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What s the S-matrix Ansatz
about ?

« [In-falling particles interact gravitationally with
Hawking radiation | Hoofl 06!

» The interaction takes place by means ofa
shock-wave

« QOutgoing trajectories get shifted by a factor
proportional to the in-going momentum

« This provides a mechanism torecover the
information

« From this one can construct amicroscopical 3-
matrix, which equals the Veneziano amplitudel
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« (Quantum consistency requires - .o 1
[X(6),X(6)]=—4nGF" (00
where
F* =g"%€19,X ,0,X ; f(&-3")

" | together with

[X(8),P@=ils" + 4™ )5(6-5)|

This gives a generalised Helsenbery
uncertainty principle due to the gravitational
Interaction Imomentum transfer iie Haro 951

« This model goes beyond the eikonal
approximation




+ We have a two-dimensional field theory
« The Hilbert space is determined by the state

| X#(&) or | PH(F))
« The in- and out-Hilbert spaces are identical
tPﬂm) :lP#um}

Holographic field theoryl
In components, &.4:

[u(8), p(E)=i0ud(&-T)

Latin: transverse Index IWS]
Ereak: longitadinal Index [TE]

[P, (&), p(E))=ip,(§)9,6(F-F)

[p(&), p (F ) =ip, ()0 S(F —F)+ip, ()0, 6(F -F)

F, = [d'a p, (&)

[p"i(&), P™1=id ;p"i(&) et
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$0(2,1) algebra for 2+1
scattering

i |» Reduction to 2+1dimensions
Define “Iink variables”

a’a= L do d x" = x"(4,)—x"(4,)

| | They satisty G;R, =G,
[ﬂ'u.q,ava] =fR3(}'3 E#mﬂa,q 5.13
S0(2,1) algebra

« Generalised Heisenberg relation:
[ﬂ'u 5 P?] — f{g*"' = RE.G;:. E.IWEFH )
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» Therels, at least atthis very simple level, a way lo
recover the information and construct an S-matrix

« The S-matrixis related o string theory. The amplitude of
the scattering is the Veneziano amplitude

¢ 'L |+ Quantum mechanical consistency requires the

' coordinates to satisfy a non-commutative algebra.
Heisenberg's uncertainty principle is modified hy a
factor proportional 1o Newton's constant

« The model is a holographic field theory. The in- and out-
Hilbert spaces are identical

« In2+1dimensions, the alyebra hetween the coordinales
reduces 1o the S0(2, 1) algebra
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