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• Exact BlackString solutions inThree dimensions
"

[Home
,Horowitz ] keep- th/9108001

The authors introduced charged blackstings as
target spaceofa gaugedw2W model :

dot = - Cs-Feldt t (s- FEE ) ok?Targe
mass(the. .. ¥. "-EM tag:*

'

E = he t aah hz
Rather simple react aft producing a BG
qualitatively similar to Reisner - Nordstrom
in 12 t s) dimensions .
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curvature singularityat a-o
•
R -so as e -s o ,

" asymptotically flat
"

• Hawking To Tn = ¥nn÷
and

Bekenrtein -Hawking entropy Spy = ¥eM-#
= log e ?
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I.sBT2 Black holes & 3d gravity £
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ds2=
-Wdt2+thr2oh2

th

th Guthery

used later tnh(do2td¥dt'T~
= [yfhnah.ee#qytrdudotTa2dettTu2dr]

MN -
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Asymptotically Ads, ⇒
Belong to a phase space endowed with a
ad conformed symmetry generated by

(x±=Ee*e) lE=eim±G± - inch

eouerpendiug charges QeE=LE satisfy a
Virasoro algebra with

c =
3L (Broun- Heureux]
LG

'86
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Suggests that quantum gravity in Ads
?

would be a CFTa

Observation that the Bekamtein - Hawking entropy
of Biz is CStromingh] '97 tardy formula

SBu -- Aged = 2Tuft = 21TCEF three
Ee -- Lt . If cent57{Er . G -

- z Cen -J)

barely regime is Eo
,
rose ,

with efired .

The above result seems however to lentil

for a>> ( lads → Lp = G) but Ee,rue

Gris suggests that the CFT has to be
quite special

see Chatman ,Keller,Stoica]
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II.2 Stringy Ads, lofts
[Mayor : Daniel,Mondal , 8
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gg coz Wadia]
Within string theory , one can take a bottom-
up approach to identify the dual ofTz .

yet . - - 4 gc5
TypeIB on T9

Qs 6...g with
a

p-- Qs--#of DslFs
Q5 k€5 -#of D51N55

Taking the decoupling limit of Anis system :

(deformation of)
IIB ST onAds, xDxThe dual Sym

wCX) CFT
w/

RR/NSNS flung
with c -- 6QsQs

sown = WGN Cc:9%488,
Dis is the counterpart of
IB ST on A-Iss xS5 dual

Soen)Wee seen

denied froma stack of 03 branes
but is weaker in the former case
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3dentgy.mg the precise CFT dual is still
an open question cos isg

see [Eberhardt
,Galadriel, gqakumar ;

Ig ?hahiabaly ,Given , 3.Lecturer ; r r -
oo Auguries , Gielen, Shana ; - - - 3

one NS5-Fs setup is very interesting
because string theory or Ads, we
only NSNs ghees is exactly solvable .

.

it is derailed bya secondRl WWat lad

k = Q5 .

( k -- Qs = leafy -- GI )
so
, finite k ⇒ solving classical string

theory ,to all orders
in a

cue omit the S3xth Sadat , but they
are still there )



I00 So
,II. 3 Strings on Ads3 CMoldavia

,Aguri +Son]

Che se S2 ,RI w2Wmodel describes string theory
on Adsz -sesh,RI group manifold supportedby an
NS NS B - field .

One proof of the consistency ofthemodel
and the determination og the spectrum was
achieved by Cmo t 53 , also building on
work from the endof the 80s onwards .
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Sl (2.B) WZW model
Is .

Swzw=kJd2xTn(g-'2g g-' 2-g) t krwz
Basic field : gcz . -37 E Sek,R7=G

↳ WS coordinates

symmetries : LeftyRight affine symmetry
(g→rg1gIg7) generated by

(anti- ) holomorphic currents (Lie algebra valued)

JG) -- kg-22g Jg7=kJgg'
=JaTa = Feta

Modes Jan
, Jan affine current algebra g-

Zero modes Jo' and E3 generate shifts in tando ,
so E=Jo3tJ3 and 5=51 - J?

Sugawara construction

⇐÷:÷÷⇐÷÷÷÷÷ :

conformalinvariance
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Spectral flowsymmetry
12
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JE → Ie -- Jit hzwsmowantEmE±gg÷n me.

At the classical lead
,
it generates sting -like

solutions from geodesics :

z. ¥f÷ Tautness

- Efim,
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At the quantum level, it generates w,

13 -

ineguivalenh , representations of the aggie algebra
obtained by acting with Jan and Ena on
Slc2.64 representations 147 of thezeromodes :

y
Ijm> Principal discrete Djsya

147
→ (j a , Principal continuous lightis
The corresponding affine representations are

^ I
,
w

n d
,our

Dj lightis
short stings longstrings

discrete energy spectrum continuous energy spectrum

The theory isnowunitary Cao-ghat theorem
for physical states E -

- s) and consistent

(e.g . noupper boundonmanofsting states)
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chis result is important in that it constrains
the nature and spectrum ofthe CFT dried
to Adsg string theory .

'78 'Ig
one proposal CElakaidto,Galad'd ,ggohumen] for
the dual to superstring theory onAds, as3 Free
at levelk :

Sign(CN -- a Liouvilleeye-- Gor-43⑦T)
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Ill . Marginal deformations ogwzwmodels
at-

These S2dpywzw describes string propagationon

Adsz through an exact waldshut description .
How to describe were general backgrounds ?

Tt has been obscured that wzw models

admit integrablemarginal deformations , thus

allowing to reach newexact sting backgrounds :

Squaw = Swzw thruJdhz 08,51
-

di

Hoy yay HIcgiiiata
For instance

,
O = JhJh is exactly

marginal
Clhaudhuriihchucuty ;
Naseem

, Jeni
given, Kirito ;
Foote

,Roggenkamp, r.-J
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Black string fromII Marginal defamation
"8

.

see also Chae - Horowitz ; JnoiilisdoumasMetaphor,
Orlando

, Spindel, SD . .. .] - "05

* Start with wzw with group element

g = e.tn#tefHTn.Tu1T3e2TvvT2
C- Sethdry

air corresponds to sting propagation on the
BTL metric we saw earlier :

dot
=
did
l" act-Tei

tr dude+Tahitian

( 3¥
.
.

ai: III.Efta
currents

* Turn on auenginal operator 0=95257
One deformed action satisfies

2Sjfa n Jd's Ese



* The backgrounds after deformation are
"s -

µ÷÷
.

:c?:#it
nm::

.
.

= kz Cr - 4Etui) e- Hol turtleKiTi

After achange of radial coordinate
f- ( CMtoK-J

'

4 m
) h t M 'tQ's

-

2M

themetric becomes , for X -

-z ,
did

=
de2

A Kea .cringe+ay
- G- F) ath

+ (s . In beat tf at de
FaJ --o

,
this exactly the HH black sting :

(pickups)
dir = - Cs-Fel Ith t (s- FEE ) ok?tenge

man
a-Ere- on fu data

lad
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* The deformed background can beattained

from the undefined one by a

TsT ttawgamation
Tduality along ee
shift alongw →v - 21ee

k

T duality along ie once more

(up to chargeof cards and
chiralamentsn

Noether emails)
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II . TT deformations mirror
,
£amdockhihor;

y Tenaglia ,Negrocszecsengi fate]
Irrelevant def = of 2ndQFto triggeredly

TF = -thdiet trio)

the corresponding deformed action thus satisfies

ZEIT = Jdbc (TxaTree -Tae Tea)
- J Jean Jay
Jay = Tra de tTae AE€21

= Taa de ther de

Many physically interesting quantities canbecomputed
exactly and explicitly interms ofthe data

from the undefined theory .
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TT deformations 24 .

Finite volume spectrum (x
, E)n Cathar. EMIR?

⇐'Ya;?÷tu¥+u¥ . .
Jn terms of Eur = EEJ :

EUR = EUR fu) t 2£ Edm)ER fu)

118

ckrymptetic growth of states CDatta . Jiang .Asarong ,
( defamed offs) Gian, Kutcher]

STF = LIL E REdu) (ht 2ft Er call
+ ⑤ R Erba) (ht 2£Edu)))
↳undefinedCFT
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I. Dual totheseBlackString
Proposal : String theory onatt transf of
see related payouts

Ads × M out NSNS fleeces
dual

[Givenistjhakiitutaree to

Single traceTT deformation
ofa CFE

ctnume the original CFE is ofthefour
Synth CK6k)

with ex =
6k
,
X = seedCFTfr Issk -

-

Zhe single - trace versionof TT deformation is

33 -
- E.tJsEinEaJi@pT5adktTaia.de-

w

strontiumintheith
copy
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1) Thermodynamics
are total entropy ofthesingle trace def' of

syntax) is given by

STIELER)= f- REC Cht Fz Er) t f-REGtyped
Jet 's compare to theBekemteni -thanking entropy
of the Blacksting .

Tts amerced charges can be computed :
Qc = Qza = Ef catheter)Tei

r-hiTitito::::÷: mei: is;÷
SBN = Qc (QeQmt2IQR) t QR (QeQmt2IQc7
LIT

with REEK HER = QR
→ STT = SBU ! c=6QeQm , D= lek

Fr
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2) String spectrum
It is penile to determine the sting spectrum
on the TST tongued background CG, B,E)in
terms of that on the undefined oneCE, Be
Feature : the Eon andVirasoro constraints ofthe
ofTnt

[Alday, defamed theory can be obtained

Antigua. from there ofthe undefined theory
Fader) by a non- local changeof cords(05

OneTST : T- duality alonga
ship v → v - 21h ee↳
duality along ee

awaits

Nag - lodging : fir = Ter -East
-7 anointedone

Tie = Jee - hip Jr-
' erttcmlatias

2ham : C E
, B. TI )= CE,B. but Haen-

local Bcs for ie andI
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it so that = ie It Utkal
rt Cd that = N I t 252cg

Hey , w t I Jo Fdj creep . . .RT
w -

minding It = ER

These twisted Boss can be wiylemated ly
ie -

- Te they y .
I -
-
F-Retz

coadgdthe ↳ coordinates of
L

defeatthey the undefined theory
This induces a Spatial flair of the emails

n ~

Jn = Jr t# Neil↳
= ET t# Kul b-Adsradius

and of the Virasoromodes :

to (1) = LI te Edell⇐us . . . . .

a-Hate Erol
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Temping the Vienne constraints before
and after deformation to

= a = Ekg

one can retract

Eur Coles EUR +211 Ec ER
red

compare to EUR = Ear fu) t 2£ Edm)ER fu)

b- Row
,
I =MI TT spectrum!

R2

Thus
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Temping the Viranaeeantuimts before
29

.

and after defamation to =s=

one can retract

EUR61⇒ EUR +211 ELATER
red

compare to EUR = Eur#t # Edm)Erfu)

b- Row
,
D= MI TT spectrum!

R2

They Spectrumof stings sawed sgoctomogdya.FI
orAdsz CEA) match

1st TT !

Spectrum oath shared Spectrum of dual
CEH,JQ) match to CE JAI)

we haveshared that therelation between
(ELIJAH and CE,J) is precisely the ouerelatiig
a CFT and its TF defamation Cecerifuedcntt
know the details og thanks .)
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55dg"
Waldshut

marginal def
'

Slfddrlwzw

gigue Ad§/BT2 2dam Spacetime
TST TT

ndBlackwing Singletree
defog Ldaft

Thankyou!
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More :

-
Other observables CEE, Q NM) ?

- Gravitational Phase space ? CITYBram-Howard
-
Eternal BS

. Study defamation of eeglicits.RO?CElahadt.Gabaded7

-


