Black holes, higlﬁ—-energg

scattering, and localtg
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Mg current viewlaoint: this could Plag an

imPortant guicling role, analogous for example
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The Paraclox:
Hawking 1974

What happens to information that falls
into a black hole?

Emitted in evaporation: localitg forbids
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The Paraclox: a conflict between

| orentz/ditt invariance (macroscopic}
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A growing sense: moclhcg localit9 (at least)
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A growing sense: moclhcg localit9 (at least)

PFOPOSB!S:

- “Quantum foam”

ek ng extendedness
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These are ditterent, and not entirelg

comple’ce Pictures.

Need a more Precise characterization:
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These are ditterent, and not entirelg

complete Pictures.

Need a more Precise characterization:

D Where does localitg break down?
Parametrize corresl:)onclence !:)ouncla:y
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These are ditterent, and not entirclg

comple‘ce Pictures.

Need a more Precise characterization:
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Possible analogg from historg:

“classical instabilitg Paraclox”
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Breakdown of classical mechanics:

D) Where fails:  AzAp =1 CPWC>

(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%

strin uncertaintg Principle:
- (Veneziano/Gross)
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Black hole

geometrg
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nonlocalitg needed

onscale ~ Rg ?

Black hole

geometry
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The atomic analogg:

CM breaks QM takes over

N
down here 5 /
\
\

here
(CM irrelevant)
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The atomic analogg:

Black hole

“«QG” becomes

important here?

LQFT breaks

CJOWﬂ ]”ICT'C
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bes of localitg:

ocal O}DSCT'VBIDICS

nigh-energg scattering
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Probes of localitgz

- ocal observables

ﬁigh%:nergg scattering

Wl"lCFC ClOCS PFCSCﬂt Framework break GlOWﬂ?
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L essons - Amati, Ciafaloni, Veneziano; consider strings, or

‘t Hoomct; SBG, Gross, Maharana; more genera”g
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Ql: understand ditfractive excitation

hep-th/0604072;

Picture: arXiv:0705.1816 w/ Gross and Maharana
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Q2: what haPPens at b~ Rg(E) 7

A) stringy eftfects?

Debates,/discussions with

Gross (and others);
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Trappecl

sSu mcace
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B) What efHfects are relevant?
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- This Aivergcnce is not short distance

= Renormalizabilitg (or order~bg~ordcr

finiteness) doesn’t resolve it!

(Indication: unitaritg = Perhaps a more
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1 Proposecl corresponclence bounclary

(or Piece thereof)
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dﬂnamical descript. \/aliclitg

x(t AxAp > 1
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dﬂnamical descript. Valiclitg

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

—I-QC,FIQZ ¢:Uap¢y7Q|O>

(min uncertainty wavepackets)

Wednesday, May 20, 2009



dﬂnamical descript. Valiclitg
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dﬂnamical descript. \/aliclitg

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

GOl 0 gl e Y
S Bl 1z — y] p+ g

(min uncertaintg wavepackets)
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2) Proposecl mechanism

nonperturbati\/e gravitg: delocalization
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2) Proposecl mechanism
nonPerturbati\/e gravity: delocalization

e.g. isn’t obviouslg: extended strings (or

branes)

(corres ondinglu. clear distinction between “strin
&2 2Y; g

Ry S0 1 () e < b Rt RGP e Rose T NI @ (Crox R Y Lo s &) ﬁ ;-‘.,, Y 1558 VO 8 8 e e R PR & St ok v o Sl bl 5 S T e e g P
': B it .}: [ .l‘g"?"}‘.'v* o T !;!;. A2 SN T Tap [ R .'-A"" o -L'-:‘?-,\.’f e WAD re IR AP Ao (& :"‘,’-,-,‘ TN it RIS R o 2o SR 3 ¢
3 - v . . 4 b P! p g = > Pl 8 ¥ ) R ! ¢ = iy dd L\t e — ALl

Wednesday, May 20, 2009



How else to Probe these ideas?
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How else to Pro]:)c these ideas?

Parameterize our ignorance:

The S-matrix

General Prol:)erties of scattering,
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2 — 2 scattering:

- for large enouglﬂ D, eliminate IR divs in

Gl theory.
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PW expansior\:

T(s,t) = (const) E*~" Z V)C¥ (cos 0) |e2i01(s)=20u(s) _ 1}
=8
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PW expansion:

T(s,t) = (const) E*~" Z v)CY (cos ) [ 2i01(s)=20u(s) _ 1
=8

Some Features:

A Undeﬂrstand Bom e||<ona| regons T

""’f
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Born

scatter ng
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B. Ansatz for BH region | S ERs(E) =1L

S(E, 1)
4

O ~

(Bekens’cein—-Hawking entropg - exl:)ected

+ approx. thermal clescription)
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Features:

- both absorptive and eikonal amplitucles violate

Froissart; e.g.

opu ~ [Rs(E)]"~?
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Features:

- both absorptive and eikonal amplitucles violate

Froissart; e.g.

opu ~ [Rs(E)]"~?

- related Point, ampli‘cucles not Polgnomial:
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Another way to Probe these ideas:

“Nice slice argument”

aPParently require

nonlocalitg on scale ~ Rg
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A) Perlnaps the correct theorg 5implg doesn’t
accurately describe the collection of nice slice states,

Just as quantum mechanics &oesn’t accuratelg

describe Phase space at AN AN I |
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B) See breakdown of QF T+GR on nice slices
some evidence: (hep—-th /O703116)
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some evidence: (hel:}-th /O703116)

) Nice slice states not observable without a |arge

Perturbation of the semiclassical geometry

(a less Positivistic statement than used to
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B) See breakdown of QF T+GR on nice slices
some evidence: (hep-th /O703116)

) Nice slice states not observable without a large

Pcrturbation of the semiclassical geometry

(a less Positi\/istic statement than used to
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More Precise investigation:

Need to understand (~) local

observers/observables

(Cli‘Flc. invariance: no exact local obscrvables)
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Relational aPProach (Thursdag talk):

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

Gary & SBG: ch, concrete

Basic iclea: o /d4x\/ng(:U)O(x)
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_localization only aPProximate

SaC. T fail to reprocluce local obs. when localit9 bd.
violated

~ thus, fits with the notion that usual notion of
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Other ways to Proceecl?
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Are stri ngs the answer?
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Otlf)er ways to Proceecl'?

Are stri ngs the answer?

Pertu rbati f eory

non~Pertu rbative?

AdS/CFT or Matrix: dual theories

Warmul:): can extract the ﬂa’&-space Samadiai?
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More genera”g:
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More genera”y:
How can we have a theorg:

1) Consistent (~causal)

2) Quantum mechanical

%) Nonlocal

8 4 o oI, By S §- £ A 1 s ST g X . K SRR 3 P 2T T o K ’ iy ¥ 2 ) PR ) B e T - 2 ’ vy
~ R =t L R ¢ D D R S S s A e SRR ST LT T e SN e BERE R, S L L S IR L bale A L TR s SR 5 s F AN 5 U L L R G S o e T A e e i el
v, - e { "~ A s e PO g S LS L b 8 R AR S ST P st KA R LIS Vi YOS T e e - PO S A ATt s i L on) s T PR
Bl T AL TN N S T ATV TR PRl o ol et oy s 2 e A ETASIRGN 1 [U0) [ SRy B T B e SN s Tty SR
T e Sy et S o A L A EOL TR | e Y AR N (0 i 1 R PR L il e S e gt R i T o T LB T el s e U S RO B Sl )
ol 4 4 et Ry . U AT e o (e NS - Y “ 3\ /A~ oy '

Wednesday, May 20, 2009



More genera”y:
How can we have a theorg:

1) Consistent (~causal)

2) Quantum mechanical

%) Nonlocal

=9 Near|9~|oca|
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APProaches:

1) Better understaﬂding of Pro[oerties of S-matrix
(WIP w/ Porto)

2) lnvestigate other gencral aspects oF theory

e.g. one small Piece: generalize QM sugﬁcientlg

to not require sPacetime inPut
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What should we conclude?

) Multiple considerations (HE scattering; observables;
BH inFormation, i suggest modification of

conventional notion of |oca|itg —air long distances.
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2) Mechanism:

- NO obvious role 1Cor string extencledness

= non~|:>ertur}:>ative gravitg: not local }:99 usual

measures
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2) Mechanism:

- no obvious role for string extendedness

= non~|:>ertur}:>ative gravitg: not local bg usual

measures

- not clear how any existing model for QG

addresses these issues?
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%) In what circumstances does Iocalitg fail?

modest Prol:)osals for Part of “corresl:)ondence
boundarg” for such a “nonlocal (but “ncarlg—-

local) mechanics:”

localitg bouncl, and other related
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4) General Principles’?
\/erg modest stel:)s: Prol:)erties of HE 5cattering;

Proto~|oca| observables; aPProPriate generalization

of OM

It 1s im[:)ortant to:
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