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BLACK HOLE THERMODYNAMICS
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« Mean wlhile , many different ways fo derive these
resuéis are ‘cuwewn.

o« Still, there (s a (almest) complete Zack of
Lbndersta.nalin<3 e-F +he uhalo.rﬁyénﬂ micee-

Physlcs.

Why are the laws of BH +hermodynamics
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NEAR HORIZON CONFORMAL SYHNETRY

. Carlip ge-qc /020300, ..,

o Near Worizon ro,cslo\b wirth Streewed \ofieew as
boundary deseri bed by conlorwal —?iQLo\ Haoory,

« Streched Worizon implemented A comgkants
—> ¢Nawae of the cowadaint alqebra

e Virasore alyebm acquives a Cendral clange
= breakting of cowtermal zym metey

Use Cardy doruanla e count tae number ol hates
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Problem

In which sence is a gteched horigon a 2pecial
doundary %

Sharp borizon conditions appear 4e ba the ouly
satiefactory  solutien.



“SHARP HORIZON ITIONS
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Variatiowal priveiple
Sx k o+ xt de; +X”SQ‘:| =0

. Caa.no.ric boundary
§X=0 o, =0 de) =0

« hotiezon
X* X~ = Killing norm  —> X7=0 (X*+0) defiues
bouodo.r\, ‘¢ be a horizon
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"REDUCED PHASE SPACE

Poundary conditiens are implemented ag conttraiwis,

Bulk: 6 first class congtramds
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qeneric Doundary:

- Ne 4irst elass constrands o4 at +he boundary, but

« all doundary counditions analytic coutumations ef bull
qauge £1xiug functions.

* The dulk phate apace '® ampty, there Temawms a twe-
dimengiawnal Beundary plhate space.

Interpretation:
C=X*X" ap(@) +w (X)

QQ £ " covtorwal frawe®
wixy = * cond. wvariant peladial

JdC =0 constant ol wiotion, Catimir funetioun,
ADM mass
C and s eou:‘usq“'e (propar +ime ) are not {ixed by
the bound ary cond itious.
= Fluctuate off -shell.
(k.\J. Kucha\‘ . v -qe /‘3'50'3003)



horLzon :

* There remain more £ist clags conglaiuls at He boundary,
weparticular Local Lorentz and §,.

¢ Not all deundasy constraints ave cbsolete due +e X* X~ =0

= Cis Lixed ot +he horizen.

o propar time" Lixed as wel by lecal Lorentz wvenanee.

* The boundary phate Spaez is amphy.

Presence of a horizen kills the bBoun dary degrees ol
Lradom.

What 13 BH entropy Z

P4 entropy is caused by the transmutatien of physieal dofs
nte qauqe dofs onthe herizen. Inthie wWay wdermatien g
Ne \ovu.%p.r accessole Lor an obaer var ('t 'Hoo‘-t qr-qc / 0‘“3'07-7)

"PHYSICS -TO- GAUGE CONVERIION AT BLACK HOLE
HORIZONY"

What s the mmn‘tws ot near horizon CFT2

This techinique can shill be carreet. The symmetry breakeivny coucept
mimies ‘+the Phyicg-te- qaume conyersion. fewever, taken for ik
own frweLee Yae \O&k .

The Goldstone modes mimic physical modes, wliek were thete
in te i3y prace, sur are conveted te Jauge dofs an the
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