A R ZE 258N

kIR ZMKFE
2024. 11. 15

@ SERSEEMIERMEFL (BB




R. Oppenheimer and H. Snyder

1939

BE#H %%Rif? MR 2 IR I R

(1) FBR=A
BEETIEUWFZEL?,E\\
(2) :

wH AT, FEHAESR

(Black holes)

VEEPHRE B S| ¥R, NEEX
EA AR KR L EMRRK, FEIE
SER/FEXEE BEERE

(frozen star)

EHF%

604X R HA

-

o BEER

TH%ERX
XEITR (IRRME)
—EEABE+H

~

/

TRER

w5 Hr (1965)

//iJ: | E Zel'dovich and Novikov 1964

SOVIET PHYSICS

USPEKHI

A Twvanslation of Uspekhi Fizicheskikh Nauk

E. V. Shpol’skii (Editor in Chief), S. G. Suvorov (Associate Editor),
D. I. Blokhintsev, V. I. Veksler, S. T. Konobeevskil (Editorial Board).

SOVIET PHYSICS USPEKHI (Russian Vol. 84, Nos. 3 and 4) MAY-JUNE, 1965

523 +530.12:531.51
RELATIVISTIC ASTROPHYSICS. L*

Ya. B. ZEL’DOVICH and I. D. NOVIKOV
Usp. Fiz. Nauk 84, 377-417 (November, 1964)

Thus we have resolved the ‘“‘paradox of large mas-
ses’’ (i.e., the conclusion that a large mass must un-
avoidably be catastrophically contracted), resulting
from the work of Oppenheimer and his co-workers %3]
and discussed in the literature (see the paper of
Wheelert14) and the review of Chiu[‘ﬂ). At first glance

From our point of view there is no paradox whatever.

For an external observer the collapse ‘‘stops” at
R— Ry, and there is no need for fahricating fantastic




I/ \ EE*EE: oh

1. B 2. ToBREES|NFRRIEES

HREEFIE
g
>
8.85 mm

RELRFLLS] 2

25 ITAIXIEKNA | BFHBEA—N

(e RS LSR)
ERRmE R

L L




P

2017 NOBEL PRIZE IN PHYSICS

=4

The Event Horizon Image
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is a robust prediction supermassive compact object
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The View From Singularity
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ON A STATIONARY SYSTEM WITH SPHERICAL SYMMETRY .
CONSISTING OF MANY GRAVITATING MASSES

Pl

iy VA

7

BY ALBERT EINSTEIN
(Received May 10, 1939)

The essential result of this investigation is a clear understanding as to why the
“Schwarzschild singularities” do not exist in physical reality. Although the
theory given here treats only clusters whose particles move along circular paths
it does not seem to be subjeet to reasonable doubt that mote general cases will
have analogous results. The ‘“Schwarzschild singularity’’ does not appear for
the reason that matter cannot be concentrated arbitrarily. And this is due to
the fact that otherwise the constituting particles would reach the velocity of
light.




The View From Event Horizon
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Notion of an 'event horizon’, from which nothing can escape, is incompatible with

quantum theory, physicist claims.




The View From String

Weak coupling strong coupling
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o Open string .

Elacl Hole

Strominger and Vafa (1996) :
Count Black Hole Microstates (branes + strings)
(limited in supersymmetric and extremal BH)

“ D5-brane

BLACK HOLE FU/Z/BALL D brane

~
%Lf : Lunin and Mathur (2002) :Fuzzbal |

Event horizon ‘ Singularity Mo event horizon, no singularity



The View From quantum gravity
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Frozen Star
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Bardeen (1968)

Hayward (2005)

P L LY) LY = -V

()

L(l) — _
25\ 1 + \2¢2F F = 1p  pab
I 3 QFF)”? I

25 (1 +Qg*F )y

: dr?
Ansatzs: ds* = —n(r)o*(r)dt* + — +r (dé?z + sin’ Qd(pz)
n(r)
A = gcos(O)dp, ¢ = ¢(r)e™".
L2 =0 Bardeen (Hayward ) spacetime

L(l) = 0

Boson star



“Geons”.
Phys Rev 97 (19535) .

"gravitational
electromagnetic entity”

electromagnetic or
gravitational waves
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radiation across the
barrier

field intensity

F1G. 7. Schematic representation of lines of force in a doubly-
connected space. In the upper continuum the lines of force behave
much as if the tunnel mouths were the seats of equal and opposite

charges.

electromagnetic or gravitational waves
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D. Kaup (1968)
R. Ruffini, S. Bonazzola (1969)

Einstein+scalar field
“Boson star”



Bardeen—boson Star
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Hayward—boson star 2372 0/224
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Quasi-Topological gravity
* Second-order linearized equations

* Admit single-function (g+g,, = —1) non-hairy generalizations of the

Schwarzschild black hole.

Nmax

1

. D
Iqr = om0 d“z+/|g| | R + ; Qp 2,
2 2 2 dr? 2 12
ds® = —=N(r)*f(r)dt* + + r*dQyH o,
f(r)
dN B i D_1
W_()’ dr [T h(w)}_()a
_ = " 1= f(r) . m D—3
h(¢):¢+zanw ) @b: 2 h(w)_,rD_la le—m/r
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where 2= — D — o) Zos
Z, =—-R, (A5)
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Qin, h(%)) fr) Differentiablility at » =0
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5d Hayward Black Hole.
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igher-derivative Gravity Theory

higher-curvature terms*
5 V | | /

[ ] ° — v r _ _ 2—
Action: 6 + . o
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d
ansatz: ds2 = —o(r)2N(r)dt® + ——

Ny T = (e

w? g2 \

12
2 /dh(w)

2 12 2 2 412
LWl + N26%
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y 3 N dY\ , 2 2\ ¢
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equation of motion  3[r*h(v)] = 167G (12¢* +

where W)=y + ) o™ lyr, =



(non-Frozen) Boson Star Solution

n=2
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*The results presented below all have o=1



Frozen Boson Star Solution
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3. Einsteinian cubic gravity 241004575
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