (M + p) Bvap (M + p) + 266’

= One obtains the recursion relations: 179, (@ér}g + @22) — %

M, ((n + 1) 4 (20 4 1))

Onm (xA)

1 T (n
)zﬁ(ﬁ—n)(ﬁ—%n%—l)fbé)

m

Laura Donnay
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Matching of near-.#Z charges to near- .7# charges

Massless scalar perturbations on ERN black hole

Lgrn® =0
- Near .7# T expansion: ,
D ~ T;)(i)(n) (’U,:EA) (%)n (i)(n) (U,CE'A) — Ez:%mge Onm (.’IJA)

_2(M + p)QDERN = 8)9 anO + 2 (M + p) Bvap (M + p) + 266’

0)

= One obtains the recursion relations: 179, (@ér}g + @22) — %g(ﬁ +1) é

Ma, ((n+1)<i>§’;“)+(2n+1)ci>§”)+ bl 1)) (e n)({+n+1)o

. 0 ., B
A = (I)Em (U) + —(I)em (U) + f—l—_lq)éfn 2 (U) = A =0, >0

infinite tower of conserved quantities
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Matching of near-.#Z charges to near- .7# charges

Massless scalar perturbations on ERN black hole

Lgrn® =0
- Near .7# T expansion: ,
D ~ T;(i)(n) (’U,:L‘A) (%)n (i)(n) (U,CE'A) — Ez:%m;E OY%m (.’IJA)

_2(M + p)QDERN = 89 p28p + 2 (M + p) auap (M + p) + 266’

0)

= One obtains the recursion relations: 179, (@1(32 + q)gg?b) — %g(ﬁ +1) é

Ma, ((n + 1) 4 (20 4+ 1) + n bl 1)) (e n)({+n+1)o

{ =n
ERFY(ASY 20+ 1 40 £ awe-1) = O0yA =0, (>0
AEm = (I)gm (U) + €—|——1(I)£m (’U) + f—l—_lq)gm (U) vibm ? —
infinite tower of conserved quantities
Aretakis charges [Aretakis ‘11] key in the proof of linear instability of ERN black hole

Laura Donnay @



@ Aretakis instability

Massless scalar perturbations on ERN black hole

L a(41) 20+1 2 ) U 21 = O0,Au, =0, £>0
Afm - (I)Em (U) + €—|——1(D£m (U) -+ €—|——1(I)£m (’U) 14 tl

infinite tower of conserved quantities

Aretakis charges [Aretakis '11] (+d Its)
+ decay results

The Wave Equation on Extreme
Reissner-Nordstrom Black Hole Spacetimes:
Stability and Instability Results

k+1 k
0. @‘T:M ~ U

transverse derivatives blow up as v — OO

linear instability of ERN black hole

Laura Donnay @



Matching of near-.Z charges to near- .77 charges

Conserved guantities near C%”Jr Conserved guantities near f+
2041 - p A (0-1) 20+1 4
Apy = (I)(E‘H) o' ® (£+1) ( ) 2 -1

%‘i‘ /' j‘l‘

Laura Donnay @



Matching of near-.Z charges to near- .77 charges

Conserved quantities near %+ Conserved quantities near fJF

2041 - p
—®

[
(W) + —— 3D (@) ) Ny = 0D () + 2L 4000 () 4

4 0—1)
M2 !
g1 ‘m /11 Y

= (441
Agm = 3, (v) + 1 M P (W

N M o\ - M?
Couch-Torrence (CT) inversion: ® (u, 7, 2") T p (u, 7, 2) = ( M) ® (”U = U, p aﬁA)
r —

if DL%a-i-(i)(U,p?LCA) — (0 , then Df-f(i(’u,’?“,x‘ﬁl) — ()
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Matching of near-.Z charges to near- .77 charges

Conserved quantities near .77+ Conserved quantities near ,# T
A 20+ 1 2y 14 *(0—1) 2041 4 -
Ay = (I)(£+1) <I>( ) (I)( N, — eltD 241,50 IRV Y 1)
14 fm (U) + / n 1 m (U) + / N 1 Ifm (U) fm im (u) + /+1 Em(u) + 4+ 1 Im (U)

N M o\ - M?
Couch-Torrence (CT) inversion: ® (u, 7, 2") T p (u, 7, 2) = ( M) ® (”U = U, p aﬁA)
r —

if DL%a-i-(i)(U,p?LCA) — (0 , then Df-f(i(’u,’?“,x‘ﬁl) — ()

M€+2Agm — Ngm >0

Map between Aretakis and Newman-Penrose
conserved quantities

[Bizon, Friedrich “12][Lucietti, Murata, Reall, Tanahashi ‘12] [Agrawal, Charalambous, LD ‘24]
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Linearized gravitational perturbations on ERN

d for s =0
s <> 91— for s =+£1

\‘.\Ifg_s for s :‘:??\)

—

e crm—

- Near _# T expansion:

—2r?Oprn = (r = M) ™28, (r — M)Q(SH) Oy + 2062052 — 2 (r°0, + (25 + 1) 1) 9,

n) A 00 14
% ~ 28—|—1 Z ws u - ) wgn) (u’:EA) - Z Z wgz)n (U) szEm (:EA)

(rr o {=|s| m=—¥
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Linearized gravitational perturbations on ERN

d for s =0
Vs <> 91— for s = £1

\‘-\Ijg_s for s :‘:I?Q\j

—

- cr——

- Near _# T expansion:

—2r?Oprn = (r = M) ™28, (r — M)Q(SH) 0, + 2052052 — 2 (1?0, + (25 + 1)7) 0,

n) A 00 14
% ~ 28—|—1 Z ws u - ) wgn) (U’ZEA) - Z Z wgz)” (U) szEm (:EA)

(7“ o {=|s| m=—¥

= One can extract the following quantities / — 1 + s

20 + 1 (£—s) {4+ s

M MZ (L—s—1) Ny, = >
/f—s+1 wsﬁm (’Uﬂ)—}—g w (U) = 0 / 0j E_|3]

N =540 () 4
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Linearized gravitational perturbations on ERN

d for s =0
Vs ¢3S 01 for s = +1

\‘.\Ifg_s for s :‘:??\)

—

e crm—

- Near _# T expansion:

—2r?Oprn = (r = M) ™28, (r — M)Q(SH) Oy + 2062052 — 2 (r°0, + (25 + 1) 1) 9,

= One can extract the following quantities / — 1 + s

s 20+ 1 s {+s e
Nem =Wy () + 7 Mg (W) + g MPUG () = 00 oNem =0, £ s

infinite tower of conserved quantities

Q@ 2(2s 4+ 1)

guantities remain conserved at nonlinear level!

NP conserved quantities [Newman, Penrose ‘65 ‘68]
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Linearized gravitational perturbations on ERN

d for s =0
s <> 91— for s =+£1

\‘.\Ifg_s for s :‘:??\)

—

e crm—

= Near .’ expansion:
—2(M + p)*Ogrx = p~ 20, p* 5TV, 4 204,05 + 2 ((M +p)°0,+ (25 +1) (M + p)) Dy

00 ¢/

o Y0 (00) (77) B ) = Yo 30 L) Yo (o)
n=0

l=|s| m=—¢
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Linearized gravitational perturbations on ERN

d for s =0
Vs <> 91— for s = £1

\‘-\Ijg_s for s :‘:I?Q\j

—

- cr——

= Near .’ expansion:
—2(M + p)*Ogrx = p~ 20, p* 5TV, 4 204,05 + 2 ((M +p)°0,+ (25 +1) (M + p)) Dy

o 00 /
A O N AN n A
ws Z()ws (’U,SE ) (M) TP( ) z|:| Ze sY}fm (J; )
n= {=|s| m=—
= One can extract the following quantities {=n+s
T(£—s 2‘€ —|_ ]- “(l—s g —I_ S §—
Aem = Vg™ 0) + o )+ e D (0) > BusAan =0, (2]l
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Linearized gravitational perturbations on ERN

K for s =0
Vs <> 91— for s = £1

(;‘@2_5 for s :‘:I?Q\j

—

- cr——

= Near .’ expansion:
oM + p)2Dhny = p=20, P20, + 20,06 + 2 ((M + )20, + (25 +1) (M + p)) 9,

o 00 /
A O N AN n A
% ZOT’DS (’U,SE ) (M) 77-/)( ) X|Z| Zf sY;?m (J; )
n= {=|s| m=—
= One can extract the following quantities {=n+s
T(£—s 2‘€ —|_ 1 “(l—s g —I_ S §—
Aem = Vg™ 0) + o ) F e D (0) > BusAa =0, (2]l

New infinite tower of near-horizon conserved quantities  [Agrawal, Charalambous, LD ‘24]
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Linearized gravitational perturbations on ERN

d for s =0
Vs <> 91— for s = £1

\‘-\Ijg_s for s :‘:I?Q\j

—

- cr——

= Near .’ expansion:
—2(M + p)*Ogrx = p~ 20, p* 5TV, 4 204,05 + 2 ((M +p)°0,+ (25 +1) (M + p)) Dy

o 00 /
A O N AN n A
ws Z()ws (’U,SE ) (M) TP( ) z|:| Ze sY}fm (J; )
n= {=|s| m=—
= One can extract the following quantities {=n+s
T(£—s 2‘€ —|_ ]- “(l—s g —I_ S §—
Aem = Vg™ 0) + o ) F e D (0) > BusAa =0, (2]l

New infinite tower of near-horizon conserved quantities  [Agrawal, Charalambous, LD ‘24]

P4+s+2 L
- M SAEm — sNﬁm 1:1 match with horizon conservation laws
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Summary and outlook

= We explored a geometric duality between null infinity and black hole horizons

« % andits ‘dual’ black hole horizon are generically not part of the same spacetime
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EXCEPTION : Extreme RN, hence the ‘surprising’ Couch-Torrence exact isometry
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Summary and outlook

= We explored a geometric duality between null infinity and black hole horizons

« % andits ‘dual’ black hole horizon are generically not part of the same spacetime

EXCEPTION : Extreme RN, hence the ‘surprising’ Couch-Torrence exact isometry

wt CL gt

= Under the CT inversion, Aretakis conserved quantities and Newman-Penrose charges are in 1:1 correspondence

novel infinite tower of conserved quantities for spin-two perturbations at the horizon

[Agrawal, Charalambous, LD ‘24]
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Summary and outlook

= We explored a geometric duality between null infinity and black hole horizons

« % andits ‘dual’ black hole horizon are generically not part of the same spacetime

EXCEPTION : Extreme RN, hence the ‘surprising’ Couch-Torrence exact isometry

wt CL gt

= Under the CT inversion, Aretakis conserved quantities and Newman-Penrose charges are in 1:1 correspondence

novel infinite tower of conserved quantities for spin-two perturbations at the horizon

[Agrawal, Charalambous, LD ‘24]
= Beyond self-dual example? extreme Kerr-Newman black holes

Remarkably, the matching of conserved quantities can also be extended to this case
for axisymmetric perturbations of any spin!
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Summary and outlook

Future directions

= New light on mysterious existence of Aretakis/Newman-Penrose
conserved quantities? Non-linear perturbations? [Porfyriadis, Rosen, Tsaraktsidis ‘25]
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Summary and outlook

Future directions

New light on mysterious existence of Aretakis/Newman-Penrose
conserved quantities? Non-linear perturbations? [Porfyriadis, Rosen, Tsaraktsidis ‘25]

New implications for black hole stability theorems? [Aretakis, Dafermos, Lucietti, Reall,...] Oy

Taming the Aretakis instability with multi-degenerate horizons
[Agrawal, Charalambous, LD, Liberati, Neri 26]
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= Selection rules on physical responses (Love numbers) for black holes
from conformal inversion? [Kehagias, Perrone, Riotto ’24] )
s

Laura Donnay @



Summary and outlook

Future directions

= New light on mysterious existence of Aretakis/Newman-Penrose
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New implications for black hole stability theorems? [Aretakis, Dafermos, Lucietti, Reall,...] Oy

Taming the Aretakis instability with multi-degenerate horizons
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= Conformal inversions for non-extremal black holes?
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Summary and outlook

Future directions

= New light on mysterious existence of Aretakis/Newman-Penrose
conserved quantities? Non-linear perturbations? [Porfyriadis, Rosen, Tsaraktsidis ‘25]

= New implications for black hole stability theorems? [Aretakis, Dafermos, Lucietti, Reall,...] O

Taming the Aretakis instability with multi-degenerate horizons
[Agrawal, Charalambous, LD, Liberati, Neri 26]

= Selection rules on physical responses (Love numbers) for black holes
from conformal inversion? [Kehagias, Perrone, Riotto ’24]

Conformal inversions for non-extremal black holes?

view this from the photon sphere perspective! [Bianchi, di Russo ‘22]

~w Spin axis

[Charalambous, LD, Lupsasca '25]
we found exact inversions for all spins in the static limit

Event Horizon

[Lupsasca et al.]
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Summary and outlook

Future directions

= New light on mysterious existence of Aretakis/Newman-Penrose
conserved quantities? Non-linear perturbations? [Porfyriadis, Rosen, Tsaraktsidis ‘25]

= New implications for black hole stability theorems? [Aretakis, Dafermos, Lucietti, Reall,...] O

Taming the Aretakis instability with multi-degenerate horizons
[Agrawal, Charalambous, LD, Liberati, Neri 26]

= Selection rules on physical responses (Love numbers) for black holes
from conformal inversion? [Kehagias, Perrone, Riotto ’24]

Conformal inversions for non-extremal black holes?

view this from the photon sphere perspective! [Bianchi, di Russo ‘22]

~w Spin axis

[Charalambous, LD, Lupsasca '25]

we found exact inversions for all spins in the static limit

Event Horizon

= Quantum fluctuations of near-extremal black holes?
[lliesiu, Turiaci’21]

[Lupsasca et al.]
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Thank you.

René Magritte, Les deux mystéres (1966)
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