L

3 ‘on S
k ¢ %-"?}IEF“ ®er.h Siowv
B lack. Holes in
Akihivo J'j‘h‘baﬁ'u“
Kink: (Uni ﬁfﬁy

A Mapch 2012 .@ i TF. K)/Dﬁ:_
Srdl - : "

20/2 Asia Precfie School/ Workshep

avitation
o iﬂ«:}j‘m:.fng/ .;Lu._o{ GP‘ WV

fes

3 ronel ’Bf&ck :H'n

- ' ’ { ft,-t'r* (Drmfwj‘,mn

1 'E@ffwwwl ’ ﬁ P Theors ?h}ai‘. S'ufpf"{.- fﬂ__i (201 )
w& . |
A Maeda Sﬁti‘mm"yu‘ “Taneka_



@ Luly «9{;5@, ’Dr‘ﬁwmsfams?

» 4D - Aﬁﬂfw,nhy:rm,ﬂ/ﬁfosmf’n?«‘mé’_ Imporfance .

i W ﬁtdﬂmfﬂihﬂﬂg "

(}fﬁflb bette,— tinad e ~stana ?}fﬂuﬁ?’h’hﬂﬂ :

@ Aim Y Ada— ?edﬁﬁg?ﬁ: A eoturt cf basic ;Prﬂper»h“fj ef
fb{?ﬁfr— dﬁmzwf'r‘mmm'i, ﬁfﬁcﬁr_ ﬁa(ﬁj ¢ éfe__,



@ Plan

§

T ntroaduction

2L Black Holes

\V
Ly

S & D

@Wb«?
@ﬁﬁ-r‘mf

Basics

BHs



§ 4D BH Basics

© Schmgsah;ivf BH

-
B WL__ J.qu-; - — ﬁk"}gﬁ#a-j- jflr s o }""‘zc:iil
r)

o [ §-l-2m

:L{_'J_l: = -—_E‘PHEF'E.. ;

J* © Ftuve (Pact ) bl Infindy

? & — R
y— +
rst) <o CFute)
i Future ( Past ) f“jq'“"ﬁ
]S + — £
Y < e (:Jq“i*"-")

- L 510&4‘?‘&—@ ‘?hﬁ.m-y
% -— +®
Vi < oo (Finite )



> C{Ptjﬁ{'l‘uﬁﬂ Fysffzmg
. S@ﬁtuﬂ??cﬁ;r"{ (’1&/‘,.,-) S 2 {""""Ij :m'_-: afE)1

. Edﬁimc?fhw - F‘nkﬂﬁj’fﬂih ( . it IS

2 T T e :EI_E.E
As*= —F A = 24rdVx + AL ( =
7 jc - * TeDN or Tz JL

m*ﬂaﬂ-_ge&eézamg _(U.V) - The Whele mn]%( |

At _ 32MC A Judv I v i % WY

i

£ e
oA

'F-

e
W




rpr“bpzr'f‘*tf 5

s :-:'f*ngle, rpammra-her M : Mass
® Talt?al'[nﬁy ( af *'}{'Dfr;;mﬂ ,X_.TEJ.‘?J’TE:M )
® S}ﬁynnﬂ-mf‘l:s;) {Iﬁ'ﬂmﬁb)

[
R by %= (3/2t) It fa =0
Hmelile i T %k

h gy e ,:,H"LW?-E“
4 C-ii (£ —-—" cnoavrant ).

ol traVUete) =0

SUW‘&B\LL %J«'MH-) ¥ = —;lf-g {VEEIS’»—LI]C\; ¥ dclce [Em—:‘nm LRY C}‘“)
ﬂb’—ﬂft"‘ =xT

v Shle Fob —> Fab * hab Pe uapations 6"3"-‘5?



=

o 2 pﬂmmﬁ’fw‘f

Pm_q Maocwell ﬁf{d"r ¢ Hecssher— an";-}'m‘m)

T

M & - cha
&,j[-__;f___—i—--'-}-__z_ Q@: eharje.

a =]
fAo el fﬂ‘fmﬁ"‘ﬂ-"e” A= dadz” = _}.T'M '



@ Ken BH
2.
2 LI | 5 2M¥ ﬂ——-ﬁmlﬁﬁfsfj
o muectvic st = *—af:'{‘lﬂ*fﬁ*:“t?{r-rijjﬁfjb i P* .
0 vt 2 g ® 2 + A
+ AdY + pEdE A =¥ —2MF a= Y
..& ?1: ||..-1_|_._ﬂ_?|':-L?"-IZG

e 3 pammetes (M. T)

» FEuent Hevizoa V- e X
A Fa = M2 - &5

¢ Ken — bound 17\ < M

@=0 E:ﬂ.."(?_

6=0
o A o
4+ o I (s +00)
: J-
g-

vl = 5S¢ %
~ ring 5~ﬂ;»wj L

JTI<H* |31=M sw D= Yo plane



'l:u D[E'
it 37— (E’]C [}{Dﬁa’”“ xrged—l) Qv SP]'IEV'TELE_/-

® S Sy mmelt iy

= TN P gt o R

Stacti
‘fﬁRﬂm? 2 ﬁx[‘-—ﬂ'/nhme@
L)

— alrsevete ESﬂme’D ("-“ — —t
. E.P’;(f_ﬂ‘-{l'ﬁ:_ﬂ. &R 0{! i 3 EI’?O
. = r'fﬁtfuﬂ
e = H'ﬁ-ﬁHlﬂgLﬂf,r:‘@

Dy = _fr
],.f a.’lu?lﬁ-‘-f‘ Ht‘:ﬂ“*-j rf H wrt %

Tee

0 Eﬂrfa.u ﬁvwﬁt_‘ "y
C _’_/ T

- JEETT
4
sl gty F R K (r=ner e 1)

o SHzble wrt PEH‘L&?&HM_L

Tml-_-ltb iy >




D>

MMa
souell _74] A
e (
Kerr — N
Eiprm
£ il ﬂ-’{_
ol
)

'pfit--s

A
—
A..-_-'l_f_
r?
—
i
|
+a’
-+
@l-

3
?::.f“ﬂ.].u.
etevs (
i
T
Q)



@

Rloclke Heles n  Geneval 'Re:,fwﬁmv

B = M — TJY)

Cross— sectfiom nj' T




Tt

{‘ “Bayrteen | fﬂr"fﬂv’"_ !}{ﬁ.wg‘:;’w? “?3)'

P Stafio mﬂ7 __EH HMeclhoanics

.4 U Areal A*SA
¥ O H+F£H. J+ 83
7 = const. SM = =84 + 5T (= 3,50 )
Gi—h—,ﬁ@w jg.{-_ ,EWN'
'J?' ‘JY
T = const. SE = T a5 — p&V
ww'k: Ty




- Rﬁh_ﬂr\_..- ey -

e

\ |

5,4539 ::I——Qwhfm——ﬁ 455?*5
{}{Dﬂ"grﬂh Avres. pover Aecreases ] Eh"l“-tﬁy
“Bebensiein r73
'}{wﬁ:r’m? r?ﬁf‘
_




Ei

LEESGM [

—
4D S'I'm'l_'t:_nﬂnyl BH

_«& BH Um‘%u.amexs- Theorew . >
= ,;:hamc'hzrm"},na! Mﬂg_uﬁ_{j_ b), (H-T. Q)

| —

e

~f b rfﬁgmmd[ AmAl 5 5 R
(= Epedleini 7 )
—-a:hc:mcfemgm‘ 57 o Swall ¥ ﬁf paﬁrﬂ.mff:er_g
4
{:hf Sars ~fetal fHees | @
trial yot. J Ez
s = T Mwﬁjﬂﬁ .

@ difF. votediow |

M O OI oblete negss -- -

—’J&a.tlt’.— e

— ’)W,JLH?JE.; :



§ D>4 Blak Heles

&) TExact seoluhlons . ,Eagﬂ.w?:'irﬁ;_

» 4D SSW"‘BSIZME&L ( Static) iié_
{ St = | — —E'E‘

40" = d6?+ piledd”

( Focus on Rab =0, Vacim )

» D=4 +Engher{rmj 63
v
%H' =z Ja ipﬁ

=

L9 e 2
dQ sy = 467+ 4+ 0 Alep-3>



> 4D Kervr (S‘IWHGMy ) 63

U3 o k2 g e (e AP

1

F

(at— arn?0dp )™

" 2 PR
+Ti?'” + prdb

=

> D=5 H)’ffﬂ'— szwy 52

(\W/ = hea ‘51:-"?“)

- L
ASy = —dhtZ4 2B lrxa®)dyf

2+

i gy
F?r

l(at;t—a.n;ﬂlﬂaiﬁ"’ )1

o & At flﬂlg’l
Fa

f P
| & v2zae cl.fl{h—qgj

l—- - =S




& gh[mﬁhh

5D MP w/ 4-sp

An | Fixedd M
=
vl
- (it ©
r/ Stvguler

7J

l.:lfwﬂ?rs hﬁg

D26 MP
An
A T
c®
%’g 71> M k.
o ppe”
poumel. 'jll
> J




| g O‘{Dw’ "'}ﬂjhx fﬂﬂgf&ﬁ:—w-&mf Jf"m"'szHij ? EJ'*'-'F

= How = :-Per—c;% tndles. D e

z -|_ ,-Er = h ‘1_ L
‘? ___Pun Axis <—_; Spf?w o E—F!ﬂwg {;.;_*f)
ED-—EFH.-I‘_.-L. I ﬂ
& 3 o
/_ ,a—_f/
; A4
o 4D- Spassfiwt ° 5‘1;:—5?,;:4-_.;-—{-?1,,4,
_._&"L?-qu .-,-.l}-:a-q- .-::l}"?vr- 5!‘?1 "
&~ I VT VLS S Azt~ dw
A4 —spiw
F vt plove g vt . pleast
2 Emiﬁpimclrﬂ“i_ SPInS .
y - ;'r"l_, D - 5'[3&{;2-"_?1_.7«{ ﬂt-:wfwﬁﬁh

'P«i

2



L5
» _H}rerﬂrpél"? e C w/ r"}'wu.&t EFL‘HE

2 N 5
A5y = — dt® 4 (re & Xﬁff”?"'ﬂcd‘h) + 2 Fd%T
s (ﬂl't-*ﬁ?ﬂ?f*‘h)z + TP ar

-t—
&

mF

oy },u,-)} ; .:?--.«ﬁ-m[-nw quc:ﬁnuﬁ

lhe

' P=eodd —> P=P

e P YT+ 2 p,
il
= W= r*-"‘l‘l"l_F
n %
Fa =208
.r_'l_k_ {];L

N jr B
T = T {‘rl-'i-ﬂajl

L=\



, D=odd @ Ji = Ja=--=dd
o T,




> Black - Rivg_

e D=5 (sefmr)
=
Tty FF @“
H-""‘"--._____.—-—"":?
Sf'

o Sprametry  Rx UM L a8 #7 B

7\
{H- I :l_?_), lf-ﬂhs‘.ﬂvﬂﬂ”: C}mr‘aﬂ_s

<k ( Ewparen - Rzal Ry (M. T, Ta=0)

(an,g_mh'i%-- jﬂhlﬁﬁ'ﬁ "E'é (H J i jl)

A —¥lns

mm@
&
d

-

)17



=
P;’L&EE gl::ﬂc.a r:ﬁf\‘mﬁ.rﬂm COC Ep BHg¢ (&:«wn:dﬁ'd f}-luﬂ‘}aw
W/ ‘.‘5'{‘\-'-%)\1 5?:\"\ (Hl=h}

Aren
g J
O 19
bt - )
mss o yotodlewn cjl.g.:'-h = X Sp =<
. (2
= €ab a5 O ¢p-2)
. N M o= — | (p-2) A%
ﬁ - o TE T35 dfan¥ T
Tf = Sen
E-'){’Trﬁmﬁ.ﬂ. L‘\-"‘HF{\_ I|I
J =+m%d§nb?“ﬂjh
F{-:mJLdHnlEh -
Black i 'EchE;‘mH %
(I-WH‘RN} i

connst “W‘E"“‘Ey e
Aﬂﬁ%ﬂ*ﬂ‘l /
ﬁl s batl r::hﬂ'f‘arls

W/ﬂ‘hﬁﬂﬂmc (M.Jl, Iz_=ﬂ) —i



L1

—— i’lauf_ Seen basic PWF:-EH{ES °j[ IQrmwn grcoed Sm4wﬁﬂh\§_

¢ Excet Ssl- Kene fw‘}j’ + Myers— Penvy
N . FEWILW- Reall L_F&m%.i B )
. S’fﬁ‘bfhty Stoble —» E:“ﬂ.i Secte smble
LA-
'T“F"“l"“%} S‘?Wmi g% g% . wlxs*®
o Sywme
._?N“ tj E x wlab E}CUL'I:'"K U"L'I.}
o Nniguaness
g Yes by (M. B o CR1.Tr- 0% )

WeT .Ew:w-ﬂ-lh ;

2 ® E‘EWJF:- k:d‘;w—ll:muhat e é
13) € M* NO Kerv—bound,

D=3

o Veouwsans BH



_——— Se fm"‘ S f:gmmec’*“ﬂﬂ’t.#_ hnﬂ}_bmi

© Mulit — BHs  (FExact. Sel )

A ;-ﬂ}_m: wd \
r"'r‘-ﬂ..-:: %&: \«'\&-—ﬂ-— yofectiow. H—TD' |

/_,r Fllﬂmﬂ- I ll %,L-‘ﬂ'—*—ﬂ (el

/- 7 \ Ehﬁmqﬁ Rﬂd‘-"‘ﬁ“‘-ﬁg‘ '::'?

| &




D

5

AH

A



(;LL& =
L]

o ——

——

@

How o ﬂhﬂr‘ﬂtﬁﬁ}& HpBHs |

E3

?

Global r:,kav?&._‘n €M, Ti--Tn)--- NoT MH?-LL f

p-3
Towms Rx LU case. (1. F

—— — -

¢ D=3 ) - K’,rﬂ’r',? uec-ﬁrj;

I.I)—"..:r-{“'ﬂ Flasram

L pecluce +o —P Egwns

Spe

T Eﬂra)-

K}H': (%t}ﬂ
g = (%% J=1= P

¢ Einstedn EZQu et hn g

_Z{ﬂ
o i-—pl'rwew';{ﬂ“&ﬂ_ Spo e
Uppe v= 'mif - F:Il.ﬁv--ﬂ_-
wach 'g:;, ¢ 8. "I":)

i3 IFD_?
P = 'IvyI Sowe [ M

i




)28

v
P Rel/Ivkwad Staucuee '}‘f:ﬂfh‘tﬂv—\t’-‘j o4  Hollavds~ Tagadivev of

K& =1 I K= (%) ]

[ e

a b 1
\—Di‘&' Grom oA X X"Ij = ﬁﬁh %1 XJ P2 x(b-2) el b S
l

#p
izl

— SPEci.)Q‘\a'j ~+ha SHan et aj: " okt ‘Spar;j’_ =

% . steply comng ted "'"”“JCA

“-’/ bouwdorres % Ccovwers .

_LZZ/////*}E ef. p=~. UH}RU“}

m)éf

At det (X=3) =0 &% Fy = (.

ﬂ —
sk o Ple M =0



> D= L MEWPI-E.

A TMI::ﬂwSILﬂ-I.L

. _I:tyews- F'my BH /// ~ (3
/I

Ring

{_L ﬂ} r_-..hl.'_}

Ly

Carner

(-%) Horzon @)
W

Vi

(- o) J ‘H.,.-,-:rm. (o)
V1 \ £ vl

Oorney—



() If  (ntervals C(Zy-1. 25 ) and (%5, Zyw ) are NOT Herjon

s /////442

7 <~
J*] _;+r

W'h_._]

eﬂa f“_. 2 At (%) . Wi )
e (01 )=1
= 4det Vi = o

e Horizem
{_F'i_:} IJC ¢4 jclm_-f't E‘H"ff!‘uﬁ—é (EH‘. EHH) 05

= 4hean det C Vi y "VH-H) = P
Veetirs bw “gdjﬂcenﬁ " yoels .

= - ?"’ T # ;/
ﬁla’l '%":'_ 'H,:H
ER Blece H L E : / P dﬂ_(vﬂ‘h ":;.,fH“)

to. 1) M (1.6 )

, Bliow ey !7/;”:/4/ iy

o T R TG = det (Yt W)




inuvarients ?[

modeld 1 Mk = Rp— L+

W‘,H;{,u'ug# % [V.i'f .=

(e, V)

Titervak [/ Rod  stractre f K, V*‘j

ceferiines +he ?(m&a.ﬁ shaceteire ﬂyc <)

__P Ht‘ﬁ}ﬂh _ﬁnFﬁln"-ay
sl % g%
= | G 3
e LCp.g) .




% @P.-:EPL [ssues

p Exact So luttows
. Black Heoles w/ men-favial fepolssy w D26

(qﬁcﬁbﬁ ﬁw? ﬂ}D‘PWﬁiﬁL fﬁfﬂd’gﬁfi) o | )

/‘4 Emparan it
AS - ¥
h*"’%& — ot well wndersfood.
Brane —worlel Lo cakiyecl black hele
( "?T.LLMEM“{Q»{}_, Eifbhﬂfj ?:r?#ﬂrﬂ.?- Lues et Wt“mhmn)
ﬂh&fy'ﬁ“rai
P- S\ﬁbrff‘v ﬁndﬂw_ J‘“r
. - (tnear rp.a,mﬁﬁrhﬁﬁ-pnmj Ein plar 27 ol
' hele ” ﬂ“'ﬂ!?ﬁ‘_— Uoprten — e la. -= -
_ H;zrj— P.Em:/-; w/ an e %}'hn—-ﬁ"lﬂ |
"}'LMM.EHT&.E- f o ]Gf- Diws. Fignres Copteive. Swctar Ted /
- e )
it fﬁf‘hg hﬁ-b"ﬂt ks bats = ﬁfiﬂm
- = onad )fe,i" _
cf. Bleck :m{? | ener—Fr s 00



!.1?
Yomabe P Gello ey Seheen 0f
» T':'Pflt%)’- ¢)C De Tama “7

/"n D - . jllf H . E #n

L }-—-ES'f'l-'nE"_ﬁ'nh ak 'hpjfﬁ?j jQ‘Dh--. F:))fhlm-z‘f'l:g_

: Uiy )
: f..:.n!l{.-ﬂ-"f."l"hﬂf_ (Wf QHJIFE
Pess — ‘i'y'mmﬂf'vx P
ﬁg: ?gﬁ WH‘C@-{?_ Dias X ol B
aéEf,*.:ﬂ.-E { ﬁmer M—fﬁda{ Emfﬂmﬁ _a_;{
\ lnele ¢ :
P Thevmedy e il = black . ‘ l

s '+I‘-*-:ETF>
Top frwm SW = T (%A :-.

Tl TR G
= w/ A itjevevh ‘l‘mhp.wa-"w’é- [
r{-’ S""ﬁ*{'tnmv“; -

e e ke ?
®‘~=p Rudlibriin




®© A4AD Black Hsles

@ 'Hrjﬁafr— Dimensional Black Hiles
e oud~ ﬂf &Dn'ﬁ"‘ﬂ(
= - ( ]

— Moeve "Sw"}?h‘*;e;s ?

= —  nder coril 57 (M. T @) : “”‘“Z‘“’ﬁ““"“f

(M T T~ ) et EMﬁ‘LL

D=7 7o parsmefers

Dias 24 L 10



