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» TLN’s : good observables, quantify the (failure of) presence
of horizons, intriguing properties for BHs in GR, encode
physical information in other contexts (AdS/CMT)...

» Vanishing TLN’s fail after minimal modifications of GR
[Cardoso, Franzin, Maselli, Pani, Raposo, Kimura, Senatore, Emparan,

Luna, Fernandez-Pique, Rocha...]|

» Within GR, how generic is the vanishing of static response
of BHs?

» Vanishing of static response not specific of gravity [Hui+ '21]
» From HEP : D > 4, light gauge fields, charged BH’s...
» Study the static response of charged BH’s in arbitrary D
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» Theory :

Slg, A] = 212 /de\fR— /de\/ﬁ]ﬂ

» EOM :

1
Guap = K2Tap, d*F =0, Tap=FacFyL — ZQAB}—2

» Static, Spherically Symmetric, Electrically Charged BH’s :

2
ds® = — f(r)dt® + ]fl(?;) +7%dQ%,  F = Eo(r)dt Adr
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» Solution :

2M Q?

2.2
q K™q
to B =, Q=

fr) =1~

Tnfl

» Killing Horizons 74 :

il =M+ /M2 - Q2

» Extremality Bound |Q| < M — ry Event Horizon, r_
Cauchy Horizon

» Hawking Temperature

n—1

Ty (ri‘l — 'r"_l)

= n
47rrJr
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» Kodama and Ishibashi (limp_,4 = gauge-invariant RWZ) :
M=N™x K"
=~
ye 2t

ds® = gAdeAdacB = gab(y)dyadyb + 7’2(y)’yij(z)dzidzj

» Perturbations :

6A = 0 Apdz? = 6 Audy® + 6 Aid2
h = hapde?da® = hapdy®dy® + 2hady®dz" + hijdz'd2?
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» Decompose w.r.t. K"

5A; = Dia+ AW, DAl =0
hai = Diha + 1Y, Dl =0

and
hij = hg?)z'j + QD(ihg})j) + hrvi; + I:ijhgg))
—0, ﬁihf(l?)ij —0= Vijhg)ij

i =

Diny)
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Perturbation Theory in Higher D

» Decompose w.r.t. K"

§A; = Dia+ AL, DAY =0
hai = Diha + 0, DInl) =0

ar

and

hij = h .+ 2Dhs) | + hiyig + Ligh)
ﬁlh(T)i =0, Dlhi(F)ij =0= 7Uh(T)z‘j
» Tensor sector T = {hT U}
» Vector sector V = {h(l) h I 1)}

ar ?

» Scalar sector S = {hap, ha, hr, h TO);&Aa,a}
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v
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Perturbation Theory in Higher D

» Static perturbations are governed by Fuchsian equations

Heun

7 (2) + (Z + e i 1 + > i7Zc> V'(2) + Z(za_ﬁf)z(;li)zc)\ll(z) =0

2(1—=2)V"(2) +[c—(a+b+1)2] ¥ (2) —ab¥(z) =0

Hypergeometric
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Perturbation Theory in Higher D

U(z) = AV,esp(2)+B (Z_Ql_l‘l/tidal(Z) + R¥,eqp(2) In Z) , = —

» 20+ 1¢N:
U(z) =B (wresp(z) 4 z—2l—h11tidal(z))

=B (k; Ay )

» 2]+ 1 € N : [Kol and Smolkin ’11, Hui et.al. *21]
(=) = B (FWeop(2) + 2727 Wiigua(2) + R¥yep(2) In 2)

=B (272171 +..+Rlnz+ )

Unless : ¥(z) = B (kr\I/resp(z) + 2*21*1W£le(z)) — k=0
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Q#0 & Ty #0

(neut) dmry 2
ktensor = ktensor <n 1 TH)

ktensor

Q/M
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Vector Static Response

hai = BOVL, by = —2k,hVVy, 64 = AV,

» Gauge-invariant variables (€2, A)

» Decoupled (“master”) variables :

2
by = arr "2 (Q _ 2 qA) + birnT_zA

» Defined only up to their amplitudes

(ay,by) = (A n ]37,2:; —) ) CjU(Jr)) (Vo))

2k2q
(a-,b-) = (U(»—AJFM(HQ - 1)0<>) (Vo)
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» Define ki for ¢+ as for tensor mode.

2(n — 1)nsine ( 2(n — 1)nsine ) _ol-1 )
hgi~ kot ——""——0Ok;  + |1+ ——"""—0O |2 +...]V;
( A+n2-—1 * A+n2-1
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» Define ki for ¢+ as for tensor mode.

hos ~ (k L 2n—Dnsineg, (1 + 2(7}—””81116@) -1y ) v,

A+n2—1 A+n2—-1
my sine k_ my sine 1 _o1-1 )
(* Atn?_ 10 ( A+n2—1®>

» No magnetic (gravitational) tide [Cardoso, Franzin, Maselli, Pani,
Raposo]|

my(n—1)n

kvector =k_+2 SiIl2 €—— 2 k+
(3o

my(n—1)n

(i)

02
kmagnetic =ky + 2sin”€
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» (Q =0 : In general # 0, but [Hui et.al. 21]

1
D=4 & D=5le N & D>5L=ND-3)+l

» Ty =0:
(S +) (S, +1) r(=20) T(Sex ) +1) T(Sex,)+)
- B2 PO (S, 1)=1) D(Scx, - —1) A+1¢l
ky =4 y2r (St (S@, ) +) T(Sea, )+ T(S,—)+)
+ (1) ESY P (51 (50 1) Inz 20+1€7Z
0 D=4

» For Q # 0, new modes polarise
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Vector Static Response

Q#0 & Ty #0 (D=10)

20 T T T T .
‘ J
10 1=2/7 2
; :
g 5 1=3/7 S
< 1=6/7 g
— <
-5 1=4/7
-10 4
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0

Q/M Q/M

D=4— kvector =0= kmagnetic

(Apply recent progress by [Bonelli+ '22|)
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» Static perturbations governed by Heun’s equation

» Tensor and massless scalar TLNs ~ T}Q}H — vanish at
extremality for all D

» New vector modes polarise due to ) # 0 — signature of
charge

» No static response in 4D GR <« Purely-growing polynomial
solutions

» Relation to SUGRA (attractors) ?

» Vanishing of tensor TLNs generic at extremality ? (e.g.
rotation in higher D)

» Scalar Sector & Match to EFT charged point-particle
» Higher ranks and S-duality (also magnetic charges in 4D)

» New methods (covariant phase space)

Thank you!
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» Take a conducting sphere of radius R

EEFD = A4+ Br3 (r>R)
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Electric Susceptibility

v

Take a conducting sphere of radius R

EX=D = A4+ Br3 (r>R)

T

v

Immerse it on a background field A > R

E:Em[wa—f]
.

v

The conductor condition is F(R) =0 :

ap = —R3

v

Electric polarisability is an intrinsic property.
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