
Classical Double Copies: 
The view from twistor space

Chris White

QCD Gravity



Introduction

The classical double copy relates solutions in gauge and 
gravity theories.


Closely related to the original double copy for scattering 
amplitudes (Bern, Carrasco, Johansson).


In most approaches, one can relate classical solutions 
only order-by-order in perturbation theory. 


Two particular approaches, however, allow exact solutions 
to be related.



The Kerr-Schild double copy

<latexit sha1_base64="lME/+hvL8CyGaKZegRlqQ62Tra4=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVBKXMiKIboejGZQV7gc4wZNJMG5pkhiQjlKEv4MZXceNCEbfu3fk2pu1QtPWHwJf/nENy/jBhVGnH+bYKC4tLyyvF1dLa+sbmlr2901BxKjGp45jFshUiRRgVpK6pZqSVSIJ4yEgz7N+M6s0HIhWNxb0eJMTnqCtoRDHSxgrsg26QeTz1RDq88ohG09txb4ongV12Ks5YcB7cHMogVy2wv7xOjFNOhMYMKdV2nUT7GZKaYkaGJS9VJEG4j7qkbVAgTpSfjbcZwkPjdGAUS3OEhmP390SGuFIDHppOjnRPzdZG5n+1dqqjSz+jIkk1EXjyUJQyqGM4igZ2qCRYs4EBhCU1f4W4hyTC2gRYMiG4syvPQ+O04p5XnLuzcvU6j6MI9sA+OAIuuABVcAtqoA4weATP4BW8WU/Wi/VufUxaC1Y+swv+yPr8AaYZnIw=</latexit>

gµ⌫ = ⌘µ⌫ + hµ⌫ ,

<latexit sha1_base64="ocWC+s68mybLXVZGPUWUwNQvXWg="></latexit>

hµ⌫ = �kµk⌫ , k2 = 0, (k · @)kµ = 0.

Defining the graviton field by

there is a special class of Kerr-Schild gravitons 

graviton
Minkowski metric

Full metric

scalar field vector field

Then can construct gauge and biadjoint fields (Monteiro, 
O’Connell, White): 

All of these turn out to linearise their respective field equations, 
so are exact solutions!

constant colour 

vectors<latexit sha1_base64="TmGzQxPD6IpAONEyNVpy7hlPGm0="></latexit>

Aa
µ = ca�kµ, �aa0

= cac̃a
0
�.



The spinorial formalism
An alternative exact procedure is the Weyl double copy (Luna, 
Monteiro, Nicholson, O’Connell).

It relies on a formalism in which field equations are written in 
terms of 2-component spinors       and their complex 
conjugates       .

<latexit sha1_base64="SpOiSfGrB3GqPLeODDLUxoLy9rk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPVi8cKxhbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFrJ76aid92r1ty6OwNZJl5BalCg2at+dfsJy2KukElqTMdzUwxyqlEwySeVbmZ4StmIDnjHUkVjboJ8duyEnFilT6JE21JIZurviZzGxozj0HbGFIdm0ZuK/3mdDKOrIBcqzZArNl8UZZJgQqafk77QnKEcW0KZFvZWwoZUU4Y2n4oNwVt8eZk8ntW9i7p7f15r3BRxlOEIjuEUPLiEBtxBE3xgIOAZXuHNUc6L8+58zFtLTjFzCH/gfP4AkDmOhQ==</latexit>⇡A
<latexit sha1_base64="caBPFvCjyw18xstrQm5yPtE66FU=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ6Kokoeqx68VjBfkAbyma7aZduNnF3IpTQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuYFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwduI3n7g2IlYPOEq4H9G+EqFgFK3U6iSim12fjLulsltxpyCLxMtJGXLUuqWvTi9macQVMkmNaXtugn5GNQom+bjYSQ1PKBvSPm9bqmjEjZ9N7x2TY6v0SBhrWwrJVP09kdHImFEU2M6I4sDMexPxP6+dYnjlZ0IlKXLFZovCVBKMyeR50hOaM5QjSyjTwt5K2IBqytBGVLQhePMvL5LGWcW7qLj35+XqTR5HAQ7hCE7Bg0uowh3UoA4MJDzDK7w5j86L8+58zFqXnHzmAP7A+fwBuPOPwg==</latexit>⇡A0

Convert tensors             using Infeld-van-der-Waerden symbols  
         :                                

<latexit sha1_base64="SKk2FehTQKYrStXXEah6TdKUtzk=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiSi6LLoxmWFvqAJYTKZtEMnM2EeQgkFf8WNC0Xc+h3u/BunbRbaeuDC4Zx7ufeeOGdUac/7dlZW19Y3Nitb1e2d3b199+Cwo4SRmLSxYEL2YqQIo5y0NdWM9HJJUBYz0o1Hd1O/+0ikooK39DgnYYYGnKYUI22lyD1uRUWQmYCbgCVCKxjIoZhEbs2rezPAZeKXpAZKNCP3K0gENhnhGjOkVN/3ch0WSGqKGZlUA6NIjvAIDUjfUo4yosJidv4EnlklgamQtriGM/X3RIEypcZZbDszpIdq0ZuK/3l9o9ObsKA8N5pwPF+UGga1gNMsYEIlwZqNLUFYUnsrxEMkEdY2saoNwV98eZl0Lur+Vd17uKw1bss4KuAEnIJz4INr0AD3oAnaAIMCPINX8OY8OS/Ou/Mxb11xypkj8AfO5w+qYZXw</latexit>

Tµ⌫...⇢
<latexit sha1_base64="U/z7FVJxVu9ldQKBrka00IAJSIE=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBE9lUQUPbZ68VjBfkATw2a7aZfubsLuplBC/4kXD4p49Z9489+4bXPQ1gcDj/dmmJkXpYwq7brf1srq2vrGZmmrvL2zu7dvHxy2VJJJTJo4YYnsREgRRgVpaqoZ6aSSIB4x0o6Gd1O/PSJS0UQ86nFKAo76gsYUI22k0LZ9RfscPfk8C/N6/WwS2hW36s7gLBOvIBUo0AjtL7+X4IwToTFDSnU9N9VBjqSmmJFJ2c8USREeoj7pGioQJyrIZ5dPnFOj9Jw4kaaEdmbq74kccaXGPDKdHOmBWvSm4n9eN9PxTZBTkWaaCDxfFGfM0YkzjcHpUUmwZmNDEJbU3OrgAZIIaxNW2YTgLb68TFoXVe+q6j5cVmq3RRwlOIYTOAcPrqEG99CAJmAYwTO8wpuVWy/Wu/Uxb12xipkj+APr8wcpb5NY</latexit>

�µ
AA0

<latexit sha1_base64="qoJhbvt4sQZH/OKPFCTaXhuOKTc="></latexit>
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<latexit sha1_base64="kPCCBtrXgFJyLkqZBFW50Kuxh0c=">AAACCHicbZC7TsMwFIZPyq2UW4CRAYsKlQFVCQLBWMrCWCR6kZqoclyntepcZDtIVZSRhVdhYQAhVh6BjbfBbTOUwi9Z+vyfc2Sf34s5k8qyvo3C0vLK6lpxvbSxubW9Y+7utWSUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG91M6u0HKiSLwns1jqkb4EHIfEaw0lbPPHRoLBnXmF7Xs1MHzd0r9UrWM8tW1ZoK/QU7hzLkavTML6cfkSSgoSIcS9m1rVi5KRaKEU6zkpNIGmMywgPa1RjigEo3nS6SoWPt9JEfCX1Chabu/ESKAynHgac7A6yGcrE2Mf+rdRPlX7kpC+NE0ZDMHvITjlSEJqmgPhOUKD7WgIlg+q+IDLHAROnsSjoEe3Hlv9A6q9oXVevuvFyr53EU4QCO4ARsuIQa3EIDmkDgEZ7hFd6MJ+PFeDc+Zq0FI5/Zh18yPn8A4jqZOw==</latexit>✏AB , ✏A0B0Raise / lower indices using Levi-Civita symbols                    .                              



It turns out that all multi-index spinors can be reduced to sums of 
products of Levi-Civita symbols and fully symmetric spinors.

The electromagnetic field strength tensor translates as:
<latexit sha1_base64="bHGh1+AkX0E4e2ZxuHFcTXjxpKg="></latexit>

F↵� ! FAA0BB0 = �AB✏A0B0 + �̄AB✏A0B0

self-dual partanti-self-dual part

In gravity, we will be concerned with vacuum spacetimes, such 
that the Riemann tensor reduces to the Weyl tensor, with spinorial 
translation

<latexit sha1_base64="X2uFx87+8XelypzH3xdlRh8YX5E="></latexit>

C↵��� !  ABCD✏A0B0✏C0D0 +  ̄A0B0C0D0✏AB✏CD

The vacuum Maxwell and Einstein equations then reduce to the 
spin-1 and spin-2 cases of the massless free field equation

<latexit sha1_base64="UKth4qekMCHlwDVLYy1/cCqxOkI="></latexit>

rAA0
�AB...C = 0, rAA0

�̄A0B0...C0 = 0

spinorial covariant derivative 2n indices for a spin-n field

“Weyl spinor”



Principal spinors
All fully symmetric spinors decompose into symmetrised products 
of 1-index principal spinors.

Thus, the EM and Weyl spinors may be written as e.g.
<latexit sha1_base64="d+074pHXzXJf8paf8QXfBHrIrQI="></latexit>

�AB = ↵(A�B),  ABCD = ↵(A�B�C�D)

EM spinors are (non-)null, according to whether the principal 
spinors are proportional or not.

Similarly, we may classify Weyl 
spinors according to the pattern of 
degeneracy of their principal 
spinors (the Petrov classification).

Degeneracy Petrov type

{1,1,1,1} I
{2,1,1} II
{3,1} III
{2,2} D
{4} N

brackets denote 

symmetrisation



The Weyl double copy
The Weyl double copy can now be stated as follows.

Given two electromagnetic spinors, one may generate a Weyl 
spinor according to the rule

Here S is a scalar satisfying the linearised biadjoint field equation.

<latexit sha1_base64="pRWKZMOCScCEQ+lS8XErOJDBYpg="></latexit>

 ABCD =
1

S
�(AB�̃CD)

Argued to hold for general vacuum type D spacetimes (Luna, 
Monteiro, Nicholson, O’Connell)…
…and to be “equivalent” to the Kerr-Schild double copy, where 
they overlap.

Not necessarily known how to fix S a priori, but can be found in 
specific examples.



Open questions
Why is it possible to formulate a classical double copy in position 
space, when the BCJ procedure involves products in momentum 
space?
How can one fix the scalar function S in the Weyl double copy? 
Given a scalar or biadjoint field, how does one perform the 
inverse zeroth copy to get a gauge field? 
Can we formulate exact classical double copies in curved 
backgrounds? (see e.g. Bahjat-Abbas, Luna, White; Carrillo-
González, Penco, Trodden)
Or for less algebraically special cases? 

We can answer all these questions by going to twistor space!



A Twistor Primer
Twistor space     is the set of solutions of the twistor equation

<latexit sha1_base64="+8Xbl7XsVrP7m6WecQBH+s94SWo=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiG5cV+sJ2KJn0ThuayQxJRihD/8KNC0Xc+jfu/BvTdhbaeiBwOOdecu4JEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqPvYiaURBkjWm/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1snnhKzqwyIGGs7JOGzNXfGxmNtJ5EgZ2cJdTL3kz8z+umJrzxMy6T1KBki4/CVBATk9n5ZMAVMiMmllCmuM1K2IgqyowtqWRL8JZPXiWti6p3VXUfLiu127yOIpzAKZyDB9dQg3uoQxMYSHiGV3hztPPivDsfi9GCk+8cwx84nz/Bu5D4</latexit>T
<latexit sha1_base64="6d3ri8o/TDeI8HZj8OrZDfYOUcA="></latexit>

r(A
A0⌦B) = 0 ) ⌦A = !

A � ix

AA0
⇡A0

which we can associate with 4-component objects (“twistors”)
<latexit sha1_base64="mX45h094H3RWsiGEvhGIlVn9w6w=">AAACEXicbVA9SwNBEN2LXzF+RS1tDoMYQcKdKNoIURtLBaNiLoa5zVyyZO+D3TkhHPkLNv4VGwtFbO3s/DduYgo1Phh4vDfDzDw/kUKT43xauYnJqemZ/Gxhbn5hcam4vHKp41RxrPFYxuraB41SRFgjQRKvE4UQ+hKv/O7JwL+6Q6VFHF1QL8FGCO1IBIIDGalZLN/ceiCTDhx6EgMqe3GIbbg92vYS0cyONvueEu0ObVWaxZJTcYawx4k7IiU2wlmz+OG1Yp6GGBGXoHXddRJqZKBIcIn9gpdqTIB3oY11QyMIUTey4Ud9e8MoLTuIlamI7KH6cyKDUOte6JvOEKij/3oD8T+vnlJw0MhElKSEEf9eFKTSptgexGO3hEJOsmcIcCXMrTbvgAJOJsSCCcH9+/I4udypuHsV53y3VD0exZFna2ydlZnL9lmVnbIzVmOc3bNH9sxerAfryXq13r5bc9ZoZpX9gvX+BWVsnLo=</latexit>

Z↵ =
�
!A,⇡A0

�
.

The “location” of a twistor in spacetime is defined by the 
vanishing of       , leading to the incidence relation

<latexit sha1_base64="Mgs7a3xEIcDEXBgOAOLabwHmbLw=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKeyKoseoF29GMA9I1jA76U2GzMyuM7NCWPITXjwo4tXf8ebfOHkcNLGgoajqprsrTDjTxvO+ndzS8srqWn69sLG5tb1T3N2r6zhVFGs05rFqhkQjZxJrhhmOzUQhESHHRji4HvuNJ1SaxfLeDBMMBOlJFjFKjJWa7VuBPfJw2SmWvLI3gbtI/BkpwQzVTvGr3Y1pKlAayonWLd9LTJARZRjlOCq0U40JoQPSw5alkgjUQTa5d+QeWaXrRrGyJY07UX9PZERoPRSh7RTE9PW8Nxb/81qpiS6CjMkkNSjpdFGUctfE7vh5t8sUUsOHlhCqmL3VpX2iCDU2ooINwZ9/eZHUT8r+Wdm7Oy1VrmZx5OEADuEYfDiHCtxAFWpAgcMzvMKb8+i8OO/Ox7Q158xm9uEPnM8foFSPsg==</latexit>

⌦A
<latexit sha1_base64="2h2ggTXa5BIf/kyTzttmRLuVVuA=">AAACAnicbVDLSgMxFM3UV62vUVfiJlhEV2VGFN0IrW5cVrAP6EyHTJq2oclkSDJiGYobf8WNC0Xc+hXu/BvTdhbaeuByD+fcS3JPGDOqtON8W7mFxaXllfxqYW19Y3PL3t6pK5FITGpYMCGbIVKE0YjUNNWMNGNJEA8ZaYSD67HfuCdSURHd6WFMfI56Ee1SjLSRAnvPE5z0ULtySR/aaaVyNPJiGqSmB3bRKTkTwHniZqQIMlQD+8vrCJxwEmnMkFIt14m1nyKpKWZkVPASRWKEB6hHWoZGiBPlp5MTRvDQKB3YFdJUpOFE/b2RIq7UkIdmkiPdV7PeWPzPayW6e+GnNIoTTSI8faibMKgFHOcBO1QSrNnQEIQlNX+FuI8kwtqkVjAhuLMnz5P6Sck9Kzm3p8XyVRZHHuyDA3AMXHAOyuAGVEENYPAInsEreLOerBfr3fqYjuasbGcX/IH1+QNV4Ja+</latexit>

!

A = ix

AA0
⇡A0

This is invariant under rescalings, so that twistors obeying the 
incidence relation are points in projective twistor space       .  

<latexit sha1_base64="XwnJ9eQapOW6TQWD3qnrrYePzCA=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRJRdFl047JCX9CGMplO2qGTmTBzI5TQz3DjQhG3fo07/8ZJm4VWDwwczrmXOfeEieAGPe/LKa2tb2xulbcrO7t7+wfVw6OOUammrE2VULoXEsMEl6yNHAXrJZqROBSsG07vcr/7yLThSrZwlrAgJmPJI04JWqk/iAlOwjBrtubDas2rewu4f4lfkBoUaA6rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itFNkHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7V3Xv4bLWuC3qKMMJnMI5+HANDbiHJrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGY+WRUg==</latexit>PT
Fixed point x in 
Minkowski space <latexit sha1_base64="XwnJ9eQapOW6TQWD3qnrrYePzCA=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRJRdFl047JCX9CGMplO2qGTmTBzI5TQz3DjQhG3fo07/8ZJm4VWDwwczrmXOfeEieAGPe/LKa2tb2xulbcrO7t7+wfVw6OOUammrE2VULoXEsMEl6yNHAXrJZqROBSsG07vcr/7yLThSrZwlrAgJmPJI04JWqk/iAlOwjBrtubDas2rewu4f4lfkBoUaA6rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itFNkHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7V3Xv4bLWuC3qKMMJnMI5+HANDbiHJrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGY+WRUg==</latexit>PT

Riemann sphere in


Can also define dual twistors, and (conformally invariant) product
<latexit sha1_base64="6LNmm1dGF0szuNLcok8yTvsk1fc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuAqJKLosunFZwV6wjeFkOmmHTiZhZiKW0Fdx40IRt76IO9/GaZuFtv4w8PGfczhn/jDlTGnX/bZKK6tr6xvlzcrW9s7unr1fbakkk4Q2ScIT2QlBUc4EbWqmOe2kkkIcctoOR9fTevuRSsUScafHKfVjGAgWMQLaWIFdvX/oAU+HgNvBHJzArrmOOxNeBq+AGirUCOyvXj8hWUyFJhyU6npuqv0cpGaE00mllymaAhnBgHYNCoip8vPZ7RN8bJw+jhJpntB45v6eyCFWahyHpjMGPVSLtan5X62b6ejSz5lIM00FmS+KMo51gqdB4D6TlGg+NgBEMnMrJkOQQLSJq2JC8Ba/vAytU8c7d9zbs1r9qoijjA7RETpBHrpAdXSDGqiJCHpCz+gVvVkT68V6tz7mrSWrmDlAf2R9/gAw7ZPj</latexit>

Z↵W↵.



The Penrose transform
Solutions of the massless free field equation are related to 
holomorphic functions in       : 

<latexit sha1_base64="XwnJ9eQapOW6TQWD3qnrrYePzCA=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRJRdFl047JCX9CGMplO2qGTmTBzI5TQz3DjQhG3fo07/8ZJm4VWDwwczrmXOfeEieAGPe/LKa2tb2xulbcrO7t7+wfVw6OOUammrE2VULoXEsMEl6yNHAXrJZqROBSsG07vcr/7yLThSrZwlrAgJmPJI04JWqk/iAlOwjBrtubDas2rewu4f4lfkBoUaA6rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itFNkHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7V3Xv4bLWuC3qKMMJnMI5+HANDbiHJrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGY+WRUg==</latexit>PT
<latexit sha1_base64="qmmlQNIGIuY0OvZsg5oKaf+c0bY="></latexit>
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f(Z↵)]

contour on the 

celestial sphere of x

Restrict to twistors obeying 

the incidence relation

The function f must have homogeneity (-n-2), if there are n indices 
on the LHS.

For scalar fields (n = 0), the spacetime field instead obeys the 
conformally invariant free field equation  

<latexit sha1_base64="hl/arL7542s74gL+Ox7JeLh7GYg=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUhDIjvjZCqRuXVewDOkPJpJk2NPMguSOWYT7Ajb/ixoUibv0Ad/6NaTsLbT0QOJxzLjf3uJHgCkzz28gtLC4tr+RXC2vrG5tbxe2dpgpjSVmDhiKUbZcoJnjAGsBBsHYkGfFdwVru8Grst+6ZVDwM7mAUMccn/YB7nBLQUrdYsgXzoGzXwocj25OEJrdpcpbakvcHcGhHA35p6pRZMSfA88TKSAllqHeLX3YvpLHPAqCCKNWxzAichEjgVLC0YMeKRYQOSZ91NA2Iz5STTI5J8YFWetgLpX4B4In6eyIhvlIj39VJn8BAzXpj8T+vE4N34SQ8iGJgAZ0u8mKBIcTjZnCPS0ZBjDQhVHL9V0wHRFcCur+CLsGaPXmeNI8r1mnFvDkpVWtZHXm0h/ZRGVnoHFXRNaqjBqLoET2jV/RmPBkvxrvxMY3mjGxmF/2B8fkDJRObCQ==</latexit>✓
⇤+

R

6

◆
� = 0

We can use these facts to obtain the Weyl double copy… 



Weyl double copy from twistor space
Consider the following product of functions in twistor space:

<latexit sha1_base64="yVNPom1znJyGI2x46pE2HCason8="></latexit>

fgrav. =
f (1)
EMf (2)

EM

fscal.

homogeneity -4

homogeneity -2
homogeneity -6

For certain choices, the corresponding spacetime fields from the 
Penrose transform turn out to obey

<latexit sha1_base64="weW5ztVFW/wvUUeR4r+nUeE4YSk="></latexit>

�A0B0C0D0 =
�(1)
(A0B0�

(2)
C0D0)

�
,

which is precisely the Weyl double copy!



A suitable set of functions is:

constantm=(1,2,3) for 

(scalar, EM, grav)

<latexit sha1_base64="Nei7FDZq1ScPuRnTjFPitlS/5/E="></latexit>
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�m here have set 
<latexit sha1_base64="jEvP6yp6Jm66YpD2HHwsxTl2ZyM=">AAAB+XicdVDLSsNAFL2pr1pfUZduBotYQUoiim6EqhuXFWwtNCFMptN26GQSZibFEvonblwo4tY/ceffOH0I9XXgwuGce7mHEyacKe04H1Zubn5hcSm/XFhZXVvfsDe36ipOJaE1EvNYNkKsKGeC1jTTnDYSSXEUcnoX9q5G/l2fSsVicasHCfUj3BGszQjWRgps20tYkF3sD89L7qF3zw4Cu+iWnTGQ84t8WUWYohrY714rJmlEhSYcK9V0nUT7GZaaEU6HBS9VNMGkhzu0aajAEVV+Nk4+RHtGaaF2LM0Ijcbq7EWGI6UGUWg2I6y76qc3Ev/ymqlun/kZE0mqqSCTR+2UIx2jUQ2oxSQlmg8MwUQykxWRLpaYaFNWYbaE/0n9qOyelJ2b42LlclpHHnZgF0rgwilU4BqqUAMCfXiAJ3i2MuvRerFeJ6s5a3qzDd9gvX0CvUeSbA==</latexit>

⇡A0 = (1, ⇠)

Carrying out the Penrose transform yields spacetime fields
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which clearly obey the type D Weyl double copy, with
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Type D solutions



Example: Schwarzschild
A concrete example is given by the (self-dual) Schwarzschild 
(Taub-NUT) solution, for which one has:
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The scalar function is found to be
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agreeing with that found by Luna, Monteiro, Nicholson & O’Connell.
Furthermore, the principal spinors give rise to the known possible 
choices of the null vector      in the Kerr-Schild double copy.
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kµ

Different choices of          give all type D vacuum spacetimes 
(Haslehurst, Penrose).
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What is this good for?
The twistor space picture explains where the Weyl double copy 
comes from, and why it exists in position space.

The scalar function that appears is no longer mysterious, but 
fixed.
Furthermore, the scalar function already “knows” about the null 
directions appearing in the gauge and gravity solutions (i.e. 
through the locations of the poles in twistor space).
Thus, the inverse zeroth copy makes sense for the first time!

Conformal invariance of the twistor picture means the Weyl 
double copy should immediately extend to conformally flat 
spacetimes, generalising previous results (Bahjat-Abbas, Luna, 
White; Carrillo-González, Penco, Trodden).



General Petrov types
Consider the Penrose transform pair (Bouwmeester, de Klerk, Dalhuisen, 
Swearngin, Thompson, van der Veen, Wickes)

<latexit sha1_base64="kzAT5X5XDoFFBToiRaWFnn0+i7Y="></latexit>

1

(A↵Z
↵)1+a(B↵Z

↵)1+b
!

✓
2

⌦|x� y|2

◆a+b+1

A(A0
1
. . .AA0

b
BA0

b+1
. . .BA0

2h)
,

    where                          are constants depending on A and B. 
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{⌦, y, AA, BA}

The choice (a,b)=(0,0), (1,1) and (0,2) lead to the scalar and EM 
spinors:
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Can multiply the twistor 
functions to make different 
gravity solutions, one of 
which is type III !
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Conclusions
The Weyl double copy is an exact relationship between classical 
solutions in biadjoint, gauge and gravity theories.

1. Where the Weyl double copy comes from, and why it 
works in position space.


2. How to fix the scalar function that appears.

3. How the gauge field inherits information from the scalar 

theory (the “inverse zeroth copy”).

4. Why the double copy should work in general conformally 

flat spacetimes.

5. Why it should also work for less algebraically special cases 

(i.e. not just Petrov type D).


Twistor theory resolves a number of open puzzles:

There is clearly much more that can be done. 
Discussion channel: #weyl_from_twistor_space


