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What CFT states do they describe?



Primary Motivation for Microstate Geometries

•  The only (known) mechanism that can support 
    structure at  the horizon scale

•  Semi-classical analysis:  To what extent can supergravity
               encode microstate structure?

•  Supergravity captures the universal, macroscopic 
   features of microstate structure

Resolving the black-hole information problem seems to require 
microstate structure to be encoded and supported at the horizon scale

Microstate Geometries



Black-Hole Microstates and CFT’s



Black-Hole Microstates and CFT’s

•  D1-D5 CFT:  A (4,4) supersymmetric CFT with c = 6 N1 N5 

¼ BPS states =   (R,R)-ground states  

⅛ BPS states =   (any left-moving state, R ground state) 

NP

S = 2⇡
p

N1N5NP

Strominger-Vafa state counting for BPS black hole in five dimensions:



Black-Hole Microstates and CFT’s

•  D1-D5 CFT:  A (4,4) supersymmetric CFT with c = 6 N1 N5 

¼ BPS states =   (R,R)-ground states  

⅛ BPS states =   (any left-moving state, R ground state) 

NP

S = 2⇡
p

N1N5NP

•  MSW String:  A (0,4) supersymmetric CFT

Strominger-Vafa state counting for BPS black hole in five dimensions:

(Maldacena-Strominger-Witten)

M5 brane wrapping a divisor in a CY3.   Dual class, P ∊ H2(CY3, ℤ)  

D =
1

6

Z

CY3

P 3Central charge  c =  6 D,

MSW string CFT lives on remaining (1+1) dimensions of M5 brane

State counting for BPS black hole in four dimensions: S = 2⇡
p
DNP



Describe the strongly coupled gravity duals of these CFT states.

To what extent can these CFT states be captured in supergravity?

One Focus of the Microstate Geometry Program 

⇒  Universal gravity dual of both D1-D5 and MSW. 
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M 4,1space-time

(+,+)

(+,+)

(+,+)

…
.. 

N≡N1N5 
copies

…
.. (jL, jR)  =  ½(N, N)

Holographic dual:  Maximally spinning supertube in R4,1

  AdS3   ×     S3     ×     T4(g1(v), g2(v), g3(v), g4(v)) 2 R4

g3(v) = g4(v) = 0

back-react
g1(v) + ig2(v) = a e2⇡iv/R

Supertube profile spins out into M4,1 space-time Q1 Q5 = R2 a2
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More general ¼ BPS profiles

Orbifold CFT: k twisted sector

Act with fermion zero modes

k loops Length k loop
|+½,+½⟩k

|0,0⟩k

|+½,+½⟩k

|0,0⟩k

More general class of D1-D5 ground state

Holographic dual supertube profile
“g5(v)” = b sin(2⇡ k v/R)g1(v) + ig2(v) = a e2⇡iv/R

Q1 Q5 = R2 (a2 + b2)Partitioning of charges:
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Six-dimensional metric ansatz:

u = null time;  (v, 𝜓) define a double S1 fibration over a flat R3 base with coordinates, y.

The non-trivial homology cycles 
are defined through the pinching 
off of the S1 × S1 fibration at 
special points in the R3 base.

R3

S1(!)

y(i)
y(j)

S1(v)

y(k)

The scale of everything is set by the “warp factors:”   V, P and Z3

ds26 = � 2p
P

(dv + �)
�
du+ ! � 1

2 Z3 (dv + �)
�

+
p
P V �1 (d +A)2 +

p
P V d~y · d~y

(Gutowski, Martelli and Reall)

Maxwell Fields
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2 (dv + �) ^⇥(a)

P ⌘ 1
2⌘

abZaZb ⌘ Z1Z2 � 1
2Z4

2

Electric Potentials Magnetic Fluxes



The BPS Equations



The BPS Equations

⇥(a) = ⇤4⇥(a) , ⇤4D(@vZa) = ⌘abD⇥(b) , D ⇤4 DZa = �⌘ab⇥
(b)^ d� .

Layer 1: Conditions on Maxwell Fields

D� ⌘ d(4)�� � ^ @v�where�
Za ,⇥

(a)
�

depend upon (r, θ) and 
�k,m,n ⌘ R�1 (m+ n) v + 1

2 (k � 2m) � 1
2 k �

A homogeneous linear system



The BPS Equations

⇥(a) = ⇤4⇥(a) , ⇤4D(@vZa) = ⌘abD⇥(b) , D ⇤4 DZa = �⌘ab⇥
(b)^ d� .

Layer 1: Conditions on Maxwell Fields

D� ⌘ d(4)�� � ^ @v�where�
Za ,⇥

(a)
�

depend upon (r, θ) and 
�k,m,n ⌘ R�1 (m+ n) v + 1

2 (k � 2m) � 1
2 k �

General solution known for two-centered geometries!

A homogeneous linear system



The BPS Equations

⇥(a) = ⇤4⇥(a) , ⇤4D(@vZa) = ⌘abD⇥(b) , D ⇤4 DZa = �⌘ab⇥
(b)^ d� .

Layer 1: Conditions on Maxwell Fields

D� ⌘ d(4)�� � ^ @v�where�
Za ,⇥

(a)
�

depend upon (r, θ) and 
�k,m,n ⌘ R�1 (m+ n) v + 1

2 (k � 2m) � 1
2 k �

Layer 2: Conditions on Metric pieces

General solution known for two-centered geometries!

A homogeneous linear system

ds26 = � 2p
P

(dv + �)
�
du+ ! � 1

2 Z3 (dv + �)
�

+
p
P V �1 (d +A)2 +

p
P V d~y · d~y

An inhomogeneous linear system

depend upon (r, θ) and (quadratic) products of harmonics that depend upon 

⇤4D ⇤4
⇣
@v! + 1

2 DZ3

⌘
= @2

vP � ((@vZ1)(@vZ2)� 1
2 (@vZ4)

2)� 1
4⌘ab ⇤4⇥

(a) ^⇥(b)

D! + ⇤4D! � Z3 d� = Za⇥
(a)

�
Z3 ,!

�

�ki,mi,ni = R�1 (mi + ni) v + 1
2 (ki � 2mi) � 1

2 ki �



The BPS Equations

⇥(a) = ⇤4⇥(a) , ⇤4D(@vZa) = ⌘abD⇥(b) , D ⇤4 DZa = �⌘ab⇥
(b)^ d� .

Layer 1: Conditions on Maxwell Fields

D� ⌘ d(4)�� � ^ @v�where�
Za ,⇥

(a)
�

depend upon (r, θ) and 
�k,m,n ⌘ R�1 (m+ n) v + 1

2 (k � 2m) � 1
2 k �

Layer 2: Conditions on Metric pieces

General solution known for two-centered geometries!

A homogeneous linear system

ds26 = � 2p
P

(dv + �)
�
du+ ! � 1

2 Z3 (dv + �)
�

+
p
P V �1 (d +A)2 +

p
P V d~y · d~y

An inhomogeneous linear system

Interesting families of particular solutions known.  General solution not known.
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�1)
ni |00iki

⌘Nki,mi,ni

�

Linear system of gravitational BPS equations:  
     
Critical to constructing the holographic duals of a generic 
superpositions of the states on multiple, independent strands:
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Flat Space 

AdS3 × S3

Flat Space 

BTZ × S3 = 
AdS2 × S1 × S3

⇢2⇤ ⇠ QP

Q1Q5

Scale of S1 stabilizes at ρ❋ ℓAdS R

Momentum 
Excitations

As a → 0:   jL = jR → 0
Depth of AdS2 throat → ∞ 

Can make NP large, jL = jR → 0

Smooth cap

N0 + N1,0,n =  N1 N5 
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Several significant results

•  First deep, scaling microstate geometry in 
                           Black-Hole regime with jL = jR → 0

•  Deep, scaling microstate geometry that goes to BTZ

•  Holographic dictionary in AdS3 for deep AdS2/BTZ throat

•  Deep, scaling ⇒  Arbitrarily large red-shifts

   Microstate Geometry ⇒  Smooth cap-off

•  Geometry dual to states counted by Strominger-Vafa

•  Momentum excitations localize at the bottom of the BTZ throat
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However:  
For k = 2m the solutions are independent of 𝝍, the Hopf fiber of the S3

 ➔ Reduction of fluctuating D1-D5 solutions (superstrata) to
           five-dimensional microstate geometries: capped BTZ × S2

AdS3 (u,v,r) S3
 (θ,ψ,ϕ)

Phase dependence of fluctuations:

⇣
1

m!n! (J
+
�1)

m (L�1 � J3
�1)

n|00ik
⌘Nk,m,n

Standard dimensional reduction to five 
dimensions on v fiber:  Must set m = n =0 

   ⇒  Kill all the interesting modes

Before doing this: first enrich the family of solutions

It is relatively easy to generalize the entire IIB construction to include a 
KKM dipole charge, κ,  to the D1-D5 system
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      D1-D5-KKM (4,4) supersymmetry ➔ M5-M5-M5 (0,4) supersymmetry
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➔  Momentum excitations of MSW string wrapping (5) direction ..
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MSW string vs M5 on T6 (or K3 × T2) 

‣  MSW:  Single M brane wrapped on very ample divisor of CY3

‣  Here:  Multiple, disjoint M branes T4’s in T6

•  Non-trivial fluctuations require turning deforming Kahler moduli of the tori, 
    “bending” disjoint M5’s into one another … 

•  We have reduced to five-dimensions and so our solution is valid for any 
    Calabi-Yau compactification with the same set of M5-brane charges

Universality of the five-dimensional solution:



Fluctuating Microstate Geometries for MSW Strings
Flat SpaceFlat Space

AdS3 × S2

BTZ × S2 =

AdS2 × S2 × S1

R3,1 × S1 R3,1 × S1 Previous picture 
compactified on 
Hopf fiber of S3.



Fluctuating Microstate Geometries for MSW Strings
Flat SpaceFlat Space

AdS3 × S2

BTZ × S2 =

AdS2 × S2 × S1

R3,1 × S1 R3,1 × S1 Previous picture 
compactified on 
Hopf fiber of S3.

�m,n ⌘ R�1 (m+ n) v � m�

Fluctuations:

AdS3 or S1 S2



Fluctuating Microstate Geometries for MSW Strings
Flat SpaceFlat Space

AdS3 × S2

BTZ × S2 =

AdS2 × S2 × S1

R3,1 × S1 R3,1 × S1 Previous picture 
compactified on 
Hopf fiber of S3.

�m,n ⌘ R�1 (m+ n) v � m�

Fluctuations:

AdS3 or S1 S2

Deep scaling, microstate geometries for 
momentum excitations of MSW string …



Fluctuating Microstate Geometries for MSW Strings
Flat SpaceFlat Space

AdS3 × S2

BTZ × S2 =

AdS2 × S2 × S1

R3,1 × S1 R3,1 × S1 Previous picture 
compactified on 
Hopf fiber of S3.

�m,n ⌘ R�1 (m+ n) v � m�

Fluctuations:

AdS3 or S1 S2

Deep scaling, microstate geometries for 
momentum excitations of MSW string …

Deconstruction: Attempts to realize black-hole microstate structure 
with perturbative/singular D0 branes or perturbative momenta on 
“Deconstructed” MSW string



Fluctuating Microstate Geometries for MSW Strings
Flat SpaceFlat Space

AdS3 × S2

BTZ × S2 =

AdS2 × S2 × S1

R3,1 × S1 R3,1 × S1 Previous picture 
compactified on 
Hopf fiber of S3.

�m,n ⌘ R�1 (m+ n) v � m�

Fluctuations:

AdS3 or S1 S2

Deep scaling, microstate geometries for 
momentum excitations of MSW string …

Deconstruction: Attempts to realize black-hole microstate structure 
with perturbative/singular D0 branes or perturbative momenta on 
“Deconstructed” MSW string
Here:  Precise, fully back-reacted, capped-off BTZ × S2  realization of 
the deconstructed configurations …

        ….. related to D1-D5-P microstate structure 
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‣  We have explicit microstate geometries that are holographic duals to
 precise families of D1-D5-P CFT states

Conclusions

‣  First deep, scaling microstate geometry in Black-Hole Regime with 
      jL = jR → 0

‣  Deep, scaling geometry going to BTZ × S3 or BTZ × S2 

‣  Momentum excitations localize at bottom of throat and create smooth cap

‣  Holographic dictionary in AdS3 for deep AdS2/BTZ throat

‣  Microstate geometries for MSW … and that fully realize deconstruction

‣  Twisted sector excitations. Relation to multi-centered geometries?

Open issues

‣  Holography/CFT states of MSW string dual to new microstate geometries

‣  Microstate geometries capture large-scale universal features of all(?)   
    black-hole microstate descriptions:  MSW/D1-D5-P/Denconstruction/Quiver QM

‣  Probe the IR physics/large-t correlators of these new geometries


