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New advancements in AdS/CFT
 in lower dimensions



String Theory: Most consistent theory unifying Quantum
Gravity and the Standard Model of particle interactions

In the last 20 years:  Rich mathematical structure with 
far reaching applications

Picture changing paradigm:

AdS/CFT or gauge/gravity duality

Gauge theory
strongly (weakly)
interacting

String Theory 
weakly (strongly)
interacting

(Maldacena’97)

(without gravity) (with gravity)

 !

1. Introduction



Used to gain information about strongly coupled gauge systems 
(quark-gluon plasma, condensed matter systems, neutron stars).

Possibility to address conceptual issues about quantum gravity 
(concrete realization of quantum gravity and spacetime as  
emergent phenomena).

Concrete implementation of the Holographic principle, which 
underlies our current theoretical understanding of Black Holes



String theory is more than a theory of strings

D-branes

D-branes are BPS objects, satisfying q = T

TF1 =
1

l2s
; TDp =

1

lp+1
s

1

gst
; TNS5 =

1

l6s

1

g2st

:

They occur as classical solutions of the low energy sugras



D-branes are dynamical due to the open strings attached

Their dynamics can be studied using open string perturbation
theory

This represents an unexpected window into the dynamics of non-
perturbative objects!

Their dual description as end-points of open strings and as sols
to sugras have brought about the most important 
developments in String Theory in the last 20 years:

Black Hole thermodynamics
AdS/CFT correspondence



The AdS/CFT correspondence 

Equivalence between Type IIB string theory on AdS5 ⇥ S5

and 4 dim N = 4

AdS5 :  anti-de Sitter space in 5 dim (maximally symmetric
solution of Einstein’s eqs. with a negative 
cosmological constant)

Maldacena’97:

SYM



- As solution of the eqs. of motion of Type IIB sugra

Based on the study of a stack of N coincident D3-branes and its 
two dual descriptions:

AdS5 ⇥ S5 is the spacetime that arises around N D3-branes

As a system of open strings: 

N = 44d SYM theory.  This is a conformal field theory.

As a solution to Type IIB sugra:

- As a system of open strings

Type IIB sugra is dual to N = 4 SYM in the planar limit and 
strong ’t Hooft coupling weak/strong duality!



N = 4
Beyond the sugra limit, the correspondence states that Type IIB
superstring theory is dual to SYM 

The boundary of AdS5 is flat space. There is where the field
theory lives:

10d closed string theory dual to a 4d gauge theory!

In a suitable coordinate system ds2AdS5
= dr2 + e2rds2R1,3

Explicit realization of the holographic principle !



The AdS/CFT correspondence has been extended to other 
systems of branes:

For example:     From D1-D5 branes:   
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AdS3 ⇥ S3 ⇥ CY2Type IIB string theory on dual to the 
CFT living in the D1-D5 system:  2d CFT with (4,4) susy

This example has been used to test the correspondence:

2d CFTs are inherent to String Theory. They are infinite dim              
and therefore much more tractable than higher dim ones

The D1-D5 system is amenable for standard worldsheet           
methods

It is also the best scenario for the study of Black Holes



AdS/CFT and Black Holes

Holography:

Black Holes:  Thermodynamical systems with temperature and
entropy

(Bekenstein, Hawking 70’s)S =
A

4G

Proportional to the area of the horizon!

A consistent picture is reached if gravity in d dim is equivalent
to a local field theory in d-1 dim, as predicted by AdS/CFT

Holographic principle:  The degrees of freedom of quantum
gravity in a region can be encoded on the boundary of that
region    (’t Hooft’93, Susskind’94) 



As the end points of open strings the D-branes are described 
by a field theory, and one can compute the number of states:

S
open

⇠ ln⌦

S
closed

⇠ A

Microscopical description of entropy:

Intersecting D-brane configuration describing a black hole
as supergravity solution (BPS):

S
closed
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Qm(
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open
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Perfect agreement when Qe >> 1 !

    ,

(Strominger, Vafa’96)

For the D1-D5 system:



2. Our work

5d extremal Black Holes have 
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AdS3 ⇥ S2 near horizon geometries
These have associated 2d (0,4) dual CFTs

Our goal:       Find explicit classes of 
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AdS3 ⇥ S2 solutions to 
massive IIA sugra, and construct the 2d dual CFTs

Extend the duality to 
<latexit sha1_base64="B3UUNkE43n/lhbM7Sbg/GSsVspE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5JU0S4rblxWah/QxjCZTNqhkwczN0IN/RI3LhRx66e482+ctllo64ELh3Pu5d57vERwBZb1bRTW1jc2t4rbpZ3dvf2yeXDYUXEqKWvTWMSy5xHFBI9YGzgI1kskI6EnWNcb38z87iOTisfRPUwS5oRkGPGAUwJacs3ytd9yawPgIVO49VBzzYpVtebAq8TOSQXlaLrm18CPaRqyCKggSvVtKwEnIxI4FWxaGqSKJYSOyZD1NY2IXuRk88On+FQrPg5iqSsCPFd/T2QkVGoSerozJDBSy95M/M/rpxDUnYxHSQosootFQSowxHiWAva5ZBTERBNCJde3YjoiklDQWZV0CPbyy6ukU6val9Xzu4tKo57HUUTH6ASdIRtdoQa6RU3URhSl6Bm9ojfjyXgx3o2PRWvByGeO0B8Ynz90lZJJ</latexit>

AdS2 ⇥ S2 (near horizon
geometries of 4d extremal Black Holes), and
construct the dual super quantum mechanics

Explicit scenarios for the microscopical description of BH

Based on 1908.09851, 1909.10510, 2011.00005, 2011.13932, 2021.04682 
and the review article “New advancements in AdS/CFT in lower dimensions”,
published in Universe 7 (2021) 7, 250, with Anayeli Ramirez



3.          solutions to massive IIA with (0,4) susyAdS3

AdS3 ⇥ S2 ⇥M4 ⇥ I solutions to massive IIA, with

M4 = CY2

M4 = Kähler  

-

-

:    class I

:   class II  

Explicit construction of the Killing spinors that realise the 
bosonic subalgebra 
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SO(2, 2)� SU(2) of
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AdS3 ⇥ S2 :

ds2 =
up
h4h8

⇣
ds2AdS3

+
h8h4

4h8h4 + u02 ds
2
S2

�
+

r
h4

h8
ds2CY2

+

p
h4h8

u
d⇢2

Concentrate in class I:

Linear functions in ⇢
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u, h8 :
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h4 : Function of ⇢ and
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CY2;



D2 and D6 branes are stretched between NS5-branes. They play
the role of colour branes

D4 and D8 are perpendicular, and play the role of flavour branes

Hanany-Witten brane set-up:

N [0,1]
8 D8 N [1,2]

8 D8

N [0,1]
4 D4 N [1,2]

4 D4

N [0,1]
2 D2

N [0,1]
6 D6 N [1,2]

6 D6

N [1,2]
2 D2



Main features of the brane set-up:

D2 and (wrapped) D6 colour branes
D4 and (wrapped) D8 flavour branes

4. The 2d dual CFT 

N (2)
2 N (3)

2 N (k)
2

N (2)
6 N (3)

6 N (k)
6

N (1)
2

N (1)
6

N (1)
8 N (2)

8 N (3)
8 N (k)

8

N (1)
4 N (2)

4 N (3)
4 N (k)

4



We can build 2d (0,4) quivers with (0,4) vector multiplets, hyper
multiplets, twisted hypermultiplets and (0,2) Fermi multiplets 
Tong’15

These come from the quantisation of the open strings with ends
attached to the different stacks of branes

The resulting gauge theories can be anomalous, since left and right
moving fermions need not be paired together

Non-anomalous quivers are obtained by assembling the building 
block:

Q

R

N

P̂

(0,4) vector + (0,4) hyper

(4,4) twisted hyper

(0,4) hyper

(0,2) Fermi



This building block is non-anomalous if 2R = Q

This must be satisfied at each node of our quiver 

This is indeed satisfied with the quantised charges associated to
the solutions!

We can then compute the central charge of the CFT in the IR, 
using that the (0,4) superconformal algebra relates the central
charge with the R-symmetry anomaly (= level of the 

(Putrov, Song, Yan’15)

superconformal R-symmetry)(1)

The energy momentum tensor and the R-symmetry current sit in the
same multiplet

(1)

<latexit sha1_base64="h4RlgpGu7kL3KZUeUCC9TwEZ7N4=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUBeWRKXqolBw47KCfUAbwmQ6aYdOJmFmUgghG3/FjQtF3PoZ7vwbp20W2nrgcg/n3MvMPV7EqFSW9W0UVlbX1jeKm6Wt7Z3dPXP/oC3DWGDSwiELRddDkjDKSUtRxUg3EgQFHiMdb3w39TsTIiQN+aNKIuIEaMipTzFSWnLNI1y/HNdrFe6moyTKznWfEJyduWbZqlozwGVi56QMcjRd86s/CHEcEK4wQ1L2bCtSToqEopiRrNSPJYkQHqMh6WnKUUCkk84OyOCpVgbQD4UuruBM/b2RokDKJPD0ZIDUSC56U/E/rxcr/8ZJKY9iRTieP+THDKoQTtOAAyoIVizRBGFB9V8hHiGBsNKZlXQI9uLJy6R9UbVrVfvhqty4zeMogmNwAirABtegAe5BE7QABhl4Bq/gzXgyXox342M+WjDynUPwB8bnD7mfldY=</latexit>

c = 3k = 6(nhyp � nvec)



The holographic central charge, in turn, is computed from

(Brown, Henneaux’86)

Both expressions should agree in the holographic limit.
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⇡

Z
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The holographic central charge, in turn, is computed from

(Brown, Henneaux’86)

Both expressions should agree in the holographic limit.
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h4(⇢) = ↵k +
�k

2⇡
(⇢� 2⇡k)
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h8(⇢) = µk +
⌫k
2⇡
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⇢ 2 [2⇡k, 2⇡(k + 1)]

Taking and

for

we get
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c = 6
PX

k=1

↵kµk to leading order from both expressions!

(Couzens, Y.L., Petri, Vandoren,21)
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In Couzens, Y.L., Petri, Vandoren,21 we interpreted these solutions as
describing chains of black strings stacked on top of each other
along an interval



5. New          solutions in Type II  
<latexit sha1_base64="40dHHj1vkPH0UYY1gdjd62W6gsQ=">AAAB83icdVDLSsNAFJ34rPVVdekmWARXJSmKrqTixmVF+4AmlMnkph06mYSZG7GE/oYbF4q49Wfc+TdOH0J9HbhwOOde7uEEqeAaHefDWlhcWl5ZLawV1zc2t7ZLO7tNnWSKQYMlIlHtgGoQXEIDOQpopwpoHAhoBYPLsd+6A6V5Im9xmIIf057kEWcUjeR5CPeYX4Q3o261Wyq7FWcC2/lFvqwymaHeLb17YcKyGCQyQbXuuE6Kfk4VciZgVPQyDSllA9qDjqGSxqD9fJJ5ZB8aJbSjRJmRaE/U+YucxloP48BsxhT7+qc3Fv/yOhlGZ37OZZohSDZ9FGXCxsQeF2CHXAFDMTSEMsVNVpv1qaIMTU3F+RL+J81qxT2pONfH5dr5rI4C2ScH5Ii45JTUyBWpkwZhJCUP5Ik8W5n1aL1Yr9PVBWt2s0e+wXr7BOkvkZU=</latexit>

AdS2

One class in Type IIB is constructed by T-dualising the 
<latexit sha1_base64="GmKey1mgjAbEy6Oh8QrNOeJH20Y=">AAACEnicbZC7TgJBFIZn8YZ4W7W0mUhMtCG7qFE7DI12GORiADezwwATZi+ZOWskG57BxlexsdAYWys738YB1kTBP5nky3/OyZnzu6HgCizry0jNzS8sLqWXMyura+sb5uZWVQWRpKxCAxHIuksUE9xnFeAgWD2UjHiuYDW3XxzVa3dMKh741zAIWcsjXZ93OCWgLcc8OG+XncMmcI8pXL7NJ9QEdg9x8Wbo/DiXjpm1ctZYeBbsBLIoUckxP5vtgEYe84EKolTDtkJoxUQCp4INM81IsZDQPumyhkaf6DWteHzSEO9pp407gdTPBzx2f0/ExFNq4Lm60yPQU9O1kflfrRFB57QVcz+MgPl0sqgTCQwBHuWD21wyCmKggVDJ9V8x7RFJKOgUMzoEe/rkWajmc/Zxzro6yhbOkjjSaAfton1koxNUQBeohCqIogf0hF7Qq/FoPBtvxvukNWUkM9voj4yPbxcnnRY=</latexit>

AdS3 ⇥ S2 ⇥ CY2 ⇥ I solutions to massive IIA

This gives a family of 
<latexit sha1_base64="8MZ4huoEf7Q5wRwDtmLNFfEq7Po=">AAACHHicbZDLSgMxFIYz9VbrrerSTbAIrspMVdRdpRvdVWov0taSyWTa0MyF5IxYhj6IG1/FjQtF3LgQfBvTdoTaeiDw8f/ncHJ+OxRcgWl+G6mFxaXllfRqZm19Y3Mru71TU0EkKavSQASyYRPFBPdZFTgI1gglI54tWN3ul0Z+/Z5JxQP/BgYha3uk63OXUwJa6mSPLpxKp9AC7jGFK3e/1AL2AHHpdjjlWQlddbI5M2+OC8+DlUAOJVXuZD9bTkAjj/lABVGqaZkhtGMigVPBhplWpFhIaJ90WVOjT/Sadjw+bogPtOJgN5D6+YDH6vRETDylBp6tOz0CPTXrjcT/vGYE7lk75n4YAfPpZJEbCQwBHiWFHS4ZBTHQQKjk+q+Y9ogkFHSeGR2CNXvyPNQKeeskb14f54rnSRxptIf20SGy0CkqoktURlVE0SN6Rq/ozXgyXox342PSmjKSmV30p4yvH34+oPk=</latexit>

AdS2 ⇥ S2 ⇥ CY2 ⇥ S1 ⇥ I solutions
with 4 supersymmetries.

These solutions extend the class of
<latexit sha1_base64="3P+Zc4cTKgquPViRlnTCXDtjEAw=">AAACGXicbZDLSgMxFIYz9VbrbdSlm2ARXJWZoqi7SjcuK7UX6YxDJk3b0MyF5IxYhr6GG1/FjQtFXOrKtzG9KNp6IPDx/+dwcn4/FlyBZX0amYXFpeWV7GpubX1jc8vc3qmrKJGU1WgkItn0iWKCh6wGHARrxpKRwBes4ffLI79xy6TiUXgFg5i5AemGvMMpAS15pnXernpFB3jAFK7efJMD7A7S8vXwx3OqvBsQr+iZeatgjQvPgz2FPJpWxTPfnXZEk4CFQAVRqmVbMbgpkcCpYMOckygWE9onXdbSGBK9zU3Hlw3xgVbauBNJ/ULAY/X3REoCpQaBrzsDAj01643E/7xWAp1TN+VhnAAL6WRRJxEYIjyKCbe5ZBTEQAOhkuu/YtojklDQYeZ0CPbsyfNQLxbs44J1eZQvnU3jyKI9tI8OkY1OUAldoAqqIYru0SN6Ri/Gg/FkvBpvk9aMMZ3ZRX/K+PgCdWif8A==</latexit>

AdS2 ⇥ S2 ⇥ CY2 ⇥ ⌃2

solutions of Type IIB by Chiodaroli, Gutperle, Krym’09; Chiodaroli, 
<latexit sha1_base64="aqLis06s5GwpGb0Pmqdw5XmOwEM=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBE8ld2iqLeCF48V7Ye0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfaGV1bX1js7BV3N7Z3dsvHRw2TZxqyho0FrFuh8QwwRVrWG4FayeaERkK1gpHN1O/9cS04bF6sOOEBZIMFI84JdZJj7h7zweS9Kq9UtmreDPgZeLnpAw56r3SV7cf01QyZakgxnR8L7FBRrTlVLBJsZsalhA6IgPWcVQRyUyQzQ6e4FOn9HEUa1fK4pn6eyIj0pixDF2nJHZoFr2p+J/XSW10FWRcJallis4XRanANsbT73Gfa0atGDtCqObuVkyHRBNqXUZFF4K/+PIyaVYr/kXFuzsv167zOApwDCdwBj5cQg1uoQ4NoCDhGV7hDWn0gt7Rx7x1BeUzR/AH6PMH6xiPzQ==</latexit>

⌃2D’Hoker, Gutperle’09, for an annulus, to include D7-branes

The dual SCQM can be understood as a compactification
of the 2d CFT dual to the          sols

<latexit sha1_base64="4ynOqraFXxuvHqXrPHyyvVkMdcE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0n8QL1VvHisaNpCG8pms2mX7m7C7kYoob/BiwdFvPqDvPlv3LY5aPXBwOO9GWbmhSln2rjul1NaWl5ZXSuvVzY2t7Z3qrt7LZ1kilCfJDxRnRBrypmkvmGG006qKBYhp+1wdDP1249UaZbIBzNOaSDwQLKYEWys5F9H9/3TfrXm1t0Z0F/iFaQGBZr96mcvSkgmqDSEY627npuaIMfKMMLppNLLNE0xGeEB7VoqsaA6yGfHTtCRVSIUJ8qWNGim/pzIsdB6LELbKbAZ6kVvKv7ndTMTXwY5k2lmqCTzRXHGkUnQ9HMUMUWJ4WNLMFHM3orIECtMjM2nYkPwFl/+S1onde+87t6d1RpXRRxlOIBDOAYPLqABt9AEHwgweIIXeHWk8+y8Oe/z1pJTzOzDLzgf3xscjjE=</latexit>

AdS3



From the geometry, one constructs the Hanany-Witten brane 
set-ups:

F0D7 F1D7

F̃0D3

�0D1

⌫0D5 (⌫0 + ⌫1)D5

(�0 + �1)D1

F̃1D3

NS NS NS

From them we can construct quiver gauge theories built out 
of 1d N=4 matter multiplets 

Using 
<latexit sha1_base64="5fl8mMSqsJ8TCoxayRLrZCs77/k=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxCXVgSUetGKLhxWcE+oA1hMp22QyeTMDMpxBD8FTcuFHHrf7jzb5y2WWj1wOUezrmXuXP8iFGpbPvLKCwtr6yuFddLG5tb2zvm7l5LhrHApIlDFoqOjyRhlJOmooqRTiQICnxG2v74Zuq3J0RIGvJ7lUTEDdCQ0wHFSGnJMw/w9WWFe+koibJT3ScEZyeeWbar9gzWX+LkpAw5Gp752euHOA4IV5ghKbuOHSk3RUJRzEhW6sWSRAiP0ZB0NeUoINJNZ9dn1rFW+tYgFLq4smbqz40UBVImga8nA6RGctGbiv953VgNrtyU8ihWhOP5Q4OYWSq0plFYfSoIVizRBGFB9a0WHiGBsNKBlXQIzuKX/5LWWdW5qNp35+V6LY+jCIdwBBVwoAZ1uIUGNAHDAzzBC7waj8az8Wa8z0cLRr6zD79gfHwD6r2U2Q==</latexit>

c = 6(nhyp � nvec) for the conformal quantum mechanics
we find perfect agreement with the holographic result.



A class of solutions to massive IIA is obtained by analytically
continuing the 

<latexit sha1_base64="GmKey1mgjAbEy6Oh8QrNOeJH20Y=">AAACEnicbZC7TgJBFIZn8YZ4W7W0mUhMtCG7qFE7DI12GORiADezwwATZi+ZOWskG57BxlexsdAYWys738YB1kTBP5nky3/OyZnzu6HgCizry0jNzS8sLqWXMyura+sb5uZWVQWRpKxCAxHIuksUE9xnFeAgWD2UjHiuYDW3XxzVa3dMKh741zAIWcsjXZ93OCWgLcc8OG+XncMmcI8pXL7NJ9QEdg9x8Wbo/DiXjpm1ctZYeBbsBLIoUckxP5vtgEYe84EKolTDtkJoxUQCp4INM81IsZDQPumyhkaf6DWteHzSEO9pp407gdTPBzx2f0/ExFNq4Lm60yPQU9O1kflfrRFB57QVcz+MgPl0sqgTCQwBHuWD21wyCmKggVDJ9V8x7RFJKOgUMzoEe/rkWajmc/Zxzro6yhbOkjjSaAfton1koxNUQBeohCqIogf0hF7Qq/FoPBtvxvukNWUkM9voj4yPbxcnnRY=</latexit>

AdS3 ⇥ S2 ⇥ CY2 ⇥ I solutions.

The associated brane set-up is
<latexit sha1_base64="A2PJwr9sGwggy6knBcDLbml4bB4="></latexit>
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From it we can construct the quivers

�0 � �1 �1 � �2

⌫0 � ⌫1 ⌫1 � ⌫2
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↵2↵1

µ1
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↵k

The formula 
<latexit sha1_base64="DVL3eTQ9/SDyE1hbq2VzpRhjRi4=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxCXVgS8bkQCm5cVrAPaEOYTCft0MkkzEwKMQR/xY0LRdz6H+78G6ePhVYPXO7hnHuZO8ePGZXKtr+MwsLi0vJKcbW0tr6xuWVu7zRllAhMGjhikWj7SBJGOWkoqhhpx4Kg0Gek5Q9vxn5rRISkEb9XaUzcEPU5DShGSkueuYevzyvcywZpnB/rPiI4P/LMsl21J7D+EmdGyjBD3TM/u70IJyHhCjMkZcexY+VmSCiKGclL3USSGOEh6pOOphyFRLrZ5PrcOtRKzwoioYsra6L+3MhQKGUa+noyRGog572x+J/XSVRw6WaUx4kiHE8fChJmqcgaR2H1qCBYsVQThAXVt1p4gATCSgdW0iE481/+S5onVeesat+dlmtXsziKsA8HUAEHLqAGt1CHBmB4gCd4gVfj0Xg23oz36WjBmO3swi8YH9/rV5Tb</latexit>

c = 6(nhyp � nvec) , agrees, once more, with the
holographic central charge! 



6. Conclusions

AdS3 solutions to massive IIA with (0,4) susy classified 

2d dual CFTs identified as IR fixed points of 2d QFTs 
built out of (0,4) multiplets

Duality checked with the computation of the central charge

-

-

-

-   New classes of 
<latexit sha1_base64="UkJo6piVTHv0lt7T/BS1ow00QbQ=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVJKiqLeKF48VTVtoQ9lsNu3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8IBVcG8f5Riura+sbm6Wt8vbO7t5+5eCwpZNMUebRRCSqExDNBJfMM9wI1kkVI3EgWDsY3U799hNTmify0YxT5sdkIHnEKTFW8m7Ch369X6k6NWcGvEzcglShQLNf+eqFCc1iJg0VROuu66TGz4kynAo2KfcyzVJCR2TAupZKEjPt57NjJ/jUKiGOEmVLGjxTf0/kJNZ6HAe2MyZmqBe9qfif181MdOXnXKaZYZLOF0WZwCbB089xyBWjRowtIVRxeyumQ6IINTafsg3BXXx5mbTqNfei5tyfVxvXRRwlOIYTOAMXLqEBd9AEDyhweIZXeEMSvaB39DFvXUHFzBH8Afr8ARmYjjA=</latexit>

AdS2 solutions in IIB and massive IIA, extending
previous classifications

These solutions are ready for a careful study from a Black Hole
perspective!

-   Interpreted as chains of black strings  

-   Interpretable as chains of black holes?



THANKS!


