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Has string theory solved the
information paradox?
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String vs Black-Hole entropy
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Spiy= M R = (Rs/Lp)e ~ M?
(GM= R, 1/ 75 = dS/dM = R /h)
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Using string unification @ the string scale,
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The correspondence curve
(critical collapse?)
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(Bowick, Smolin,.. 1987)

trajectory of evaporating BH
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String S-matrix at E >> M;

Super-planckian-energy: collisions oif light: pariicles
Wihin supersiring heory: Wiy care?
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‘Phenomenological® Motivations
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Two complementary approaches (> 1987):
A) Gross & Mende + Mende & Ooguril (1967-1990)

B =Hooif: Muzinich & Soeldaies ACV (C1987);
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Gross-Mende-Ooguri (GMO)

Calculation (GM, 1987-88) of elastic stiring
scattering ati very high energy and fixed scatitering
angle O (il = number o exclhanged graviions):
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Amati, Ciafaloni, GV (ACV) et al.

Work in energy-impact parameter space,
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Tree level

= Al fiixed b we have tocompute (D=4 wheninoi speciitied)

For the real par"r

<«— Consequences
we get, at Iar'ge b, Re6 ~ GS lO b2 discusged below

The graviton being "reggeized"” in string theory, we also get
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Since Im A has no Coulomb pole its FT is exp.lY small at b > b;




Im A is due to closed strings in s-channel (DHS duality)

Heavy closed strings produced in s-ch.

Gravi-reggeon exchanged in t-ch.




Tree level cont.d
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L) Small angle scaiitiering: relatively easy.

L) Carce angle, collapse: very hard, all aifempiis
layve failed sorfar
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Unitary S-matrix in regions I and IIT
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Diffractive excitation from b --> b+AX




Another way of "cutting” the diagram

Diffractively produced closed strings

exchanged gravi-reggeons
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NB: any number of gravi-Reggeons can be cut: AGK rules

heavy closed string produced

exchanged gravi-reggeons




Recall that:

=[2Y*, Y = /log(os)
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Region IIT

Let us neglect (for a momentl!) Im 6 ¢ O, C and C*
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Analysis of final state in Region III

Take into account Im 6% 0. C and C* are now "activated”, Recall:
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Which final states saturate unitarity?

Recalllonce more:
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Final state via optical theorem & AGK rules
(NB: dififferenti CGRs overlapiinirapidity)
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At this point we can compute the average energy of a

final state/string associated with a single CGR:
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We conclude that, at least below E.,, there is no loss of
quantum coherence, but the spectra arent thermal either

Above E.. We canine-lohgerinegleci classical= corrections
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Summarizing

@ Siring theory prefends tiobe fhe way o combine fhe
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® We have also been able to recast the main results of ACV
in the form of an approximate, but exactly unitary,
S-mairix, whose range of validity coversia large regjion of
The kinematic energy-angular-memenium plane;
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