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Abstract: We will describe black holes in AdS with hyperbolic horizons, and obtain a holographic description of the region inside the horizon,
focusing on the dynamics of the scalar fields in the dual gauge theory. This leads to a proposal for a dual description of D-branes falling through the
horizon of any AdS black hole. The proposal uses a field-dependent time reparameterization in the field theory. We relate this reparametrization to
various gauge invariances of the theory. Finally, we speculate on information loss and the black hole singularity in this context. This talk will be
based on arxiv:0904.3922, and ongoing work with the same authors.
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3lack hole complementarity

Larege black hole: curvature remains

weak well inside the horizon.

1. Infalling observer (B) remains semiclassical

until it reaches the singularitv.

2. External observer (A) sees black hole
evaporate via long-wavelength, thermal,
Hawking radiation. Infalling observer is
“cooked” near the horizon and re-emitted as

Hawking radiation.

What is the map’
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Black holes in AdS/CFT

temperature T = T (M)

Bulk: infalling objects approach horizon as t — oc

(Gauge theorv: excitations spread and thermalize

AdS- black hole ~ 4d gauge
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Similar in spirit to other time-dependent QFTs

e of unstable QFTs
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k.

Similar in spirit to other tin
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2. Distinct from example of unstable QFTs
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Black holes in AdS/CFT

=

temperature T = T (M)

Bulk: infalling objects approach horizon as t — oc

Gauge theorv: excitations spread and thermalize

( Time experienced Y ODSETVET

AdSs black hole ~ 4d gauge theoryv af
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l. Similar
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in spirit to other time-dependent QFT's

i.lli ' "':‘:.&[I{ll_lli- Ol ]l]'.i:-Téi;’,l-lkt- {_,3[_”];&



Static coordinate system
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2. Distinct
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Static coordinate system
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Seems to map QFT variables describing Sewharzschild observers

y QFT variables desceribing infalling observers
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Expansion in dr breaks down as f — 0.
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Horizon at Pl f<. singularitv as
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e regular at horizon
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Expansion in dr breaks down as f — 0.
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a) Coordinate transformations

| " + oA o \ il . 13 ; _—
do not change equal-time siices Imn bulk

b) Bulk metric:
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. Similar in spirit to other time-depende
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Coordinate transformations
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2. Bulk coordinate transformations in dual QFT

map cosmological” to "static’ coordinates

(:eneric to anv nontrivial changs
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Solution: add gauge invariance




a) Coordinate transformations

do not change equal-time siices In bulk

1

(b) Bulk metric:




2. Bulk coordinate transformations in dual QFT

(;eneric to

of bulk equal-time slicings

any nontrivial change
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) q .
: : Map f includes a fiel
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Solution: add gauge invariance

Seoemo — Spar = [dr (83} 2 — 275 — =5
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Conformal transformation to ¥ x R

Field theorv dual seems to live on X x R

Nonsingular field theoryv on nonsingular space

Better variables to see behind horizon
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Transformation of quantum observables

Conjugate momenta:
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D. Transformation of full QFT
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Transformation of quantum observables

Conjugate momenta:
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D. Transformation of full QFT
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Functional form of effective action depends on gauge choice
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Standard gauge for computing DBI actions:

Backerom eld gauge: expand around
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Proposal:

Sctatic 1S effective action for SYM on ¥ x R in backeround field gange.
2. S 1s eftective action for SYM on X x K in gauge G = (.

3. Full 5d coordinate transtormations — Yaneg-Mills eanege transformations.
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e Locally equivalent to AdS.
e Singularity of orbifold type.

o M =0butf ~1/¢.




e) > 0: similar to AdS-Schwarzschild

Singularity is curvature singularity as in Schwarzschild
Hvperbolic spatial slices go to zero volume:

Number of degrees Olf Ireedorn 1MmMav increas
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Phases of gauge theory dynamics

Lagrangian for adjoint scalars:

Consider N D3-branes smeared over transverse S
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Quantum mechanics of o(?)

Lagrangian for large ¢ (no corrections from W loops):
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(Quantum corrections

A) Scalar bounces before Ao/o~ -
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C. Spacetime causal structure

e Shell of D3-branes screens A.

e Outside of shell with enerev E. spacetime is

14 | il L ¥

e Trajectorvy (A) removes sinenlaritv a la enhancon

e Trajectorv (B) unknown: recall instability

e Traijectorv (C) stalls near origin.

-y 1 - 5T B |
hermal effective potential traps D3-branes.
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D. Late time behavio(u)r

Shell with £ > () thermalizes gauge theorv as ¢ — ()
Thermal effects modify effective potential for ®°
e Eigenvalues trapped near origin by W-bosons

e W effects small for laree ¢: instability dominates

DBI action S ~ eN for single brans

t ~ e

ETrNILsSS510T1

e Shorter than recurrence time for AdS-Schwarzschild

e Longer than lifetime of "small™ BHs in AdS:

Branes emitted incoherentlv over time scale ~ N«

N
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Candidate spacetimes

(a)

a) Unitarity: should not continue past singularity

1

b) Not a simple bounce: branes re-emitted one by one quantum-mechanically

)

Are (a) and (b) physically distinct’
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3. Differences from previous work
B. Differences from previous work

k. Hill‘_"llhtl'irﬁ' assoclated with Oortginmn of field space [R).

2. Singularity appears even in variables ¢, r for which QFT is static.
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Future work

. Relation to work using TFD correlators to probe singularity
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Understand transformation of full gauge theory (study other probes?)
. Better understand M < (0 black holes
Source of @(N*)
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