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Possible theoretical analogg: “classical instabili’cg Paraclox”

w S
- =~

CM breaks down;

P4
’
) 4
AT RN wyEbr i il Sheas s NI . S B e e S, .'-‘;-".'-.f“;’-" b o 8 LB Rl R O e s et s Gl S P e U Sl e S S R SA T ey L g iy
ATHe) - 5 s Btk Skt B ¥ B [ . ) e s e g A It e N T g Bl i » Samf N A Pt o o b . LT At (A R RN R N S Iy
N AN I AT W ST G s S e o A SRR S S Ve S DI Wiy B L e R P P T RPN el A SRR i IR e S Lo 4 S AT Sl S RS Gl el St
g e Lt N R S g v ol At Y o Dt B PR L St i SRR G e S R s Xl - P




Suggestion: {:OCUS o JCI’IC Planck SCBlC

may be misleacling

Possible theoretical analogg: “classical instabilitg Paraclox”
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Plan:

) Review arguments

(hc you see a better alternative, tell me)

Z) Summarize some OﬂgOiﬂg WOF‘( on
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A complete theorg cnc quantum gravitg shoulcl
describe (or avoicb ultraplanckian collisions
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A complete theorg cnc quantum gravitg slﬁoulcl
describe (or avoicl) ultraplanckian collisions

The reason:
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In TeV-scale gravity models, even




E > M, :dgnamics
O Contro| iml:)act Parameter b — wavel:)ackets

P Large F. ~ semiclassical Picture

S dassica“g, Procluce black hole, + radiation

e Quantum corrections: Hawking radiation
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So, confront information Paraclox:

Hawking, upclateci: nice slice argument

Locality:

‘¢NS> —> Pout .= Trzn’¢N5><¢NS‘

SBH =l (/Oout In pout) Bove ABH

information lost

(Hawking 1976)




The Problem s, QM 1s remarkablg robust:

Banks, Peskin, Susskind (1984).

Such breakdown of QOM = Massive E nonconservation




The Problem s, QM 1s remarkablg robust:

Banks, Peskin, Susskind (1984).

Such breakdown of OM = Massive E nonconservation

Let’s trg to keep unitaritg!
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So, keeping | orentz invariance and c]uantum mechanics
aPPareﬂtlg tells us to revisit localitg:

On scale

Rqg x (GDM)l/(D_S)
AT lp
Bgatime:

Loy RSSBH

(Page, hep-th /9%0608%)




The atomic analogg:

Atom
CM breaks s QM takes over
down here I,’ S / here
! (CM irrelevant)




The atomic analogg:

Black hole

S “QG” becomes
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What does string theorg sag’?

, , dd liziblit
Hints(?) at a solution: addresses nonrenormaliziblity

extendedness/ nonlocalitg

microstate counting, etc.
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) No aPParent role For string extencleclness

SBG, hep-th/0604072
SBG, Gross, Maharana, arXiv:0705.1816

«“ditferent time scales”

2) The Problem appears intrinsica”g nonperturbative




%) Microstate counting;: not far from BPS
(Schwarzschild)

4) Holograplﬂic “duals”don’t clearlg contain sutficient

information

- A test: recover the flat space S-matrix

L imited progress: Gary, SBG, Penedones arXiv:090% 4437
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Questions to answer:

) Where does local QF T fail Corresponclence boundarg

what is wrong, with nice slice argument‘?

2) What is the mechanism?

how does it preserve unitaritg?




Breakdown of classical mechanics:

D Where fails: AzAp =1 (PWC)

(COTT'CSPOI’]CICI’]CC boundarg}

2) Mechanism: wave behavior of matter
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Some Possible proposals for a

COFT'CSPOHCICHCC ]Z)OUI’ICLBFH ‘:or gravity:

Planckian curvature: R o M%
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dﬂnamical descript. Valiclitg

: B AxAp > 1




dﬂnamical descript. Valiclitg

@VE x(t), p(t) AVFAV /I |
%r:g ¢$ap¢yaq |O>

(min uncertainty wavepackets)




dﬂnamical descript. Valiclitg

@VE x(t), p(t) AVFAV /I |
QF T 0 T
e Dz,pPy,q|0) i (D b

(min uncertainty wavepackets)




Aﬂnamical descript. Valiclitg

@VE x(t), p(t) AVFAV /I |

QI:T O gl D—3 G
e D, pPy,q|0) il i Gl sy

(min uncertainty wavepackets)
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Correspondinglg) mechanism:

“delocalization w.r.t. semiclassical geometry,

intrinsic to unitarg clgnamics of nonperturbative

gravity 2

~ “non‘ocality Principle”




How do we Probe/ quanthcg |oca|it3?

ot |oca| O]Z)SCFVB]Z)ICS




How do we Probe/ quanthcg |oca|it3?

ot |oca| observables
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Asgmptotica”g flat space:
The gravitational S-matrix

Investigate general Prol:)crties of scattering,
consistent with unitary quantum evolution,

basic features of gravitg
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2 — 2 scattering: PW expansion:

T(s,t) = (const) E*~" Z v)CY (cos ) { 2i01(5)=201(s) _ 1}
I=0

A. Can infer features of 51, 51 in “weak gra\/itg”

regime (large imPact param. -- Darn. eikonal)
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Features:

~ signiﬁc:ant indications, aml:)litucles not Polgnomial:
T(s,t) ~ i

Plausibly associated w/ lack of usual localitg?

(relatecﬂ: viol. of Froissart, EOLTBIEO [RS(E)]D_2>
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This is “outside” (asgmptotic) viewpoint. To

discuss “inside,” need local observables

Indeed, localitg - QF T




T_.i|<e|9 resolution: Relational aPProach:

“Proto~|oca| observables”
see: SDPG, Marolmc, Hartle;

Gary & SBG: ch, concrete

Basic idea: 0o /d4g;,/_—gB($)O(aj)
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In the inside Perspectivej can find flaw in nice slice
argument, and see where Hawking went wrong 7
Some thoughts: SHarP coml:)utation of Spm

héiP*’fh/ 0606146 requires ﬁne—-graineclj local |Y)ns

Two Potential obstacles:

) observ. backgrouncl =
large mods. to |¥) s
2) backreaction of fluctuations =
large mods. to |¥) s
Both ]33 TPage ~ RsSBH

(literal CM/QM analogg may be another o)

25




~ APParent signals of Perturbative breakdown ;

Proposecﬂ resolution of information Paracﬂox

~ Non—-Pert. completion would be requireci to

describe information “relag” / restore unitaritg
but, aclue ...

~ Interestinglg, there are Para”el arguments in ds,




In general, expect similar considerations to Possiblg

be iml:)ortant N cosmologg

Work w/ Marolf on CJS, chG: arXiv:0705.1178, and WIP x2

- More general limitations on local QF T for

volumes e Rfisesds
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To sum up, should be Probing limits of local quantum
Sl theorg clescril:)tion, Iikelg on scales > p

“unitaritg restored at Price of localitg”




To sum up, should be Probing limits of local quantum
Sl theorg clescril:)tion, |i|<e|9 on scales > p

“unitaritg restored at Price of localitg”

How to Progress’:’

(~ How to invent QM w/out experiment’?)
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Thought experiments, Pursuinga consistent

quantum clescription of

~ higlﬁ energy scattering
- observables

= cosmologg




How can we have a theorg w/ Features omc gravity:

1) Consistent (~causal)

2) Quantum mechanical

%) Nonlocal ; ;
} essentlal tension

4) Near|9~|oca|
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Tidal string




Ql: understand ditfractive excitation

hep-th/0604072;
arXiv:0705.1816 w/ Gross and Maharana

Picture:
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consider strings, or

morec g@ﬂ@f’&i”g
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consider strings, or

morec genera”g
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scattering O
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Other versions of the localitg bound:




Other versions of the localitg bound:

Measurement limit: At(Az)P~3 > Gh




Other versions of the localitg bound:

Measurement limit: At(Ax)P73 > Gh

N-Particle: gbxl,pl i ¢xN,pN |O>
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Other versions of the localitg bound:

Measurement limit: At(Ax)P73 > Gh

N-Particle: gbxl,pl i ¢$N,pN |O>
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