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BCJ Amplitude Double Copy

® Write Yang-Mills as Ayp ~ > ; 0% such that

Colour-Kinematic (CK) duality is satisfied Y n=0&%.¢=0
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BCJ Amplitude Double Copy

® Write Yang-Mills as Ayy ~ 3; % such that
Colour-Kinematic (CK) duality is satlsfled Y.ni=0&e>.¢=0

® Replace "colour factor” ¢; by a second copy of "kinematic factor”
Leave propagator d; unchanged

The Double Copies

n;
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BCJ Amplitude Double Copy

® Write Yang-Mills as Ay ~ > ; 0% such that
Colour-Kinematic (CK) duality is satisfied >, nj =0« >, ¢ =0

® Replace "colour factor” ¢; by a second copy of "kinematic factor” n;
Leave propagator d; unchanged

® Obtain gravitational amplitudes Mg, ~ > ; " around flat space g, = M + hyw
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Position Space Classical Double Copy

e Some specific solutions to Einstein's equations can also be obtained as double copies
of Yang-Mills
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Position Space Classical Double Copy

® Some specific solutions to Einstein's equations can also be obtained as double copies
of Yang-Mills

® Start with Kerr-Schild metric g,,, = 1 + hu, with hy,, = ¢k, k, + conditions on k,,
Define A, = ¢k,
Then Gy = T, < dTF =J

ALAL
= h, = —“(b
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Position Space Classical Double Copy

e Some specific solutions to Einstein's equations can also be obtained as double copies
of Yang-Mills

® Start with Kerr-Schild metric g, = 1, + hy, with h,, = ¢k, k, + conditions on k,
Define A, = ¢k,
Then G,y = T, & dTF =J
— huv = Aéfy

® Can we generalise this to more curved solutions?
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Position Space Classical Double Copy

e Some specific solutions to Einstein's equations can also be obtained as double copies
of Yang-Mills

® Start with Kerr-Schild metric g, = 1, + hyy, with h,, = ¢k, k, + conditions on k;,
Define A, = ¢k,
Then G, = T, & dTF =J

ALA,
= hu = qu

® Can we generalise this to more curved solutions?
Generalise background?
Generalise perturbations?
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Twistor Classical Double Copy

® The solutions to some equations are very simple in twistor space

® Take a spin s solution Wy, 4,.(x) and write it as a " Penrose transform”:

Voo (X) = 75 (AA) Aay - A,

Y

® f is a twistor representative, whose homogeneity determines the specific solution

The Double Copies
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Twistor Classical Double Copy

The solutions to some equations are very simple in twistor space
® Take a spin s solution W, 4,.(x) and write it as a " Penrose transform":

Vo, (X) = 7{ (AAA) Aay - - Ay, s
v

® f is a twistor representative, whose homogeneity determines the specific solution

The Double Copy is a simple consequence of that homoegeneity:

11/36

The Double Copies




Relation between the Double Copies

MOMENTUM SPACE

Scattering
amplitude

Half
transform

TWISTOR SPACE

Representative of
cohomology class

Penrose
transform

_—

POSITION SPACE

Classical
solution

R

Figure: Figure taken from Luna, Moynihan, White summarising the scheme for obtaining position-space
classical solutions from momentum-space scattering amplitudes.

The Double Copies

Inverse Fourier transform
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Position Space Classical Double Copy

® Some specific solutions to Einstein's equations can also be obtained as double copies
of Yang-Mills

® Start with Kerr-Schild metric g,,, = 1y + huw, with hy,, = ¢k, k, + conditions on k,,
Define A, = ¢k,
Then Gy =T, & diF=J
= h, = ApAy

® Can we generalise this to more curved solutions?
Generalise background?
Generalise perturbations?

® Yes, do both thanks to twistors and going to 3d!
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Overview

2. Generalising to Curved Spaces
2.1 Topologically Massive Theories in 3d
2.2 Generalising the background: Minitwistors of AdS3
2.3 Generalising the perturbation: Minitwistors and the Petrov Classification
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Topologically Massive Theories in 3d

No local dof in 3d Einstein — too trivial for a local double copy

Adding (topological) Chern-Simons term surprisingly adds local dofs to the theory

Parity-violating and massive

Teach lessons about the double copy with mass?
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Topologically Massive Theories in 3d

® Topologically Massive Yang Mills (TMYM)
1 [ 4 1 i iny . 2
STMYM = ? d X\/jgtr *EF!L F/“’ + 2gA'LLJM — 75“ P F/“/ — §A/J'AV Ap

Bianchi: Dy,F,,) =0 EOM: D, FH — iELe"PVF,, = gJ+
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Topologically Massive Theories in 3d

® Topologically Massive Yang Mills (TMYM)

1 1 ' 2
Smym = 7 Bx/—gtr (—2F’“’FW +2BAR ), — "‘T‘/swfﬂ <FW - A“A,,> Ap>

3
Bianchi: Dy,F,,) =0 EOM: D, FH — ilyte"PVFy = gJ!
® Spinors:
Q... ok B A...

(AB) = \Bo, = A1 By — AoBi
[WA] = 1 Ag = i Ay — A
® Vacuum EOM + Bianchi V,'f3, = —myf,p
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Topologically Massive Theories in 3d

e TMYM Va’yf,gfy = —mvfalg
® Topologically Massive Gravity (TMG) V Cgys5¢ = —mg Capys

The Double Copies  Generalising to Curved Spaces
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Topologically Massive Theories in 3d

e TMYM Vavfﬁ,y = —m\/faﬁ
® Topologically Massive Gravity (TMG) V Cgyse = —mg Copys
® Topologically Massive Higher Spin: Vﬁ(al\llaz._azg)ﬁ = —m)Va,.. .
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Generalising the background: Minitwistors of AdS;

® Defined through double fibration

F

AN

MT AdS;
([19], [Ma]) € MT ~ CP' x CP'  [X*4] € AdS3
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Generalising the background: Minitwistors

of Ad53

® Defined through double fibration

/ F \
MT AdS;
([1%], [Aa]) € MT ~ CP' x CP'  [X*Y] € AdS3

® |ncidence relation
ILLOC — XOCO!AQ

The Double Copies  Generalising to Curved Spaces
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Generalising the background: Minitwistors of AdS;

® Defined through double fibration

F \
MT AdS3
([19], [Ma]) € MT ~ CP* x CP'  [X*4] € AdS3
® |ncidence relation . _
Ma — XO[O{)\a

® Non-local correspondence Point <+ Null geodesic
Sphere <> Point

The Double Copies  Generalising to Curved Spaces
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Generalising the perturbation: Minitwistors and the
Petrov Classification

® Unique decomposition of Cotton Tensor up to a constant factor

Type I Cag,y(s P(x r(a55t,yu(;),
Type Caprs
Type D ~ Black Hole  Cupys

X)), rgsvt(;),

Type I Caprs
Type N ~GW  Cupqs

Type 0] Cagfyg

X r(a rg rfyS(;),

(x)
()
(X)rarstyts),
(x)
(x)

X r(argrvr(;

G
(8
Y
G
0.
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Generalising the perturbation: Minitwistors and the
Petrov Classification

® Unique decomposition of Cotton Tensor up to a constant factor

Type | Caprys = Y(X)r(aSptyUs),
Type Il Caprs = V(X)M(arsSyts),
Type D ~ Black Hole  Cupys = 9(X)rarstyts),
Type Il Capys = @ZJ(X)r(arBHS(S
Type N ~GW  Cupys = Y(X)rarsrrs),
Type O Cupys = 0.

® Degeneracy of principal spinors < Pole structure of twistor representative

The Double Copies  Generalising to Curved Spaces

24 /36




Generalising the perturbation: Minitwistors and the
Petrov Classification

® Unique decomposition of Cotton Tensor up to a constant factor

Type | Capys = Y(X)raSatyUs),

Type Il Coapys =0

Type D ~ Black Hole  Cogys = 9
Type Il Coapys =

Type N ~GW  Cupys =

Type O Capys =0

® Degeneracy of principal spinors < Pole structure of twistor representative

The Double Copies  Generalising to Curved Spaces
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Overview

3. Mass Prescription
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Mass Prescription

® Double Copy relation is not enough to fix all the masses

fs:l,n~7v (:udv Aa)fs/:Lfﬁ(/(/J'd: )\Cx)
fs=0,f7’1¢ (/‘Ld’ )\CM)

fom2,ie (1%, Aa) = — Mg = My + My — My

® Try mg = my = my ? After all, the propagator (and therefore the mass) is left
untouched in the usual double copy
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Mass Prescription

® Double Copy relation is not enough to fix all the masses

fs=1,my (Ndv >‘a)f5,:17,7,(/ (/l‘da Aa)
fSIO,rFf)(;s (/’Lda )‘Ot)

fs:2,r71@ (Mda )\a) =

® mg = my = myg (incorrect prescription)

e Correct prescription

mg = my + sign(mg) = my + 2 sign(mg) ,

The Double Copies  Generalising to Curved Spaces Mass Prescription

— fﬁ(;:ffﬁv-i-fﬁ,v—fﬁqg
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Mass Prescription

® Double Copy relation is not enough to fix all the masses

fs:l,rﬁv (:udv Aa)fslzljﬁ(/ (:U'd7 )‘oz)

- - I'INTG = I:lv“)\/ + m,, —m
fozo,m, (K5, Aa) Vo

f:s=2,r77(; (:U’dv )‘Ot) =

®* mg = my = my (incorrect prescription).

Correct prescription

mec = my + sign(r?wc) = f?7¢ +2 sign(ﬁ)(;) ,

Simpler + more physical

Why? Read our paper!

The Double Copies  Generalising to Curved Spaces Mass Prescription
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Overview

4. Examples of the Double Copy
4.1 Gravitational Waves Double Copy
4.2 Black Holes Double Copy
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Gravitational Waves Double Copy

® Type N = 1 simple pole

e Correspond to bulk-to-boundary propagator W, 4,.(x) (&j{j’%
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Gravitational Waves Double Copy

® Type N = 1 simple pole

e Correspond to bulk-to-boundary propagator W, . 4, (x) é‘f;j’%

® Applying mass prescription we get

(AB)™ & (AB)™
s=0,my — (O\A) [Mc]m¢+1 0 (v - x)mot1
™ (AB)™
fs=1,mg+1 = oA [MC]'"¢+3 fap ~ AaA,BW
(AB)™ (AB)™
beama2 = s oo Y A AT T

® Petrov type conserved (as it should): waves double copy to waves

The Double Copies  Generalising to Curved Spaces Mass Prescription Examples of the Double Copy
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Black Holes Double Copy

Type D = 2 triple poles — m = +£3

Like BTZ Black Holes, have identification of points

In TMG, BH are squashed AdS spacetimes in either timelike or spacelike direction
with AdS, base

2
2_ 9 di?—dx® _ 4mZ dt
Locally ds* = Z—27h [ = mZ 37N dz + <

Obtain all masses by varying the length of the AdS background
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Black Holes Double Copy

® Applying mass prescription we get

1 _

fm0,,=1 = [MA][fB] " [Lj\/(\]) B(x)

e T fos = W
S A(x) (2 A(x)5B(x), B(x)

fem2,mc=3 = W Capys =6 ( [BBA]5 il )

. fasf
® In position space, we get Cogys = 3 @”5)

® Again Petrov type naturally preserved

The Double Copies  Generalising to Curved Spaces Mass Prescription Examples of the Double Copy
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Conclusion

Generalised fluctuations and background

Curvature splits the masses
Double Copy of Black Holes in TMG can finally be done

Interesting features | skipped:

- Double Copy of CFT currents on the boundary

- Type Il works better than expected

- The Double Copy is topological in the massless limit

® Does a corresponding correlators Double Copy exist?
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Thanks for listening!
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