%(k Ho@ ahéﬁ




/t G‘“ét&/tlg, (g

truwch {;r HP \‘



Wk'j?
Because ﬁmwé KWB
§la k. hotey

Imzagine | ask
A g
wV\@‘H\N ahn o@eo’f 96»

hAY) M 1S dlualn’l-uw\
(\Mich{w‘)IQ oY MSQCLQQ'

CV‘MCVOSWOP‘!C/\ ?



[y\ a wordd \ﬁ/i‘l’l'\Oqu'
m/ijra a5 question
mw\o{' ﬂ? ﬂV‘JV‘/Mﬁ(‘

For exam a qumk"
ceh-k?i- 6[am/krﬁti¥’ witt wnter

im oW yY 9{' a mow
)

o,z A%
é_/—

7



o).

@\L gd’og S V//‘fﬁ
/{hﬂWMIé‘ m ng
becahse @g Now
O 54 scall] .



W
LC — J"\—ﬂ__
/%/: G/\/ MJ ﬂ'{au't‘g
sz'.; ﬁb G/(/



di/l\g pﬂcﬁ heqvief
’ h F Kewme/)
‘ %g{z Lols  ahd
Zovxng Q }ﬂd”’ﬂg@!
/ﬂ/wd :

Mﬂiw < Hf












Sy oot o pf@o:af- )
about Ha bback hotr’




Must Y&SO&/Q' the.
Urach ol comshbnents |



O
X* ‘k '[' A&]'l';) 'F
kevm

E)(ac

> -

As
H&Wk /\9 \{'aﬂt\ﬂi'},loh A
e

Jrmm)-
en
konste in

Be

%)

X ..



MMS-'[ be A 7Maﬂ4wh«~
fu’e(a{, -theove 41 ¢ S’ué.\'?tmnéz

A'{I %emrem-l-mrg ']L V

B‘&'Il) Non & Wcﬂ\f‘f.

7



A smald logical gap filbd
Uv.hu-\ A S'eema% ,Zofsz aSS“Mr+10H

@”Foék theorem (\\ o bout

no globall chac (.. baryon
odnd Za%—l—on na.m]oe\r;JjA‘ 9 y

%) //\h'F ox At ion Fd\fO\JDQ\ |



To vesolue these “pavadoxes)

OlML 'l'o (LOJQ We @024\(0‘-@
gapP, we heed. o

M\'Cvosoor»fc qqc{nl‘uvm
'H\Po(dbl.

In M h@fz we shald

@\(ov{ﬂ Sudnh o /I’l«w\f(j
M«i §how 1'\/0&/ i&

A&Mg5v£i1£fey Seml -
&Zﬂlﬁfca[/ bZaﬂé /)ogg

ffopa\f’/\'%.



Recall :
Schwavz schild bk

holy 1s o Solution n (R

gﬂ \/( x )




[
+k€quah
Fa\f%f;f):hq
g ig]ﬁi %
M"e""é‘

Thaj_}
eMe/(?> —
i
(
"

el



GMVI{B S O ﬂ&&”“"{_“‘m

*Hweovg d{f 73 Fa\\r"‘iu@L
(?ﬂavﬁwh) 56 m= 0
and §J9|ln = 2



Ruankum enhities:






( LoAive bl'no&f‘g,
PO’IL@WI'\‘&«Z ,ICN o~ X

2
\/:“ /\/o(? 7
and kl.me'l‘!'c Mélf%

1(
Ee= o



TI'\Q beunﬂlﬁla?l? (ondi to o

|
(1— o, ) 50

/4 S@%Pgmj%a (‘hfa'(
bourdstote (s focomed For

1
L= Y !



/\z/ J gt

This $ -Surfm‘hewﬁ
.IQOMnﬂls—l;g s o blaok

holla
/
):WLF; O(% = —/—\/—-






The vewnegm sate
gl sel-simi oy




' [

Definih —[71: ——E
e{:\w 3 — \//—\I—LF)
‘u\ M\e gemi—-(/&ﬁi(az &Ml{_
/\/“')DQ LF—9 0/ WLF: 7/;')«’0(

We g,g}( SVL V\-B?m'u"'m’\'f‘
Zpaw fov #Ajf:fng £Vﬁ{)o(fa‘}|'oh

I



WQ p(/igw\le\f 'I’l’\ol'l'._
—lhevmwnlg s an '”wlo{’ici
Wuision"

S}m'l(ﬁrf{y 0‘([ V(Q’/?ZQJ/'iU"\ p

V\O’f Eecmsa /Pne SoulC—

I8 het
”n\g var,'ov\ (,ama@mfﬁ'['ﬂ

s ok






We see:
) Tl\ev.
4 ‘ma‘e»{" ©
e ek
Q;Oh”. OPHM»Q
XK
)beviﬁ{'}oh
M+ é.,\lg &€ ~ ‘I"’
° N '

’

&a@) f\//\/w




AU the Jofmak I’\o&_ ’/Pamdoxe:'
(R \(éSu% C{« S'emi-zfdﬂf{a_Z

—-lveﬁ{'rv«{h{'.
Butl how can qmam{'um

e{’ﬁec}_(’ {e lml)ar‘['dm’[' fFor

Macrufw/?lC 0@?0{7 /
Attex w@@/ erar,'fy Semi-

o[ﬁm'(a% S')'arj; Im_ﬂah@oLJ/

4&70/141/44)._.. (s fine



I\]oLi

Iy \M%t.%/iﬁ Loy

mﬂ;if m:}a:’%l:;ﬁuﬁi

A > '

(1 Gmost) G&A:% 247 ;CJ
I

ﬁm{
R 7mwb wéMELt



The antwer 15 Hhat




Maicostopic o@'éc?[d

are chovactenzed béf

huml:é(f u’g (Pn Sf/'f*/—w{h-;[j
/\// (s wu/aé‘n f s%rm?/Hq

ol

000606060666

o000 6
©Ce 000600

OO0 OO 6@

0P b © Oa

oOOO0 o009
- N -X,



Houu@vm O< Aas an
Uh}vev.mf Vhéfthl‘/\ n ﬁ.z



4
(/frl%\caﬁ, Poin'lf Oé 0[““+“M
F\m&z '}mhgi{-m"\.



1 e

Suadh a SJS'I'CW aéﬁ(ra‘*%
Muz'f‘if-rmml\‘b& [M fo&.%

[ 1&»@ 7u0(h~]u/v\ .



Rlrck holo veducad &
bave ementials.

Bo}e—crjas o (dov Pﬂmﬂ@i‘?f;k
NG = <L|/( 3 x)>
H”‘M]%V\] aln
= LAY ALY Yy e
1%

Novwm«@f%ﬁlﬁom
Yy = W
\V/



Q/—de ﬂ/«
la b

I(P €

al('

Bocjnézlwkao\/ Ne kémCUv\ﬁw{Z ;

it =0, =\l 2~ (K

llz;ao + z dlch'_ /\/

K¥0















X\N@/




Sent

1.0

0.8

0.6

04

0.2

00

One particle Entanglement

Entropy

N=10

N=2000

In(3)

oN
10°



Scrﬁmb&ng D#
/hﬁ)\/mﬂ ‘h bl

H“y”@” bk Rroshil oo

Seteino @ Sucshind
argmro{ ot Llack

holusy must 4e fmf











Georgi Dvali



aN




tSCI'

351

3.0

251

50 100 150 200 250



Anothev ﬁaffa} artifact
6@ Som | - (,&(YSI\(J Lim{-
< Jhe abence eg haiv .









E xdcapolathn AR |
pwfﬂipc hdf‘/"’j- it
s ovidpt Pt mrer®
cald pe o at LHC)

will o ,P:_Z%«-quﬁm-hvm







Oud CodR
& a e heole 'S quamtv'”‘

porhait is o nicrostapl €

{mmewa}? U’l"d‘ bl
1o adhen) 7“‘”/”['.%‘( ot

ge q%rm1£ﬂ4€/(°
1t demypbidies l
' % +& ] Zhow h
S@V‘Al,c&gg(caﬁ PMZZ&A ‘;V‘

Wrk heb- phpics.



Ouv \o‘mh\(e Cu A
ﬁZéoWI‘né 7%(5{”‘/71/!/\ qpyun/fc,ﬂlfoh
5'# Aogﬂ}m}g/.,% h

Gawvél'/').ol«l[ ,(';/!749”! 7114{_-
oxh l’/ll Ao&fm}o ar€
Bose _Enrten c,ona(a«v»_m%f/i
alf Yu ovihcald Pofn/l‘
% 7CMMIZMM p}\ﬁ}( Wnﬂ’}\ﬂl/\.

V4 \

/”\e km@aﬁd’& Lvic_ o)

Oé frachom ‘[’ﬁ% mgﬁﬁr

hearly| Gaplrn (amd ouforred)
Boa-o&u bov modtd |



F:rH/ what i C(_”‘_S_f‘_ﬁ;%“é"7
Nolare s ﬁualﬂ'}“"" t:[: 0.

Cassicatit iw'/vﬂ/f@f may

dmﬁ\'a@. 07 ;
For examp@./ ear”\ s




In cem
G
S’|‘ %’m\/r"&z’l‘: onol

@e/d 1 £

orea4€0( l?d

“ 2 S

Zé’ZCW (/Oh'}M.ly\f P, %
N

- 10 54
7{m/|"'0h5

[4\!5 (s W/‘
5L %Q



black l’\o& ERE=S
most ovev /aaoku‘ 7ua“11“’“

57A'f€hn % hatTul €
andcl.

pecase 06/' His ks
W\ﬂl)(‘mﬂﬂ'jé §.\mr*g\
- v



Black. hota 7aam'c4m
phgnics s \(ewmvlea/k‘ey

Sionpb , with & Sing2




we Shatl fsec :

BZ«C/{Z AOZM ______C_‘ﬁ/_.':
/\ﬂ.lV L{"M ?[‘D/M’g’

cﬁﬂrgx/) (bm/yon/c and



