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Is there evidence for nonlocality in high-ener gy 

scattering?

Does string extendedness provide the mechanism for 

nonlocality?

What does this have to do w/BH f ormation?

(D oes it prevent?  Or is this BH formation?)
(QÕs: Strominger, Gross, ...;

string spreading - Susskind)



Long strings? L ∼ E/ M 2
s

Indeed, stringy modiÞcations to scattering:

A stri ng
0 (s, t) ! g2

s
Γ(" t/ 8)

Γ(1 + t/ 8)
s2+ t/ 4e2! t / 4

vs.

A grav
0 (s, t) ∝ GD

s2

t

String uncertainty principle?

(Veneziano, Gross)
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(Proposed app. to BH inf o:  LPSTU) 



To investigate:  (s,t)          (E,b)
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To check, compare loops:

(Following Amati, Ciafaloni, Veneziano; Muzinich-Soldate; 

SBG, Gross, Maharana)

Ultr ahigh-E:  Eikonal
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Thus at large N, string corrections get smaller

Which N dominates?

Can sum eikonal series:

with ! (b) ! GD
E2
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∴ Large loop order dominates.

t ! " 1 :



Eikonal classical scattering

Two Aichelburg-Sexl shocks (ACV: checks)

But - can excite strings:  Òdiffractive excitationÓ (ACV)

Black hole formation?



Indeed, unexcited (elastic) amplitude, near 

Schwarzschild radius:
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So: 

?? No black hole??

Intuition: string only Òspread outÓ  ÒafterÓ collision??

But: string spr eading is a notoriously fuzzy concept...

Info carried away?
(Veneziano, 2004)



Where is the string?

Karliner, Klebanov, Susskind: it depends

Òlow resolutionÓ Òhigh resolutionÓ 

So: need to check for process in question ...



A test:

Flat Flat
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Scattering in a plane-wave metric:

de Vega and Sanchez; Horowitz and Steif

*Light cone quantization*

Compute for incoming unexcited string:
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Where öX i
! (! , " ) is deviation from CM of string,

w/world sheet regulator !



Find:

Indeed, origin of eff ect is Òtidal string excitationÓ
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For small tau:  inside trapped surf ace



Thus:

¥ String appears to behave ~locally during 

collision

¥ Trapped surf ace appears to form

¥ This corresponds to br eakdown of the 

gravitational loop expansion

O(RS/b)



Suggested Òphase  diagram:Ó
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Locality?

Strong gravity/

black hole regime:
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D ! 2
D ! 3

A el (s, t) ! e! SB H

∼ e! ERS (E) ∼ e! E(D ! 2)/ (D ! 3)

Local QFT 

bounds

! T ≤ c(ln E)D−2

Froissart
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Cerulus-Mar tin

No clear role for strings 

... just strong gravity


