


A Plausible viewl:)oint:

the black hole information Paraclox is of coml:)arable
imloortance to the Paraclox of the classical instability

oF matter
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But, if nonlocality:

) What is the mechanism
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2) How is Hawking’s argument evaded



Some existing Proposals for the

Corresponclence limit:

PlaﬂC‘(Iaﬂ curvature R < MP



Wil explore some issues that seem to shed

some Iight on these questions.




Iif there is nonlocalitg in string theoxy) would exPect to

find evidence of it in high~energ9 scattc—:ring.

Does string extendedness Provicle the mechanism for

nonlocalitg?

‘




L ong strings”? Jois E/M52

String uncertaintg Principle? AN AL e il Ap

| (Venezla no, Grgss)
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Begin w/tree-level amphtucle: Inigh 5
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To investigate: (s,t) — (E,b) E > Mp

e.g. t~ -1 b~ EQ/D_S (D noncmPctclim5>

In(b)
b
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To CI")CC‘Q comlaare lOOPS:

(f:o”owing Amati, Ciafaloni, Veneziano; Muzinich-Soldate;
SBG, Gross, Maharana)

Ultral*mithi: Eikonal




Thus at Iarge N, string corrections get smaller
Which N dominates?

Can sum eikonal series:

idi s 28/dD_2be_i“°b(eiX(b) — 1)
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Eikonal «—— classical scattering

Two Aichelburg—-Sexl shocks (ACV: checks)




Indeed, unexcited (elastic) amPlitucle, near

Schwarzschild radius:

4 {_ E(D—4>/<D—3>}




Where is the string’?

Karliner, Klebanov, Susskind: it clel:)ends

-V
N
R







Scattering N a Plane~wave metric:

de Vega and Sanchez; Horowitz and Steit

*Light cone c]uantization*

ComPute for incoming unexcited string:
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TlﬂUS:

° String appears to behave '”loc:a”y during

collision




1 No ev:dence strmg egects Pre\/ent_ I‘SH Formatlon
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Suggested “Pl’]ase cliagram:”
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Born
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Moreover:

Bl gormation corresponcls to breakclown O]C the

gravitational looP exPansion:




2. No obvious Precise notion of Iocalitg

Local QFT Strong gravity /
bounds black hole regime:




3. Scattering appears dominated bg strong

gravitational effects; this suggests that any
nonlocality would have its origjn in gravitational

clgnamics (as oPPosecl @ITeron string extendeness)




=+ Suggestecl COFF@SPOI’]CICHCC boundarg

where does CaRELCOE]: break down?

2 part Fock 5P ¢x,p¢y,q|0>

i (mm uncertamt waveackets)
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Other versions of the |oca|it9 bound:

Measurement limit: AN Aol (1
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Suggestion: Perhaps these are sPecial cases cnc a

broader “nonlocalitg Principle,” stating that the

nonperturbative Phgsics that unitarizes gravitg N

domains where gravitational Perturbation theoxy
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Possible indicators of ﬂonlocalitgz

hints from AdS/CFT & holograplﬂic beliefs

(though don’t 9e’t Fu“g address issues)

formulation of approx. local (“Proto—-local”)

observables, w/ limitations

\ i u A e s = B v d s g =00 = X t - B A ey L g e, B e = T i
d w1 LT 2 L= d e T R Y - P A_,q o S a1 Q s :!E b % 0 I B —1 5 R y Ty ATy } e Rt ST ot Pl 'I1 v .‘;,rr‘ Grl_pmay Ly 0
L0t b S AT A ST T M !.3{'; .S r:--;@.;» ok 1A sl e s s R o A e s Bt it L E o S R s e
5 A . = ) PR SR A e R0 = Ach i iy %




Retuming to the original Problem:

How is the information Paraclox resolved?
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Logical Possibilities:

A. Compare classical - quantum, the H

k
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“nice slice”



Can wejusti?g this in a reliable aPProximation?

|eacling contribution - Perturbati\/e exPansion N
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| ate time <> I’j]gl’] energyz AM
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Schwarzschild t-translate...

™ A



| ate time <> high energy:

e



Nice slice

U V



4 1/MP terms:

estimate O]

change‘m the _nlce sllce state




This leads to a Proposal for how the

information Paraclox is resolved:

) Hawking’s argument for information loss is not

reliable; to accuratelg compute nice slice state

/ e
" need non-perturbative gravitt ;_..,-(thua_,.- no paradox)
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Could supply more details, but
another talk ...

similar considerations suggest

that Pertu rbatlve treatment O{:
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Some conclusions:

o Fert. tl’leorg breaks down in HE scattering A

sumcﬁcientlg small b —- intrinsica”g gravitational

padigsie. No clear essentlal role For strmgs _
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What is needed:
the nonPerturbative, and c]uitc

Possiblg nonlocal, dgnamics




Analogg to emergence of quantum mechanics, pre 1925

QM 7 (NLM)

h e,

chlrogen atom Black hole
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