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Introduction

P The classical theory of gravity predicts that a black hole absorbs any matter and energy
falling onto its surface, called an event horizon. However, quantum mechanical effects lead

to a thermal energy transition from the black hole to the asymptotic regions.

P Quantum fluctuations near the event horizon affect the properties of black hole geometry

and radiation. This influence has been studied using a classical approach.

» A model where the quantum fluctuations are approximated by small perturbations in mass
of a spherical black hole was proposed. It is described by an ingoing Vaidya-type metric with

an oscillating mass.




Introduction

P We investigated the influence of mass fluctuations on the higher-dimensional black hole
geometry by generalizing the model to arbitrary D > 4 dimensions.
P We examined how small oscillations in mass affect the event horizon, thermodynamic

variables, and propagating rays.

P It has been found that complex gravitational phenomena can be greatly simplified in the

limit where the number D of dimensions becomes extremely large.

We demonstrate that the complete solution to the perturbed ray can be analytically

obtained for a large D.




Model of fluctuating black hole in higher dimensions c=G=h=ky=1

A spherically symmetric and neutral black hole with a fluctuating mass in higher dimensions

» Higher-dimensional Vaidya metric

m
ds? = — (1 — )dv2 + 2dvdr + r?2dQ3_,

P Mass function

m=m(v,0)=M|1+ Z(Zl + Dy, sin(w;v) Y;(68) [ 9(v) 6 = (64, ,60p_3)
l
Mass parameter M Lom M Amplitude parameter Mp
= = —
Mg : Black hole mass (ADM) Mp : Planck mass

Y(v) : Heaviside step function — A black hole is formed by a gravitational collapse of a null shellat v =0
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Model of fluctuating black hole in higher dimensions

P Spherical harmonics for D > 3

. 7 O
. _ ,+imp_ ‘ ‘ : 2
Y;(my; 6, ) = eF™Mp-3? | |(sin 9D—k—3)mk+1cmk_mk+1 (cos Op_g_3) "+
k=0

We consider spherical oscillations [ = m; = 0 for a simple model.

m(v) = M[1 + pyy sin(wv)]9(v) where po K1

P Energy-momentum tensor

(D —2) .
Ty = TemrD—2 IM(1 + po sin(wv))d(v) + Mpugw cos(wv) 9(w)]l,1,
where [, = —d,v is a null vector field tangent to the incoming null geodesic.
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Model of fluctuating black hole in higher dimensions

P Conformal diagram (in the absence of fluctuations 1 =0 )

r=0 it
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Model of fluctuating black hole in higher dimensions

P To investigate the effect of fluctuations on the horizons and the rays propagating in the

black hole geometry, we solve a null geodesic equation using a perturbation method.

dr m(v)
2% =1- D3

r=r(v)=RWw)+pw)+ow)+ -

for radially outgoing rays

dR M
We find —=1-
Zdv 1 RD-3
dp M M
ZE_(D_?’)RD—ZPZ_RD—SM
do pu D —2p?
2— — (D -3 = (D - -
av~ P gpz0= (D=3 pp 3[12 2 R
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Perturbed horizon and thermodynamic variables

P Event horizon ™y = Ry + py + o0y

1 D -3
RH:MD—3

T 2R,

: unperturbed surface gravity

_ Mo L2cos(wv) + sin(wv) B
PH = 2 1+ 02 = w/x

_Ug [20%(2 - 27) cos(2 wv) + (1 — 50%) sin(2 wv)
OH = 4 (1 + 22)2(1 + 402)

- D—4(1-50%)sin*(wv) + 22— 0% sin(2wv) + 22(5 + 20?)
D-3 (1+022%)2(1+40?)

- The position of an event horizon changes periodically due to fluctuations.

- The second-order perturbation contains an additional term in higher dimensions.
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Perturbed horizon and thermodynamic variables

P Surface area

ug(D — 2)
4(D — 3)%2(1 + 2?)

z == ‘QD—Z TI_II)_Z(U) = ‘QD—Z ng_z [1 +

» Surface gravity

D—3 1+ u, sin(wv 2(D—2
—_ M( Ho ( )) :K[1+ .Uo( )

2 P2 () 4(D — 3)2(1 + 22)

» Hawking temperature

TH:

K
2r A Ty
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Perturbed horizon and thermodynamic variables

P Entropy

_ (2n wo-2) \ A u3(D —2)
> = j?dE<1+4(D —3)2(1+m)> ‘Z[l_zw “3)2A+ 02

- The usual relation between the entropy and the surface area is modified.

- The correction terms in these variables decrease as the number of dimensions increases.
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Propagating rays in fluctuating black hole geometry

P General solution R # Ry R — Ry 2

First-order perturbation

1 (1+ &)P-3
(1+ x)D‘?’]L {1+8P3 -

plx) = (1 -

13 u() dé

Second-order perturbation

1
(1+ x)P-3

© (14§D FEOWE D—2 pE)?
. {(1+€>D-3—1}2(D‘3){(1+a "2 <1+f>2}dE

[ 1+¢&
[2<u+(D—3)€+zeD 3fln< > _—1))]

j=0 e D-3/

6(x) = —ll —

where

u(é) = ug Sm[.Q(u + 2KkR, (f))] Up Sin
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Fluctuations in large D dimensions

P We introduce a near-horizon coordinate

R D-3
R= (—) where ImR« D -3
Ry

R =~
P Unperturbed tortoise coordinate  R. = D 53 in(R—-1)

» Fluctuating part of the mass function u(R) = polm [emﬁ(ﬁ — 1)m]

A(R) = <1 - %) I(R) &(R) = ;(ﬁ ~1) I*(R)
1+i0

in-1
1+ 02 )

where I(R) = polm [ e (R -1
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Fluctuations in large D dimensions

V = =2[Ry + po + 0¢]

from v <0 region

u=—-2R,, from v >0 region
D) = —7, + 0] 1 uég  Nn? 1
B T T e T 2 A+ 092 (1 + e 0)2

where Vo= -3)+mn(1+e%)

is the value in the absence of fluctuations.

- Itillustrates the influence of fluctuations on a large D-dimensional black hole spacetime.
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Summary

P We investigated how fluctuations affect higher-dimensional black hole geometry.

P The solutions describing the locations of the event horizon exhibit small and periodic
changes depending on the amplitude and frequency of fluctuations.

P The correction terms in the time-averaged values of thermodynamic variables tend to
decrease as the number of dimensions increases.

P We employed the large D limit and obtained a complete solution describing the perturbed
ray propagating in the near-horizon zone.

P As a future work, non-spherical oscillations can be considered. Our model can be generalized

to describe a rotating black hole.

Thank you for listening
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