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Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisClosely Related Work
The �ve-dimensional extremal blak hole rotating in a singleplane has been studied in�Mirosopi Realization of the Kerr/CFT Correspondene�,Guia and Strominger, arXiv: 1009.5039We desribe the four-dimensional extremal rotating blak hole.



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisMain laim
In an M-theory embedding of the extremal Kerr blak hole, one anidentify a dual theory in the near-horizon region given byA spei� deformation of the Disrete Light Cone Quantized(DLCQ) Maldaena-Strominger-Witten (MSW) CFT.The Kerr-CFT onjetures that this deformed theory is a CFTOur onstrution is onsistent with the Kerr-CFT onjeture, itpasses one non-trivial hek.
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Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisFive-dimensional minimal supergravity
Consider the following onsistent trunation of M-theory on T6
L11 = R11 ⋆11 1− 12 ⋆11 F ∧ F +

16F ∧ F ∧ A.ds211 = ds25 + dx21 + dx22 + · · · dx26
A =

1√3A ∧ dx1 ∧ dx2 + 1√3A ∧ dx3 ∧ dx4 + 1√3A ∧ dx5 ∧ dx6The resulting theory is �ve-dimensional minimal supergravity.



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisFive-dimensional minimal supergravitySimple yet very rih theory: supersymmetri solutions lassi�ed
L5 = R ⋆ 1− 12 ⋆ F(2) ∧ F(2) + 13√3F(2) ∧ F(2) ∧ A(1)Consistent trunation by settingA1 = A2 = A3 = 1√3A in U(1)3 5d supergravityCan also be obtained from type IIB theory (M2-M2-M2 ↔D1-D5-P)Harbors supersymmetri rotating blak holesBMPV blak hole Supersymmetri blak ring
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Many interesting solutions of this theory are not known, e.g.,Blak ring desribing thermal exitations over the susy blak ring isnot known.Mirosopis of ertain blak holes only partially understood.Mirosopis of magneti blak string, however, is reasonably wellunderstood, in terms of the MSW CFT. So we add M5 harges onKerr-string.



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit Mirosopis
Many interesting solutions of this theory are not known, e.g.,Blak ring desribing thermal exitations over the susy blak ring isnot known.Mirosopis of ertain blak holes only partially understood.Mirosopis of magneti blak string, however, is reasonably wellunderstood, in terms of the MSW CFT. So we add M5 harges onKerr-string.To do this, we use tehniques drawn from the supergravity literature,in partiular, the use of hidden symmetries.



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisDimensional Redution to 3dConsider spaetimes with at least two ommuting Killingvetors(Shematial) ansatz:g (5)
µν =













gmn Am BmAn φ2 χ1Bn χ1 φ1










A(5)
µ =

( Cm χ2 χ3 )D=3: a metri, 3 one-forms, and 5 salarsOne-forms an be dualized into salars



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisAfter dualization of one-forms into salars → 3d metri + 8salarsIf the redution is done over one spaelike and one timelikediretion 3d = Eulidean gravity+ G2(2)SO(2, 2)If the redution is done over both spaelike diretions3d = Lorentzian gravity+ G2(2)SO(4)SO(4) is the maximal ompat subgroup of G2(2): G2(2)SO(4) is aRiemannian oset, whereas G2(2)SO(2,2) is pseudo-Riemannian
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Riemannian osets have played a key role in proofs ofelebrated blak hole uniqueness theoremsPsuedo-Riemannian osets have attrated muh reent interestBossard, Niolai, Stelle: strati�ed struture of BPS blak holesBossard, Mihel, Pioline: onstrution of `fake superpotential'In this work we use the pseudo-Riemannian G2(2)SO(2,2) oset as asolution generating tehnique
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Gaiotto, Li, Padi: 2007, Bouhareb, Clement, et al: 2008Berkooz, Pioline: 2008, Compère, de Buyl, Jamsin, A.V.: 2009
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Gaiotto, Li, Padi: 2007, Bouhareb, Clement, et al: 2008Berkooz, Pioline: 2008, Compère, de Buyl, Jamsin, A.V.: 2009



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisOutline1 Embedding in M-theoryFive-dimensional minimal supergravity and G2(2)2 Magneti Blak String: Spinning M5 branesIdea, The onstrution, Extremal Limit, Mirosopis3 Near Horizon LimitInterpolating geometry AdS3 × S2 to NHEK ×S14 MirosopisDLCQ MSW CFT, deformation, Kerr-CFT



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisThe IdeaHave a solution in whih we an vary Jφ and magneti hargeindependently, while maintaining extremality.



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisThe IdeaHave a solution in whih we an vary Jφ and magneti hargeindependently, while maintaining extremality.
n

JUse mirosopi theory of the M5 branes; turn o� the M5 hargewhile inreasing Jφ.



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisMagneti Blak String: the onstrution
Let us �rst redue the theory over the spaelike stringdiretion. We getN=2, D=4 S3 Supergravity (S=T=U in the 4d STU model)The problem now redues to onstruting an appropriate 4dasymptotially �at blak hole in this theory.
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Theorem [Brietenlohner-Gibbons-Maison, 1986℄:All single-enter spinning non-extremal blak holes of this theory liein the single SO(2,2) orbit that ontains the Kerr blak hole.Therefore,the problem = �nding the appropriate SO(2,2) element inside G2(2)With a little group theory a onstrution is indeed possible.
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Figure: Root diagram of g2(2).This problem is systematially solved by understanding whihgenerator orresponds to whih harge.
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Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisThe Magneti Blak StringThe magneti blak string solution arries three parametersMagneti 1-brane harge (M5 harges)Rotation in the transverse spaeEnergy above the BPS boundt x1 x2 x3 x4 x5 x6 z r θ φM5 × − − × × × × ×M5 × × × − − × × ×M5 × × × × × − − ×
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JφQm z

The blak string has three independent hargesQm, Jφ MThe M5 brane harge is a one-brane harge
√32 n lp = Qm =

14π ∫S F



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisWe expet n ∈ Z, Jφ ∈ Z/2. At extremality TH = 0, M(n, Jφ) andthe entropy is S = 2πJφThe entropy is the one of Kerr. The quarti invariant vanishes. Noontribution from n.To study thermodynamis of this solution, one needs to use theCopsey-Horowitz formalism.There are non-zero angular and linear veloities Ωφ and vz !The orientation of the linear veloity vz is independent of Jφ butdepends on the orientation of Qm.There is an interesting kinematis at the blak hole horizon.



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisStandard deoupling limit [Maldaena, 1998℄Express the solution in terms of (n, Jφ)Send lp → 0, r → r l3pThis is a deoupling limit involving a near-horizon limit. Theresulting geometry is extremal BTZ × S2Brown-Henneaux entral harge and levels :L = R =
3l2G3 = 6n3, hL =

2J2φn3 , hR = 0[Larsen, '98℄[Compere, de Buyl, Stotyn, A.V., '10℄
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n

JThere is no supergravity desription for n small. We need anotherroute to explain the mirosopis of Kerr where we turn n → 0.
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Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisNear-horizon region as a deoupling limitNow, (i) go to the o-moving frame and (ii) zoom onthe horizonr → r+ + λr , t → t
λ
, λ → 0 .Deoupling between horizon and asymptotisThis spaetime is geodesially omplete.ds2 = S1 ⊗W AdS2 ⊗W S2Enhanement to U(1)z × SL(2,R)t × U(1)φsymmetry [Kunduri, Luietti, Reall, '07℄



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisNear-horizon region: Expliit solutionWe introdue the variables R > 0 and Φ ∈ [0, π2 ] de�ned byn = R osΦ, a(Jφ, n) = R sinΦ .Then, an overall sale R2 fators out,ds2R2 l2p = Γ(θ)

[

−(kφ)2r2dt2 + dr2r2 + dθ2]
+γφφ(θ)e2φ + 2γφz(θ)eφ ez + γzz(θ)e2zAR lp = fφ(θ)eφ + fz(θ)ez ,where eφ = dφ+ kφrdt, ez = dz + kz rdt.The funtions only depend on Φ ∈ [0, π2 ]. What happens at Φ = 0,

Φ = π2 ?
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Φ = π2 . In this ase, there are no M53 brane
⇔ n = 0, R2 = 4G4Jφl2pThe solution beomes the near-horizon deoupled region of theextremal Kerr blak hole (NHEK × S1)ds24G4Jφ = Γ(θ)

(dr2r2 + dθ2 − r2dt2)+ γφφ(θ)(dφ+ rdt)2 + dz2,and A = 0 where
Γ(θ) =

14(1+ os2 θ), γφφ(θ) =
sin2 θ1+ os2 θ .This is expeted sine the original extremal spinning one-branesolution redues to Kerr ×S1.



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisInterpolating geometry at the other end
Φ = 0 In that ase, there is no angular momentum:
⇔ Jφ = 0, R = n M53 branesKey observationThe solution beomes a self-dual null orbifold of AdS3 × S2.ds2 = l2(dr24r2 − 2rdtdz)+

( l2)2 dΩ2,A = −
√32 l os θdφ, (1)where the identi�ation z ∼ z + 2πL̂z breaksSL(2,R)L × SL(2,R)R → U(1)L × SL(2,R)R
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n

J

Microscopic theory

The supergravity approximation is valid as long as R ≫ 1. So, wean take n → 0.



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisSupersymmetryAdS3 × S2 is maximally supersymmetri in N = 1 �ve-dimensionalminimal supergravity: it admits 8 real superharges.Three dimensional isometry supergroup isSL(2,R)L × SU(1, 1|2)RAt Jφ = 0, the null orbifold preserves all supersymmetrySL(2,R)L × SU(1, 1|2)R → U(1)L × SU(1, 1|2)RAt Jφ > 0, there is no global timelike or null Killing vetor
⇒ Supersymmetry broken → U(1)L × (SL(2,R)R × U(1)R).
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Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisMSW CFT BasisConsider M-theory ompati�ed on T 6 (or CY ) in the regimeLzl11 ≫ V6l611 ≫ 1Then, the worldvolume dynamis of interseting M5 deouples fromthe bulk and is desribed by a (0, 4) CFT: the MSW CFT. In theregime of a large number of branes nn3 ≫ V6l611the theory admits a supergravity holographi dual with AdS3 × S2asymptotis. [Maldaena, Strominger, Witten, '97℄



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisDual Interpretation of the self-dual orbifoldSpaelike self dual orbifold of AdS3 ↔ left setor is a thermaldensity matrix, right setor is frozen. [Balasubramanian, de Boer,Sheikh-Jabbari, Simón, '09℄ [Balasubramanian, Parsons, Ross, '10℄



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisDual Interpretation of the self-dual orbifoldSpaelike self dual orbifold of AdS3 ↔ left setor is a thermaldensity matrix, right setor is frozen. [Balasubramanian, de Boer,Sheikh-Jabbari, Simón, '09℄ [Balasubramanian, Parsons, Ross, '10℄At any �nite r theCFT lives on a boosted ylinderAs r → ∞, boost → ∞. On the CFT this is Seiberg-Sen DisreteLight Cone Quantization (DLCQ) [Seiberg, Sen, '97℄.



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisDual Interpretation of the self-dual orbifoldSpaelike self dual orbifold of AdS3 ↔ left setor is a thermaldensity matrix, right setor is frozen. [Balasubramanian, de Boer,Sheikh-Jabbari, Simón, '09℄ [Balasubramanian, Parsons, Ross, '10℄At any �nite r theCFT lives on a boosted ylinderAs r → ∞, boost → ∞. On the CFT this is Seiberg-Sen DisreteLight Cone Quantization (DLCQ) [Seiberg, Sen, '97℄.Null self dual orbifold of AdS3 ↔ ground state of the DLCQ CFT.[de Boer, Sheikh-Jabbari, Simón℄ [Balasubramanian, Parsons, Ross℄(Questionable: Closed Null Curves)



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisKerr CFT as deformed DLCQ MSW CFTNear horizon geometry of spinning M53-brane smoothly interpolatesbetween susy null-orbifold of AdS3 × S2 and NHEK ×S1.String theory on AdS3 × S2 ↔ MSW CFT.SUSY null orbifold of AdS3 × S2 ↔ ground state of Disrete LightCone Quantized (DLCQ) MSW CFT.Turning on slightest amount of rotation (Jφ ∼ ǫ), makes theorbifold spaelike, regulates the losed null urvesS =
π23 LTL = 2πJφ + O(ǫ3).



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisKerr CFT as deformed DLCQ MSW CFTNear horizon geometry of spinning M53-brane smoothly interpolatesbetween susy null-orbifold of AdS3 × S2 and NHEK ×S1.String theory on AdS3 × S2 ↔ MSW CFT.SUSY null orbifold of AdS3 × S2 ↔ ground state of Disrete LightCone Quantized (DLCQ) MSW CFT.Turning on slightest amount of rotation (Jφ ∼ ǫ), makes theorbifold spaelike, regulates the losed null urvesS =
π23 LTL = 2πJφ + O(ǫ3).We an use AdS/CFT to study deviations away from the MSWCFT.



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisOperator deformationsThe operators dual to the supergravity perturbations an beidenti�ed using the AdS/CFT ditionary. Two operators are turnedon
| hL hR R-harge spin = hR − hLM− | 0 1 1 +1M+ | 2 1 1 −1M−: hiral primary of SL(2,R)L × SU(1, 1|2)R . M+: J−desendent of a hiral primary of SL(2,R)L × SU(1, 1|2)R .M− related to spetral �ow (φ → φ+ 2ǫz): preserves theonformal struture.M+ is an irrelevant deformation: yet unidenti�ed



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisReformulation of the Kerr-CFT onjetureIf after a �nite deformation by the operator M+, the deformedtheory is a CFT, then it is a mirosopi model for Kerr-CFTWe onjeture more preiselyThe deformed theory is a CFT withD = 6R3, TD =
Jφ
πR3 , SBH =

π23 DTDThe Kerr angular momentum is Jφ = 2R3Lz .The supergravity approximation is valid as long as R ≫ 1.
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n

J

consistent with quantization
Discrete set of points 

Virasoro generators

          gravity
   can be defined in 
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Our solution brings together many di�erent ideas onKerr/CFT in one oherent framework. We are now imple-menting this for the D1-D5-KK system.



Embedding in M-theory Magneti Blak String: Spinning M5 branes Near Horizon Limit MirosopisConlusions1 Using hidden symmetries of �ve-dimensional minimalsupergravity we have onstruted the magneti blak stringsolution.2 We have a proposal for a mirosopi realization of Kerr-CFT.Susy Null orbifold of AdS3 × S2 ↔ NHEK × S13 Several Puzzles Remain: Self Dual Orbifold & AdS2, boundaryonditions, gravitational harges.Thanks for your attention and for the invitation.
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