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I . The3d black string : what andwhy ?

It . Boundary conditionsAuough
"

AsymptoticT-duality
"

( seealso Spindel 1890.00603
SD
, Petropoulos ,Zirkel 1812 .

08769)

Ty . Black strings fromTst ,marginal andTT deformations



I . The 3 d black string 3
.

"beat Black Strings Solutions inThree dimensions
"

[Home -Horowitz , hop -th191080013
The authors introduced charged black strings :

I:÷÷÷÷÷÷÷:
" ""-⇒is ii.¥

Target space ofa gaugedw2Wmodel

Solution to the low
energystring action EOM derived from

S
= J d3x-gM e-2E [R t 4GET-Gz tftha]

Rather simple exact CFT producing a background qualitatively
similar to Reisner - Nordstrom in Itt) dimensions
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BTZ black holes stealing the show
CBan-ados.Teitellainfanell.ec '923

v

ADSICFT

0 HI
"

T pit NHK K NBTL
I d
fr

"

citations to HH .

"
citations toBT2=

T S 226 3507
- l,

T
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BTZ black holes & Acts, garity
solutions

topnezdgiaeityiel-se-syeasodt-n.CM-Madd.tt- Jdtdotihdotfne -MtIa)~dtmarsh (
angularmomentum

of Asymptotically Ads, relations
=

BTL belong tooejhasespeeeendoueduithsrdcoformal
→to symmetry generated by lE=eime±C2± -inna)
"±=Ee±f one couesponding charges satisfy a. Viraruoalgebauith

1=312 chain-Heureux .'863
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.

Suggests that quantum gravity in Ads, wouldbe a ofTa

Observation that theBerenstain - Hawking entropy ofBiz matches
that ofa hot gas og strongly interacting particles in a CFTa :

SBH = ARE =

2Turt_g-2ICzIMt2tcLg@ecndyfasaulacklsoo.B
H perturbations/Q N M , correlation functions ,EE, . . .
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Suggests that quantum gravity in Ads, wouldbe a ofTa

Observation that theBerenstain - Hawking entropy ofBiz matches
that oga hot gas og strongly interacting particles in a CFTa :

SB it = ARE =

2Turt_g-2ICIIMt2tcLg@ecndyfasaulacklsoo.B
H perturbations/Q N M , correlation functions ,EE, . . .

[ lomment : Boundary conditions are generically not unique , and
finding them is sometimes a lit of an art .

They can depend on the bulk theory at hand . Jin①Vin
Even within Einstein garity ,

thereaint alternatives to Brown -
Hennaed Bcs with different symmetries : VirtanenChi*man?
very touch , Vin tertial , stay⑦ steel . . . .

[Many authors ; seee.g.Grenville -Riegler1608.02308]
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II. Boundary conditions fortheblackstring :

ttsymfktioT- duality
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.Back to black string : relation toBT2

T- duality/Burcher 's rules is1 are a symmetry that

maps any relation ( guo, Bow , E) ogthe lowenergy string equations
with a translational symmetry to another solution Cgfnoisno .E)
with ↳ 2x

§xx = Algae , Fxx = BraIg xx

§am = gas - (gang res -Baa Bxrikg.*

¥:÷÷÷::÷::::" aDisclaimer : in what fellows ,
energy manifestation ,

the Burcher rules



Back to black string : relation toBTL
9
-

Horovitz andWelch obscured that T- dualizeig a BTZBH
with man M and angularmomentum5 along 2g resulted
in a 3d black stringwith mass Ab -- nie and charge Q .E .

M -

-htt dsn = (M - if ) d.tt- Jdtdolt it doth+( ta - M tInna)
-h
dine

J = hate
T- duality

V

dot
= - Cs- ok) dft(s- Ef)DRtG--97

- '
s-Ey)

-'

Hkfa( M n y



Looking for boundary conditions encompassing the
b-

3d black string , is therea. sense in which seemed
T- dualige theBroun -Reweave boundary conditions ?

zero modes BTZBH <
T-duds Blackstring

^
n

in a

bday condition Broun -Henman, c
?
s ?

T- duality requires the existence oganeeaetkvtomaponesduhon
onto another

.

Here
,
wearied lock force generalization , asgnytetiet- duality .

using an asgwfetiekvtoauafasetogboundaug conditions
onto another

.



Warm -

up : the dualof rehired Brown - Reweave 11
.

The family of Batados metrics constitute a gauge - giced , on- shell
version of Broun -Reneau : Cgm -

-FI, graaf
¥i¥t±o ds2=%yE - na (dxt.az#-cx-7dx-7(de--n-aY++Ge7dxt)

Chey sake the lowenergy string Eon when supplemented by

{B= 4¥ that taste-7 data de
-

OI = Iq log 2% = est. CreealsoDie
,
him

, Scngzuo33

The corresponding asymptotic symmetries are the usualBean-Hermann
differs :

gut,T -8 = Take -Azad2+0644
with Virasoro charges

Qq=¥z ) det [Y+tCxtIT text) t Y.- ex-IT- Ga-B
andmodes LE=QeE with lE=9Cei~±3 Ct global B - charge)



Warm -

up : the dualof rehired Brown - Reweave 12
.

To be able toT- duabje, we restrict the phase space to
est .ds2=AhII - na (dxt.pe y - - de)(de- -¥tY*cx7dxt)

B
= CE t b + ¥zY++Catty -f dat nde

-(
E -

- flog Z
.

ASGgo.fted.gg
and apply Buscher along 2. . One gets

ds2= Eq deh - qhdxtcde - - PGE)dat)+EGGED@vRtold-Pcatldxtltf4¥.ca?E.atgoaaYlaetrae- towel

This no longer satisfies Broun -Teenneaeex (e.g. gtt-fhpcxtksoa.IT
these are the toupee - Sag - Steininger Bcs froruedly

→
Lavin

→PrienASGgenuatedlylqcqn3-Ecxt72t-ezEkattdqto.cat/2-pnikitcucy
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Lessons :

- T- duality has changed the asymptote behaviour

- T- duality produces an exchange between gauge separating
transformations and digged

•
Obtained different AS G!



see .Dualboundary conditions : aphase spacefortheblack string
Start with Brown - Tleaneaax Bcs :

dot
= LE dit t th (hab tthaYat Gea) t - if de adxb{ BE eogtfz.Y.lt

- - - l ou- n de- ⇐±
.
- E ± a >

Procedure : pick an exact KV ofthe leading components . Teague pick

me 7the = ME

becausewe knowthat Ja the Betz contained above, thiswill

give the black string . Applying Buscher rules , one obtains :
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dot
= (stFI t . ..) di tE ( Mab fat the 2-al Galt . . .) deaderto : : 'in:::÷. . . . , um:*.-⇒

nite

cnn.c.cn: eat.
⇒

'Ii:')
Somecomments :

y Yal ,
b

• Somerulleadiny components in the original Bcs became leading
after developing (Mab←A Gaal) , so the Eonwill impose restrictions onthem

4 fluctuating landingmetric

•By construction ,
the black strings are included and caressed

to Yt+ = Lt = at, Y-- =L. -- est . Cohick translates into values faf,Mik ..?



Dual Asymptotic Symmetry group 16
.

The transformation preserving the precious boundary conditions are
GCR.Q.IS] = CRY two tug Tight - r -Jae

+⇐Cpt . .-32g t ( SCH -art
' t.pro

Expanding in modes , one gets u towers of generators tmrw .sn, ga
nhon corresponding charges are non - trivial,finite, integrableon-shell:
the

= Qgcr.o.o.org ~ J dyAHH Rly)
[Alzey re Ao twang]

Q -

- Qqcaacaoz ~ J dy AoGI QCD
Z

- Qgco.o.T.org ~ J dy ( (Zzz HA 2-
yw)T-wz C . . . 7T']

I = Qqco.o.o.gg n J dy ( F +4- 22-zwttz.tt) Scp



Expanding in modes ,we get the following algebra : 17
.

( 5m=Sm - Qq)

(Tn,Tm3=Cn -myTata
(Amin] --Uh -Dm -→damn)

h-CTmcRIa-nRmtmtutzhm-8ni.aeWCFT
,
Virtanen s

: ::S: :
( Fm ,Qn3= irmtn-2tlzmsntm.co
↳ lsopalgebaogthesleisabagalgebacqps.it
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Outlook& someopen questions

•
Outlined a procedureto generate newBss from existing ones
"AngaytetieT-duality "

• Appliedit to Brown - Tlennoaae Bcs in Ads, . Relation to CSS.
3.dentifrice new Bcs for the black string with a(surprisingly)
large ASG
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Outlook& someopen questions

•
Outlined a procedureto generate newBss from existing ones
"AsymptoticT-duality "

• Appliedit to Brown - Tlennoaae Bcs in Ads, . Relation to CSS.
3.dentifrice new Bcs for the black sting with a(surprisingly)
large ASG

•
What is this algebra ? QfTs where it is realized ?
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.

Outlook& someopen questions

•
Outlined a procedureto generate newBss from existing ones
"AsymptoticT-duality "

• Appliedit to Brown - Tlennoaae Bcs in Ads, . Relation to CSS.
3.doctored new Bcs for the black sting with a(surprisingly)
large ASG

•
What is this algebra ? QfTs where it is realized ?

•
the black string has a Bekemtein - Hawking entropy givenby

Spon =
At

=
to[so-SE.at#tSotsE-aToT]

4

tardy -type ?
A = 4L
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III. Blackstrings from deformations
(IT

, marginal andTF)
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z lofts and String theory
A Harrie statement in AdslCFT C.Moldavia] is that

IIBString theoryonAdSoxS5 a
dud
, so any wee S Yn

Derived froma stackof03 branes t decoupling limit, Adsshafts

it lower - dimensional counterpart is

IB String theory onAds,xS3Mh! Sign(X)CFT (t defame7

Derived from a configuration of DhlD5a NS51ft,AdszlofTa-
¥ od d

is with C = 6QeQs

Identifying the precise Cftzdual is still an open question
(seework byEberhardtclgobadid,egogokunonn, Balthazar ,given,Keitaro,
wantingc . . . ]
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The N55- Fs setup is particularly interesting because then
only NS - NS Sherer are parent, and string theory is Lin principle)
exactly schaller : it is derailedby a

Sec2dR) W2W model

CMany authors since
'

8g : Balogdeal . Petropoulos, .. . . oialdaeeaa-Again . . . . . Ebaheudtekd.

CFTwith affine symmetry generated lyStal xsteelcurrents 5445457
More intricate than s cry because of spectrally flared representations .
Sfedtun has a discrete and a continuous component carerpndeiy

classically to shut and long strings .

lmfao muting state



Away from AdSz : marginal deformations of w2Wmodels
22.

The SleepyW2W describes stings on Ad§ CandBT2) .

How to describe more general backgrounds ?



Away from AdSz : marginal deformations og w2Wmodels
22.

TheSetliffw2W describes stings on AdSs CandBT2) .

How to describe more general backgrounds ?

W2W models admit integrablemarginal deformations , thus allowing
to reach newexact string backgrounds :

Starw = Surw t t fdry OG,J)
-

Cathgrata Caeeersauj
For instance, in the GlandRIWZWmodel,

O
= JhJh

is exactlymarginal .

cehaudheui - Schantzg Hassan -Sony Given -
Kirito ; Foote - Roggenkamp; .. .3



Black strings from II deformation CreealsoHome-Hoarily ;Sneed - 23
.

Kaunas
, Petropoulos ,Orlando

,
Bindel

,

'⇒
Startwith Wzw group element

g =
esteemTheftIn.TN?e2TorTh ⇐se dry

Drew2W actionwill correspond to string propagation on BTL with :

doff = y%÷az, t rdado+TahduhtTE
dit

{Bae: *.

Now
,
turn on marginal operator O =

JE
.

The deformed action satisfies

Bg Wr J day IF
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The backgrounds after defamation conlereadogf , withmetre

ds2= din
+ rdeedrttmdeiht Tide

-

442-4245) stair theater

After anchorage of radial coordinate f-(CME}-Tyr tortoise2M

and setting 1=42 ,

the metric becomes a relating generalization ofHR :

de! del
t ucea-cnezaye.org

- C' - F)detect -QI dehtzodtdq
fired

TeE=Mt5-Q
,
Tv? Mm;Ij¥ ,

eh'%=Qm
M -5 to

J -
-o : this precisely the Home-Tlaaitfllackrtuigcatsgieedo) .
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Observation : the deformed background canbe obtained from
the undefined one by a

TST transformation
T - duality alonga

shift alonger→ o - stare
T- Quality along-onemore-

underrated : Bunches rules
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Waldshut

Slfddrlwzw

Suga Ad§/BT2 2dam Spacetime
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55dg"
Waldshut

marginal def

Slfddrlwzw

Suga Ad§/BT2 2doFT Spacetime

TST

ndBlackwing
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JJ def
"

Waldshut
marginal def

Slfddrlwzw

Suga Ad§/BT2 2doFT Spacetime

TST

ndBlackwing 2
O
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55dg"
Waldshut

marginal def
'

Slfddrlwhw

Suga Ad§/BT2 2dam Spacetime

TST Aryayteteeskas
ndBlackwing 2 dragged

O
v

irrelevant
defamation !



TF deformations to the rescue
(Smirnov

,
Zamdodchihor i Eaoaglia,Weger, 27

.

Szecsenyi Tater '163

Indecent
deg
'

of 2dQFTs triggeredby
TF

= -
thdet (Tuo)

The corresponding deformed action then satisfies
2Segarra = J d

'
n (TxaTEE - TseETEa)

Many physically interesting quantities earle computed exactly
and explicitly in terms ofthe data ofthe undefinedtheory

For instance , the finite volumespectra ( CK,E )- GateR ,Earth)
are related by

EUR = EUR fee) t2€ ElulErful
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Proposal :

String theory onatttransformationof
Ads, xM w/ NSNS fleeces

<
died

g
to

Single traceTT deformation of
a CFTn

Creealso given Itagaki poulterers



Evidences 29
.

1) Thermodynamics CDattaiziang.A-haeny.gu.ca.Katara;
Agder, song,Yair .]

ohetctae entropy in the deformed CFT is

zzSTe LEGER) = EREcCLt2£µEr ) t EREC (staff Ec)
tsymcxl

one Bekastein -Nanking entropy ogthetstllackstuig

IzSBn = QLCQeQmt21QR) t QrlQeQmt2XQ4
I tooQaa

f-#Fz
with identifications I.charge

& SIT -_ SBS ! REL← Qc 2=6 "QeQm
A

RER ← QR magna. charge(m=d=o : this is just the 1=µ@ k=Q5
usualearlymatching for BTL) Rs AnS5



2) String spectrum 30
.

(Alday ,Antigua .Frolov
'
05] shared that it is possible to determine the

string spectrum on -Tst transformed background internsof
that of the undefined one .

Observation
:

Spectrumogsteings <
skald

> Spectrumof dead
onAds, CE,J) watch CFT CEF)



2) String spectrum 30
.

(Alday ,Antigua .Frolov
'053 shared that it is possible to determine the

string spectrum on -Tst transformed background internsof
that of the undefined one .

Observation
:

Spectrumogsteings <
skald

> Spectrumof dead
onAds, CE,J) watch off CEF)

n

TST
v

Spectrum of strings
on TST
(Ect . )



2) String spectrum 30
.

(Alday , Anetyemar .Frolov
'053 shared that it is possible to determine the

string spectrum on -Tst transformed background internsof
that of the undefined one .

Observation
:

Spectrumogstcings <
skald

> Spectrumof dead
onAds, CE,J) watch CFT CEF)

n

TST
v

Spectrum of strings g
should

> Spectrumogdual
on TST

math
toTst LECHE

LECH .!)



2) String spectrum 30
.

(Alday ,Antigua .Frolov
'
05] shared that it is possible to determine the

string spectrum on -Tst transformed background internsof
that of the undefined one .

Observation
:

Spectrumogrteings <
skald

> Spectrumof dead
onAds, CE,J) watch off CEF)

n n

TST TT !

✓
V

Spectrum of strings g
should

> Spectrumofdual
onTst

math
toTst LECHE

CECH .!)
-

precisely celestial)
expectedfacetdeg
A tank

RN
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55dg"
Waldshut

marginal def

Slfddrlwzw

Suga Ad§/BT2 2doFT Spacetime

TST

ndBlackwing 2
O
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55dg"
Waldshut

marginal def

Slfddrlwhw

Suga Ad§/BT2 2dam Spacetime

TST wiglet Deformationzdfolackrtimy ogaden



33.More :
+
partition function, corelation functions

-
other observables (e.g.

EE
,
QNM ? ?

- ezuuitateonal phase space ? (in the firstpart,wediscussed

theT-dual of Brown- Henneaue ; what is the TSTdual ?)
( seealso Die, Lai , Lin , song 2607.19495]

-
Near - eternalblack strings (does aSchwarz.am sectorsubmit afterTF?)

- - - n



33.More :
+
partition function, corelation functions

-
other observables (e.g.

EE
,
QNM ? ?

- ezuuitateonal phase space ? (in the firstpart,wediscussed

theT-dual of Brown- Henneaue ; what is the TSTdual ?)
( seealso Die, Lai , Lin , song 267.194953

-
Near - eternalblack strings (does aSchwarz.am sectorsubmit afterTF?)

- - - n

-
Thank

you !







BFL (Tn
,
Tv

, lool TFT Gn , Trofeo, Y
F-'
z
-I flu ,Tato )⇐ ( McJc Q1

Tn Tst
,
Q tang Jun the Wraith

15=0

dilate
→ is a

eacstant ! Cmc HK

then : (Qe,Qf 7 ⇐ Ck , p) = cats in the self

we keep Q est . What we match is to fee ,Tv, Go -- at . I
=

Cn CJ,Q -

-
est

.)

entropyw/ a TF -deg CFT
Ndr

,
quite HM that has J --o and Q allowed tooaeg !

*
#t compere limit the fixed charge, rotatingblade
sting entropy
* didn't check whether it belongs to an BC : togo from

(nigro) to CR,T,X) requires anon- tincal Cckage-dependent
change of coordinates !



Tst beach string of related to HH betnot quite the same

for tuk
,
8=0

,

it is the feed Q charge of HH

comet hereQ racy grants .

HI : Echl ← Cmc 91 teavidonbiifk.ee
←Q

THI : the# loot) -i Games 8M
,Qgieooy Forboardgamesonto

1--112
5=0 (Tee --Te §hioucilb CreeEberhardt)

Why single trace ?
sodomy a- 6k

Jey = TokatTazdi
CFT is a SB ogae for Sook (% ⇐a. trade+ Tiede

2.types of defer. Sgayt (TFdeff agreedoft X1 → ruigee tied
a EFSsnoi
TFdope ogsgmtkgaeueeeltace



-
Sunder Angagkftst , Thane ofTT Weilheim

-
Revoir Sym feed , jacarandas in AdszCoffee hop ,

Esther. .



shot stings
(landstate)

long stings
'mattering states)




