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Gauge theories

Renormalizable 

Invariant under gauge transformations

 Photons → Linear

 Gluons → Non-Linear

Gravity

Non-renormalizable -> Treat as EFT

Invariant under diffeomorphisms

 Highly non-linear

Is there a better 

description?



BCJ DOUBLE COPY &
THE COLOR-KINEMATICS DUALITY

• Required for gauge/diffeo 

invariance.



TOPOLOGICALLY MASSIVE THEORIES

Parity breaking

1 d.o.f.



TOPOLOGICALLY MASSIVE THEORIES

• Amplitudes DC up to 5 points

• Amplitudes DC in eikonal limit at all loop orders

• Classical double copy in coordinate space

• Classical double copy in Minkowski twistor space
MCG, Emond, Moynihan, Rumbutis, White

MCG, Momeni, Rumbutis



COTTON DOUBLE COPY
Cotton tensor (3d conformal tensor)

~



COTTON DOUBLE COPY FOR GRAVITATIONAL WAVES
MCG, Momeni, Rumbutis



DOUBLE COPY IN DIFFERENT SPACES

Coordinate 
space: 

classical 
solutions

Twistor 
space: 

Cohomology 
classes

Momentum 
space: 

Amplitudes

Inverse Fourier transform

Penrose transform

Half- Inverse 

Fourier transform

What happens in 

curved spacetimes?



ADS3 MINI-TWISTOR SPACE

Space of

geodesics

Incidence relation

Bulk point in 

embedding space
Boundary points

Isometries of 

geodesics

Isometries of 

geodesics



PENROSE TRANSFORM 
Isometries of geodesics



ADS3 MINI-TWISTOR SPACE DOUBLE COPY
MCG, Keseman, Jaitly

In flat space

In AdS3

Bulk pointBoundary point

Bulk to boundary propagator



WARPED BLACK HOLES
Warped AdS3

AdS3

Quotient by 

isometry
Warped Black Holes

Squashing 

parameter
Killing vector

Kerr-Schild form

MCG, Beetar

Mini-twistor space

Coordinate space



WARPED BLACK HOLES SINGLE COPY

Mini-twistor space

Coordinate space

Electric Field

Killing vector of WAdS

TMG solution can be reproduce from Killing vector
Gürses; 2010

Charged BH?Double Copy

• Mini-twistor space

• Coordinates space

Zeroth copy



AdS3 
double copy

Momentum 
space ?

Mini-
twistor 
space

Coordinate 
space

Special solutions

On-shell solutions

Non- perturbative 

in some cases

Perturbative


