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I. The Hawking radiation and the information paradox

Time dependent process — pair creation
Horizon universality

Trace on 97 — thermal density matrix on 9

1
T = ——
St M

- The HR arises solely from the region outside
the horizon

- The process is unitary

- No information in the radiation
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The “conventional” description of back reaction
£=-+0

t=-o0

Is information lost in the singularity ?
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The transplanckian issue and the horizon problem

Onset of the Hawking radiation
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Transplanckian frequencies during evaporation
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Is the horizon stable against transplanckian fluctuations ?
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Singularity or horizon effect ?
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II. The back-reaction of quantum matter on gravity

The background for gravity-matter amplitudes

N At | iS({65}10ur)
Fliy= [ DU HD(gun)e

(24)

{¢§t) H gl(flz is a field configuration on a hypersurface Yy |~ x4

1(23;) is a functional of the field configurations on the hypersurface [N Zp(xz)]

Black hole : {¢j} = @, {@5}

f(Xy)
Fliy = [ D@Dg el S Ot (8D 1Syl (25)
(%)

The functional integrals are only valid in the vicinity of stationary points
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Tu v [weak) drives the quantum matter back-reaction on gravity amplitudes

lweak]

Linear approximation
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post-selection
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partial post-selection

H=H; ® Hy no post-selection on Ho |ij‘11> c Hy
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From exclusive to inclusive amplitude

post-selection i) — |f) e H=H; ® Ho exclusive
partial post-selection i) — <fIJ_11 ) ‘fi?_I1>

v
no post-selection 7)) — |7} inclusive

The (semi) inclusive amplitude is a linear superposition of exclusive amplitudes

From exclusive to inclusive background

1
0 0 0
RM — §gWR — 87TT ({(I)C}) — & Tﬂy[weak]
post-selection Tuy[weak] = T/{ z[wea k] exclusive
. . _
partial post-selection I, 1peak] = L [weak]
] o - o ° v o
no post-selection Tuy[weak] — T;V[w eak] = <’L‘Tw/‘z> inclusive

The (semi) inclusive background is an AVERAGE over exclusive backgrounds
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I11. The back-reaction of the Hawking radiation

s-waves without the relativistic barrier

2M
ds® = <1 — —) du dv
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collapse no collapse
(Unruh vacuum) (Boulware vacuum)
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Coordinate invariant characterization of the Unruh vacuum

(T2) o, = (I8 T Py = 2T (9" TS +2T3) (9)*T )

r—>2M

Linear back-reaction in absence of post-selection

Outside the star : RgVR“ YO = 641 (T Unruh

With no post-selection, the back-reaction of the radiation is small
The classical horizon is not sensitive to such back reaction
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Partial post-selection: H = H ;+ ® Hy , no post selection on H,

‘¢> - HjJr <Z|¢> - HH
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H.R. contribution to ‘¢>

regular on the horizon : Unruh vacuum

P

singular on the horizon : Boulware vacuum

S. Massar and R. Parentani, Phys. Rev. D54 (1996) 7444 [arXiv:gr-qc/9502024]; F. Englert, S. Massar and R. Parentani, Class. Quant. Grav. 11 (1994) 2919 [arXiv:gr-qc/9404026].
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s-waves without the relativistic barrier — 0,0, P =0 light-like shell
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The radiation term : () (| 2 T 22 [1)
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Coordinate invariant characterization of generic weak values
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Linear back-reaction in presence of a generic post-selection on J -

r—2M 1 M4 1
0 )0 (1) -0 4

H/—/
Number of modes

Outside the star : RgVR“V O = 647? <T2>weak

The back-reaction of generic weak values is prohibitively large

The classical horizon may not survive post-selection
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IV. Black hole unitary S-matrix and classical physics

Extrapolating from the Hawking back-reaction

Post-selection on J T — exclusive S-matrix amplitude

- The classical horizon does not survive in exclusive S-matrix amplitudes
- No horizon — The S-matrix is unitary

- The S-matrix is TCP invariant
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Schematic description of a unitary black hole S-matrix

The approximate space-time representation of the quantum black hole in-out
amplitudes in asymptotic flat space is limited to a region outside the would-be
horizons
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Extrapolating from the Hawking linear back-reaction

The classical approximation for a quantum black hole is taken to be the
inclusive S-matrix background (no transplanckian fluctuations)
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- Horizon is recovered in the inclusive background

= (i[T3357} i)

1/ weak

- Classical geometry and horizon appear as coarse-grained averages

- The average is over “fuzzball-like” configurations S = 47 M 2—-1nN
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- Black hole unitarity “follows” from exclusive S-matrix amplitudes

- Classical physics “follows” from the inclusive S-matrix background

- Horizon and classical geometry are coarse-grained averages

- The quantum S-matrix (exclusive amplitudes) void of horizons contains
the information left by an object crossing the horizon (inclusive
background amplitude)

- The scheme follows from conventional quantum physics: while the
computation of unitary amplitudes would require a detailed theory o
quantum gravity, the scheme itself does not

- It makes contact with the fuzzball conjecture
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