00

CFT

CFT=

HOLO-WEEN

Mq,/k Van ’Raamsclmk ] UBC.

Torowko HEPT‘/\&»{V Sew«ivxmf‘

based on work w. Pe‘l'ar SIW;A%F‘}&
2006.13943



M oT IVATIion :

Deep conne chon betivee ul
neé on "N enwtlTan \-cw\c.«\—l 5-(-,/%C 2 ©
€+“"+'25 + Clu\a\ SFaCe—l'\'w.Q Seom\g‘l'vfpsl 'l""\f { Lw(osraf’l":‘

How MMC({\ ;wﬁo aLon:( Aua\ SPQCZ{IPWQ s C’“P"‘ﬂfed L7l

“V\V\'Nevsa(“ ?roFer‘l'\'eSs(\ 34-4 ef

Vha‘H"Q( 'F\EIAS?
i e inal space 3eov-e"l‘v7/?



M oT IVATion :

DC@P Comnerl\‘of\ b?""wae/\ eh“'anj\-cw\cr\-( S‘{'YMC'{'MVQ 0{ L\_o(os(afk:(
g’l‘«"‘"S + Clum\ SFace-lw'ma Seoma'lvios,

How ww-c(r\ iv\&o aLon:( c\ua\ S’))RCQ'(IWQ 1S Cap'Jvrecl L7/

“(Av\'\vv.w/sa(“ ?WOF?"'keSG(\ s-l-a C?

V‘na‘l"“"er 'F(CIAS?
'lw\'"ea/hal space 3eowe~l—v7/?

e ytveme ]?oss'tL,'.li-l-yz 'Precige MiCreSCopic a(.o.‘?.-6
Halm] H onian mmiMPof‘}'aw{

- Can « Sb\i'l"‘uy CL\OS?V\ S"'d'l'e o‘( one La'OjV‘aP‘alc

CET ‘(ai'“é‘«”y @mcoale S ace+£me Au | _}o stk
o{ A “Mrlf{'e(\/ AI‘(‘(@V&,& l/».,loj‘/&f,kc‘l CF‘T?f



R
00

CFT,

CFT2

< an we « SS . (,F ‘,"
Jre u? \7_ o) lob‘( (f <
E L& a {'at(‘e



CO“" W€ '(‘V\d( \ f P, \,JL\oSQ T~ R —

d Mal STQLQ’RMQ imcluleg'




oLviou.s oLJ echon :

SPeci%c '(:\'eub ('MC(- KK modes) “$S°CZ¢4QQ w. S‘Pecl":.'c CFT ops.

b, «—>s O,

¢, < —> El )
aswab+o+ic belbavior of Srace-kme relcted 4o shot-di stauce

w(m[a‘l'DfS o‘(: ‘fLe—Se OFWx'('OfS.




Olbviows DLJ ec'kou s

SPeci-c{c -(:\’elcls (’MCL KK modes) “5506244&4 w. S‘Pec:":.'c CFT ops.

b, «—s O,

b, — O,
asyw|:>+o-l'?c. be bhavior of s]?ace:kme relcted 4o shot-distauce

orreladors of Athese opevators

HOU Coan W< ,I\OIDC "l'o A s¢< .\oe S € S ..l-“ .
@ SCr im paceme s CFﬂ
w. complebely different cperator spechim? -



|<e\/ ro’u v»'l"i o(z%@e/e& semlc\assiml +leories é‘(
gfav}'l’y Can L:e 'Fa('l' 6€ Savne VLOV\-—PQF{'MP\oaI-?\/e

&Y
N\
ﬂ
4
AN
\\%

A Sy w-Ff'O'fIc

reaion : Sowr\nad by WV physics of CET,



\/\IL ch '/\Ol?jf‘a?l’\@ CHTs /Sem c(asslcotl 6mv(—l7/
/‘/\me,of;es Can ‘ae. Can/\eC'l'ecl 1A M«S way



-
.
. " L 08
.
. L Ry .
« 1 e,
o

gugﬁes*iom
Tl'\eon'es o‘{ Smtv'rly G\U\a\ o

N
\ N

o= gmvil ) £

N7

2 ig\:e‘/em‘l CFTs wust

be ?O’W‘_t O‘( ’H’\C Sav\e ’Hneor\/ (Wi‘“« V‘Ow-—PPr‘l‘Mr\ca‘,\\’e
[ /\k\f‘@z\(_e Erame) ?rovlclacl Yle CFTS can be

CQMFLQA V\ov\-—“‘\’{v;a“y 0\,"'40\ f"\+@(‘€40€.



TR

S ugses*‘lom

( ( em'{ CF—TS V"‘U‘S'l'
queon'es o‘{ SV&W%W o\b\a\ +o 4 QWV

‘ - Pr‘l’ur\oa'l’\\’e
L\ ovr (w.‘}l« hown -p
be iag o-(\o/HAe )Sd';::—v:uaecl Zé‘«e CFT1S can lbe
I nteviance brane

X Aan [/\+ ace .
CQMFLQA l/\onn-‘l'viv.a“y 0\,"' @('F




Tus TaLK: ASSwme CFT, and CFT, Gan be conphd
I ’H’\IS way

= Conshock spechic tees & CPT, 4nct sproivs
CFT, %’l’a+€S

- EXP‘O‘/Q ﬂtf‘avA'y c‘ua\. \Do we r‘ea\l%c -(*L..Q_
louloue 'F;C'l"’\fe?



g,et/ :

Euclidean Quencl/\ oFem:l'or

evoluti
whon w.rt. (Sw’c-l-cl/\cs -g—ro,v\

In 'Fl'V\H' n
e eery

d“FiMJ ‘97 choice

of iwl-er‘fa:,e,



Tidednce betwean CFT, and CFT,

8

BOW"AOWY Lov CFT, ®CFT;/

|

\

—

CFT,

CFT,

,/CF‘Ti/

p——

a——

CFT,

L

MSM“y, rany yoss?L’< choices <Je+efw~?«\eol

e ?"';V‘CEPIQ )7 'oouu/\ala

\f/ ‘&coo" S"l"’“ PB




—
¢ an CF Ad CFT,
Iw—"e«{a 2 Letwe C T, a - C‘:—r' -
B
Bouw\Aawy "gow CET' ®C,FT;/ l /
(FT,
\ — 7 =
CFT,
v 1

1 —
MSW!“(/) lrvmm)/ )7°SS;L>’-e CLcheS‘ <6!€.+€fw\;¢\€cl
i ?f;mCiP\e L/ l?cun/\alar/ \m.oo’\?l'\’aPB

USe-Fw‘ Po.ravwe'k'e(: 'm-ler{qae Q,,\-I-ko?y N

L L S =2 () + Lo




FOC(AS on CFT, vacuum

Take: \sz> - Mj)g \VOC ¥,

5

Ti  CFT,

CFT,




FOC(AS 61 CFT, vacuum

Takai \sz> — M:_r)g \\/oc cTT,

5

Ti  CFT,

€

CFT,

\/\“/\a"l 1S 'I’L\e clom\ je.ome‘lxly(?






ia\'l l'\ ]A egm yos- “ A
_Q,J, <El\‘ ‘Q
>
S.(L]Z C(
l/la\,\
E
Cl.(C\
3@0&/‘6"\'1

C
T,
N
rhe
e
e




Pa\‘l'l'\ 1 <teoval ossiLle AW\\ Eucl}c\em/\ eowr‘\;es:
for <9?\--- E.> fess .




Does ’h"@— «Emblolej SCOMC‘LV}/ l'mve Iowe\/‘ aC‘{'iov\

w\/\em 2 ——éo?

I“V€S43ae % CoA+e><_‘ _( = ScMPl-e MOC&Q(

trne law -|°
/"' " - . 'u (s'&u‘r odel

o'( K“ CL /K&h)qu
Tm k‘t’a ho\s\)

\

Einsl. Sm.'ely m-le.rf«e 3“‘ “'Y
A _ | bfdh@., = - —i
|- 'D-; —en sion ’ L,
. . KR
’Tll\(s"‘d]k : —l—: G



DO‘?S ’H"e— ({b"“oue“ 5€°M€'l'r>/ \'mve ’owe\r aC‘{'iov\

w\/\QVx i——éo?
IhveS‘}BqJ‘e % co/\‘l'ex“ o_( = S}Mple mode (.

Ny B
% l
/ E:n th
Einsl. 3*4""')’ i wharface 6‘5‘."'5"5'
,\ _ -!T. brane, = - -L.z
l L, —en sion L
K
M. | | 1= TG
nC.VOS’coPcc.a“ . W\‘"e\f{:ac-e LT'GV\-Q COu\ldl t’eFresen‘l' réxion o(' oD

Ge.ome. wln.e,re_ }vvl-er(nal S]Mce. L\ﬂS -|"rah3i+'u0t/\



S imsle Iw}e({a ce I o9 9

/e— identified =
(tension K
\ h“'ef'Fq.c_e_')

ilA'l'C!f'(ace, \o\mue 'I'Va:)ec-l'ovy determined via

:)\A"\C’hov\ COKJ'C‘I';OMS — ‘Fi)(cd ""’"_jlt LA 'Folnca/é Coovrds.






S imsle Iw‘e{(n ce | o9 9

logg = g (area of )

« identified =

('l‘.e nsion K
\ h'l'af‘Fq.ce.)

RT S‘ur'(ncg_
Et"lnz ‘I’OV\ Sion r'e[d:l'ﬂ.i 4o ]V\'I'Qf{ace e,wl-ro'Py-_

He (l !'-1—1:'-1., )ﬁ,+%1,> « 103(3) < ("O0,00\




See a.lSO'. Eu) Ma\.\fol{

L |
e
e Zr
-
e

pEs

"N
e [-e
qol%'l'i o V\S“

AJS"ScLu“ch; |o|

Y- oo

Ik
o/

black l«ole

Mmass Parn we‘ler

(Fixed by €)



Fo\r' CI:T 'Favame'l'efs Cl )CZ) '033) £ -

- .g}lr\Cl a\\oweA Solu'l':op\s \,ui‘“/\ 3\/’4‘\/’4-)/

— Favame‘l'ers L:L _ 2 <,

(FT ¢ & E--S Lo 03?7

|
‘,,»"‘"'%/}Z:% ggrwgf") = 8CFT‘
- CFTa Cac
C¥T, - COW\Pave ac’l‘}oms "l'o ‘S:;V\A( ,eaS‘l_
O\C‘l’ 1on Solw'ko"\
f‘—‘-'—-\'l 1

- 167G p

/ dD.’L‘ \/E(Rl — 2A1) +- / dD.’L‘ \/g_g (Rz - QAZ)
My

Mo

i 2/ AP~y vVh(K, — K2) — 2(D — 2)/ Py \/EH] ,
S S



KCSUL ."}S {O\( Small £

KLI

\ 5

0 | 1 | > €y - L, - 3
_’Q > <,

more d.o.5. less d.of.



l_orcn"\?_ raw golu"“i onS*

\ou\LL e ou"} §icle \Ou‘blalé loelﬂihcl
hevizon: Ihov-iom ¢
c,> -%C.' Cq > ‘é‘ ,av‘;pe/ Iev‘oks
°33



gu\mw\qry So{a‘f‘- _gH @z
State \T D =¢ 101 l vac eer .

C¥T,

%arﬂ(‘(u [y QMCOJQS' o ‘ombl)le, O{ 6€ow\efkf7/ dlual
“rO r‘T Valuum ;

s W
AdS (L)
(o 5

‘gov SMA“ & .'—g C2,>Cl

oY %C‘<C2<C\ a"\(‘{ 1033

l ow‘ge e‘“O'«jl’\.




\l\“/\a'} m\oom+ Smaller C?_? CFT

—_— —1 £,

| - —

y' Q\:{/E : — e

-1/ > ‘CFTV\
lECz CET

-¢H, _e¥.
— € QI;; -- & Q,I;d ( quéiT,

CFT,

P\fe['(w\;mav\/ \/eSmHS': _ij/. SMQH <-—%é‘ )Smez” H;)
lf\es-‘e EU\LL,{ So(b\:‘l’io\/\ 'S F"e%ﬂfec{!



IV\ /ere C-OVFLCX'% 0{ ’M«e model :

A"\Y CFT Cawn QMCOGLQ gFﬁCé‘hMQ
Amml "}0 Va i o'g av\)/ c,«]’l@r CFT



A PProx: \Ma‘\\“vxﬁ other slales-

— A _<C:F2
C¥T, CFT,
= >
Nl Nl
\ \

Ac\cl Seuvces h.,c(%) O.x) 4o Euclidean action in

a(\/l'\ 'ln+QjVal "‘O 3—2,+ C]:T( S‘{‘a"l'?S olo\a( ""o Ve
F‘j@'f\eral Pe rloations o ALS. v

Same mapping should gve CFT, shite agprux
. -j > SJVQ_ Z = Yo Lw—n'll“
,{/L\(S 5&9m€'1v>/ <ﬁ+ leag‘(' ’FQr"IL' Lq_ ‘\/Q(yv X .



Aﬁ)rox;w\ov}\‘hj \olack ‘/\o"e SQQMQ-L;‘Q < CET,
A S~ =

C'FTI CFT,

- R -
| fﬁ—'l’ F'D>C‘F—'T,6bCFT, ﬂQMI,ﬁ’ ngF'D>é %C.FT,® <,

— — e -
Y e 7
/7 /’
/
L e Z
/‘/ /r‘ %
< o
/ / \ /
/ S / %
/ \i 71: —-—-A

CFTY encoded behindHhe - lovizon physics of Bl duwaldo CPT



E m'\'anjleo\ 5'\' ajras o¥
CFT, - CFT,
|

\4
WDV’W\.L)ol-e, Co"“’“e-c‘l'\\lfj

QSYWP‘E‘(‘\‘C \fesfohs

AeSc\rlLeJ \07' Ol‘.‘gge\/er\‘l’

low -eng a ;.{
neowiggl 3 ' 7/




AV\Xl\mV'Y Y'ﬂ\AML'ksW\ §7/s-"€ws Caun ew\cer la\"'e -{—\mc
L‘a C‘k l/\.olé ‘n QV\O\/'S - Maldacena - S«ssk\ml

- MUK

- Pevirghon

“A\\lelrl En chwJ-\-
Mﬂro Max{\a

~ Almbeivi Na\u ‘A
Ma M"CM\& ?qu

L\.oloj V‘a\»rlﬁl(
CFT

A'ﬂe&f ?ﬂge tine:
TN A e bl wiede
En+a lemy{?/ / 0'8 CFT :

f'a. xa“.on
S\/s €

('Fe.n hﬁ"on .

\/
N




SUNMARY \.

\\//J\iva Ch, \

Sk 33?3"45‘- CFT,_

@TL\QOV.}QS O": Sravl y C{Ml _}O CFT-S 'Hr\.afrlf Can LQ_
Cou\.FlQ.A V\on—'l‘vlv’m\l\ 0(.—\' AN .IV\—\"&\(““AC:C are

’fa-\/" 6_(: Same V\OV\-'Fev“l'\Ar(oxk\/Q. /’L\eor)/.

Ai{{@fel\’t > ali-?‘go.fer( e‘ik:Val-ev\CQ IS’ *h\efe oV 'hfuu/\

—YLeov-IeS OlAS‘S‘e.S o“: CFTs owne claS‘s_






Covxslsi'evf\' widh dhe i dea /h\a‘l'

a“owec\ asyw,mlo'(tca(ly
L\ologr‘wlbll\ic CF—TS <— —> AAS IoQ.L\a,\/ZOTS —

al/(/\o'en—( N j\"q\/;JrV

but -

7 Mh'l\/equ‘ PL\\/S.IC§ oﬁg

qwar‘wm Sra\/rj(\/ SRRRREERT = o 5 e

€.a. aH?m lewwe/fl’
® Q’l'\fuc-{‘b?v\e 4 A\/ Nna -~ Cs



HANKS |



= E3Youlube™ Search

Pustine Bounvaries 1n HoLocraphy

Mqu Vau\ Kaqmsc]onk 3 UWBC

QG1L seminar

A?w]\ LO2 O

QGI Virtual Seminar: Mark van Raamsdonk "Pushing boundaries in holography"

299 views « Apr 30, 2020 s 6 &0 & SHARE

Gravity, Quantum Fields and Information
496 subscribers

SAVE

SUBSCRIBE



.D‘lsc‘re'ke VevsSions o‘( L\.alo r‘xFL‘.c C‘F’(’ S"l'a'le{ Can ‘Yﬂ-“l’t““:‘*“y emca;le
Causal 'Farch\eS 6( e Df.vj'ma\ 3@%(‘“{

Tk@'y% o e S ey Py
> ¢ >

~_F_..—..-.-—'

C_FT- on, 34 M‘!'\y h"“-;ﬂ"‘v.C"\.f:J BeFTs

- g - -




