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Introduction

Gravity as a double copy of Yang-Mills?

Hints (in momentum space):

@ construction of gravity amplitudes in terms of gluon amplitudes

Bianchi, Elvang, Freedman, Bern, Carrasco, Johansson,

Chiodarolli, Gunaydin, Roiban,

@ tensoring of on-shell SYM/YM multiplets can accommodate for dof
of on-shell supergravity multiplets

Anastasiou, Borsten, Duff, Hughes, Nagy,
Here: space-time, on-shell double copy dictionary for linearized gravity

Related work: Monteiro, 0’Connell, White, Luna, Goldberger,
Ridgway, Nicholson, Ochirov, Westerberg,
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Introduction

Double copy construction for D = 4, N = 2 ungauged supergravity
theories:

@ linearized level
@ on-shell (equations of motions), source free

o
(N = 2)sugra + nv (N = 2) vector

in terms of two YM copies:
(N =2)sym * [(N=0)ym+ (ny — 1)real scalars]
@ double copy dictionary
pGg=p*P
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Introduction

@ Yang-Mills fields in adjoint of global non-Abelian group —-

spectator field ¢, in bi-adjoint of global non-Abelian group G x G
PG = 9" * Paa * P*

@ choice of G x G => to ensure that on-shell independent dof of
supergravity are captured by field theory dofs:

sugra complex scalar fields  zA = (z',z3), a=2,...,ny
SYM: complex scalar o, YM: real scalars 52
Za =g *gf)a& *5'&a

@ in the following, omit spectator field for notational simplicity
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Convolution

@ * denotes a convolution: in Cartesian coordinates,
[f* g](x / d*y f(y) g(x — y)
Ou(fxg) = (0uf) xg =Fx(0,9)

@ Double copy (DC) dictionary:  dictionary for fluctuations around
a fixed background.

Gravity: G = Ny + M X' — (Xl + X!
Field theory: um
o Fluctuations:  Sugra (., vl, W), Q" X') I=0,...,ny
9, X = 9,22(DpX"y , ZA=XA/X | A=1,...n
YM: (AL A,o | AR, a=2,---,ny
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Double copy dictionary

Derive DC dictionary at linearized level: pe=P*xP
Strategy:
o use field strengths to keep symmetries manifest: v/, = 28[M¢1"/]
@ general DC ansatz for linear combinations of sugra fermions:
Ul + 26 4,0,y Q" = TN x Fuy + 264 7, 0\ * 52
where b;,c; € C

@ use convolution property and EOM’s to obtain
@b[w = 5’7>\j * IN-_N_V
2b; 9,Q" = ey N x Fl 4+ 205 9,0 % 52

@ Verify consistency with EOM's for 4/, Q" A, 52
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Double copy dictionary

Apply (linearized) supersymmetry transformations to the DC relations.

Use Lorentz gauge 8#2\“ = 0, for simplicity. Omit spectator field ¢.s.

_ 1 L o g
Ry = —E[FW*FaﬁqLFaﬂ*FW

A A\
+2 (”[a[uFV]/\*F B+ MuaFain x F u]) }
U = ENxF,
I— ! =, F- I = |
Fl, = _2<X)U*FW+/U*FW+raFW*aa
/l
9,0 = E&?,-k'yp)\k*F +rha N«
_ 7l
OuX' = P x A+ Fp0,5 %5

@ RHS depends on (X'), (NyXIY =0, (NyX"yrl =0
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Double copy dictionary

@ DC dictionary has freedom ¢ag, I', rl,.

Additional input to fix these.
@ Forinstance: I', r!, oc (DaX')
DaX'=0aX'+ 5 (0aK) X! | Oa=32 . 2A=%5

@ DC relation for Riemann tensor satisfies first and second Bianchi
identities.

= peel off two derivatives to obtain DC relation for h,,.

In Lorentz gauge @ - A = 0:
P = 2A( x Ay — 0 Ay x AP

(up to linearized diffeomorphisms 29,,,£,,))

Gabriel Lopes Cardoso (CAMGSD, IST) Double copy Corfu, September 24, 2017 8/9



Work in progress:

@ DC dictionary in general gauge, with sources?
Dictionary invariant under A — A+ do, A — A+ dé
= should hold in general (work in progress)

@ Going beyond the linearized approximation?

Luna, Monteiro, Nicholson, Ochirov, O’Connell,
Westerberg, White

Thanks!

Gabriel Lopes Cardoso (CAMGSD, IST) Double copy Corfu, September 24, 2017



