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COLOUR—KINEMATIC DUALITY AND BV®-ALGEBRAS EXAMPLES

A colour—kinematic dual theory is such that e Chern-Simons theory: off-shell CK du-

e Loop integrands: sum over cubic Feynman graphs ~ ality (M. Ben-Shahar and H. Johansson,

2021)
C
Z 7y with ¢, colour factor and n. kinematic factor
y | Aut(y)|d, e Colour stripped differential graded com-
mutative algebra: de Rham complex
e Kinematic Jacobi identity ¢, +cg+¢cy =0 = ngy+ng+n, =0 (2*(M?), d, A)
e BV™-algebra: M = Cys, h = —d
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What kind of theory gives rise to these amplitudes? Consider a cubic Batalin—Vilkovisky action e Kinematic Lie algebra, is isomorphic to the

e Graded vector space £ as field space, pu; : £ — £ encodes quadratic part, us : £ x £ — £ .Schouten—N.ijenhuis alg.eb.ra .MS- Rest.rict—
encodes interactions. (£, i1, 2) is a differential graded Lie algebra ing to physical fields, it is isomorphic to
spacetime diffeomorphism algebra
" " + 11 id ith t "
| on-shell = | with propagator —
Mg nel : N e Analogous discussion for holomorphic CS
theory: kinematic Lie algebra is holomor-
e Colour stripping: (£, u1, o) factorises into the tensor product of a colour Lie algebra and a phic Schouten Nijenhuis algebra
differential graded commutative algebra (8,d, — - —)
dh+hd — m e On appropriate twistor spaces, CS and
holomorphic CS organize and identity
ki tic Lie algeb f lf-dual and
e Colour—kinematic duality: (°B,d, — - —) can be upgraded to a BV--algebra f&ﬁe$;n;CM;flsatﬁgo§;S ob Sl Al
e The kinematic Lie algebra is (B[1], [—, —]) with [z,y] = (=1)*l(h(z-y)—(hz)-y—(—1)*z-(hy))

A SYMMETRY OF THE ACTION DOUBLE COPY AS SYNGAMY

Consider a theory with tree-level CK duality e A cubic theory that manifest CK duality and its BRST operator

e With an appropriate choice of gauge and 1 B . 2 _ I
" . . = 1 50007  Lf 5 f 5 @RI PTT
field redefinitions, it possible to extend S 260 8ap T 3110y Tapsy

tree-level CK duality to all BRST fields QBrsT®"Y = qg5g‘<1>58 + 52‘(_1%@56 + =fg,° qgﬁq)ﬁﬁq)ﬂ + %q%
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e Manifesting off-shell CK duality may in-
volve non-local field redefinitions, that

generate unitarity-restoring counterterms g — % o 25, PP + %f be fore

e A second CK dual theory

q)aé (DbB (DC(_:

e Counterterms may violate CK duality QprsT®* = ---

From our perspective, CK duality is a symmetry

. . e Syngamy: double copy both action and BRST operator
of the BRST action, generically anomalous at

the loop level e Four possible combinations, e.g.

S = %gaﬁ gab(I)Oéa q)ﬁb + %fozﬁv fabcq)aaq)ﬁbq)vc

OUTLOOK
QersT®™ = q30p@"" + 1q%, fo @77 + 5P D70 + 25, qf D7D 4 - -
e Formulation of kinematic Lie algebra, CK e Does the syngamy theories satisfy Qarqr = 0 and QprsTS = 07 If Q3rr¢ and QprsTS are

duality and double copy in terms of homo- proportional to generic algebraic relations satisfied by metric and structure constant of a CK
topy algebras dual theory, yes.

o . . From two “parents” Yang—Mills theories, we obtain the following syngamy theories:
e Lagrangian incarnation of CK duality and

double copy e copies of the parent theories

e a theory of biadjoint scalars
e Kinematic Lie algebras for CS and YM
theories e a theory with the same field content as N = 0 supergravity, and perturbatively quantum

equivalent to this theory
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