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~ INFORMATION Lost T

*A PURE QUANTUM STATE CAN
COLLRAPSE SEMICLASSICALLY TO
MAKE A BLACk HOLE

e How CAN THE ASYMPTOTIC (OBSERVER

TELL WHAT THE STATE OF

THE BLAC K HOLE 1S ? ——

T =3 EVEN GWEN MANY pPOSSIBLE INTERNAL
- STA1ES, INFORMATION IS LOST ¢+
ASYMPTOTIc  OBRSERVER  CANT  MEASURE
THEM T Ly o

% PICTURES OF A BLACK HOLE
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~ HORYZON SORROUDING —— bR —

AN INBCCESIBLE STATE  WITHOOT A
INTERNAL SPACE HORIZON ~—

— compLIcpTED "FU2ZBAL
(m'n thay, Luﬂ"}

e |S THE SCEMI-CLASSICAL PICTORE ©OF A HORIzowN
SimPLY WRON G N
~® OR ARE THE TWO PICTURES EFFECTIVELY
THE SAME FOR ALMOST fllk EXPERIMENTS?




INFOrRMATION  Founp?

~ PROPOSAL: BLACK HOLES ARE PURE STATES,
POSSIBLY “FUZZBALLS” WITHOUT
S HORIZONS, BUT ALMOST NO PROBES
_ CAN |DENTIFY THE STATE, —
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¢ WE’LL  ARGUE  THAT THE TYAICAL
PURE SIATE IN THE CFT N THE BLACK
“HOLE RANGE OF FPARBMETERS 1S - :
VERY DIFFICOLT TO DISTINGUISH  FrOM

THE THERMAL ENSEMBLE =3, Seeefipmon, 1

————Aemost ALwevs A OEQuATE

_e ALSO, SHOW How Twe Srat€ 1s
AETECTEQ_ = How lwf-oamn-nomf\-s— RecovereD



BLack Hores In AdSy  (Scmwagzsemio )
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« RECALL THE TDICTIONARY RELATING AdSg*S*®
AND THE DOAL CFT
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__ | _ - (SHourp ee)
SO |F THE BLACK HOLE \s A PURE STATE

Y\Bz,acx HOLE> = (9'\07 j N ()« Nﬂ

SOME SCRLES FOR COMPARISON _
e SUGRp STATES A ™ 6’0) (A~ S+ m\

® SMALL  STRAIN & E o~ Y% = = A~ ——'_ ~ (fgsNY‘"f Ala"
o SMALL Bthck M~ f% = A ~ 2 NV
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‘SO THESE ARE VERY HEA\}Y STRATES, CoNtAmwni,
AS MUCY MASS AS N GIANT GRnun-roNS

e WHAT 1S THE CmmoP?’? .
SN 3’12 S ,23 N_ Zs’ _ N o~ A
G‘5 G‘Jg —Gna_—i e
SO IF THE BLACK HOLE IS H PURE

— STATE, THERE SHoutd BE ™' o
OPERATORS “WITH THE  SAME CHARGES




WHAT DO THESE OPERATORS LOOK LIKE ¥

*THE FIELDS opF AF4 SIM ARe:
f}/"a Q,?(vaz ZJ) V/

GAVGE FiELpe 3 CompLER — FermionN s
ADIOINT ScAuaes

A BASIS OF GAUGE INVARIANT OPERATORS
IS; ThE SET OF LON& POLYNOMIALS 1N

%Y%2, Tav, 4% WITH LORENTZ ANO INOICES
CONTRECTED &K TRACES WRAPPED AROUND
TERMS. DERWATIVES CAN ALSO BE ADOED.

C9-0=Tn AXYVZ T YIZYZX* Tn-Xx h---

® ScuwARZSCHILD IS NOT BPS. THUS  Tal(xXx)
ET¢ ARE INCLUDED

® SINCE Susy 15 81‘<0KENJ CONF ORMAL DIMENSION
Wit BE RENORMALIZED

THUS, To GET A=N% THE CLRSSICAL
DIMENSION Neeo not BE N2

@ To GET ORIENTED Z2ETS LOOK fIl1 Tve ClLASSICAL
DPIMENSION. =2 WORK FOR Now IR FREE FIELD THEORY

Then we want A=N? and we Fix the
e of the opevatoxy tTo ‘match -the
Spacetime chavges of the black hsle

NOTE: OPERATORS OF SUCH HiGH DIMENSION Mix STRNGLY
ENEN IN THE FREE THEORY. WE ARE NOT SE€KING AN
ORTHONOARMAL  BASIS



® THERE ARE LOIS OF OFPERATORS LikE THIS
€q- Jusr Comsioer &= 2 (Ta XY T (x¥) "t

= ¢ CI- SHoue D ONLY HAVE
;= HoF TERMS Xt EVEN pPoweERs For SUIN))
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> FOR LERAE chm,joroes IS ~ @

e NOTE: A= Na K Q=N FOR  Blpex HOLES

=> NEED .e_N OPS.

ALSO THEY MUST HAVE THE RIGHT GLOBAL
“CHARGES, €9 EQUAL NUMBERS ofF X K X

® IS DIFFICULT TO GET SO MANY STATES

eg. USING  LETTERS X~ X AND  TRmces.
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W}TERE ARE RLL THE OFSRATORS?
DERIVATIVES

Ly mescan werope upTo A SRER

"o THE “Renorm- OF CONFORMAL DI mewsSionN
mvs-r’ BE (NCLLDED. S




® ReaaRpLesS, OF THE oM CORRECTIONS TO
DImenSIOoN, IT 1S REASONABLE TO ASSUME

THAT THE RBLACK HOLE 1S DEGCRIBED RY
LONG OPERATORS

® |GNORE  RENORM:-, MIXINA.
FOR SimpLiCctzy NearLecT DERVATIVES AND
CONSIDER A SINGLE TRMHCE

&~ Talxxy Fzz2Xx ---- ]
~ |ionG  Porynomiat

(Traces & pevive eoyn  be spw’hkled LN
freely )

CLAIM: CONSIDER A PROBE OPErATOR Op
ANO 11S @& CORRELATION FUNCTIONS

IN &) = &plod

ol Cp--- OplE&D DEPENDS ONLY
ON B ANDO THE G&GLOBAL CHARGES OF
(69%), UP TO Tivy (exponentiac?)

CORRECTIONS , FOR  ALmosT ALL

Gp.
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WHY 1% THIS CLRAIM PLAUSIBLET

ef ©r
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* I[N FREE FIELD THEORY Wick CONTRACTIONS
ARE DOMINATED BY “PATTIERN MATCHING/

(a) LEADING TERMS = OCCURRENCES OF
PRORE ©Op WITHIN  LONG  OFErATOR O~

(b) SPLITTING LET7ERS oF PROLE WHILE DoINA
CONTRACTIONS =2 Ay SOPPRESSIONS

e THE LEAOING PIECES IN THIS CORRELATOR WILL
BE UNIVERSAL DBECAUSE THE TYPICAL LONG
OPERATOR 1S A RANDOM STRING.

EPERre ORDERED OPS- LikE  Tn( XXX XX)
ARE RARE

o fALmosr FALL OFS: HEF ARE STATISTICALLY
RAN pom  SE&UEVCES OF LE776RS

( Theorem heFwmele Trowm  Infovmation Theory
abount “‘fJPiCaL Sets” of bong b=ttt
messages built from a ﬁm'ha alphabet.)

== UP TO CORRECTIONS THAT ARE (Exponventiacey?)
smate v JLENGTH OF &

STATISTICAL
Lel e’ Opled DEVIATIONS FROM
WIiLL Beg (UNTVERSACL TYPCALITY  PARE

EXPONENT)BLLY
SOPPRESSED.



 WHAT _SORTS ¢F PRoges ¢CAN  Derecr
~ [HE BLRCK HOLE SprE? a

e RecArr D (Buack hore) ~ N -

® SEMCLASSICAL SuPERGRA\|TY PRORE S {Am&n))
wiLL RE€ TOTALLY INEFFECTIVE o

e STRINGY proges (D~ @sN)V4) wiLL ge
— PRe17y USELESS ALSO - -

@ gmue PROBGES (B~ N) wWiLL BE BET7ER,
~BUT AT LPRGE Ny NOT PARTICULARLY SOy

@ Bf}s_]._CA_LLV) TOo DETECT THE STATE ONE
~ NEEPS  A~NT = ANOTHER BLACK HOLE

L§ *lF — THE PRO BE 9'— ~ O Bacn Hore)
e IN SOME SUOITA BLE' gENS&' ONEg WILL GET A
LARGE RESPONSE. -

. *OTHERW I1SE  THE RESPCDNSE WILtL B
- ~ SMALL X UNNERSH C S

~ "RLmost RALL PROBES GIVE NoO INFORMAT) O\

& GNS'N A BLAK HOLE—BL& Its CHAKC-.CS .
THE exreRnAL OBSEpVER  HAS TO qusss

A—ROBE—O -

~ But: FoRr MDST &, G, aveEs A ONIVBESE ¢
ANSWwER T
=> TO IpenTiFy 6, Neep ©5weN™ Pnosss_- )

1T EASIER  To sAY WHAT & Isw7y Rﬁﬂfﬂ? THEW- ww 67"7
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WHAT 1S AN ASKABLE QUESTION 7

STATISTICAL QuesTions Like SHow many PRoBES
PO You NEED, AND HOW SHoULD THEY BE
SEREEESTAC STATISTICALLY DE SIGNED  TO
SEPARRTE THE BLACK HOLES OF MASS M
INTG R CLASSES?)

WHY IS ALL: THIS [ IFFERENET FROoM THE
STORY FOR A THERMAL &AS?

L) T IsnTl
Bor T2ZMANN  WOULD  APPROVE.

So WHAT MAKES A Rlick HOLE DIFFERENT  FRor]

® "A NEOTRON START

La-*Fo& ROTH CASES INFORMATION RECO VERY
X sta1e [DENTIFICATION 1S HARD

- AT LEAST WITHIN THE CFT Sip€ oF AdS JCFT
TAIS IS NOT THE  S4NATLRRE OF A
BLACK uoLe

* N.B. Gyt = NEUTRON STAR CAN CoLL BPSE
TO A BLACK HOLE
PHASE TRABSITIONS S SU(N) SYM HAS PHASE
TRANSITIONS AS A FuNCTION  OF bcgupz,wq
—> THE KEY ISSVE MAY SIMPLY BE GETT/ING € STATES OF DM A



[NFORMATION  ReciAINED {
e WHAT IS THE ReST PLACE To wokRk
— OUT A DETAILS? B
2UBPS  BLACK HOLES OF FIMITE AREA WoULp
BE BEST FoR C(ONTROL oOVER RENAOKMA L|ZATION
ISSUES IN THE CFT )
() ANy N PASe? -

(h) BTZ -5%4&%&—&552 DI=05 ¢FT

® ForeoWING RECENT WORKS &F ON  £xACT
SozvTIONS  FOrR Yy BPS STATES, g
 DETECTING  THE S7p7E  E€QUVALENT TO

MEASORING — BLL — NULTIPoLE  NOMENTST



