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Does a holographic CFT live
on the photon sphere?
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CFT does NOT live on the photon sphere in AdS

[Raffaelli '21]
® |In asymptotically flat BH... [Hadar, Kapec, Lupsasca, Strominger '22]

Hidden conformal symmetry exists on the photon sphere

— Photon sphere = Holographic screen?

® In asymptotically AdS BH...[Hashimoto, KS, Sugiyama, Yoda '22]

— The AdS boundary breaks the symmetry

4 N

— There is a peculiar spectrum near the photon sphere

— A prediction for thermal holographic CFTs

\ S
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Photon sphere in the asymptotically flat black hole

Schwarzschild BH (d > 3)

dr?

fr)

Decompose the scalar field as ® = e~ ** Y}, (angles) ¥ (r) r1=%/2

— the EOM becomes V(r)
(dz —|-Q2_V(fr')) Y(r) =0 /\

ds® = —f(r)dt* +

d—3
i 1) =1- ()
r

dr?
. "odr! rPS r
TS S0
3 B 2 d-3
V(T)Zf(r)((l+d/2 AR (51 ?31—1+“2)
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QNM in the asymptotically flat black hole

Quasinormal modes (QNM) : damping of matter fields on BH

2

...solutions of the EOM ( d

2
drz

+ Q2 — V(r)) »(r) =0 with

the boundary condition

() (r — 400) Vi
~ (pure outgoing) A A, — ANNANS
\
Y(r=ro)
~ (pure ingoing)

\
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QNM in the asymptotically flat black hole

Quasinormal modes (QNM) : damping of matter fields on BH

2

...solutions of the EOM ( d

2
drz

+ Q2 — V(r)) »(r) =0 with
the boundary condition
rw(m —0) V(r)
~ (pure outgoing) A, — ANANNS

P (r, — —00)

\ ~ (pure ingoing)
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Derive a QM model with large [ approximation

(

r —rps| K ro (near-peak)
"near-ring region" : s
— — — rpg| L 7 near-critical
[Hadar3 Kapec, Lupsasca, \ Or d — 3 PS 0 ( )
Strominger '22]
QR < ro (high-frequency)

V(r)

T
Focus on the spectrum NSNS — S AVAVAVAES
near the photon sphere / K

— V/(r) is approximated by an

inverted harmonic oscillator. r'PS
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Derive a QM model with large [ approximation

r —rps| < ro (near-peak)
"near-ring region" : s
— — — rpg| L 7 near-critical
[Hadar3 Kapec, Lupsasca, \ Or d — 3 PS 0 ( )
Strominger '22]
QR < ro (high-frequency)
Q | E

d2
(3

+ Q% — V(fr')) Y(r) =0
l x X ry — (74)PS

/6&) .

2 .
(5B~ V@) vl =0
2
where V(z ~0) ~ —% . Q~/V(rps)+E+0O(17")
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Dynamical conformal sym. near the photon sphere

1
Ji=
Jo = —=
—

a2 L a?\ _ 7. - QM Hamiltonian of

dz2 " 4 )] = 7™"° " aninverted harmonic oscillator
7 d n 1 7 1 d? 2

r— + = =—| — — —

2o\ "dz " 2 ST o \de2 4
:Jl, Jg: = —1J3,
_ _ . x
-JQJ Jg_ — 3J1;.
J3, J1] = iJ

SU(1,1) ~ SL(2,R) alg.
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Conformal symmetry breaks in AdS black hole

AdS-Schwarzschild BH (d > 3)

dr? ro\4-3 r?
2 2 2 1002 _1_ (10 S
ds? = —f()df* 4 205 4720y, J(r) =1 (T ) s
e V() = Viu(r) + P02 4
* R? V(r)

AdS boundary works as a hard wall :

fw(m =0)=0 NN\

Y(ry — —00) ~ (pure ingoing)

\

— SL(2,R) is broken!

| -~ e e e
-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 r *
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QNM spectrum of the AdS BH from a QM model

N 2
Model 1 : Inverted harmonic oscillator  V(x) = _‘%
+ a Dirichlet boundary
- 10
V() =10
5 e sl
l EI 0] 6 O
-5
=T 5 0 5 10
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QNM spectrum is insensitive to the potential tail

. .s . ~ 1
Model 2 : POschl-Teller potential v(xz) =10 (Cosh2 /2] 1)

+ a Dirichlet boundary

10

V(z) =10

-10 . l
-10 -5 0 5 10
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"Photon-sphere subsector” in holographic CFTs

é )
Prediction : In thermal holographic CFTs on a sphere,

there exists the large angular momentum

spectrum with the universal pattern below :
\. J

10

Vv

25004+

| ‘\\\\.\\\\\\\\\\\\\\\\\\7r
-3.0 -25 -2.0 -1.5 -1.0 -0.5 *
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CFT does NOT live on the photon sphere in AdS

[Raffaelli '21]
® |In asymptotically flat BH... [Hadar, Kapec, Lupsasca, Strominger '22]

Hidden conformal symmetry exists on the photon sphere

— Photon sphere = Holographic screen?

® In asymptotically AdS BH...[Hashimoto, KS, Sugiyama, Yoda '22]

— The AdS boundary breaks the symmetry

4 N

— There is a peculiar spectrum near the photon sphere

— A prediction for thermal holographic CFTs

\ S
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Backups
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"Photon-sphere subsector” in holographic CFTs

é )
Prediction : In thermal holographic CFTs on a sphere,

there exists the large angular momentum

spectrum with the universal pattern below :

Y QRNZ\/—Jr—

Qp ~
RR l

A\

tl"[FDng s DQDQF]

c.f.) [Festuccia, Liu '08]

| ‘\\\\.\\\\\\\\\\\\\\\\\\7r
-3.0 -25 -2.0 -1.5 -1.0 -0.5 *
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Quasinormal modes as descendants

Hinotp >~ —3%1? ( ERp >~ O)
A Q;
—_— Jg’lp ~

QNMs should have €27 < 0
and decay. cf) ® o ey

— They should be In
the discrete rep. (a) of SU(1,1).

J¥p = —j(j+ 1)y
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Quasinormal modes as descendants

d x
From the Schrodinger eq. (—x + £ + —) Y(z) =0,
(27 27

Jop e SU
o~ —

— The ground state is
the highest-weight mode

- 1 3
J-¢; =0 (':M)
— Higher overtones are obtained
as SU(1,1) descendants JV ®;. )

. jgi/) = ay
[Hadar, Kapec, Lupsasca, Strominger '22] qu/) = —j(j+ 1)y
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Solving a QM model respecting AdS boundary

Model 1 : Inverted harmonic oscillator 17(.9:) — _‘%
+ a Dirichlet boundary
EOM
d? x2
(@—FE—FI)"&(&?):O

Boundary condition

Ye=L>1)=0

Y(& = —o0)

~ (pure 1mgoin
(p going)
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Boundary condition at the BH horizon

The general form of the solution is 2=y
1
vV=AD,(z)+ BD_,_1(iz) E =1 (1/—|—§>
where D, (z) is the parabolic cylinder function.
NS
DV(Z) = /= V-
: N\
D_, 1(iz) = V- )

— Inthiscase, v =BD_, 4(iz)
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Boundary condition at the AdS boundary

Near the AdS boundary « ~ L > 1,
w N 6—(’iz)2/4(iz)—y—l (1 o 6i19+(—y—1;iz))

. 2 ,"2
where Y. (v;z):= —% +i2v+1)Inz+ v —iln F(—Z) _

— The Dirichlet boundary condition ¥ (x = L) = 0 yields

a quantization condition -
q z =y

O (—v — 1;ie™/4L) € 2nZ —
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Future works

® To explain the "photon-sphere subsector” on the CFT side

...Why and when does such robust stability appear?

® A characteristic of spacetime-emergent materials

...An experimental verification of holography?

® The QNMs define the Lyapunov exponent of chaos

...Could the chaos bound work as a bound for the QNM?
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