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Key concepts & motivation



Higher-spin theories

Higher-spin theories are massless theories of higher-spin fields. These, include spin-2 field to be 
identified with graviton

It is very difficult to make these fields interact without relaxing some standard assumptions 

Why interesting: toy models of quantum gravity. Some explicit companions of loop corrections 
have been carried out confirming the expectations of good UV properties

Nevertheless, some toy higher-spin models are known. For these one or another standard 
assumption is, indeed, violated

[Weinberg ’64; Coleman, Mandula ’67]

[Skvortsov, Tran, Tsulaia ’18; DP, Sezgin, Skvortsov ’19]



Chiral higher-spin theories

Chiral higher-spin theory is one of such toy models. It can be regarded as a higher-spin 
generalisation of self-dual Yang-Mills theory or gravity

At this point chiral higher-spin theory can be regarded as a closed sector of a parity-even theory, 
which is yet to be found

In a related work a supersymmetric extension of self-dual Yang-Mills theory with an arbitrary 
number of supersymmetries was constructed, thus, showcasing that in a self-dual setup higher-
spin fields can, indeed, interact

It was originally constructed in the light-cone gauge form. In this form it is extremely simple, 
featuring only cubic vertices

[Metsaev ’91; DP, Skvortsov ’16]

[Devchand, Ogievetsky ’96]



Color-kinematics duality

Color-kinematics duality consists of two statements: the BCJ relations and the double copy

The double copy relates the Yang-Mills theory and gravity via a certain squaring procedure

The BCJ relations highlight a hidden kinematic symmetry of the Yang-Mills theory

Exception! For self-dual theories in the light-cone gauge both the BCJ relations and the double 
copy become manifest at the level of action. The cubic form of the action plays a crucial role 
here

Both these work at the level of amplitudes, which are, moreover, properly preprocessed.

[Bern, Carrasco, Johansson ’08,’10]

[O’Connell, Monteiro ’11]



Our goal

We will study whether the double copy procedure can be applied to chiral higher-spin theories, 
that is whether chiral higher-spin theories can be squared.

We will also study a more general setup, in which we take products of powers of chiral higher-
spin theories, self-dual Yang-Mills theory and self-dual gravity



Motivation

We will construct new higher-spin theories, thus, extending a not very numerous list of higher-
spin theories known.

These will feature stringy spectra, in the sense that fields of each spin appear more than once (in 
particular, infinite degeneracy as in string theory). Unlike for the typical higher-spin spectrum, 
extended spectra can potentially accommodate various higher-spin symmetry breaking 
scenarios

Learn whether double copy applies to higher-spin theories 



Light-cone deformation procedure and

chiral higher-spin theories



Light-cone gauge

Consider the example of Maxwell’s theory in 4d. One imposes a gauge
<latexit sha1_base64="f7b+wJ4eZIQwUmDzx2xzfrnowng=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtkVqV6EqhePFdy20K4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6Flqgj1ieRStUKsKWeC+oYZTluJojgOOW2Gw9uJ33yiSjMpHswooUGM+4JFjGBjJf/68fTK7ZbKbsWdAi0SLydlyFHvlr46PUnSmApDONa67bmJCTKsDCOcjoudVNMEkyHu07alAsdUB9n02DE6tkoPRVLZEgZN1d8TGY61HsWh7YyxGeh5byL+57VTE10GGRNJaqggs0VRypGRaPI56jFFieEjSzBRzN6KyAArTIzNp2hD8OZfXiSNs4pXrVTvz8u1mzyOAhzCEZyABxdQgzuogw8EGDzDK7w5wnlx3p2PWeuSk88cwB84nz+hso3u</latexit>

A+ = 0

Here 
<latexit sha1_base64="tz6AIpdL81SKWTUEFujZA1OjITE="></latexit>

x+ =
1p
2
(x3 + x0), x� =

1p
2
(x3 � x0),

x =
1p
2
(x1 � ix2), x̄ =

1p
2
(x1 + ix2)

are the light-cone coordinates. 



Light-cone gauge
Equations of motion imply

<latexit sha1_base64="cUxN9RdJ9WWgSoHGmS9TlNTdFb4=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0UQSkMiUt0UWt24rGAf0KRhMp22QycPZibSEvo1bvwVNy4qIu78FJM2Fm09MHDuOfdy5x4nYFRIXf9UMmvrG5tb2e3czu7e/oF6eNQQfsgxqWOf+bzlIEEY9UhdUslIK+AEuQ4jTWd4m/jNR8IF9b0HOQ6I5aK+R3sUIxlLtlo2A8QlRcwuVjvFwqIaVTsjWICLOjIdxOFoUu38sLKu5Ww1r2v6DHCVGCnJgxQ1W52aXR+HLvEkZkiItqEH0oqSJZiRSc4MBQkQHqI+acfUQy4RVjQ7cwLPYqULez6PnyfhTP09ESFXiLHrxJ0ukgOx7CXif147lL1rK6JeEEri4fmiXsig9GGSGexSTrBk45ggzGn8V4gHiCMs42STEIzlk1dJ40IzSlrp/jJfuUnjyIITcArOgQGuQAXcgRqoAwyewAuYgjflWXlV3pWPeWtGSWeOwR8oX9/A5aS0</latexit>

@�A
� + @xA

x + @x̄A
x̄ = 0.

Components 
<latexit sha1_base64="rviNp2rY1+S+MH2Pw7GQy47cRI4=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0UQ1JKItC6rblxWsA9o0jKZTNqhk0dnJqUl5FPc+CtuXCiiO/0akzaL2nrgwuGce7n3HitgVEhN+1ZyK6tr6xv5zcLW9s7unrp/0BB+yDGpY5/5vGUhQRj1SF1SyUgr4AS5FiNNa3CX+s0R4YL63qOcBMR0Uc+jDsVIJlJXrRi1Pu1EZ3pskGFIR/CmMz6HxnAYIhvOvIs5LzIsxOE4LnTVolbSpoDLRM9IEWSoddUvw/Zx6BJPYoaEaOtaIM0IcUkxI3HBCAUJEB6gHmkn1EMuEWY0fTCGJ4liQ8fnSXkSTtX5iQi5QkxcK+l0keyLRS8V//PaoXSuzYh6QSiJh2eLnJBB6cM0LWhTTrBkk4QgzGlyK8R9xBGWSaZpCPriy8ukcVnSy6Xyw1WxepvFkQdH4BicAh1UQBXcgxqoAwyewAt4A+/Ks/KqfCifs9acks0cgj9Qfn4BDciiTQ==</latexit>

�+1 ⌘ Ax, ��1 ⌘ Ax̄

correspond to helicities +1 and -1 respectively. The remaining component is auxiliary

<latexit sha1_base64="hhj6VuTpW5vZICJOwmJADmfkYos="></latexit>

A� = � @x̄

@+
�+1 � @x

@+
��1.

The action then reads
<latexit sha1_base64="YeG9ohPTKN5b4Ul3gSgCayyRo+w=">AAACH3icbVDLSgMxFM3UV62vqks3wSII0mFGSnUjFN24rGgf0GmHTJppQzOZIcmIZZg/ceOvuHGhiLjr35i+QFsPBA7n3Htz7/EiRqWyrJGRWVldW9/Ibua2tnd29/L7B3UZxgKTGg5ZKJoekoRRTmqKKkaakSAo8BhpeIObsd94JELSkD+oYUTaAepx6lOMlJbcfPn+quhQrmC3U3qCToSEooi5AXSqfdpJinY61zpz7cxOTTdfsExrArhM7BkpgBmqbv7b6YY4DghXmCEpW7YVqXYyHo0ZSXNOLEmE8AD1SEtTjgIi28nkvhSeaKUL/VDop1edqL87EhRIOQw8XRkg1ZeL3lj8z2vFyr9sJ5RHsSIcTz/yYwZVCMdhwS4VBCs21ARhQfWuEPeRQFjpSHM6BHvx5GVSPzftslm+KxUq17M4suAIHINTYIMLUAG3oApqAINn8ArewYfxYrwZn8bXtDRjzHoOwR8Yox8vB6Hb</latexit>

S = �
Z

d4x@m��1@m�+1.



Light-cone gauge
Comment.

Derivatives in denominators that have appeared above may seem unattractive. These will show 
up in interactions as well. These can be easily avoided if one solves 

<latexit sha1_base64="/UYif2svJYzFKmgejIkXmRatv8I=">AAACJ3icbVDLSgMxFM34rPU16tJNsAiCtMyIVDdKqxuXFewDOtMhk6ZtaOZBkpGWoX/jxl9xI6iILv0TM+0otfVA4Nxz7uXmHjdkVEjD+NQWFpeWV1Yza9n1jc2tbX1ntyaCiGNSxQELeMNFgjDqk6qkkpFGyAnyXEbqbv868ev3hAsa+HdyGBLbQ12fdihGUkmOfmmFiEuKmJMvt/LwGP7WA1huDaaF2HIRh4NRufXDLgxHzxkFYww4T8yU5ECKiqO/WO0ARx7xJWZIiKZphNKOkxWYkVHWigQJEe6jLmkq6iOPCDse3zmCh0ppw07A1fMlHKvTEzHyhBh6rur0kOyJWS8R//Oakeyc2zH1w0gSH08WdSIGZQCT0GCbcoIlGyqCMKfqrxD3EEdYqmizKgRz9uR5UjspmMVC8fY0V7pK48iAfXAAjoAJzkAJ3IAKqAIMHsATeAVv2qP2rL1rH5PWBS2d2QN/oH19AxqSpOY=</latexit>

@�A
� + @xA

x + @x̄A
x̄ = 0

as

<latexit sha1_base64="VwiBeVHeF+37RT5EjoaOj9NcqKA="></latexit>

Ax = @+�̃+1, Ax̄ = @+�̃�1, A� = �@x̄�̃+1 � @x�̃�1.

We will use the first approach, as it is more standard in the higher-spin literature. In the literature 
on self-dual lower-spin theories one usually employs the second set of notations.



Light-cone gauge

Extension to free massless higher-spin fields is straightforward. For example, 
<latexit sha1_base64="JJ6POtXfpi3ZetZ2oZQYxY1ykiw=">AAACI3icbVDLSsNAFJ34rPUVdelmsAiCNCRSqghC0Y3LivYBTVsmk2k7dPJgZiKWkH9x46+4caEUNy78FydtFG09MHA459479x4nZFRI0/zQFhaXlldWc2v59Y3NrW19Z7cugohjUsMBC3jTQYIw6pOapJKRZsgJ8hxGGs7wKvUb94QLGvh3chSStof6Pu1RjKSSuvr5LbyARZv6ErqdEnyAdoi4pIh1PWhXB7QTF0XyI3a+xWORGF29YBrmBHCeWBkpgAzVrj623QBHHvElZkiIlmWGsh2nozEjSd6OBAkRHqI+aSnqI4+Idjy5MYGHSnFhL+DqqWUn6u+OGHlCjDxHVXpIDsSsl4r/ea1I9s7aMfXDSBIfTz/qRQzKAKaBQZdygiUbKYIwp2pXiAeIIyxVrHkVgjV78jypnxhW2SjflAqVyyyOHNgHB+AIWOAUVMA1qIIawOARPINX8KY9aS/aWHufli5oWc8e+APt8wt7HKMH</latexit>

S = �
Z

d4x@m��s@m�+s.



Controlling symmetries
Poincare symmetry (its Lorentz part) of

<latexit sha1_base64="Ua/UgUTQeE8apw1/9dJpwOIqtc4=">AAACInicbVDLSgMxFM34rPU16tJNsAiCtMxIqboQim5cVrQP6LQlk6ZtaCYzJBmxDPMtbvwVNy4UdSX4MWbaUbT1QOBwzr039x43YFQqy/ow5uYXFpeWMyvZ1bX1jU1za7sm/VBgUsU+80XDRZIwyklVUcVIIxAEeS4jdXd4kfj1WyIk9fmNGgWk5aE+pz2KkdJSxzy9hmcw71CuYLddhHfQCZBQFLGOB53KgLajvIx/xPa3eCjjjpmzCtYYcJbYKcmBFJWO+eZ0fRx6hCvMkJRN2wpUK0omY0birBNKEiA8RH3S1JQjj8hWND4xhvta6cKeL/TTu47V3x0R8qQcea6u9JAayGkvEf/zmqHqnbQiyoNQEY4nH/VCBpUPk7xglwqCFRtpgrCgeleIB0ggrHSqWR2CPX3yLKkdFexSoXRVzJXP0zgyYBfsgQNgg2NQBpegAqoAg3vwCJ7Bi/FgPBmvxvukdM5Ie3bAHxifX/wDos8=</latexit>

S = �
Z

d4x@m��s@m�+s

is not at all manifest, though, it is present. By the Noether theorem it entails the existence of the 
conserved currents and charges associated with each symmetry generator

<latexit sha1_base64="88NoEn7M5flTeItU1H6feTX0LHk=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuAqJSHVZdOOuLdgHJKFMJpN26OThzEQopRt/xY0LRdz6Ge78G6dtFtp6YOBwzr3cOSfIOJPKtr+NldW19Y3N0lZ5e2d3b988OGzLNBeEtkjKU9ENsKScJbSlmOK0mwmK44DTTjC8nfqdRyokS5N7NcqoH+N+wiJGsNJSzzyuI+8hxyHyVFqwplv3rZ5ZsS17BrRMnIJUoECjZ355YUrymCaKcCyl69iZ8sdYKEY4nZS9XNIMkyHuU1fTBMdU+uNZgAk600qIolTolyg0U39vjHEs5SgO9GSM1UAuelPxP8/NVXTtj1mS5YomZH4oyjnSYadtoJAJShQfaYKJYPqviAywwETpzsq6BGcx8jJpX1hO1ao2Lyu1m6KOEpzAKZyDA1dQgztoQAsITOAZXuHNeDJejHfjYz66YhQ7R/AHxucPwdeVPg==</latexit>

O ! Q[O].

Moreover, these commute with the Poisson (Dirac) bracket in the same way as the associated Lie 
algebra generators commute with the Lie bracket

<latexit sha1_base64="3TGcj9liVXAvjSX6dwuE9qryaeI=">AAACLHicbVDLSgMxFM3Ud31VXboJFsFFKTNFqhuh1I0LwRbsA6bDkEnTNjTzILkjlqEf5MZfEcSFIm79DjNjBW09EHI451ySe7xIcAWm+WbklpZXVtfWN/KbW9s7u4W9/bYKY0lZi4YilF2PKCZ4wFrAQbBuJBnxPcE63vgy9Tt3TCoeBrcwiZjjk2HAB5wS0JJbuOzV+dBu2jeu5ZTSq+KkiuMmPWD3gBvTiybOMjjNlNLAj3c9zaJlt1A0y2YGvEisGSmiGRpu4bnXD2nsswCoIErZlhmBkxAJnAo2zfdixSJCx2TIbE0D4jPlJNmyU3yslT4ehFKfAHCm/p5IiK/UxPd00icwUvNeKv7n2TEMzp2EB1EMLKDfDw1igSHEaXO4zyWjICaaECq5/iumIyIJBd1vXpdgza+8SNqVslUtV5unxVp9Vsc6OkRH6ARZ6AzV0BVqoBai6AE9oVf0ZjwaL8a78fEdzRmzmQP0B8bnF1/wpeQ=</latexit>h
Q[O1], Q[O2]

i

P
= Q

h
[O1, O2]L

i
.

This is how the symmetry is going to be controlled at non-linear level as well



Light-cone deformation procedure
Light-cone deformation procedure amounts to solving 

perturbatively in interactions. In other words, we start from the free theory charges and add non-
linear corrections

<latexit sha1_base64="pK4dUWm4AY+CwQaFF0k3QOSGIgc=">AAACK3icbVDLSgMxFM34rPU16tJNsAguSpkpUt0IpW5cCLZgHzAdSiZN29DMg+SOWIb+jxt/xYUufODW/zDTVtDWAyGHc84luceLBFdgWe/G0vLK6tp6ZiO7ubW9s2vu7TdUGEvK6jQUoWx5RDHBA1YHDoK1IsmI7wnW9IaXqd+8Y1LxMLiFUcRcn/QD3uOUgJY6ZqVd4X2n5tx0bDefXkU3VdxO0gZ2D7g6vqjhSQanmXwa+PGux9OombMK1gR4kdgzkkMzVDvmc7sb0thnAVBBlHJsKwI3IRI4FWycbceKRYQOSZ85mgbEZ8pNJruO8bFWurgXSn0CwBP190RCfKVGvqeTPoGBmvdS8T/PiaF37iY8iGJgAZ0+1IsFhhCnxeEul4yCGGlCqOT6r5gOiCQUdL1ZXYI9v/IiaRQLdqlQqp3mypVZHRl0iI7QCbLRGSqjK1RFdUTRA3pCr+jNeDRejA/jcxpdMmYzB+gPjK9v3kKlrA==</latexit>h
Q[O1], Q[O2]

i

P
= Q

h
[O1, O2]L

i

<latexit sha1_base64="/1sOzfUJIO2bobNIyY3DqmiA2lE=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARFKEktVQ3QtGNOxuwF0hDmEwn7dDJhZmJUEKfwY2v4saFIm5dufNtnKYRtPWHgY//nMOZ83sxo0IaxpdWWFpeWV0rrpc2Nre2d/TdvbaIEo5JC0cs4l0PCcJoSFqSSka6MSco8BjpeKPrab1zT7igUXgnxzFxAjQIqU8xkspy9RPLvnWpAy+h5VYzPLXcsx+ozaDXj6Rw9bJRMTLBRTBzKINcTVf/VHM4CUgoMUNC2KYRSydFXFLMyKTUSwSJER6hAbEVhiggwkmzkybwSDl96EdcvVDCzP09kaJAiHHgqc4AyaGYr03N/2p2Iv0LJ6VhnEgS4tkiP2FQRnCaD+xTTrBkYwUIc6r+CvEQcYSlSrGkQjDnT16EdrVi1it1q1ZuXOVxFMEBOATHwATnoAFuQBO0AAYP4Am8gFftUXvW3rT3WWtBy2f2wR9pH9+c0Zua</latexit>

Q[Oi] = Q2[Oi] +Q3[Oi] +Q4[Oi] + . . .

Then one solves for non-linear corrections from the requirement of Poincare invariance as stated 
above.

The action can be recovered via the standard formula
<latexit sha1_base64="MzKt0ILBBSXP1tXCyBQtlC8pmJ4="></latexit>

S =

Z
d4x⇧@+��

Z
Q[P�]dx+.



Light-cone deformation procedure

A simple consideration shows that most of the generators do not receive corrections at non-
linear level. Due to that, most of the constraints either trivialise or are easy to solve. In essence, 
we need to solve only 

and its complex conjugate.

<latexit sha1_base64="91SQKoraBZBy/cNXN2fr1coDq4s=">AAACIXicbZBNSwJBGMdnezV7szp2GZKgg8puhHkJpC7iSSFfYHeV2XHUwdkXZ2YlWfwqXfoqXToU4S36Mo26SGl/GPjze56HZ56/EzAqpK5/aRubW9s7u4m95P7B4dFx6uS0LvyQY1LDPvN500GCMOqRmqSSkWbACXIdRhrO4GFWb4wIF9T3HuU4ILaLeh7tUoykQu1UwSxnSvadnoHWcBiiDixZZBjSEayalVbWXuLyEpdb0VN2YrdTaT2nzwXXjRGbNIhVaaemVsfHoUs8iRkSwjT0QNoR4pJiRiZJKxQkQHiAesRU1kMuEXY0v3ACLxXpwK7P1fMknNPfExFyhRi7jup0keyL1doM/lczQ9kt2BH1glASDy8WdUMGpQ9nccEO5QRLNlYGYU7VXyHuI46wVKEmVQjG6snrpn6dM/K5fPUmXbyP40iAc3ABroABbkERlEAF1AAGz+AVvIMP7UV70z616aJ1Q4tnzsAfad8/+/OhoQ==</latexit>

[J,H] = 0, H ⌘ Q[P�], J ⌘ Q[Jx�]



Light-cone deformation procedure

Expanding these in powers of fields we get a series of conditions

and their complex conjugate.

<latexit sha1_base64="CWoSTHLPdg+kXwv8ztyKyug4xBc=">AAACLHicbZDLSgMxGIUz9VbHW9Wlm2ARBEuZaUt1IxS7Ka4q2AvMDEMmTdvQzIUkI5ShD+TGVxHEhUXc+hym7SC19YfAxznnJ8nxIkaFNIypltnY3Nreye7qe/sHh0e545O2CGOOSQuHLORdDwnCaEBakkpGuhEnyPcY6Xij+szvPBEuaBg8ynFEHB8NAtqnGEklubm6de+WCg237FwpKisqObdGwbZ1mDqVX0dlZmJlKWT3QincXN4oGvOB62CmkAfpNN3cm9rDsU8CiRkSwjKNSDoJ4pJiRia6HQsSITxCA2IpDJBPhJPMPzuBF0rpwX7I1QkknKvLGwnyhRj7nkr6SA7FqjcT//OsWPZvnIQGUSxJgBcX9WMGZQhnzcEe5QRLNlaAMKfqrRAPEUdYqn51VYK5+uV1aJeKZrVYfajka3dpHVlwBs7BJTDBNaiBBmiCFsDgGbyCDzDVXrR37VP7WkQzWrpzCv6M9v0Du2Sh4Q==</latexit>

[J2, H3] + [J3, H2] = 0,

[J2, H4] + [J3, H3] + [J4, H2] = 0,

. . .



Cubic vertices
In the higher spin case, the analysis of 

leads to

<latexit sha1_base64="7U9u/4TK+ofkoDtAU2r15gGYloY=">AAACI3icbZDLSsNAFIYn9VbjLerSTbAIgqUkrVQRhKKb0lUFWwtJCJPppB06uTAzEUrou7jxVdy4UIobF76L0zYVbT0w8M3/n8PM+b2YEi4M41PJrayurW/kN9Wt7Z3dPW3/oM2jhCHcQhGNWMeDHFMS4pYgguJOzDAMPIofvMHtxH94xIyTKLwXwxg7AeyFxCcICim52pXVcMvFultxziRVJJWda6No26ple5CljdGPPb/Pm1ytYJSMaenLYGZQAFk1XW1sdyOUBDgUiELOLdOIhZNCJgiieKTaCccxRAPYw5bEEAaYO+l0x5F+IpWu7kdMnlDoU/X3RAoDzoeBJzsDKPp80ZuI/3lWIvxLJyVhnAgcotlDfkJ1EemTwPQuYRgJOpQAESPyrzrqQwaRkLGqMgRzceVlaJdLZrVUvTsv1G6yOPLgCByDU2CCC1ADddAELYDAE3gBb+BdeVZelbHyMWvNKdnMIfhTytc3g4agjg==</latexit>

[J2, H3] + [J3, H2] = 0,

[J̄2, H3] + [J̄3, H2] = 0

<latexit sha1_base64="Shy29vu63yxmluLseJAMXsMPjRo="></latexit>

S3 = C�1;�2;�3

Z
d4x

P̄�1+�2+�3

��1
1 ��2

2 ��3
3

��1��2��3 , �1 + �2 + �3 > 0,

S3 = C�1;�2;�3

Z
d4x

P��1��2��3

���1
1 ���2

2 ���3
3

��1��2��3 , �1 + �2 + �3 < 0,

S3 = C0;0;0

Z
d4x�0�0�0, �1 = �2 = �3 = 0,

<latexit sha1_base64="CW9SikE43Ci6J7hoYuKc6PMRB18="></latexit>

P̄ij ⌘ @̄i�j � @̄j�i = �P̄ji, Pij ⌘ @i�j � @j�i = �Pji,

P̄ ⌘ P̄12 = P̄23 = P̄31, P ⌘ P12 = P23 = P31, �i ⌘ @+
i .

where

[Bengtsson, Bengtsson, Brink ’83; Bengtsson, Bengtsson, Linden ’87]



Cubic vertices

At this order structure constants C for each triplet of helicities are arbitrary.

Note the (chirality) splitting of the vertices into pieces each depending on P or P-bar alone
<latexit sha1_base64="QHnUDtgP3M0+7AlsbM7xWvQE4H4=">AAACFXicbVDLSsNAFJ34rPUVdelmsAiCEhKV6kYounFZ0T4gDWEynbRDJw9mJkIJ+Qk3/oobF4q4Fdz5N07SgNp6YIYz59zL3Hu8mFEhTfNLm5tfWFxarqxUV9fWNzb1re22iBKOSQtHLOJdDwnCaEhakkpGujEnKPAY6Xijq9zv3BMuaBTeyXFMnAANQupTjKSSXP3o1j2BF1Dddi9Acuh5aTNzDou3h3j6I2aO4eo10zALwFlilaQGSjRd/bPXj3ASkFBihoSwLTOWToq4pJiRrNpLBIkRHqEBsRUNUUCEkxZbZXBfKX3oR1ydUMJC/d2RokCIceCpynxIMe3l4n+enUj/3ElpGCeShHjykZ8wKCOYRwT7lBMs2VgRhDlVs0I8RBxhqYKsqhCs6ZVnSfvYsOpG/ea01rgs46iAXbAHDoAFzkADXIMmaAEMHsATeAGv2qP2rL1p75PSOa3s2QF/oH18A9cVnhA=</latexit>

S3 = S3[P] + S3[P̄].

The same is true for charges
<latexit sha1_base64="9IIhrHCuKlVcRz5T79kKs8xTBCc="></latexit>

H3 = H3[P] +H3[P̄],
J3 = J3[P] + J3[P̄].



Cubic coupling constants

The the next order one finds
<latexit sha1_base64="Zeh6kyjZk2H+TDkjL9yf+9aDIug="></latexit>

[J4, H2] + [J3, H3] + [J2, H4] = 0,

[J̄4, H2] + [J̄3, H3] + [J̄2, H4] = 0.

It turns out that the first line entails
<latexit sha1_base64="cMkQjAhIFZkpmryYdNXdVBJVOY8=">AAACGnicbVDLSsNAFJ34rPUVdekmWIQKEhKV6kYouimuKtgHJCFMppN26GQSZiZCCf0ON/6KGxeKuBM3/o2TNgtte+DC4Zx7ufeeIKFESMv60ZaWV1bX1ksb5c2t7Z1dfW+/LeKUI9xCMY15N4ACU8JwSxJJcTfhGEYBxZ1geJv7nUfMBYnZgxwl2Itgn5GQICiV5Ou2c+efV90A8syNoBwEQdYcj09OG4tU79oyy75esUxrAmOe2AWpgAJNX/9yezFKI8wkolAIx7YS6WWQS4IoHpfdVOAEoiHsY0dRBiMsvGzy2tg4VkrPCGOuikljov6dyGAkxCgKVGd+qJj1cnGR56QyvPIywpJUYoami8KUGjI28pyMHuEYSTpSBCJO1K0GGkAOkVRp5iHYsy/Pk/aZadfM2v1FpX5TxFECh+AIVIENLkEdNEATtAACT+AFvIF37Vl71T60z2nrklbMHIB/0L5/ATFgn7c=</latexit>

[J3(P̄), H3(P̄)] = 0.

This allows one to solve for C with non-negative total helicity
<latexit sha1_base64="aqlKiMf2MYmlWLVDClNm4jMe65s="></latexit>

C�1,�2,�3 = g
l�1+�2+�3�1

(�1 + �2 + �3 � 1)!
, �1 + �2 + �3 � 0.

Analogously,
<latexit sha1_base64="8jWqLpPC8VEaEmC8+/T/Q2pVbkA="></latexit>

C�1,�2,�3 = ḡ
l̄�1+�2+�3�1

(�1 + �2 + �3 � 1)!
, �1 + �2 + �3  0.

[Metsaev ’91]



Parity-invariance

For a parity-invariant theory one has to demand 

<latexit sha1_base64="QH4wqLoXqD5RuKlm+E2a47IDelI=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhZREpLoRim5cVrAPaEKZTCbp0MkknZkIJXTjxl9x40IRt/6DO//GaZqFth64cDjnXu69x0sYlcqyvo3S0vLK6lp5vbKxubW9Y+7utWWcCkxaOGax6HpIEkY5aSmqGOkmgqDIY6TjDW+mfueBCEljfq/GCXEjFHIaUIyUlvrmIYNXjodExian0BmNUuTDMFdgWOubVatm5YCLxC5IFRRo9s0vx49xGhGuMENS9mwrUW6GhKKYkUnFSSVJEB6ikPQ05Sgi0s3yLybwWCs+DGKhiyuYq78nMhRJOY483RkhNZDz3lT8z+ulKrh0M8qTVBGOZ4uClEEVw2kk0KeCYMXGmiAsqL4V4gESCCsdXEWHYM+/vEjaZzW7XqvfnVcb10UcZXAAjsAJsMEFaIBb0AQtgMEjeAav4M14Ml6Md+Nj1loyipl98AfG5w+Qy5da</latexit>

l = l̄, g = ḡ.

<latexit sha1_base64="Zeh6kyjZk2H+TDkjL9yf+9aDIug="></latexit>

[J4, H2] + [J3, H3] + [J2, H4] = 0,

[J̄4, H2] + [J̄3, H3] + [J̄2, H4] = 0.

In this case, one can show that the complete consistency conditions

do not admit a local solution for H4 and J4.



Chiral higher-spin theory

However, one can notice that in the chiral case

<latexit sha1_base64="Zeh6kyjZk2H+TDkjL9yf+9aDIug="></latexit>

[J4, H2] + [J3, H3] + [J2, H4] = 0,

[J̄4, H2] + [J̄3, H3] + [J̄2, H4] = 0.

the consistency conditions 

can be easily solved with 

<latexit sha1_base64="3iG/5HXFV3d5+ejPLY2o1rcigFs=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4kJKIVDeFohuXFewDmlAmk2k7dPLozEQooQs3/oobF4q49SPc+TdO2iy09cCFwzn3cu89XsyZVJb1baysrq1vbBa2its7u3v75sFhS0aJILRJIh6Jjocl5SykTcUUp51YUBx4nLa90U3mtx+okCwK79Ukpm6AByHrM4KVlnpmyfGwSPm0Zp0hZzxOsI9QJqFBzeqZZatizYCWiZ2TMuRo9Mwvx49IEtBQEY6l7NpWrNwUC8UIp9Oik0gaYzLCA9rVNMQBlW46e2KKTrTio34kdIUKzdTfEykOpJwEnu4MsBrKRS8T//O6iepfuSkL40TRkMwX9ROOVISyRJDPBCWKTzTBRDB9KyJDLDBROreiDsFefHmZtM4rdrVSvbso16/zOApQgmM4BRsuoQ630IAmEHiEZ3iFN+PJeDHejY9564qRzxzBHxifP28rlq8=</latexit>

l̄ = 0, ḡ = 0

<latexit sha1_base64="DlLLWWOZsVyjwCQ050G2KOGotkc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISGRUt0IRTfFVQX7gDaEyWTSDp1M0pmJUEvxV9y4UMSt/+HOv3HSZqGtBy6cOede5t7jJ4xKZdvfxtLyyuraemGjuLm1vbNr7u03ZZwKTBo4ZrFo+0gSRjlpKKoYaSeCoMhnpOUPbjK/9UCEpDG/V6OEuBHqcRpSjJSWPPOw5pWv7DPYHQ5TFMDb7GV5Zsm27CngInFyUgI56p751Q1inEaEK8yQlB3HTpQ7RkJRzMik2E0lSRAeoB7paMpRRKQ7nm4/gSdaCWAYC11cwan6e2KMIilHka87I6T6ct7LxP+8TqrCS3dMeZIqwvHsozBlUMUwiwIGVBCs2EgThAXVu0LcRwJhpQMr6hCc+ZMXSfPccipW5a5cql7ncRTAETgGp8ABF6AKaqAOGgCDR/AMXsGb8WS8GO/Gx6x1ychnDsAfGJ8/Lk2TIg==</latexit>

H4 = 0, J4 = 0.

Thus, the light-cone deformation procedure can be terminated at the cubic order.



Chiral higher-spin theory

As a result, one finds the chiral higher-spin theory

<latexit sha1_base64="PkGOaCAt3nURK4AqBeZ4jUgXc6M="></latexit>

SCHS =
1

2

X

�2Z

Z
d4x��⇤��� + g

X

�i2Z

l�1+�2+�3�1

(�1 + �2 + �3 � 1)!

Z
d4x

P̄�1+�2+�3

��1
1 ��2

2 ��3
3

��1��2��3 .

[DP, Skvortsov ’16]



Versions of chiral higher-spin theories
2-derivative colorless

<latexit sha1_base64="JnzV+nq135/5YnLSFzntifohTWU="></latexit>

SPCHS =
1

2

X

�2Z

Z
d4x��⇤��� + g

X

�i2Z
��1+�2+�3
2

Z
d4x

P̄2

��1
1 ��2

2 ��3
3

��1��2��3 .

1-derivative with color
<latexit sha1_base64="b1rJiPxAS9NgXJbWMoWmNos4rnU="></latexit>

SCCHS =
1

2

X

�2Z

Z
d4x�a|�⇤�a|�� + gfabc

X

�i2Z
��1+�2+�3
1

Z
d4x

P̄
��1
1 ��2

2 ��3
3

�a|�1�b|�2�c|�3 .

Matrix-valued color theory
<latexit sha1_base64="FySt00tOgxDnTH7ynwdxIraFxSM="></latexit>

SMCHS =
1

2

X

�2Z

Z
d4x Tr

⇥
��⇤���

⇤
+ g

X

�i2Z

l�1+�2+�3�1

(�1 + �2 + �3 � 1)!

Z
d4x

P̄�1+�2+�3

��1
1 ��2

2 ��3
3

Tr
⇥
��1��2��3

⇤
.



Some recent developments

Chiral higher-spin theories were covariantised, unfolded, deformed to AdS

1-loop corrections in flat space were found to vanish

Holographic dual in flat space was proposed

Extension to 6d suggested

Twistor reformulations were suggested

[Krasnov, Skvortsov ’21; Sharapov, Skvortsov, Sukhanov, Van Dongen ’22; Didenko ’22]

[Skvortsov, Tran, Tsulaia ‘18]

[DP ’22]

[Basile ’24]

[Krasnov, Skvortsov, Tran, Adamo, Herfray. … ’21-’22]

Some classical solutions were found
[Tran ’25]



Color-kinematics duality



Original color-kinematics duality

4-pt amplitudes in YM theory can be presented in the form
<latexit sha1_base64="TljKhmxhBWymH3K+mG4Bj5k6/pQ=">AAACJHicbZDLSgMxFIYzXmu9jbp0M1gEQSgzUlQQoerGjVDBeqGtQybN2GAmMyQnQgnzMG58FTcuvODCjc9iehGvPwR+vnMOJ+ePMs4U+P6bMzI6Nj4xWZgqTs/Mzs27C4unKtWS0DpJeSrPI6woZ4LWgQGn55mkOIk4PYuuD3r1sxsqFUvFCXQz2krwlWAxIxgsCt2dvbByaS6O8t1mLDExIlQkVLlR+fonABJCbuALaBLq3Og8dEt+2e/L+2uCoSmhoWqh+9xsp0QnVADhWKlG4GfQMlgCI5zmxaZWNMPkGl/RhrUCJ1S1TP/I3Fu1pO3FqbRPgNen3ycMTpTqJpHtTDB01O9aD/5Xa2iIt1uGiUwDFWSwKNbcg9TrJea1maQEeNcaTCSzf/VIB9sowOZatCEEv0/+a043ysFmefO4UqruD+MooGW0gtZQgLZQFR2iGqojgm7RPXpET86d8+C8OK+D1hFnOLOEfsh5/wDhk6bg</latexit>

AYM
4 =

nscs
s

+
ntct
t

+
nucu
u

<latexit sha1_base64="V4TPZtvz6utOE80irxPnwifbI/8="></latexit>

cs ⌘ fa1a2
ef

a3a4e, ct ⌘ . . . , cu ⌘ . . . .

Color Jacobi identity
<latexit sha1_base64="qEYJD4PC423EZh7PhWwew9vpjXE=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4CokItWNUHTjsoJ9QBvCZDpph04mYeZGKKEbf8WNC0Xc+hnu/BunbRbaeuByD+fcy8w9YSq4Btf9tkorq2vrG+XNytb2zu6evX/Q0kmmKGvSRCSqExLNBJesCRwE66SKkTgUrB2Obqd++5EpzRP5AOOU+TEZSB5xSsBIgX1EA417aYxpAEXP8LXrBHbVddwZ8DLxClJFBRqB/dXrJzSLmQQqiNZdz03Bz4kCTgWbVHqZZimhIzJgXUMliZn289kBE3xqlD6OEmVKAp6pvzdyEms9jkMzGRMY6kVvKv7ndTOIrvycyzQDJun8oSgTGBI8TQP3uWIUxNgQQhU3f8V0SBShYDKrmBC8xZOXSevc8WpO7f6iWr8p4iijY3SCzpCHLlEd3aEGaiKKJugZvaI368l6sd6tj/loySp2DtEfWJ8/RMSU6w==</latexit>

cs ± ct ± cu = 0.

This requires to split quartic vertices!



Original color-kinematics duality

BCJ relations state that there is a kinematic counterpart of the Jacobi identity
<latexit sha1_base64="0NvyjMxX7sbT6adf8MOttfRfQLM=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4CokItWNUHTjsoJ9QBvCZDpph04mYeZGKKEbf8WNC0Xc+hnu/BunbRbaeuByD+fcy8w9YSq4Btf9tkorq2vrG+XNytb2zu6evX/Q0kmmKGvSRCSqExLNBJesCRwE66SKkTgUrB2Obqd++5EpzRP5AOOU+TEZSB5xSsBIgX0kA417aYxlAEXP8LXrBHbVddwZ8DLxClJFBRqB/dXrJzSLmQQqiNZdz03Bz4kCTgWbVHqZZimhIzJgXUMliZn289kBE3xqlD6OEmVKAp6pvzdyEms9jkMzGRMY6kVvKv7ndTOIrvycyzQDJun8oSgTGBI8TQP3uWIUxNgQQhU3f8V0SBShYDKrmBC8xZOXSevc8WpO7f6iWr8p4iijY3SCzpCHLlEd3aEGaiKKJugZvaI368l6sd6tj/loySp2DtEfWJ8/eJaVDA==</latexit>

ns ± nt ± nu = 0.

Double copy states that 4-pt gravity amplitude can be found as
<latexit sha1_base64="wh2Ui3Hjnd62xyhYHVqOBXZvWec=">AAACKHicbZDLSgMxFIYz3q23qks3wSIIQpkRUTfibaFLFXuBtg6ZNNMGM5khORFKmMdx46u4EVHErU9iWitefzjw851zSM4fZYJr8P1Xb2R0bHxicmq6MDM7N79QXFyq6tQoyio0FamqR0QzwSWrAAfB6pliJIkEq0XXx/1+7YYpzVN5Cb2MtRLSkTzmlIBDYXH/MNy6sicX+V4zVoRaGWrsKrc63/gk4AjkFr6IccTk1uTlsFjyy/5A+K8JhqaEhjoLi4/NdkpNwiRQQbRuBH4GLUsUcCpYXmgazTJCr0mHNZyVJGG6ZQeH5njNkTaOU+VKAh7Q7xuWJFr3kshNJgS6+nevD//rNQzEuy3LZWaASfrxUGwEhhT3U8NtrhgF0XOGUMXdXzHtEhcGuGwLLoTg98l/TXWzHGyXt8+3SgdHwzim0ApaResoQDvoAJ2iM1RBFN2ie/SEnr0778F78V4/Rke84c4y+iHv7R24Q6eq</latexit>

AGR
4 =

nsns

s
+

ntnt

t
+

nunu

u
.

Schematically, 
<latexit sha1_base64="3p3GMcAely7ppFOewv1UoxDWXsQ=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqheh6EEvQhX7RbuWbJq2oUl2SbJCWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvCDiTBvX/XaWlldW19YzG9nNre2d3dzefk2HsSK0SkIeqkaANeVM0qphhtNGpCgWAaf1YHg18etPVGkWygcziqgvcF+yHiPYWKl5fY8uUPP2sdjJ5d2COwVaJF5K8pCi0sl9tbshiQWVhnCsdctzI+MnWBlGOB1n27GmESZD3KctSyUWVPvJ9OAxOrZKF/VCZUsaNFV/TyRYaD0Sge0U2Az0vDcR//Nasemd+wmTUWyoJLNFvZgjE6LJ96jLFCWGjyzBRDF7KyIDrDAxNqOsDcGbf3mR1IoFr1Qo3Z3my5dpHBk4hCM4AQ/OoAw3UIEqEBDwDK/w5ijnxXl3PmatS046cwB/4Hz+AN+Zjys=</latexit>

GR = YM2

[Bern, Carrasco, Johansson ’08,’10]

Extends to n points, integrands of loop amplitudes, other theories.

One does not have to deal with an infinite series of vertices in GR!



Self-dual color-kinematics duality

Self-dual Yang-Mills theory in the light-cone gauge can be written as

For self-dual gravity one has

<latexit sha1_base64="bLAKvwzjQZA230ECR/h+nItuQvY="></latexit>

SSDYM =

Z
d4x(�a|�1⇤�a|+1 + gfabc P̄�1

�2�3
�a|�1�b|+1�c|+1).

<latexit sha1_base64="ymb/4ERY1w2t8wMo4/Sba+IXzDY=">AAACDHicbVDLSgMxFM3UV62vqks3wSIIxWGmSHUjFN24rGAf0E5LJpNpQzOZIclIy9APcOOvuHGhiFs/wJ1/Y2bahbYeSDg591xu7nEjRqWyrG8jt7K6tr6R3yxsbe/s7hX3D5oyjAUmDRyyULRdJAmjnDQUVYy0I0FQ4DLSckc3ab31QISkIb9Xk4g4ARpw6lOMlJb6xZInexV4BSvQG/fK6XUGy9kLel0XiWQ8NbXLMq0McJnYc1ICc9T7xa+uF+I4IFxhhqTs2FaknAQJRTEj00I3liRCeIQGpKMpRwGRTpItM4UnWvGgHwp9uIKZ+rsjQYGUk8DVzgCpoVyspeJ/tU6s/EsnoTyKFeF4NsiPGVQhTJOBHhUEKzbRBGFB9V8hHiKBsNL5FXQI9uLKy6RZMe2qWb07L9Wu53HkwRE4BqfABhegBm5BHTQABo/gGbyCN+PJeDHejY+ZNWfMew7BHxifPw5PmII=</latexit>

ds2 = 2dx+dx� + 2dxdx̄.

<latexit sha1_base64="aHQwy865CEAgZgWw7UKQX24XNO0="></latexit>

P̄ ⌘ @̄1�2 � @̄2�1, �i = @+
i

<latexit sha1_base64="IOUK76hStonmr6Ornj1MntfioB4="></latexit>

SSDGR =

Z
d4x(��2⇤�+2 + 

P̄2�2
1

�2
2�

2
3

��2�+2�+2).

Action is already cubic, no splitting of higher vertices is needed!



Self-dual color-kinematics duality

We can identify

Then cubic vertices have the following schematic form

<latexit sha1_base64="GgysliX+gJQvKlJkR+vcm7YAtj8="></latexit>

p
c ⌘ fabc,

p
n ⌘ P̄�1

�2�3
.

<latexit sha1_base64="Q1EfLWy3KZChpZHTI2Xx+vacUfo=">AAACLXicbVBLSwMxGMzWV62vqkcvwSJ4kGVXpXoRihb0ItRHH9KuJZumbWg2u02yQln2D3nxr4jgoSJe/RumD6S2DoQMM/ORfOMGjEplWX0jMTe/sLiUXE6trK6tb6Q3t0rSDwUmRewzX1RcJAmjnBQVVYxUAkGQ5zJSdjsXA7/8RISkPr9XvYA4Hmpx2qQYKS3V0/nSY3SXf7iO60fwDNZkV6gIx6Obxwew1u2GqAGHqcvbyRT/TZn1dMYyrSHgLLHHJAPGKNTTb7WGj0OPcIUZkrJqW4FyIiQUxYzEqVooSYBwB7VIVVOOPCKdaLhtDPe00oBNX+jDFRyqkxMR8qTsea5Oeki15bQ3EP/zqqFqnjoR5UGoCMejh5ohg8qHg+pggwqCFetpgrCg+q8Qt5FAWOmCU7oEe3rlWVI6NO2smb05zuTOx3UkwQ7YBfvABicgB65AARQBBs/gFfTBh/FivBufxtcomjDGM9vgD4zvH7AVqHg=</latexit>

V SDYM
3 =

p
c
p
n, V SDGR

3 =
p
n
p
n.

Double copy becomes manifest at the level of action (cubic vertices)

BCJ relations follow from the fact that     satisfy the Jacobi identity. These are the structure 
constants of the algebra of area-preserving diffeomorphisms (2d symplectic transformations)

<latexit sha1_base64="lHBSx3edLjUuw8eppcDhMgB4LFE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VbC20oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6HVDDpVC8iQIlbyea0yiQ/DEY3c78xyeujYjVA04S7kd0oEQoGEUrtbtmrDFT01654lbdOcgq8XJSgRyNXvmr249ZGnGFTFJjOp6boJ9RjYJJPi11U8MTykZ0wDuWKhpx42fze6fkzCp9EsbalkIyV39PZDQyZhIFtjOiODTL3kz8z+ukGF77mVBJilyxxaIwlQRjMnue9IXmDOXEEsq0sLcSNqSaMrQRlWwI3vLLq6R1UfVq1dr9ZaV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/O2Hlx3p2PRWvByWeO4Q+czx+izpBh</latexit>p
n

[Monteiro, O’Connell ’11]



More natural double copy
There is another, more natural version of lower-spin double copy. Schematically, it works as

Upon squaring we get

<latexit sha1_base64="nrWhgiVNVYvA/1RqfO1jlaNd/YE=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLIBSGmSLVjVB0oSBCLfYh7VgyaaYNzWSGJCOUoRt/xY0LRdz6Ge78G9N2Ftp6IHA4515uzvEiRqWy7W8js7C4tLySXc2trW9sbpnbO3UZxgKTGg5ZKJoekoRRTmqKKkaakSAo8BhpeIOLsd94JELSkN+pYUTcAPU49SlGSksdc+/+5qEIz+BltXBdhQXYpQypkFsdM29b9gRwnjgpyYMUlY751e6GOA4IV5ghKVuOHSk3QUJRzMgo144liRAeoB5pacpRQKSbTAKM4KFWutAPhX5cwYn6eyNBgZTDwNOTAVJ9OeuNxf+8Vqz8UzehPIoV4Xh6yI8ZVCEct6HjCoIVG2qCsKD6rxD3kUBY6c5yugRnNvI8qRctp2SVbo/z5fO0jizYBwfgCDjgBJTBFaiAGsBgBJ7BK3gznowX4934mI5mjHRnF/yB8fkDG52UNA==</latexit>

YM2 = GR+KR+ dilaton.

For self-dual theories, we start by writing the SDYM theory as
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More natural double copy

Here 

What is natural: at the little group level double copy boils down to the tensor square of representations

<latexit sha1_base64="JL9nGEdw60wX9x5SJ89heR8VEr4="></latexit>

GR : ��1,�1 � �1,1,

dilaton : ��1,+1 + �1,�1,

Kalb-Ramond : i��1,+1 � i�1,�1.

Helicity is the sum of two field labels.

Gravity forms a closed subsector of GR+dilaton+KR, thus, we can get back to the original double 
copy by dropping dilaton and the Kalb-Ramond field.



Alternative BCJ pattern 

and


 chiral higher-spin theories



Alternative BCJ pattern

It turns out that for all chiral (cubic vertices only, depend on P-bar, but not on P) theories the 
following BCJ’ pattern holds
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V3 =
p
nf,

where f are structure constants of some Lie algebra, the rest is the kinematic factor of the YM 
vertex.

[DP ’17]



Alternative BCJ pattern

This structure follows solely from Lorentz invariance (no underlying string constructions need to 
be involved, as in standard proves of CK duality)

Can be phrased as: every chiral theory is a self-dual Yang-Mills theory. Parallels Cartan’s 
approach to GR and frame-like approach to massless higher spins.

This structure entails a list of properties, in particular, theories that have it are integrable
[DP ’17; Monteiro ’22]



Equivalence of BCJ patterns
Let us look again at lower-spin self-dual theories

The original BCJ relation tells us that the YM vertex with the color part removed

satisfies the Jacobi identity.

The alternative BCJ relation tells us that the GR vertex divided by the kinematic factor of the YM 
vertex

satisfies the Jacobi identity.
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These two statements are equivalent once double copy is taken into account.



Alternative BCJ pattern

BCJ’ also holds for chiral higher-spin theories

The associated f corresponds to an algebra defined by a 2d Moyal bracket.
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V CHS

3 =
p
nfCHS .



What about chiral higher-spin double copy?

Thus, BCJ arguably applies to chiral higher-spin theories.

What about the double copy, the second ingredient of the color-kinematics duality? 

In other words, is there a chiral higher-spin theory with cubic vertices of the form
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nfCHS

p
nfCHS or

p
nfCHSfCHS

or some other form? The lower-spin double copy does not seem to suggest any precise pattern 
for the vertex to expect.



Chiral higher-spin double copy



Our setup

1) We consider a theory with a spectrum

2) A theory is chiral, so it has only cubic vertices of one chirality. These are required to factorise

3) We use the light-cone deformation procedure to impose Lorentz invariance and fix the 
coupling constants.
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Imposing Lorentz invariance
In practice, we only need to impose Lorentz invariance at order g^2, where cubic vertices enter 
quadratically.

In other words, we solve
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[J3(P̄), H3(P̄)] = 0.

where a is an arbitrary parameter.
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Redundancy

An arbitrary parameter a is inessential. Indeed, 
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��,µ ! ���x,µ+x

preserves helicity and can be regarded as a change of a variable that labels spectrum 
degeneration. We can fix it in any convenient way.



Chiral higher-spin double copy

Eventually, we find the double copy of the chiral higher-spin theory with the following cubic 
vertex
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Non-triviality

One may wonder whether this result is trivial in one way or another.

For example, can it be reduced to the direct sum of chiral higher-spin theories upon field 
redefinitions? 


Answer: No



BCJ’ Lie algebra

The Lie algebra associated with the BCJ’ relations is as follows. 

First, we define a generating function for «gauge» parameters
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Then, the Lie bracket is
<latexit sha1_base64="0z6U8bxSyfICOG6CGHJrG/cqMrA="></latexit>
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Ẽ1(x, z, w)Ẽ2(x, z, w).



BCJ’ Lie algebra

For comparison, for the single copy we have
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Ẽ2(x, z)Ẽ3(x, z).

In both cases the space-time part is just the Moyal bracket. It is also decorated with commuting 
variables z and w that count helicities.



Chiral higher-spin double copy: schematic structure

1) Double copy works in the following form
<latexit sha1_base64="mbJtlMNIyp1z3bks93Iutl6DuS0=">AAACOXicbVBLSwMxGMzWV62vVY9egkXwVHarVC9CsZceK9oHdNuSTbNtaDa7TbJCWfZvefFfeBO8eFDEq3/AtF1BWwdChpn5SL5xQ0alsqxnI7Oyura+kd3MbW3v7O6Z+wcNGUQCkzoOWCBaLpKEUU7qiipGWqEgyHcZabqjytRv3hMhacDv1CQkHR8NOPUoRkpLPbPW6J1140r1NoFXjhwLFfMEeqnijCPUh44KUvaT7RaTpXB6FXpm3ipYM8BlYqckD1LUeuaT0w9w5BOuMENStm0rVJ0YCUUxI0nOiSQJER6hAWlrypFPZCeebZ7AE630oRcIfbiCM/X3RIx8KSe+q5M+UkO56E3F/7x2pLzLTkx5GCnC8fwhL2JQdzGtEfapIFixiSYIC6r/CvEQCYSVLjunS7AXV14mjWLBLhVKN+f58nVaRxYcgWNwCmxwAcqgCmqgDjB4AC/gDbwbj8ar8WF8zqMZI505BH9gfH0Dx7KsWQ==</latexit>

V CHS

3 =
p
nfCHS ! V CHS

2

3 =
p
nfCHSfCHS .

2) BCJ’ does hold, that is 
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satisfies the Jacobi identity.



Chiral higher-spin theory

times


self-dual Yang-Mills theory



CHS x SDYM
One can consider products of power of different theories in a similar way. For example, for 
CHSxSDYM case one finds
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After a field redefinition
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the cubic vertex acquires the form
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EOM’s for Psi+ are the same as in chiral higher-spin theory. At the same time, Psi- can be 
regarded as fields, propagating on a background formed by Psi+. This structure is reminiscent of 
SDYM in Chalmers-Siegel form.



Generalisations



Multiple copies and products of different factors

Analogously, one can construct many other theories. For example, 
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Does the double copy work as planned?

The original double copy naturally applies to single copy theories with internal symmetries. Let 
us, thus, consider chiral higher-spin theory with color
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By removing the color factor and squaring the rest, we get
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which is identically one of the theories that we constructed previously. Thus, in the given case, 
the double copy works literally as one can expect from the lower-spin case.


Note also that the resulting double copy theory features a closed sector involving fields with 
mu=0 only. It gives a 2-derivative chiral higher-spin theory without internal symmetries.


This sector is analogous to the gravitational sector in GR+KR+dilaton.



Other cases

For other multiple copies and products the original double copy does not quite suggest any 
pattern. We find that the resulting vertex is a bit more complex than just the product of vertices 
of the two single-copy theories.



Conclusions



Results

1) We constructed a number of Lorentz-invariant chiral higher-spin theories, motivated by the 
lower-spin double copy procedure. 


2) In the case for which the original double copy procedure suggest a natural double copy 
theory, it proves to work exactly as expected.


3) We have many more examples, for which vertices do not factorise into vertices of single-
copy theories identically, though, modifications are minor.


4) Thus, one can argue that the double copy does work for higher-spins. Our results 
substantially extend the existing duality web.


5) In particular, we constructed the chiral higher-spin double copy of the following schematic 
form
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spectrum : ��,µ µ,� 2 Z,
vertex: V3 =

p
nfCHSfCHS .



Outlook
1) Double copy CHS has fields of each helicity appearing infinitely many times. This makes this 
theory somewhat reminiscent of string theory in the tensionless limit. Theories with such an 
extended spectra are also more suitable for higher-spin symmetry breaking.

2) We used very special requirements on the spectrum and on the vertices. It would be nice to 
solve for theories in which field of each helicity appear more than once systematically. In fact, 
some other theories of this type are known

[Vasilev ’12; Vasiliev ’18; Skvortsov, Tran, Tsulaia ’20; Didenko, Korybut ’23]

[Devchand, Ogievetsky ’96]

It may turn out that a complete landscape of higher-spin theories is far richer than currently 
known.



Thank you!


