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W-symmetry in gravity [Cachazo, Strominger ’14]; 
[Zlotnikov ’14];

  The study of subleading soft theorems and its connection with asymptotic  
  symmetries has opened up a new perspective on gravity and YM

The study of colinear limit revealed a tower of new symmetries 
encoded into  
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LW1+1

[Campiglia, Laddha ’16]; 

Conde, Mao ’16]

    Strominger ’21  
Guevara, Himwich, Pate, Strominger 21

These results have been connected to classical results in twistor theory that 
relates integrability of Self-dual GR to the existence of                  symmetries   
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[Adamo, Mason, Sharma ’21];  
 [Ball, Narayanan, Salzer, Strominger ’21];  

[Costello, Paquette ’22] 
Bittleston,Skinner,Sharma 22

These has led to a new perspective on holomorphic quantization of self-dual 
theories

In canonical                  was found in terms of an algebra of Noether charges 
build up from the knowledge of the asymptotic dynamics and expressed in terms 
of the gravitational phase space 
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W-symmetry in gravity
So far the connection between canonical symmetries  and soft theorems 
was mostly perturbative and lacking a first principle derivation from Noether.
The purpose of our work was to remedy this 

Our results are deeply connected to the beautiful recent work which provided a 
non-perturbative  twistor persective on the construction of charges 

Kmec, Mason, Ruzziconi, Srikant 24 
Kmec, Mason, Ruzziconi, Sharma 25 

Cresto, LF 24,25 

Loop/log corrections modifies the charge expressions and challenges our 
understanding of symmetries. Sahoo, Sen et al. 18-24 

Donnay, Nguyen, Ruzziconi ’22-23  
Choi Ladha, Puhm ’24-25



Sub-leading theorems and Charge conservation

Eastwood-Tod 82 
Donnay-Fiorucci-Herfray-Ruzziconi  22

  The gravitational phase space can be defined at      
  It posseses two types of data: 
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Carrollian weight:   
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Coulombic: Charge aspects 
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 Radiative: complex shear                        and news 

where 
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The charge aspects encodes the subradiative components of the 
asymptotic Weyl tensor
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  The gravitational phase space can be defined at      
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The charge aspects encodes the components of the asymptotic Weyl tensor

The data are not independent: They satisfy constraint equations
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Sub-leading theorems and Charge conservation
The data are not independent: They satisfy evolution equations
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In pure gravity these equation are initialized by the conditions that 
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Initial value radiative data
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Sub-leading theorems and Charge conservation
The data are not independent: They satisfy evolution equations
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In pure gravity using 

We can integrate these charges as functionals  
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The data are not independent: They satisfy evolution equations
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Beyond spin4  they represent a truncation of EE linear in  non-linear in 
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They represent the Gauss conservation law associated with self-dual gravity
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Subleading Theorem from Symmetry
The goal of this talk is to show that the system of equations
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supplemented by the conservation law 
represent the charge conservation equation of a symmetry charge 

Strominger 13 
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So far the proof of the subleading theorem is valid only at  order    
Can we extend this to all semi non-linear orders              ?
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Subleading Theorem from Symmetry
The goal of this talk is to show that the system of equations
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identify the  symmetry algebra ?

supplemented by the conservation law 
represent the charge conservation equation of a symmetry charge 

understand its (non-linear) action on the gravitational Phase space 

Strominger 
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To do this we need to 

Construct the corresponding Noether charge and prove the charge conservation 

So far the proof of the subleading theorem is valid only at  order    
Can we extend this to all semi non-linear orders              ?
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Noether Charges
Symmetries are linked to conservation laws
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We have to show that these leads to charge conservation
under non-radiative boundary conditions. 

What symplectic potential?

Admissible bdy conditions are Boundary eom defined as 
Wald-Zoupas [99]

Harlow-Wu[19] 
LF,Pranzetti, Oliveri, Speziale [21] 
Odak-Rignon-Bret-Speziale  [22]
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Key idea: allow complex canonical transformations.



Noether Charges
Symmetries are linked to conservation laws
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We have to show that these leads to charge conservation
under non-radiative boundary conditions. 
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Symmetry Charges
The symmetry parameters are dual to the charges  

Since 
This allows us to define a master charge aspect 
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Symmetry Charges
The symmetry parameters are dual to the charges  

Since 
This allows us to define a master charge along cuts u=cst

This charge is conserved under the Holomorphic radiation condition 
provided      satisfy the dual eom 
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The symmetry parameters are dual to the charges  

This allows us to define a master charge along cuts u=cst
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provided      satisfy the dual eom 

<latexit sha1_base64="fT5PfOc1VvUQFh3be5RXEMtZei0="></latexit>

⌧ = (⌧0, ⌧1, ⌧2, · · · )

<latexit sha1_base64="y6P4XfeZb2Moj8HMzqrbdvWdAQ8="></latexit>

⌧s 2 CCar
(�1,�s)

super-translation super-rotation

<latexit sha1_base64="f8oLMx2tX1M9AXyLhJqiKYp472Y="></latexit>

Qu
⌧ =

1X

s=0

Z

Su

Q̃s⌧s �
1

4⇡G

Z

Su

⌧0N̄C

<latexit sha1_base64="dy3ik+e75Tlj8FikIhAuFCeHI7A="></latexit>

Es = 0
<latexit sha1_base64="5lRCiAgAPhIdLzem9p6ihw/ETmo="></latexit>

Es = @u⌧s �D⌧s+1 + (s+ 3)C⌧s+2

<latexit sha1_base64="xf8VaWc7FreMz2dWyfPOBTOdm+Q="></latexit>⌧s

<latexit sha1_base64="9Oe5tZpcpvPz4HDTOUuCruY7uj8="></latexit>

N̄ = 0



Symmetry parameters
The symmetry parameters are dual to the charges  

These equation determines     in terms of the celestial parameters    
which appears as initial conditions  
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Symmetry action
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<latexit sha1_base64="w57e3jWuus2/MzA1GV0KEF+KbWM="></latexit>

s � 2
<latexit sha1_base64="ttPPVf402SIRhychU2jifVu9HqA="></latexit>⌧s

It controls the time evolution of the generating charge
<latexit sha1_base64="vUkfhppxQdeJ40mq83HMjlwLk48="></latexit>

@uQ
u
⌧ = � 1

4⇡G

Z

S
N̄�⌧C



Symmetry action
The W symmetry acts on the sphere as   

<latexit sha1_base64="RMa/vDpYYgcwv4BAisodcvxxYB0="></latexit>

�⌧C = ⌧0N �D2⌧0 + 2⌧1DC + 3CD⌧1 � 3C2⌧2

Three remarkable and non-trivial facts: 



Symmetry action
The W symmetry acts on the sphere as   

<latexit sha1_base64="RMa/vDpYYgcwv4BAisodcvxxYB0="></latexit>

�⌧C = ⌧0N �D2⌧0 + 2⌧1DC + 3CD⌧1 � 3C2⌧2

Three remarkable and non-trivial facts: The action closes 
<latexit sha1_base64="DL7Sxx237EibmikHWRoMsTYk/ME="></latexit>

[�⌧ , �⌧ 0 ]C = ��[[⌧,⌧ 0]]C



Symmetry action
The W symmetry acts on the sphere as   

<latexit sha1_base64="RMa/vDpYYgcwv4BAisodcvxxYB0="></latexit>

�⌧C = ⌧0N �D2⌧0 + 2⌧1DC + 3CD⌧1 � 3C2⌧2

Three remarkable and non-trivial facts: The action closes 
<latexit sha1_base64="DL7Sxx237EibmikHWRoMsTYk/ME="></latexit>

[�⌧ , �⌧ 0 ]C = ��[[⌧,⌧ 0]]C

The symmetry preserves the asymptotic eom 
<latexit sha1_base64="f68DYCw6kFlgLdITOZ/UXEAoWoI="></latexit>

Ẽs = @uQ̃s �DQ̃s�1 � (s+ 1)CQ̃s�2

<latexit sha1_base64="YY5DI4h99BdEZYrmZfnAFmpIHGA="></latexit>

�⌧ Ẽs =
X

n�s

Ls
n(⌧)Ẽn



Symmetry action
The W symmetry acts on the sphere as   

The symmetry is canonical

<latexit sha1_base64="RMa/vDpYYgcwv4BAisodcvxxYB0="></latexit>

�⌧C = ⌧0N �D2⌧0 + 2⌧1DC + 3CD⌧1 � 3C2⌧2

Three remarkable and non-trivial facts: The action closes 
<latexit sha1_base64="DL7Sxx237EibmikHWRoMsTYk/ME="></latexit>

[�⌧ , �⌧ 0 ]C = ��[[⌧,⌧ 0]]C

The symmetry preserves the asymptotic eom 
<latexit sha1_base64="f68DYCw6kFlgLdITOZ/UXEAoWoI="></latexit>

Ẽs = @uQ̃s �DQ̃s�1 � (s+ 1)CQ̃s�2

<latexit sha1_base64="YY5DI4h99BdEZYrmZfnAFmpIHGA="></latexit>

�⌧ Ẽs =
X

n�s

Ls
n(⌧)Ẽn

<latexit sha1_base64="ZEgaCgM/IE4lGst95yYFjr3KLes="></latexit>

�⌧C = {Q⌧ , C} <latexit sha1_base64="WkaveOxeTU8UHJHog/+3QLQzRwM="></latexit>

Q⌧ = I�⌧⇥
HAS



Symmetry Charges
The W symmetry acts on the sphere as   

<latexit sha1_base64="RMa/vDpYYgcwv4BAisodcvxxYB0="></latexit>

�⌧C = ⌧0N �D2⌧0 + 2⌧1DC + 3CD⌧1 � 3C2⌧2

We have a compact expression for the charges assuming that   
<latexit sha1_base64="Q9Q7m62V6pclgnx9nwWDdMmxAmo="></latexit>

Qi+
⌧ = 0

<latexit sha1_base64="eTgfmutjnJc6C6fnbzdDFbNSK1Q="></latexit>

bQ⌧ =

Z

J
N̄�⌧C



Symmetry action
The W symmetry acts on the sphere as   

<latexit sha1_base64="RMa/vDpYYgcwv4BAisodcvxxYB0="></latexit>

�⌧C = ⌧0N �D2⌧0 + 2⌧1DC + 3CD⌧1 � 3C2⌧2

We have a compact expression for the charges assuming that   
<latexit sha1_base64="Q9Q7m62V6pclgnx9nwWDdMmxAmo="></latexit>

Qi+
⌧ = 0

<latexit sha1_base64="Ta2m5j7WSJtqUId+7zRDNz/PWiU="></latexit>

bQ⌧ =

Z

J

�
⌧0(�D2N̄ + N̄N) + ⌧1(N̄DC � 3D(N̄C)) + ⌧2N̄C2

�

Solving the dual eom provides the explicit charge expressions



Symmetry Bracket
The symmetry bracket is   

<latexit sha1_base64="oTVrmfIgEDQUV2Jd177MjoFw3Lo="></latexit>

[[⌧, ⌧ 0]]s = [⌧, ⌧ 0]s + �0⌧ ⌧s � �⌧ ⌧
0
s

where 
<latexit sha1_base64="TZXz2L0+JC2CtDPYrqyBQ2cuJMI="></latexit>

[⌧, ⌧ 0]s =
X

n

(n+ 1)(⌧nD⌧ 0s+1�n � ⌧ 0nD⌧s+1�n)� (s+ 3)C(⌧0⌧
0
s+2 � ⌧ 00⌧s+2)

flat space contribution deformation to accomodate any SD background

Three non trivial properties: 
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s+2 � ⌧ 00⌧s+2)

flat space contribution deformation to accomodate any SD background

Three non trivial properties: it preserves the dual eom 
<latexit sha1_base64="XzsZa4Hi2rHLX9Ocnt2Y9ybIGM8="></latexit>

Es([[⌧, ⌧
0]]) = 0 when 

<latexit sha1_base64="4Bq/xyIJ/00pktq5bLzTgA4Na8Y="></latexit>

Es(⌧) = Es(⌧
0) = 0

<latexit sha1_base64="5lRCiAgAPhIdLzem9p6ihw/ETmo="></latexit>

Es = @u⌧s �D⌧s+1 + (s+ 3)C⌧s+2
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It satisfies Jacobi identity 



Symmetry Bracket
The symmetry bracket is   

<latexit sha1_base64="oTVrmfIgEDQUV2Jd177MjoFw3Lo="></latexit>

[[⌧, ⌧ 0]]s = [⌧, ⌧ 0]s + �0⌧ ⌧s � �⌧ ⌧
0
s

where 
<latexit sha1_base64="TZXz2L0+JC2CtDPYrqyBQ2cuJMI="></latexit>

[⌧, ⌧ 0]s =
X

n

(n+ 1)(⌧nD⌧ 0s+1�n � ⌧ 0nD⌧s+1�n)� (s+ 3)C(⌧0⌧
0
s+2 � ⌧ 00⌧s+2)

flat space contribution deformation to accomodate any SD background

Three non trivial properties: it preserves the dual eom 
<latexit sha1_base64="XzsZa4Hi2rHLX9Ocnt2Y9ybIGM8="></latexit>

Es([[⌧, ⌧
0]]) = 0 when 

<latexit sha1_base64="4Bq/xyIJ/00pktq5bLzTgA4Na8Y="></latexit>

Es(⌧) = Es(⌧
0) = 0

<latexit sha1_base64="5lRCiAgAPhIdLzem9p6ihw/ETmo="></latexit>

Es = @u⌧s �D⌧s+1 + (s+ 3)C⌧s+2

It satisfies Jacobi identity 

The Charges provides a canonical representation of the algebra
<latexit sha1_base64="17QDC27nvbggDpcimI6uGh/p1pM="></latexit>

{Q⌧ , Q⌧ 0} = Q[[⌧,⌧ 0]]



Symmetry Bracket
The symmetry bracket is   

<latexit sha1_base64="oTVrmfIgEDQUV2Jd177MjoFw3Lo="></latexit>

[[⌧, ⌧ 0]]s = [⌧, ⌧ 0]s + �0⌧ ⌧s � �⌧ ⌧
0
s

where 
<latexit sha1_base64="TZXz2L0+JC2CtDPYrqyBQ2cuJMI="></latexit>

[⌧, ⌧ 0]s =
X

n

(n+ 1)(⌧nD⌧ 0s+1�n � ⌧ 0nD⌧s+1�n)� (s+ 3)C(⌧0⌧
0
s+2 � ⌧ 00⌧s+2)

flat space contribution deformation to accomodate any SD background

Three non trivial properties: it preserve the dual eom 

<latexit sha1_base64="lhv2DtzVKUKrRxFl8PV39sVlwgs="></latexit>

[[⌧, ⌧ 0]]

<latexit sha1_base64="XzsZa4Hi2rHLX9Ocnt2Y9ybIGM8="></latexit>

Es([[⌧, ⌧
0]]) = 0 when 

<latexit sha1_base64="4Bq/xyIJ/00pktq5bLzTgA4Na8Y="></latexit>

Es(⌧) = Es(⌧
0) = 0

<latexit sha1_base64="5lRCiAgAPhIdLzem9p6ihw/ETmo="></latexit>

Es = @u⌧s �D⌧s+1 + (s+ 3)C⌧s+2

It satisfies Jacobi identity 

defines an algebroid bracket

Puzzle: Symmetries are about algebra not algebroids !



From algebroid to algebra
Algebroid are the algebraic expression of dynamical  
symmetries when radiation is present.
But true symmetries expressed through algebras
only exist at non-radiative cuts

<latexit sha1_base64="YQ2nw936Xnk6N6yBfVaLwotpjsk="></latexit>

J +

<latexit sha1_base64="+OHclrgH/thY1WZ1FWxARIHn/Wc="></latexit>ı0

<latexit sha1_base64="SX5zbgkkvXWeuS7OshJiVspR6sU="></latexit>ı+
radiation 

<latexit sha1_base64="FJ9yL/VhnOUuT4BwwpDNvGGrok8="></latexit>

N̄ 6= 0
<latexit sha1_base64="c9jEyMGVxvzkRxT2AiWRGDxF0ys="></latexit>

C = 0

<latexit sha1_base64="2XGPRWqgV0TYrAEBlO8VdGQY2Vo="></latexit>

C1 6= 0

<latexit sha1_base64="0pT5GYq0qgA0x+FsgDyA7ezMPAQ="></latexit>

C0 6= C1 6= 0Due to the memory effect different non-radiative cuts
carry different values of the shear  

One needs to identify a symmetry algebra              the wedge algebra that depends 
on  the value of C at non-radiative cuts

<latexit sha1_base64="F8E3CUL9JDCz/GoStUaWnf558bI="></latexit>

WC(S)



Wedge algebra

<latexit sha1_base64="YQ2nw936Xnk6N6yBfVaLwotpjsk="></latexit>

J +
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C1 6= 0

<latexit sha1_base64="0pT5GYq0qgA0x+FsgDyA7ezMPAQ="></latexit>

C0 6= C1 6= 0

            The wedge algebra <latexit sha1_base64="F8E3CUL9JDCz/GoStUaWnf558bI="></latexit>

WC(S)

is defined as the symmetry algebra that preserves C
<latexit sha1_base64="RaqWrgRnGrsnlYEdFK+fgTSuHYk="></latexit>

�⌧C = 0
for                     C is a field independent parameter

<latexit sha1_base64="nmAtkQsO6EXSN98ph+zEhXzEFig="></latexit>

W0(S) = {T 2 C(�1,�s)(S)|Ds+2Ts = 0}

<latexit sha1_base64="QW53jafxiT0HJ99eT9SRQjH4Vv0="></latexit>

⌧ 2 WC(S)



Wedge algebra

<latexit sha1_base64="YQ2nw936Xnk6N6yBfVaLwotpjsk="></latexit>
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C0 6= C1 6= 0

            The wedge algebra <latexit sha1_base64="F8E3CUL9JDCz/GoStUaWnf558bI="></latexit>

WC(S)

is defined as the symmetry algebra that preserves C
<latexit sha1_base64="RaqWrgRnGrsnlYEdFK+fgTSuHYk="></latexit>

�⌧C = 0
for                     C is a field independent parameter

<latexit sha1_base64="nmAtkQsO6EXSN98ph+zEhXzEFig="></latexit>

W0(S) = {T 2 C(�1,�s)(S)|Ds+2Ts = 0}

depends on the topology of S:     
<latexit sha1_base64="OQb4sYyPHXZMoJ7LkX+32pf/WJQ="></latexit>

Sn ⌘ S\{z1, · · · zn}

<latexit sha1_base64="QW53jafxiT0HJ99eT9SRQjH4Vv0="></latexit>

⌧ 2 WC(S)



Wedge algebra

<latexit sha1_base64="YQ2nw936Xnk6N6yBfVaLwotpjsk="></latexit>

J +
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<latexit sha1_base64="SX5zbgkkvXWeuS7OshJiVspR6sU="></latexit>ı+
radiation 

<latexit sha1_base64="FJ9yL/VhnOUuT4BwwpDNvGGrok8="></latexit>

N̄ 6= 0
<latexit sha1_base64="c9jEyMGVxvzkRxT2AiWRGDxF0ys="></latexit>

C = 0

<latexit sha1_base64="2XGPRWqgV0TYrAEBlO8VdGQY2Vo="></latexit>

C1 6= 0

<latexit sha1_base64="0pT5GYq0qgA0x+FsgDyA7ezMPAQ="></latexit>

C0 6= C1 6= 0

            The wedge algebra <latexit sha1_base64="F8E3CUL9JDCz/GoStUaWnf558bI="></latexit>

WC(S)

is defined as the symmetry algebra that preserves C
<latexit sha1_base64="RaqWrgRnGrsnlYEdFK+fgTSuHYk="></latexit>

�⌧C = 0
for                     C is a field independent parameter

<latexit sha1_base64="nmAtkQsO6EXSN98ph+zEhXzEFig="></latexit>

W0(S) = {T 2 C(�1,�s)(S)|Ds+2Ts = 0}

<latexit sha1_base64="q/mdEkyf59bRgQ/OlHICPFif5ng="></latexit>

W0(S0) = SL+(2)n C4 = Poinc+

depends on the topology of S:     
<latexit sha1_base64="OQb4sYyPHXZMoJ7LkX+32pf/WJQ="></latexit>

Sn ⌘ S\{z1, · · · zn}
<latexit sha1_base64="gBktqsnqwQzVYNp87odYJuQD3Ko="></latexit>

HConf(S0) = SL(2,C)

<latexit sha1_base64="QW53jafxiT0HJ99eT9SRQjH4Vv0="></latexit>

⌧ 2 WC(S)



Wedge algebra

<latexit sha1_base64="YQ2nw936Xnk6N6yBfVaLwotpjsk="></latexit>

J +
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<latexit sha1_base64="FJ9yL/VhnOUuT4BwwpDNvGGrok8="></latexit>
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C = 0

<latexit sha1_base64="2XGPRWqgV0TYrAEBlO8VdGQY2Vo="></latexit>

C1 6= 0

<latexit sha1_base64="0pT5GYq0qgA0x+FsgDyA7ezMPAQ="></latexit>

C0 6= C1 6= 0

            The wedge algebra <latexit sha1_base64="F8E3CUL9JDCz/GoStUaWnf558bI="></latexit>

WC(S)

is defined as the symmetry algebra that preserves C
<latexit sha1_base64="RaqWrgRnGrsnlYEdFK+fgTSuHYk="></latexit>

�⌧C = 0
for                     C is a field independent parameter

<latexit sha1_base64="nmAtkQsO6EXSN98ph+zEhXzEFig="></latexit>

W0(S) = {T 2 C(�1,�s)(S)|Ds+2Ts = 0}

<latexit sha1_base64="q/mdEkyf59bRgQ/OlHICPFif5ng="></latexit>

W0(S0) = SL+(2)n C4 = Poinc+

depends on the topology of S:     
<latexit sha1_base64="OQb4sYyPHXZMoJ7LkX+32pf/WJQ="></latexit>

Sn ⌘ S\{z1, · · · zn}

<latexit sha1_base64="Ne5Y0OZ0izc96zIr9xEL0GVs1Z8="></latexit>

W0(S2) = LW1 localisation of Poinc like Vir is a localisation of SL(2,C)

<latexit sha1_base64="gBktqsnqwQzVYNp87odYJuQD3Ko="></latexit>

HConf(S0) = SL(2,C)

<latexit sha1_base64="KGdw4SzFAz84Hf2Q/1OV77izbAI="></latexit>

HConf(S2) = Vir

<latexit sha1_base64="QW53jafxiT0HJ99eT9SRQjH4Vv0="></latexit>

⌧ 2 WC(S)



Wedge algebra

<latexit sha1_base64="YQ2nw936Xnk6N6yBfVaLwotpjsk="></latexit>

J +
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radiation 

<latexit sha1_base64="FJ9yL/VhnOUuT4BwwpDNvGGrok8="></latexit>

N̄ 6= 0
<latexit sha1_base64="c9jEyMGVxvzkRxT2AiWRGDxF0ys="></latexit>

C = 0

<latexit sha1_base64="2XGPRWqgV0TYrAEBlO8VdGQY2Vo="></latexit>

C1 6= 0

<latexit sha1_base64="0pT5GYq0qgA0x+FsgDyA7ezMPAQ="></latexit>

C0 6= C1 6= 0

            The wedge algebra <latexit sha1_base64="F8E3CUL9JDCz/GoStUaWnf558bI="></latexit>

WC(S)

is defined as the symmetry algebra that preserves C
<latexit sha1_base64="RaqWrgRnGrsnlYEdFK+fgTSuHYk="></latexit>

�⌧C = 0
for                     C is a field independent parameter

<latexit sha1_base64="nmAtkQsO6EXSN98ph+zEhXzEFig="></latexit>

W0(S) = {T 2 C(�1,�s)(S)|Ds+2Ts = 0}

<latexit sha1_base64="q/mdEkyf59bRgQ/OlHICPFif5ng="></latexit>

W0(S0) = SL+(2)n C4 = Poinc+

depends on the topology of S:     
<latexit sha1_base64="OQb4sYyPHXZMoJ7LkX+32pf/WJQ="></latexit>

Sn ⌘ S\{z1, · · · zn}

<latexit sha1_base64="Ne5Y0OZ0izc96zIr9xEL0GVs1Z8="></latexit>

W0(S2) = LW1 localisation of Poinc like Vir is a localisation of SL(2,C)
<latexit sha1_base64="RiedVaBcvfa82u1G0CuSAcpw1Gg="></latexit>

W0(Sn) Krichever-Novikov like generalisation

<latexit sha1_base64="gBktqsnqwQzVYNp87odYJuQD3Ko="></latexit>

HConf(S0) = SL(2,C)

<latexit sha1_base64="KGdw4SzFAz84Hf2Q/1OV77izbAI="></latexit>

HConf(S2) = Vir

<latexit sha1_base64="QW53jafxiT0HJ99eT9SRQjH4Vv0="></latexit>

⌧ 2 WC(S)



Good cut Wedge algebra

<latexit sha1_base64="YQ2nw936Xnk6N6yBfVaLwotpjsk="></latexit>

J +

<latexit sha1_base64="+OHclrgH/thY1WZ1FWxARIHn/Wc="></latexit>ı0

<latexit sha1_base64="SX5zbgkkvXWeuS7OshJiVspR6sU="></latexit>ı+
radiation 

<latexit sha1_base64="FJ9yL/VhnOUuT4BwwpDNvGGrok8="></latexit>

N̄ 6= 0
<latexit sha1_base64="c9jEyMGVxvzkRxT2AiWRGDxF0ys="></latexit>

C = 0

<latexit sha1_base64="2XGPRWqgV0TYrAEBlO8VdGQY2Vo="></latexit>

C1 6= 0

<latexit sha1_base64="0pT5GYq0qgA0x+FsgDyA7ezMPAQ="></latexit>

C0 6= C1 6= 0

            the wedge algebra              for C    is isomorphic to <latexit sha1_base64="F8E3CUL9JDCz/GoStUaWnf558bI="></latexit>

WC(S)

<latexit sha1_base64="heNKlwCwklUQiQaC1BRly82K4I8="></latexit>

D3T1 = 3D2(CT2) + 2D(CDT2) + CD2T2 + · · ·

<latexit sha1_base64="G8+FP2uOund6Qkq4wyqOOIx45PM="></latexit>

D2T0 = 2D(CT1) + CDT1 � 3C2T2

<latexit sha1_base64="E54OboRjVu6MOxfdlvPuvN+ZVco="></latexit>

W0(S)

More generally the twisted wedge algebra is defined 
as                            where     is a covariant derivative

<latexit sha1_base64="iGuH/aFCPl/ctnpTgdi+QBuac2E="></latexit>

(DnT )�2 = 0

<latexit sha1_base64="u/6teA0AJuLwgMExYIfqj4jJ/ZU="></latexit>

(DT )s := DTs+1 � (s+ 3)CTs+2

<latexit sha1_base64="JtAsnKZFYHsub+cZcf2oEQsm+RA="></latexit>

D



Good cut Wedge algebra

<latexit sha1_base64="YQ2nw936Xnk6N6yBfVaLwotpjsk="></latexit>

J +

<latexit sha1_base64="+OHclrgH/thY1WZ1FWxARIHn/Wc="></latexit>ı0

<latexit sha1_base64="SX5zbgkkvXWeuS7OshJiVspR6sU="></latexit>ı+
radiation 

<latexit sha1_base64="FJ9yL/VhnOUuT4BwwpDNvGGrok8="></latexit>

N̄ 6= 0
<latexit sha1_base64="c9jEyMGVxvzkRxT2AiWRGDxF0ys="></latexit>

C = 0

<latexit sha1_base64="2XGPRWqgV0TYrAEBlO8VdGQY2Vo="></latexit>

C1 6= 0

<latexit sha1_base64="0pT5GYq0qgA0x+FsgDyA7ezMPAQ="></latexit>

C0 6= C1 6= 0

            the wedge algebra              for C    is isomorphic to <latexit sha1_base64="F8E3CUL9JDCz/GoStUaWnf558bI="></latexit>

WC(S)

<latexit sha1_base64="heNKlwCwklUQiQaC1BRly82K4I8="></latexit>

D3T1 = 3D2(CT2) + 2D(CDT2) + CD2T2 + · · ·

<latexit sha1_base64="G8+FP2uOund6Qkq4wyqOOIx45PM="></latexit>

D2T0 = 2D(CT1) + CDT1 � 3C2T2

<latexit sha1_base64="E54OboRjVu6MOxfdlvPuvN+ZVco="></latexit>

W0(S)

The isomorphism                                       involves the Goldstone G:
<latexit sha1_base64="syS9dMZVkjBi0PuG5wRpNKjFXz0="></latexit>

TG : WC(S) ! W0(S)
<latexit sha1_base64="+scpHBsMa5RdSHYXGdWDkouMwPM="></latexit>

TG(⌧) = P�!exp
Z 1

0
(adtGG)(⌧)

<latexit sha1_base64="Q4SlXtvSG/R5yiZKxDGBLG+yN88="></latexit>

D2G = C

It intertwines the naive and covariant derivative
<latexit sha1_base64="xM+/qlbIDN3fBtKgY68+k03nhsw="></latexit>

DTG(T ) = TG(DT )



From Carrollian to Twistor
Whats the connection with twistor theory?

Twistor space provide a fibration of     complexified 
<latexit sha1_base64="uQVCz3fHSGjhLNL+aHXCVv8eJlg="></latexit>PT ! JC

<latexit sha1_base64="gyjb7I1768wP86NG8lV/OVlc8tM=">AAATU3icfVdfc9u4Edel1/aq9to4eezLphlPyJGYinKmvckMp5eResmljmvXSnIZU+JAFCSh5r8QpB2Zwdfpp+nrdaafpX3oAgRFUparTExgsbvYP79dAPMkYDwbDP79xb2ffPnTn/38q190f/mrr3/9m/sHD97xOE99+taPgzj9YU44DVhE32YsC+gPSUpJOA/o+/nlSK6/v6IpZ3E0yTYJnYZkFbEl80mGJO/g4E+HbkY/ZcVkTYFn+WID8RJ4jvJkwaIV8HiZQbamcUpDDmvCIU5oRBeQJ0AgoteQoPqE+hm7oqKrtcURrFJyxbINkGgBH96oT0qvKAlQlsA1DrK13Euq4JswpFm6Qfn3XmH3XBYts40odW1XYZnGIaDP6CtJIWAhy7hSfKe9Owqh1Ih </latexit>

(µ↵, �̄↵̇) ! (u = [µ�], z, z̄)
<latexit sha1_base64="utbzZN52GllZ1DZIAeBgByRwPCg="></latexit>

� / (1, z)

<latexit sha1_base64="PoL8o49EeqNtrdH105n6krSuUQA="></latexit>J

What does the fiber coordinate 
represents ?

<latexit sha1_base64="Jr7hec8kkCwRkuU3RfpxOexl6vA="></latexit>

q = [µ�̌]
<latexit sha1_base64="WKKx7DYscTkMeMV9Ekb1U3Nt2fo="></latexit>

[��̌] = 1.
<latexit sha1_base64="ZSm5bDT7HvU6N8MhQ/HN/iD+K6Q="></latexit>

2 CCar
(0,1)

<latexit sha1_base64="S9QF023A7ve5a4DOXnjwNX/fOFU="></latexit>

u 2 CCar
(�1,0)Remember that



From Carrollian to Twistor
Whats the connection with twistor theory?

Twistor space provide a fibration of     complexified 
<latexit sha1_base64="uQVCz3fHSGjhLNL+aHXCVv8eJlg="></latexit>PT ! JC

The fiber coordinate

represents the angle at which a congruence of null geodesic intersect  
<latexit sha1_base64="N0PTJ2T0/3p1YSddhPhTNziOAfs="></latexit>

J

<latexit sha1_base64="Jr7hec8kkCwRkuU3RfpxOexl6vA="></latexit>

q = [µ�̌]
<latexit sha1_base64="WKKx7DYscTkMeMV9Ekb1U3Nt2fo="></latexit>

[��̌] = 1.

<latexit sha1_base64="gyjb7I1768wP86NG8lV/OVlc8tM=">AAATU3icfVdfc9u4Edel1/aq9to4eezLphlPyJGYinKmvckMp5eResmljmvXSnIZU+JAFCSh5r8QpB2Zwdfpp+nrdaafpX3oAgRFUparTExgsbvYP79dAPMkYDwbDP79xb2ffPnTn/38q190f/mrr3/9m/sHD97xOE99+taPgzj9YU44DVhE32YsC+gPSUpJOA/o+/nlSK6/v6IpZ3E0yTYJnYZkFbEl80mGJO/g4E+HbkY/ZcVkTYFn+WID8RJ4jvJkwaIV8HiZQbamcUpDDmvCIU5oRBeQJ0AgoteQoPqE+hm7oqKrtcURrFJyxbINkGgBH96oT0qvKAlQlsA1DrK13Euq4JswpFm6Qfn3XmH3XBYts40odW1XYZnGIaDP6CtJIWAhy7hSfKe9Owqh1Ih </latexit>

(µ↵, �̄↵̇) ! (u = [µ�], z, z̄)

Carrollian complex structure on      :     

<latexit sha1_base64="utbzZN52GllZ1DZIAeBgByRwPCg="></latexit>

� / (1, z)

<latexit sha1_base64="N0PTJ2T0/3p1YSddhPhTNziOAfs="></latexit>

J

A null geodesic congruence is characterised by a null vector  
<latexit sha1_base64="YQ2nw936Xnk6N6yBfVaLwotpjsk="></latexit>

J +

<latexit sha1_base64="+OHclrgH/thY1WZ1FWxARIHn/Wc="></latexit>ı0

<latexit sha1_base64="SX5zbgkkvXWeuS7OshJiVspR6sU="></latexit>ı+

<latexit sha1_base64="a3rNzSJ+RZKMFxwOTxLzbFkdt+g="></latexit>

`aqab = 0
<latexit sha1_base64="QN/5AKa3RtoKio5P0aY6LxjRtds="></latexit>

qab = m(am̄b)

Adamo-Newman 10

<latexit sha1_base64="6hT1AOBmGailBMgWflq8QPDnwjQ="></latexit>

`
<latexit sha1_base64="4b1+Zw+z2oYXOVudJpLPTLrGk9w="></latexit>

k
Such that 

<latexit sha1_base64="poDMVMIa/dJPGEYAIqQPpUvAkvQ="></latexit>

kq
<latexit sha1_base64="GDuFw7+1bxJN46W/+CVzwfZezec="></latexit>

kq · ` = 1 kq ·m = q

<latexit sha1_base64="cehbwoZJxeIeYUqbQW6c4SqlzZ4="></latexit>

mq = m� q` holomorphic frame transverse to k and l 

<latexit sha1_base64="PoL8o49EeqNtrdH105n6krSuUQA="></latexit>J

<latexit sha1_base64="ZSm5bDT7HvU6N8MhQ/HN/iD+K6Q="></latexit>

2 CCar
(0,1)

needs to be completed with a Ehresman connection k



From Carrollian to Twistor
Whats the connection with twistor theory?

Twistor space provide a fibration of     complexified 
<latexit sha1_base64="uQVCz3fHSGjhLNL+aHXCVv8eJlg="></latexit>PT ! JC

The fiber coordinate

represents the angle at which a congruence of null geodesic intersect  
<latexit sha1_base64="N0PTJ2T0/3p1YSddhPhTNziOAfs="></latexit>

J

<latexit sha1_base64="Jr7hec8kkCwRkuU3RfpxOexl6vA="></latexit>

q = [µ�̌]
<latexit sha1_base64="WKKx7DYscTkMeMV9Ekb1U3Nt2fo="></latexit>

[��̌] = 1.

<latexit sha1_base64="gyjb7I1768wP86NG8lV/OVlc8tM=">AAATU3icfVdfc9u4Edel1/aq9to4eezLphlPyJGYinKmvckMp5eResmljmvXSnIZU+JAFCSh5r8QpB2Zwdfpp+nrdaafpX3oAgRFUparTExgsbvYP79dAPMkYDwbDP79xb2ffPnTn/38q190f/mrr3/9m/sHD97xOE99+taPgzj9YU44DVhE32YsC+gPSUpJOA/o+/nlSK6/v6IpZ3E0yTYJnYZkFbEl80mGJO/g4E+HbkY/ZcVkTYFn+WID8RJ4jvJkwaIV8HiZQbamcUpDDmvCIU5oRBeQJ0AgoteQoPqE+hm7oqKrtcURrFJyxbINkGgBH96oT0qvKAlQlsA1DrK13Euq4JswpFm6Qfn3XmH3XBYts40odW1XYZnGIaDP6CtJIWAhy7hSfKe9Owqh1Ih </latexit>

(µ↵, �̄↵̇) ! (u = [µ�], z, z̄)
<latexit sha1_base64="utbzZN52GllZ1DZIAeBgByRwPCg="></latexit>

� / (1, z)

The transformation  corresponds to a null boost with angle 
<latexit sha1_base64="efMiKMXA/CkmA7TZjeqYO/GcAFI="></latexit>

(k,m, `) ! (kq,mq, `)
<latexit sha1_base64="ZDVGlMH3Pp+aAiIdZtC8MMeojzI="></latexit>q

<latexit sha1_base64="YQ2nw936Xnk6N6yBfVaLwotpjsk="></latexit>

J +

<latexit sha1_base64="+OHclrgH/thY1WZ1FWxARIHn/Wc="></latexit>ı0

<latexit sha1_base64="SX5zbgkkvXWeuS7OshJiVspR6sU="></latexit>ı+

Adamo-Newman 10

<latexit sha1_base64="6hT1AOBmGailBMgWflq8QPDnwjQ="></latexit>

`
<latexit sha1_base64="4b1+Zw+z2oYXOVudJpLPTLrGk9w="></latexit>

k

<latexit sha1_base64="PoL8o49EeqNtrdH105n6krSuUQA="></latexit>J

<latexit sha1_base64="ZSm5bDT7HvU6N8MhQ/HN/iD+K6Q="></latexit>

2 CCar
(0,1)



From Carrollian to Twistor
Whats the connection with twistor theory?

Twistor space provide a fibration of     complexified 
<latexit sha1_base64="uQVCz3fHSGjhLNL+aHXCVv8eJlg="></latexit>PT ! JC

<latexit sha1_base64="gyjb7I1768wP86NG8lV/OVlc8tM=">AAATU3icfVdfc9u4Edel1/aq9to4eezLphlPyJGYinKmvckMp5eResmljmvXSnIZU+JAFCSh5r8QpB2Zwdfpp+nrdaafpX3oAgRFUparTExgsbvYP79dAPMkYDwbDP79xb2ffPnTn/38q190f/mrr3/9m/sHD97xOE99+taPgzj9YU44DVhE32YsC+gPSUpJOA/o+/nlSK6/v6IpZ3E0yTYJnYZkFbEl80mGJO/g4E+HbkY/ZcVkTYFn+WID8RJ4jvJkwaIV8HiZQbamcUpDDmvCIU5oRBeQJ0AgoteQoPqE+hm7oqKrtcURrFJyxbINkGgBH96oT0qvKAlQlsA1DrK13Euq4JswpFm6Qfn3XmH3XBYts40odW1XYZnGIaDP6CtJIWAhy7hSfKe9Owqh1Ih </latexit>

(µ↵, �̄↵̇) ! (u = [µ�], z, z̄)
<latexit sha1_base64="utbzZN52GllZ1DZIAeBgByRwPCg="></latexit>

� / (1, z)

Adamo-Newman 10

<latexit sha1_base64="PoL8o49EeqNtrdH105n6krSuUQA="></latexit>J

The total space isomorphic to twistor space is the space of null 
rays which reaches scri at a cut u and at an angle q

<latexit sha1_base64="DZf2FyCacaHPRnpt2cGclvV3mIA="></latexit>

J = O(1, 1)� CP1 ! CP1

<latexit sha1_base64="wBWmXKql8HCU/EDFsPoHNB26q+o="></latexit>

N = O(1,�1)� J ! JIt is the total space of the bundle 

Like scri is the total space of 
Newman 10

with coordinates  
<latexit sha1_base64="i8X5jdqt+nPu1rWRyGgabLNveic="></latexit>

(q, u,�↵)



From Carrollian to Twistor
Whats the connection with twistor theory?

Twistor space provide a fibration of     complexified 
<latexit sha1_base64="uQVCz3fHSGjhLNL+aHXCVv8eJlg="></latexit>PT ! JC

<latexit sha1_base64="gyjb7I1768wP86NG8lV/OVlc8tM=">AAATU3icfVdfc9u4Edel1/aq9to4eezLphlPyJGYinKmvckMp5eResmljmvXSnIZU+JAFCSh5r8QpB2Zwdfpp+nrdaafpX3oAgRFUparTExgsbvYP79dAPMkYDwbDP79xb2ffPnTn/38q190f/mrr3/9m/sHD97xOE99+taPgzj9YU44DVhE32YsC+gPSUpJOA/o+/nlSK6/v6IpZ3E0yTYJnYZkFbEl80mGJO/g4E+HbkY/ZcVkTYFn+WID8RJ4jvJkwaIV8HiZQbamcUpDDmvCIU5oRBeQJ0AgoteQoPqE+hm7oqKrtcURrFJyxbINkGgBH96oT0qvKAlQlsA1DrK13Euq4JswpFm6Qfn3XmH3XBYts40odW1XYZnGIaDP6CtJIWAhy7hSfKe9Owqh1Ih </latexit>

(µ↵, �̄↵̇) ! (u = [µ�], z, z̄)
<latexit sha1_base64="utbzZN52GllZ1DZIAeBgByRwPCg="></latexit>

� / (1, z)

Adamo-Newman 10

<latexit sha1_base64="PoL8o49EeqNtrdH105n6krSuUQA="></latexit>J

The total space isomorphic to twistor space is the space of null 
rays reach scri at a cut u and at an angle q

Note that the ``Newman’’ bundle 

is isomorphic to but has a different complex structure than twistor space  

with coordinates  
<latexit sha1_base64="i8X5jdqt+nPu1rWRyGgabLNveic="></latexit>

(q, u,�↵)

<latexit sha1_base64="n9bkPe/8UhfVYDVv5pm2PUOkCco="></latexit>

N = O(1,�1)�O(1, 1) ! CP1

<latexit sha1_base64="BTzuUko8WvMxrwrrT2W1qlBzYqE="> </latexit>

PT = O(1)�O(1) ! CP1



From Carrollian to twistor
The symmetry parameters can be converted into a function of 

The W bracket on  can be recasted as a Poisson bracket on-shell of the dual eom
<latexit sha1_base64="qrs8L0/JZ8TnNsch3twNUMaEhqQ="></latexit>

[⌧, ⌧ 0]s =
s+1X

n=0

(n+ 1)(⌧nD⌧ 0s+1�n � ⌧ 0nD⌧s+1�n)� (s+ 3)C(⌧0⌧
0
s+2 � ⌧ 00⌧s+2)

<latexit sha1_base64="0tB3mUUm/V9HLfMT3x7cSwh2oqs="></latexit>

q 2 CCar
(0,1)

<latexit sha1_base64="a23dIO6IDqD55Q7HMXt2VtXvQeg="></latexit>

⌧ = (⌧0, ⌧1, ⌧2, · · · ) ! ⌧̂(q) =
1X

s=0

⌧sq
s+1

<latexit sha1_base64="1Ayy49M9dFkPxiIWNlrH4d3gKlM="></latexit>

2 CCar
(0,1)



From Carrollian to twistor
The symmetry parameters can be converted into a function

<latexit sha1_base64="mFM0S92R3/9TTqono/rB0ilDS5w="></latexit>

⌧ = (⌧0, ⌧1, ⌧2, · · · ) ! ⌧̂(q) =
1X

s=1

⌧sq
s+1

The W bracket on  can be recasted as a Poisson bracket on-shell of the dual eom
<latexit sha1_base64="jcRBpNnKVkjEFHI3OAvOw7f3dKg="> UIeOAX/gkKutHu9Fhc5Bb2ITqHyNktd2UbQnra08n+/91r64yme82jcpibOdF7adRD7GTiFte+dyb5yQQwf32h9e8cTe4aYQIGk1AnV0iaibs4368yy65u133waP+k778wO7AUoNHHfU5cx/8G4Hj5eJZ7GHtsiurn2STQuzpBZR3nZzRBAubLOkVDiPxq8CkkN2IwxFS5rCIU/yPD3ZJbUoUJGRsHc6QU5q7vSaI+9au8mzx9aTwoyTPKHYBudEiD+TPBOuE4os5xUd3sBZPZy/10VbwVgTvfRlNUVNK8cEv3twkwhvLgoR+sJ7TBcmDjBcOW1RjES5rOzi7g7eDJ9YfnljnTx99870K3Bed33Z+19E6VuePnW86LztnnTcd72Bw8O6AHMwOyeFfD/92+PeS9fPPlMxBp/U5/Md/AA5yJSo=</latexit>X

s

[⌧, ⌧ 0]sq
s+1 = {⌧̂ , ⌧̂ 0}+ dual EOM

where
<latexit sha1_base64="ua7ls8nwO+xi79kMj2oCt7KRTbo="></latexit>

{⌧̂ , ⌧̂ 0} = @q⌧@u⌧
0 � @q⌧

0@u⌧

is the twistor Poisson bracket.



From Carrollian to twistor
The symmetry parameters can be converted into a function of 

The dual eom can be simply written as 

<latexit sha1_base64="0tB3mUUm/V9HLfMT3x7cSwh2oqs="></latexit>

q 2 CCar
(0,1)

<latexit sha1_base64="a23dIO6IDqD55Q7HMXt2VtXvQeg="></latexit>

⌧ = (⌧0, ⌧1, ⌧2, · · · ) ! ⌧̂(q) =
1X

s=0

⌧sq
s+1

They can be equivalentely be written in terms of  the twistor potential 

as 

<latexit sha1_base64="cgDtL9/a0mhkyTPg+v0Pcb+li8I="></latexit>

q@u⌧̂ �D⌧̂ + C ⌧̂ = 0
<latexit sha1_base64="3mGnhC4jLa29OR/hawkUsxVvHx4="></latexit>

h 2 CCar
(0,2)

<latexit sha1_base64="Qs68QJWipLm5cYbOeGrtF2dYyr0="></latexit>

D⌧̂ + {h, ⌧̂} = 0

where 

<latexit sha1_base64="3gglYmM/zEUyF9ssF5+37AByCK4="></latexit>

ĥ = hD� 2 ⌦(1,0)(PT, O(2)).

<latexit sha1_base64="KSVZeQCS1017D50g/yN785yM8RI="></latexit>

h = �q2

2
+ @�1

u C

<latexit sha1_base64="78Y9O7vj6IxnMTLz3efbagtf2Aw="></latexit>

N ! PTchange in complex structure from gravity



Supertranslation and Good cut
The supertranslations            acts non trivially on the pair

<latexit sha1_base64="1DXbImHAFqT9HjYHlxoEnDVE+2s="></latexit>

(u, q)
<latexit sha1_base64="0YB+nXEVBSsSyFpjDBYK0PZlq9Y="></latexit>

T (z, z̄)

<latexit sha1_base64="KnYdMJCKvSemuSkDYR5MORLGXHM="></latexit>

�Tu = T
<latexit sha1_base64="/+Cns2vSzqoN8HNNeamrTYvj3ec="></latexit>

�T q = �DT

The transformation for q follows from the fact that while      is a 
vector tangent to the cut            , the vector 
is the vector tangent to the cut 

<latexit sha1_base64="jfJr6Dp0q/a60lejR4aFk50q3ZM="></latexit>m
<latexit sha1_base64="k/jVuqvPsFvaYWf5kBp8Gd0J2qM="></latexit>

u = cst
<latexit sha1_base64="nOiGhS+rdYztLvAiB3Tpsj73uw8="></latexit>

m(q=�DT ) = m+DT `
<latexit sha1_base64="Row02O0VOJhBLRvOewW2bEcZtUE="></latexit>

u� T = cst

Given a shear C we can construct a Goldstone                solution of the good 
cut equation

Where 
<latexit sha1_base64="21o3rPN/qyh7o22N/+YXU2QhGtI="></latexit>

bG : N ! N is 
<latexit sha1_base64="TvyFjPlu79+EIOYmPxlLfJwX/tM="></latexit>

bG(q, u, z, z̄) = (q �DG,G, z, z̄)

<latexit sha1_base64="dggEJlIvCtYHaNokTig81clMsI4="></latexit>

D2G = C � bG

<latexit sha1_base64="vtPH0TLTFYhYFJW9CVuyTzSm0Ig="></latexit>

G(u, z, z̄)



Supertranslation and Good cut
Under this map we have that 

And the radiative evolution equations are mapped onto the non radiative one ! 

<latexit sha1_base64="JnVnsBbJ/g1g7bZwXJo6+IA0zj8="></latexit>

bG⇤(@q, `,m) = (@qG , `
G,mG)

<latexit sha1_base64="4T1dlEbX6QvsLp+V9fGHD4MAV6k="></latexit>

(qG`
G �mG) bG⇤[⌧ ] = bG⇤[(q`�m+ C@q)⌧ ] = 0



Non-linearity

We have seen that 
<latexit sha1_base64="ZnX0OHdaXnKFMZ83ZLLQPN3etlA="></latexit>

Q̃s = Q̃S

s + Q̃H

s + Q̃SH

s for 
<latexit sha1_base64="oJ9ke7FFzqKRPG5ZVWHwpiT0xBQ="></latexit>

s � 2

The super-Hard contributions requires an extension of the amplitude that includes 
collinear external states  and extension of the subsubleading theorems

Narayanan,  Jorstad, To appearCan we obtain these SH contribution from amplitudes? 

We have seen that               is valid in Einstein  gravity  
<latexit sha1_base64="7kSvkGEyiLTYCNWrN4lgcFOhZUk="></latexit>

E3 = 0

One expect  
<latexit sha1_base64="aeqcHCr6MKJhff0TiAxDsIOWElQ="></latexit>

sub3 leading theorem to be valid. Amplitude proof?



Quantum
What is the quantization of the W-algebra ?

Lie algebra anomaly versus VOA anomalies?

Preliminary investigation of the quantum commutator algebra shows that 
there exist potential Lie algebra  anomalies 

<latexit sha1_base64="YhdWO1HwbnEa0GygHIvdVPCTWsA="></latexit>

[Q̂⌧ , Q̂⌧ 0 ] = Q[⌧,⌧ 0] +A(⌧,⌧ 0)

where 
<latexit sha1_base64="6BoKmAeYOsODNB8u+oz/lgbZj8k="></latexit>

A(⌧,⌧ 0) depends only on C not on 
<latexit sha1_base64="MsypggQhKTYC+lgLKTmLGMEhSuE="></latexit>

N̄
First investigation suggests that A=0 for the wedge. 

Anomalies in SD gravity due to all + one loop amplitudes.
Costello-Paquette 23

Blitteston 24 



Conclusion
We have shown that there exists a semi-perturbative sector of GR 

And corresponds to the quantization of SD gravity

which is integrable and carry the representation of an infinite dimensional 
symmetry algebra   W_C(S)  with bracket 

Can we use this semi-perturbative sector as a basis for a new form of 
perturbative quantization in the same way we use free theory as an asymptotic basis? 

Costello-Paquette 23
Blitteston 24 

<latexit sha1_base64="rDAoqHTRS6ku8pqXnP8y4zsYTZw="></latexit>

ḡNgnN

<latexit sha1_base64="kYPlc/LsvnlQ8D7XLp6OncowBVc="></latexit>

LW1+1which can be viewed as a non-linear deformation of

<latexit sha1_base64="Ut1vd/A4+WpD+d7wC40WWGmBxUY="></latexit>

[⌧, ⌧ 0]s =
s+1X

n=0

(n+ 1)(⌧nD⌧ 0s+1�n � ⌧ 0nD⌧s+1�n)� (s+ 3)C(⌧0⌧
0
s+2 � ⌧ 00⌧s+2)

s=2 and s=3 are exact symmetry of Einstein gravity. If no quantum anomaly are present 
Non-trivial Ward identities beyond the linear orders ?

Generalization to Einstein-Yang-Mills Agrawal, Chralambous, Donnay 25





Self-dual Polarization
<latexit sha1_base64="gFdpLuY4dF+ijWqhpRBtAGJJ3D0="></latexit>

⇥HAS =
1

4⇡G

Z

J
N̄�CIf instead of <latexit sha1_base64="RKi9p4myc5CZ2Z1ERuQUHaUGeyg="></latexit>

N̄ = 0, N



Self-dual Polarization
we introduce the potential    

<latexit sha1_base64="1D9N7bim+Gz+haPuZQpxilE0xRM="></latexit>

h 2 CCar
(0,2) such that 

<latexit sha1_base64="e1mWNHrDG3t5eziww5LIqmU2TFw="></latexit>

@uh = C

And work with 
<latexit sha1_base64="QqQ1c+TO1a7tmrkdQTaJ/v7uy2g="></latexit>

⇥SD =
1

4⇡G

Z

J

˙̄N�h

The no-radiation condition is  arbitrary
<latexit sha1_base64="yFoBhgUlWONUlcKhU5i2rQvbyeo="></latexit>

˙̄N = 0, N

The symmetry parameters are 
<latexit sha1_base64="HGM2S3HYPax7398HK1YjWTEaK48="></latexit>

⌧ = (⌧�1, ⌧0, ⌧1, ⌧2, · · · )
subject to <latexit sha1_base64="b2vQQnL/Xg32/2b4hT/qjjwU/xA="></latexit>

Es = 0, s � �1

The master charge is 
<latexit sha1_base64="xlFpZ3E0BiNqY0VqroLItWtdfRU="></latexit>

Qu
⌧ =

1X

s=�1

Z

Su

Q̃s⌧s

The mass is the covariant mass not the bounday mass 



Self-dual Polarization
we introduce the potential    

<latexit sha1_base64="1D9N7bim+Gz+haPuZQpxilE0xRM="></latexit>

h 2 CCar
(0,2) such that 

<latexit sha1_base64="e1mWNHrDG3t5eziww5LIqmU2TFw="></latexit>

@uh = C

And work with 
<latexit sha1_base64="QqQ1c+TO1a7tmrkdQTaJ/v7uy2g="></latexit>

⇥SD =
1

4⇡G

Z

J

˙̄N�h

The no-radiation condition is  arbitrary
<latexit sha1_base64="yFoBhgUlWONUlcKhU5i2rQvbyeo="></latexit>

˙̄N = 0, N

The symmetry action on the potential is  

The symmetry Charge is   

<latexit sha1_base64="VXullyVwR8DMqVMkHhaNFMzmYc4="></latexit>

�⌧h = ⌧0C �D⌧�1
<latexit sha1_base64="rFgrqTp8FMnjU4sbPMxhgtNEI8g="></latexit>

Q⌧ =

Z

J

˙̄N�⌧h

The global symmetry algebra: <latexit sha1_base64="sKuTVs/NH5Kcq1w/GUvUvh7KvbU="></latexit>

W0(S0) = central extension of 
<latexit sha1_base64="RewX5WFtoAIxsA1VaxL7GehakVc="></latexit>

Poinc+

<latexit sha1_base64="yfRs9gA3lIp7ZnZEmCFOqVw7WlM="></latexit>

W0(S2) = LW1+1



From Carrollian to twistor
The symmetry parameters can be converted into a function of 

The dual eom can be simply written as 

<latexit sha1_base64="0tB3mUUm/V9HLfMT3x7cSwh2oqs="></latexit>

q 2 CCar
(0,1)

<latexit sha1_base64="a23dIO6IDqD55Q7HMXt2VtXvQeg="></latexit>

⌧ = (⌧0, ⌧1, ⌧2, · · · ) ! ⌧̂(q) =
1X

s=0

⌧sq
s+1

They can be equivalentely be written in terms of  the twistor potential 
<latexit sha1_base64="PrSYqFRIfYKvAeVRmPHiG70227g="></latexit>

@h+ {h, ⌧} = 0

<latexit sha1_base64="FeggLEbM58krTRCyjwxw8rRLV2E="></latexit>

h = (@�1
u C)D� 2 ⌦(1,0)(PT, O(2)).For the twistor potential

<latexit sha1_base64="cgDtL9/a0mhkyTPg+v0Pcb+li8I="></latexit>

q@u⌧̂ �D⌧̂ + C ⌧̂ = 0


