Black holes, high-energg

scattering, and |oca|it3
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Based on:




Ang theorg of quantum gravitg

must Comcront:

ne Problem of high~energg scattering

ne mgsteries of black holes
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These come into Par’ticularlg 5harP focus

through the information Paradox

Mg current viewpoint: this could Plag 2
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Quick refresher (scattcring formulation):

Consider an uitraplanckian collision:




Usual Picture: black hole forms; Hawking radiates

Qutcome Principle(s) violated

Mixed state QM; E conserv

Remnant Stabilitg
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The Paraclox: a conflict between

| orentz/ ditf invariance (macroscopic)

| ocal
Quantum

Field
Thcorg




1 Iocalitg breaks clown) some questions:

) What are relevant criteria for breakdown

7% What is the “corresponclence bounclarg”?

NOﬂlOCE&l Phenomena
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Some Possib e Prol:)osals for a

COYT'CSPOI’]G Cnce bounclarg:

Planckian curvature: R o M%
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%) What is the mechanism for breakdown?

extendedness of strings (branes ..)7?

something else?




Can Probe them bg stuclging high»@nergg

scatterin g




E‘.g. is the basic mechanism string extendedness?

Possible Picture in HE scatt:

@i g strin s




What does this have to do w/BH formation?

Does it Pre\/ent’? (Strominger, Ehacs)




Begin w/tree-level amplitucle: high E

strlng ( t/8) 24t/4 _2—t/4

(D noncmpct dims)
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To investigate: (s,t) — (E,b) E > Mp

eg tr~—1& b~ F2P3
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To ClﬂCC‘() include looPs:

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

Ultrahigh—-ﬁ, large b: ladders - eikonal




Features:

At given lool:) order, N:




Which N dominates?

Cansum cliagrams _ eikonal series:

e ZS/dD_Qbe_iQL'b(eiX(b) — 1)

E2

with  x(b) ~ Gp —




Eikonal < classical scattering

Two Aiclnelburg—-Sexl shocks (ACV: checks)
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Indeed, unexcited (elastic) amplitucle, near

Schwarzschild imPac’t Parameter:

Aoy ~ exp {_ E(D—4>/<D—3>}




But there is a contrarg inturtion: string onlg

“sPreacls out’ “after” collision??

String sPreacling IS a notoriously Fuzzy
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Where is the string’?

Karliner, Klebanov, Susskind: it clel:)encls
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Thus:

° String appears to behave '”|o<:a”3 cluring

collision
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1A suggestecl “Phase c:liagram:”

2
In K

Born

scatter ng




2. Perturbation thg aPParentlg breaks down




3. Nonlocalitg/mec hanism: no fundamental role

For string extenclec ness has emergecl

A Assuming scattering is finite and unitarg:

unitarization aPParently via intrinsica”g

nonPerturba‘cive gravitational effects?
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4. Suggestecl COFFCSPOﬂdCﬂC€ boundarg:

where does GR+LQFT break down?




Example of basic Comqguration of QF T+GR

2 part Fock Sp-: ¢x,p¢y,q‘0>

(min uncertainty wavepackets)

clescription aPParently
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Sharper tests of localitg?

How does this relate to BH info?

Does NP stri lg tl ICOIH d ress”
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Criteria for locality, and breakdown

1. Derivable from local QF T
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2. [01(2),02(y)] =0, (z—y)* >0

e There are no local gauge invariant observables in

gravity. (Diffeos!

e One can construct gauge invariant “Proto-local”
observables that aPProximat619 reduce to |oca|
observables in certain states (SBG, Marolﬁ and Hartle
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3. Bounds/ analgticitg: Froissart; Cerulus-Martin;

POIB nomial boundedness ...

What general Properties of gravitational

amplitudes can we infer?

(0711.5012 w/ M. Srednicki)
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T(s,t) = (const)E* " Z V)C¥ (cosB) |e2i01(s)=28us) _
=0




Some ?eatures:

A. Understand Born, eikonal regions

C.g.




S(E, 1)
4

B. Ansatz for BH regjon B ~

BPPBFCI"HZ COI"ISCC]U@!"ICCS:

~ amplitucles aPParentlg obeg Ceru|u5~l\/\artin

(contrarg to earl ier exPectations)
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Some comments:

- there exists motivation for such effects, based

on a) apparent breakdown of Perturbation thg

in nice slice c]uantization and b) imitations on
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Can string theorg aclclress these Problems?
Arguecl: not Iikelg N Perturbation theorg

Commonlg believed that one has complete

nonPert clescril:)tions of string theory

d d
Ak A 5 Cl l o B [ ’CO CXtI aCt at sSpace ll“lt
A " RV y > ) - ¥ ~ - — > o
- . 3 ..:C‘ ot " IR e L v G i~ I ¥ \ R S AR b B O v e h SRt LR A ST e i 5 SR G a2 A Py SR . B ", i T R R e TR St O ,’:-’, P e .:-'~" POt TR L WO Wy e
__',.‘.3._....- g Sl S '_'a_‘ A W ,)..:.).'. €25 B ' «‘_ e W S ST r Ry ey , RN ..e.,;. .,;_.; AL I, _. ! AR ._‘ S Y 4-., AR, AR R
LA o CRER e L P O e S e S| TN R e L s St n O i A L R e AP Bk e G S A I T R AR AR et i SN L e A e L e S ,,;)‘.. NS L S L B R R It e {‘:?" x
¢ ¥ £ \ i ¢ e ’ IR T v A T L o e X 5 0K e t NS ¥ LA k. > ) 2 3 o 4 r ¥ Ny




Cosmologg: de Sitter, etc.:

a few brief comments

_ if complementarity inessential in BHs. there
P Y ’
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- some features: finite number of Pert. ds states
not Violating loc. bd.; no recurrences; relational

observation

2 aPParent limitations to local QF T clescription of

obal Picture bg timescale RysS4s : Boltzmann brain
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More gc—:nc—:ral ClUCStiOﬂ: Whél’é ClOCS thls lea\/e us’

) Localit9 implies quantum fields. So, if Phgsics IS
not local, Whg should the clegrees of freedom be
(aPProximatelg) local fields?

String theorg, L QG almost look too local!
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Summarg

- several considerations (HE scattering; observables;
BH information, ...) support breakdown of

conventional |oca|i’t9: Sl macroscol:)ic scales

- mechanism: no aPParent role for string
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- such nonlocalitg should explain how info escapes

black holes (“unitaritg restored at the Price of

oca itg”)

_ related story for inflationary cosmolo :
Y b3 2Y

Potentia”y Places limitations on regime of local
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Analogg to emergence of quantum mechanics, pre 1925

Qm
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Black hole

Information Paradox
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