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Celestial holography

Quantum gravity in 
asymptotically flat 

spacetimes 
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Operator  
insertions

Scattering 
amplitudes
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Correlation 
functions

[Strominger ’17]
[Pasterski, Pate, Raclariu ’21]



‣ Today: build an actual example!

Mabuchi gravity  
+  

4d WZW model  
on Burns space

Chiral algebra on 
D1 branes in the 
twistor space of 

flat space
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Summary of the talk

• An overview of the duality 

• A “derivation” from D branes 

• The dual chiral algebra



Overview



Burns space

Kähler 
potential

‣ Burns metric is a Euclidean signature, asymptotically flat, 
Kähler metric that is scalar-flat (but not Ricci-flat)              
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‣ Automatically has a self-dual Weyl tensor. [Derdziński ’83]
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The boundary theory

‣ Sp( ) gauge theory with SO(8) flavor symmetry. 

‣ Consists of weight  symplectic bosons
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The boundary theory

‣ Sp( ) gauge theory with SO(8) flavor symmetry. 

‣ Consists of weight  symplectic bosons
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the projective spinor bundle of M.
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‣ If g has self-dual Weyl tensor, then Z repackages the conformal 
class of g in the data of a complex structure. [Penrose ’67] [Atiyah, Hitchin, Singer ’78]

‣ If g is also Kähler, then Z encodes its Kähler form in a 
meromorphic 3-form    with two double poles on each fiber.

<latexit sha1_base64="1Q/EH5BcnxCzffK8dJnbb+axAgQ=">AAACAnicbVDJSgNBEO1xjXGLehIvjSEQEcJMcDsoBLx4M6JZMIlDT09l0qRnobtHCUPw4q948aCIV7/Cm39jZzlo4oOCx3tVVNVzIs6kMs1vY2Z2bn5hMbWUXl5ZXVvPbGxWZRgLChUa8lDUHSKBswAqiikO9UgA8R0ONad7PvBr9yAkC4Mb1Yug5RMvYG1GidKSndnO3eIzfJ1vPoDrwV3R3t9LNy998IidyZoFcwg8TawxyaIxynbmq+mGNPYhUJQTKRuWGalWQoRilEM/3YwlRIR2iQcNTQPig2wlwxf6OKcVF7dDoStQeKj+nkiIL2XPd3SnT1RHTnoD8T+vEav2SSthQRQrCOhoUTvmWIV4kAd2mQCqeE8TQgXTt2LaIYJQpVNL6xCsyZenSbVYsI4Kh1cH2dLpOI4U2kG7KI8sdIxK6AKVUQVR9Iie0St6M56MF+Pd+Bi1zhjjmS30B8bnD72ZlRo=</latexit>

⌦

<latexit sha1_base64="0UbVWrzGPDgwWuQVBNkxgbUJdd8="></latexit>

@@̄K =
1

2⇡i

I
⌦

[Pontecorvo ’92]

<latexit sha1_base64="DbxgF2gZ2Wz0cVjddbtdls5yZzE="></latexit>

CP1 ! Z ! M

[LeBrun ’92]



‣ We study type I topological B-model on Z.
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‣ KK reduces to Mabuchi + 4d WZW model on M.
[Costello ’21] [Bittleston, Skinner ’20]
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‣ Let’s study SO(8) type I B-model with N D1s.
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‣ D1 branes backreact by sourcing the  eom:μ

[Costello, Gaiotto ’18]
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‣ Let’s study SO(8) type I B-model with N D1s.

‣ D1 branes backreact by sourcing the  eom:μ

‣ Solved by the Bochner-Martinelli kernel

[Costello, Gaiotto ’18]
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‣ Let’s study SO(8) type I B-model with N D1s.

‣ D1 branes backreact by sourcing the  eom:μ

‣ Solved by the Bochner-Martinelli kernel

‣ New holomorphic coordinates:

[Costello, Gaiotto ’18]
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‣ This is the twistor space of Burns space! (Up to some boundaries.)
[LeBrun ’91]
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Dual chiral algebra is obtained as the worldvolume theory of D1 branes.
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BRST invariant single-trace operators at large N
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dual to soft modes 
of Mabuchi gravity

These are completely explicit Burns space realizations of Strominger’s 
infinite dimensional holographic symmetry algebras.

[Strominger ’21]
[Guevara, Himwich, Pate 

Strominger ’21]
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Defect boundary conditions

Bulk-brane couplings before backreaction
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Most general allowed poles:

Has 1st order zeroes at the poles

We can engineer the order  pole while preserving Sp( ) symmetry 
by giving I and X poles of order  and 1 respectively.
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1
2

<latexit sha1_base64="0WOIroCuvK+W6Hd5h6+zIEpnloA="></latexit>

Jrs[k, l] = IrX
(k
1 X l)

2 Is ⇠
1

zk+l+1
at z = 0,1

[Costello, Paquette ’20]
[Paquette, Williams ’21]
[Costello, Paquette ’22]



Testing the duality: an example

Soft currents

Classically, we can view these 
as + helicity soft gluons

‣ Gauge invariant operators:

[Strominger ’21]
[Guevara, Himwich, Pate 

Strominger ’21]
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Soft currents

Classically, we can view these 
as + helicity soft gluons
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Hard gluons
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Strominger ’21]
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Testing the duality: an example

Soft currents

Classically, we can view these 
as + helicity soft gluons

‣ Gauge invariant operators:

[Strominger ’21]

Hard gluons

‣ Planar correlator without defects reproduces 2-pt amplitude 
of Hawking, Page & Pope ’80.
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Further tests & future directions

‣ Collinear limits match chiral algebra OPEs at 0th and 1st order in N.

‣ (Tree) amplitudes enjoy enhanced conformal symmetry in z, so are 
conjecturally computed by the chiral algebra without defects.

‣ Form factors are in 1:1 correspondence with correlators built from 
nonzero defect 1-point functions.

‣ Is there a dual of Witten’s supersymmetric twistor string?                 
Can we venture beyond self-dual sectors?

‣ Are there multi-centered generalizations of our duality?

‣ Can we discover dualities for self-dual Einstein gravity?
[Bittleston, Heuveline, Skinner ’23]

[Hartnoll, Policastro ’04]

[Witten ’03]

[Skinner ’13]

[Gaiotto, Budzik ’22]

[Donaldson, Friedman ’89]

[Costello, Paquette ’20]


