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KLT relations

Two difterent theories, stricly related amplitudes

YM theory General Relativity
—+ oo
Ly ~ A A+ (0A) A% + A Loam ~ hd%h + Z o2h"
n=3
KLT relations:

[Kawai, Lewllen, Tye 1986]
MT(1,2,3,4) = —is12A°(1,2,3,4) A (1, 2,3, 4),
ME(1,2,3,4,5) = is12532 AL (1, 2,3,4,5) A% (2, 1,4, 3,5)+

+i513534A5°°(1,3,2,4,5)A%°(3, 1,4, 2, 5)
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KLT relations

Two difterent theories, stricly related amplitudes

YM theory General Relativity
—+ oo
Ly ~ A A+ (0A) A% + A Loam ~ hd%h + Z o2h"
n=3
KLT relations:

[Kawai, Lewllen, Tye 1986]
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Two different YM partial amplitudes (no color, gauge-invariant)
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Color-kinematics duality (tree-level)

[Bern, Carrasco, Johansson 2008]

A hidden symmetry of YM scattering amplitudes.
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Color-kinematics duality (tree-level)

[Bern, Carrasco, Johansson 2008]

A hidden symmetry of YM scattering amplitudes.
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A hidden symmetry of YM scattering amplitudes.
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Color-kinematics duality (tree-level)

[Bern, Carrasco, Johansson 2008]

A hidden symmetry of YM scattering amplitudes.

color factors|
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Color-kinematics duality (tree-level)

[Bern, Carrasco, Johansson 2008]

A hidden symmetry of YM scattering amplitudes.

ICOlor factors | »;kinematic factors

An_gn ZZ
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- diagrams with (/ZGFB A '\Kscalar propagators

l cubic vertices

genera.lized
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Color-kinematics duality (tree-level)

[Bern, Carrasco, Johansson 2008]

A hidden symmetry of YM scattering amplitudes.

ICOlor factors | »;kinematic factors

An_gn ZZ

~ Ha Sa,
- diagrams with (/ZGFB A '\Kscalar propagators

l cubic vertices

alized
A generalize

Invariant under n; — n, = n; + A, if E o -0 — gauge
S .
ierg 0% transformation

Color-kinematics duality (BCJ)

51 C’L—I_Cj —|_Ck:—0jnz—|_n]»—|_nk —

(-

(not evident from Feynman diagrams expans1on!)

Proven at tree-level.
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Double copy relations (tree-level)

A new implementation of GR:(YM)2

Yang—-Mills amplitude:

A, =g ? Z Hcmi |

(in CK-dual form)
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A new implementation of GR:(YM)2
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Double copy relations (tree-level)

[Bern, Carrasco, Johansson 2008]

A new implementation of GR:(YM)2

(Super»)Gravity amplitude:

SR\ 2 n; M

1€1°3

[Bern, Dennen, Huang, Kiermaier 2010]

Proven at tree-level.
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Particle content of the double copy

Not only Gravity

We consider the case (Pure YM)® = (N = 0 SUGRA):

X = ‘ S, b o
T S~
SN—— S~ scalar
graviton two—form

Proposed action (low-energy eftective action of closed bosonic string, here any D):

1 4Kk

SNzO — /dDQZ‘\/ —Q{LR — —e D-2 MV}\HMVA . 1

2(D — 2)

2K2 6 &Lgp@“go}
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Particle content of the double copy

Not only Gravity

We consider the case (Pure YM)® = (N = 0 SUGRA):

X = ‘ S, b o
T S~
SN—— S~ scalar
graviton two—form

Proposed action (low-energy eftective action of closed bosonic string, here any D):
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1 17 ang y 1
SN:O — /dng _g{—R_ _:\? D_%,HMVAHM A

2(D — 2)

8M908“90}

non-minimal coupling
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Particle content of the double copy

Not only Gravity

We consider the case (Pure YM)® = (N = 0 SUGRA):

X = ‘ S, b o
T S~
SN—— S~ scalar
graviton two—form

Proposed action (low-energy eftective action of closed bosonic string, here any D):

----
--------
-

1 1"¢ 4&90\“ ", 1 “\“
Sneo = | d°z/— {—R—4 TD-2H,,H" — 0, 00" }
N=0 / VT gp2 T B e 2(D — 2y ¥

non-minimal coupling non-canonical normalization
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Particle content of the double copy

Not only Gravity

We consider the case (Pure YM)® = (N = 0 SUGRA):

X = ‘ S, b o
T S~
SN—— S~ scalar
graviton two—form

Proposed action (low-energy eftective action of closed bosonic string, here any D):

1 4Kk

1 _ y
SNh—0 = /dDaj\/—g{ﬁR_ 66 D—2 /u/AHu A

1
2(D — 2)

Oppd P }
Double copy relations also hold in the supersymmetric case:

NL SYM]® [Nr SYM| = [N =N +Nr SUGRA]
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CK duality and DC at loop-level

[Bern, Carrasco, Johansson 2010]

An appealing conjecture

Difhicult part: obtaining CK dual representations of YM amplitudes (only

conjectured but several non-trivial examples). If this is possible:

L
d®1 I cin;
L—loop L n 242L k 1 Tlg
A > [ (Mm)ss:

1€l

DC follows from generalized unitarity cuts and the validity of the DC at tree-level.

ME—loop _ L+1( n— 2+2LZ/H dl ) Hﬁmi

1€l's
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Scattering amplitudes in Yang-Mills theory and Gravity

Open questions

CK duality and DC (can be made) manifest in scattering amplitudes

What is their Lagrangian origin? |
| What is their geometrical meaning?

(if any)
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Lagrangian approach: attempts

A (short) review of the contributions to understand the double copy

at the Lagrangian level
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Relating Yang-Mills and gravitational symmetries (x)

[Anastasiou, Borsten, Duff, Hughes, Nagy 2014]
Oft-shell product of YM fields:

H,,(z) = [ALSD, LiSAY | (z) = [A% « A% | ()

BAVAS

convolution
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Lagrangian approach: attempts

Relating Yang-Mills and gravitational symmetries (x)

[Anastasiou, Borsten, Duff, Hughes, Nagy 2014]
Oft-shell product of YM fields:

H, (z)= [Aa’ o:gID;;,:::o }if/”/] (x) = [AZ * flﬁ/] (x)

biadjoint (spectator) scalar field
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Relating Yang-Mills and gravitational symmetries (x)

[Anastasiou, Borsten, Duff, Hughes, Nagy 2014]
Oft-shell product of YM fields:

How(z) = [AL o @) 0 A% ] () = [A% + A2 | ()

Yang-Mills linearized gauge symmetry [(x)]

)
0A}, = 0ue”

Q 0A% = 9,8

0D 0 =
\
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Relating Yang-Mills and gravitational symmetries (x)

[Anastasiou, Borsten, Duff, Hughes, Nagy 2014]
Oft-shell product of YM fields:

How(z) = [AL o @) 0 A% ] () = [A% + A2 | ()

Yang-Mills linearized gauge symmetry [e(x)] + global symmetry [constant 1]

f
0A[ = 9ue® + [P A} 9,

1a ~a’ a’b'c” xb’ 3c’
$GAT = 9,87 4 FV A 9

5 —1 _ pabcx—1 qc a’b'c x—1 3¢’
L (I)aa’ _f (I)ba’Q9 —I_f (I)ab’ﬁ ?



On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories

Lagrangian approach: attempts

Relating Yang-Mills and gravitational symmetries (x)

[Anastasiou, Borsten, Duff, Hughes, Nagy 2014]
Oft-shell product of YM fields:

How(z) = [AL o @) 0 A% ] () = [A% + A2 | ()

Yang-Mills linearized gauge symmetry [e(x)] + global symmetry [constant 1]

f
0A[ = 9ue® + [P A} 9,

/

~

~ 1
— ~a a _ a ~Q

I\

51212 _ aué'a/ n fa/b/C/AZ/ ~C/7 —
5H,L“/ — aluay _|— aV&,LL

5 —1 _ pabcx—1 qc a’b'c x—1 3¢’
L (I)aa’ _f (I)ba’Q9 —I_f (I)ab’ﬁ ?
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Relating Yang-Mills and gravitational symmetries (x)

[Anastasiou, Borsten, Duff, Hughes, Nagy 2014]
Oft-shell product of YM fields:

How(z) = [AL o @) 0 A% ] () = [A% + A2 | ()

Yang-Mills linearized gauge symmetry [e(x)] + global symmetry [constant 1]

f
0A[ = 9ue® + [P A} 9,

/

~

~
— ~a a _ a ~Q
514@ a ~a/_|_fa/b/c/Ab/~c/ — Qy = & *AM7 aN_AM*g
— E
% H ?

7

I\

5H,u1/ — aluay —l_ aV&,LL

5(1);;/ _ fabc(I)b—all 9¢ + fa/b/C/(I);bll 7;,'clj

\
Linearized (extended) gravitational symmetries: |[H,, = h,, + Buv + 7009

)
huy = H[f,, — YN — 0hpw = 00y,

1 . 1 -
\ B, = H;:‘V — 5B,u,/ = 8[MA,,], §pn = 5(05 + O‘)MaAu — 5(04 — O‘)M'

\@:H—a'%ﬂ » 60 =0, |H=HZ]
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Comment: definition of the scalar field

Scattering amplitudes are on-shell quantities, with physical polarizations:

[ 0
\ 0

= the actual scalar degree of freedom is the trace of H;;.

(D—2)x(D—2)
H;;
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Comment: definition of the scalar field

Scattering amplitudes are on-shell quantities, with physical polarizations:

[ o 0

(D—2)x(D—2)
H;;

\ 0 0

= the actual scalar degree of freedom is the trace of H;;.

The covariant formulation of theories with massless particles calls for gauge

invariance, while 0  # 0 — introduce a pure gauge term to compensate:

9-9-H

= H
14 N

such that dp =10

i the non-local term is due to the necessity of extracting covariantly a |

gauge-invariant scalar. It is identically zero on-shell.

The theory is local in terms of h .., B, .
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Relating Yang-Mills and gravitational symmetries (2)

‘Towards a free Lagrangian

From the definition of the “product” H,,, = A, x A,:
[Anastasiou, Borsten, Duff, Hughes, Nagy 2014]

L . . . x _ 1
o Linearized Riemann tensor (with torsion): [?),, , = —5 10 * [y,

— from Hf,,: purely metric part (g, = 1.0 + H/fV]

— from H, : purely torsion part [~ T}05 = Huap = (dB)uas]-
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Relating Yang-Mills and gravitational symmetries (2)

‘Towards a free Lagrangian

From the definition of the “product” H,,, = A, x A,:
[Anastasiou, Borsten, Duff, Hughes, Nagy 2014]

: : . . : * _ 1
o Linearized Riemann tensor (with torsion): [?),, , = —5 10 * [y,
— from Hf,,: purely metric part (g, = 1.0 + H/fV]
A

— from H}, : purely torsion part [T, = Hyap = (dB)uas]

@ Linearized YM e.o.m. = linearized e.o.m. for h,., B,.., .

— without sources. [Cardoso, Inverso, Nagy, Nampuri 2018]

— with sources, introducing non-localities.
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DC of BDHK Lagrangian

[Bern, Dennen, Huang, Kiermaier 2010]

Lagrangian DC at fixed gauge for A,

At four points (Feynman gauge) CK-dual rules from:

I

LEDHK = %A““DAZ — BB

puv

- gfabC(a’uAg _|_apBa )Ab,uAcu

pLY
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DC of BDHK Lagrangian

[Bern, Dennen, Huang, Kiermaier 2010]

Lagrangian DC at fixed gauge for A,

At four points (Feynman gauge) CK-dual rules from:

__________________
.* S
N

LRDHK = —A““DAa a”“”DBPW £ (9, A% +: 8PBW,,

‘
~ f
Sl et Seaae
ﬁ. “
"""" \

auxihiary field

}Ab'u ACV
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DC of BDHK Lagrangian

[Bern, Dennen, Huang, Kiermaier 2010]

Lagrangian DC at fixed gauge for A,

At four points (Feynman gauge) CK-dual rules from:

LEDHK = %A““DAZ — BB

puv

o gfabC(a’uAg _|_apBa )Ab,uAcu

pLY

~

DC in momentum space: A, A, — H,,..

o —1 [dk120(k: + ka2)ki |ALAY — 2B B2,

appuv

Q f dk1,2,35(k1 + ko + kg) Zaesg(—l)sgn(a) [(kz(l)Ag(l) + kg(l)Bglslu))
Ag(2) Z(B)]
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DC of BDHK Lagrangian

[Bern, Dennen, Huang, Kiermaier 2010]

Lagrangian DC at fixed gauge for A,

At four points (Feynman gauge) CK-dual rules from:

ppY gfabC(a’uAg =+ apBguy)Ab'uAcy

LEDHK = %A““DAZ — BB

~

DC in momentum space: A, A, — H,,..

----------------------
- .5.
~
~

Se o
-

—"
-
- -
--------------------

Q f dk1,2,35(k1 + ko + kg) Zaesg(—l)sgn(a) [(kz(l)Ag(l) + kg(l)Bglslu))
v sgn(T (1) F7(1) HT(L\ fa 48
Al oy As@)] D res, (DM (R AR + K] ) Blos ) AZ ) AL |

Yo 8
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DC of BDHK Lagrangian

[Bern, Dennen, Huang, Kiermaier 2010]

Lagrangian DC at fixed gauge for A,

At four points (Feynman gauge) CK-dual rules from:
]‘ a a a v aoc a cv
Lopux = 5 A™OA] — B**"0B;,, — gf (0, AL +0°BS,, ) A A

DC in momentum space: A, A, — H,,.

o —1 [dki26(k1 + k2)k?| A, AL — 2B B2, | |[ALAS — 2B B2 4]

— —1 dezc[H“aDHua — 2gH7° 5Dgwa5 4o

° fdkl , 35(k1 4 ko + kg) ZGESS(_l)sgn(a) [(ka(l)Aa(l) + kp( )Bg;slu))
sanl(T T7(1 7(1 ’7' 1 8
A AO‘(S)] 27683(_1) gn( )[(k ( )A ( )_I_kv ( ))A (Q)A

vaﬁ

7(3)}
Generalized up to Ag at tree-level:

non-local CK dual Lagrangian — auxiliary fields with cubic interactions — DC



On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories

Lagrangian approach: attempts

To summarize



On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories

Lagrangian approach: attempts

To summarize




On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories

Lagrangian approach: attempts

To summarize

/ only linearized level




On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories

Lagrangian approach: attempts

To summarize

only linearized level

non-localities with sources



On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories

Lagrangian approach: attempts

To summarize

only linearized level

non-localities with sources

Lz




On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories

Lagrangian approach: attempts

To summarize

only linearized level

non-localities with sources

fixed gauge

Lz




On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories

Lagrangian approach: attempts

To summarize

only linearized level

non-localities with sources

fixed gauge

“‘Bern et al. » non-localities beyond 4,




On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories

Lagrangian approach: attempts

To summarize

only linearized level

non-localities with sources

fixed gauge

“‘Bern et al. » non-localities beyond 4,

no general Lagrangian
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Lagrangian approach: our results

A step forward towards an off-shell double copy
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Quadratic Lagrangian

(N = 0 SUGRA)=(YM)?!

]- e 1 o —1 1 * 1 * LoV
L = =g (Fua* Fop) 5 (I + F B)Z—gRuauﬁiR“ 7=
1. ., 0a030,,0, y
= §H ”B(Uocumsum — NBr0aOy — Napdsdy + BD“ JH"" .
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Quadratic Lagrangian

(N = 0 SUGRA)=(YM)?!

]- e 1 o —1 1 * 1 * LoV
L = =g (Fua* Fop) 5 (I + F B)Z—gRuauﬁiR“ 7=
1. ., 0a030,,0, y
= §H ”B(Uocumsum — NBr0aOy — Napdsdy + BD“ JH"" .

(Hyw = hyw + Buw + M @)

@ v=0:Lg=Lr+ L —%8,”08’“@,

@ 7= ﬁi Lr=Ly+ LB — mﬁuwﬁ“w.
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Quadratic Lagrangian

(N = 0 SUGRA)=(YM)?!

1 ~ 1 o S 3 1 * 1 * o3
S L

L]
-
.N

1. .
B §H ’ (naunﬁvm — 18v 000y — Napp0y

-----
s RS

~ -
-------
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Lagrangian approach: our results

Quadratic Lagrangian

(N = 0 SUGRA)=(YM)?!

1 ~ 1 o S 3 1 * 1 * o3
Lo = —g(Fuax Fup) 5 (F" x F7) = =5 Ry = BT =

----------
------

1,
— §H g (UaunBVD — N 0aOy — Napdpdy *Li.._ N

L]
-
.N

-----
s RS

~ -
-------

Possible Faddeev-Popov gauge-fixing such that:

Lu+ Lar = 3 HuoOH"® — “square” of Feynman gauge: Ppuavg = p%nwna@.
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Noether procedure

A powerful tool to build interacting gauge theories

From free theory (So) + free gauge invariance (0py) we add vertices with a

perturbative expansion. The gauge transformation must be deformed consistently:

S=80+gS1+ ¢°Sa+ ... = 8o = o + gd1p + g 620 + ...

/

0050 = 0,

01S0 + 0pS1 = 0,
0S =0 = |

0250 + 0181 + 0052 = 0,

\...

— order by order we can find §,, and then 4., .
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Lagrangian approach: our results

Cubic interactions (1)

Cubic vertices for H,,,,

[D[g = a“HMg — %85 8.%’}[, D = a'uHa,u —

L1 = a{iH" 0,0, Hopg H*” + H" 0, H*" 05 Hooy + H"" 0, H* 0o H,, 5+
abritrary coefhcients __ 15’ . DHagHaB B Dﬁaa DHag B Daaﬁ : HQB }—I—

\ 2 []

+b{ H" 0,0, Hap H*® + 2H" 9,0, Hap H*® + H"" 0, H*" 00 Hp, +
+H" 9, H*" 8, Hs, + H" 0, H*’ 83 Hu, + H" 0, H*P 00 H, 5+

+H" 9, H*®9sHyo + H" 0, H*? 85 Hpyo +

o-D o-D 30-D
—Daaﬁ 5 —2DPO* T Ha., —2D%0P " Hg,,
[ & 0O o F 0O o F }
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Comments on the cubic vertices

@ The choice a = 1,b = 0 reproduces the results of the DC and matches
(modulo local field redefinitions) the vertices of N/ = 0 SUGRA if
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On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories

Lagrangian approach: our results

Cubic interactions (2)

Comments on the cubic vertices

@ The choice a = 1,b = 0 reproduces the results of the DC and matches
(modulo local field redefinitions) the vertices of A/ = 0 SUGRA if

Hyw = hyw + By + ﬁnwﬂ@ (v = ﬁ)

@ With this choice: same as BDHK DC Lagrangian (at three points) + pure
gauge part — we expect this to be the choice selected by the insertion of

quartic vertices.



On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories
Lagrangian approach: our results

Cubic interactions (2)

Comments on the cubic vertices

@ The choice a = 1,b = 0 reproduces the results of the DC and matches

(modulo local field redefinitions) the vertices of A/ = 0 SUGRA if
Hyp = hyw + B + ﬁnwﬂ@ (v = ﬁ)
@ With this choice: same as BDHK DC Lagrangian (at three points) + pure

gauge part — we expect this to be the choice selected by the insertion of

quartic vertices.

@ b = 0 selects an enhanced symmetry: O(D — 1,1)r ® O(D — 1,1)r ® Zo.



On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories
Lagrangian approach: our results

Cubic interactions (2)

Comments on the cubic vertices

@ The choice a = 1,b = 0 reproduces the results of the DC and matches
(modulo local field redefinitions) the vertices of A/ = 0 SUGRA if
Hyuy = hyy + Buw + ﬁnwﬂ@ (v = ﬁ)

@ With this choice: same as BDHK DC Lagrangian (at three points) + pure

gauge part — we expect this to be the choice selected by the insertion of

quartic vertices.
@ b = 0 selects an enhanced symmetry: O(D — 1,1)r ® O(D — 1,1)r ® Zo.

@ The choice a = b eliminates the two-form field.



On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories

Lagrangian approach: our results

Cubic interactions (2)

Comments on the cubic vertices

@ The choice a = 1,b = 0 reproduces the results of the DC and matches

(modulo local field redefinitions) the vertices of A/ = 0 SUGRA if
Hyp = hyw + B + ﬁnwﬂ@ (v = ﬁ)
@ With this choice: same as BDHK DC Lagrangian (at three points) + pure

gauge part — we expect this to be the choice selected by the insertion of

quartic vertices.
@ b = 0 selects an enhanced symmetry: O(D — 1,1)r ® O(D — 1,1)r ® Zo.
@ The choice a = b eliminates the two-form field.

@ Other choices produce the same type of amplitudes but with different relative

coefhicients.
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Lagrangian approach: our results

Gauge transformations and correction to the dilaton

Hints of geometry

From the Noether procedure:

51HSV :§°8HSV —I—a gaH&gu —I_al/gaHSow
: we " but S1p £ € 9!
51H;L4y — f ) 8H;?V + aﬂgangy T al/fchjxqua

Y
: : . ‘R
Solution: the actual scalaris ) = ™" + @) + . with M) = ¢ = -
Ricci scalar
> in terms of H

W RW JIRNCE)
Sp=¢-0y = = = (RY —0W =1L = (%i) .

[] \

Laplace'Beltrami operator for a scalar

1
m
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Lagrangian approach: our results

Gauge transformations and correction to the dilaton

Hints of geometry

From the Noether procedure:

51HSV :§°8HSV —I—a gaH&gu —I_al/gaHSow
: we " but S1p £ € 9!
51H;L4y — g ) 8H;?V + a,ué-ocngy T al/fchjju)

(1)
Solution: the actual scalaris ) = ™" + @) + . with M) = ¢ = Rg .

1 .y RY Ru\®
_ (2) _ 2 _ ~/oltg’y _ (fH
S1p =€ - O = 1) D(RH (] D) (ﬂ) .

Also the graviton must be modified: h,, = H5, — v X1, X F(LOV) = Nuv-

1 : .
= X F(W) = H 5,/. Doesn’t generate new cubic vertices <> v = 55



On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories

Conclusions and outlook

Conclusions and outlook



On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories

Conclusions and outlook

Conclusions and outlook

Conclusions

o Field theory def. of h,., B,  as DC, with (first) nonlinear corrections.



On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories

Conclusions and outlook

Conclusions and outlook

Conclusions

o Field theory def. of h,., B,  as DC, with (first) nonlinear corrections.

® Quadratic Lagrangian for the DC with clear interpretation as “YM?”.



On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories

Conclusions and outlook

Conclusions and outlook

Conclusions

o Field theory def. of h,., B,  as DC, with (first) nonlinear corrections.
® Quadratic Lagrangian for the DC with clear interpretation as “YM?”.

e Cubic Lagrangian, related to the BDHK DC but without gauge-fixing.



On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories

Conclusions and outlook

Conclusions and outlook

Conclusions

o Field theory def. of h,., B,  as DC, with (first) nonlinear corrections.
® Quadratic Lagrangian for the DC with clear interpretation as “YM?”.
e Cubic Lagrangian, related to the BDHK DC but without gauge-fixing.

e Hints of new geometry given by the presence of the scalar field.



On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories

Conclusions and outlook

Conclusions and outlook

Conclusions

o Field theory def. of h,., B,  as DC, with (first) nonlinear corrections.
® Quadratic Lagrangian for the DC with clear interpretation as “YM?”.
e Cubic Lagrangian, related to the BDHK DC but without gauge-fixing.

e Hints of new geometry given by the presence of the scalar field.

Outlook

@ Need for quartic vertices: compare with BDHK and understand CK duality.



On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories
Conclusions and outlook

Conclusions and outlook

Conclusions

o Field theory def. of h,., B,  as DC, with (first) nonlinear corrections.
® Quadratic Lagrangian for the DC with clear interpretation as “YM?”.
e Cubic Lagrangian, related to the BDHK DC but without gauge-fixing.

e Hints of new geometry given by the presence of the scalar field.

Outlook

@ Need for quartic vertices: compare with BDHK and understand CK duality.

@ Understand the geometry (DFT? Generalized geometry?).



On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories
Conclusions and outlook

Conclusions and outlook

Conclusions

o Field theory def. of h,., B,  as DC, with (first) nonlinear corrections.
® Quadratic Lagrangian for the DC with clear interpretation as “YM?”.
e Cubic Lagrangian, related to the BDHK DC but without gauge-fixing.

e Hints of new geometry given by the presence of the scalar field.

Outlook

@ Need for quartic vertices: compare with BDHK and understand CK duality.
@ Understand the geometry (DFT? Generalized geometry?).
@ Generalize to SUSY.



On the Lagrangian formulation of Gravity as a double-copy of two Yang-Mills theories
Conclusions and outlook

Conclusions and outlook

Conclusions

o Field theory def. of h,., B,  as DC, with (first) nonlinear corrections.
® Quadratic Lagrangian for the DC with clear interpretation as “YM?”.
e Cubic Lagrangian, related to the BDHK DC but without gauge-fixing.

e Hints of new geometry given by the presence of the scalar field.
Outlook

@ Need for quartic vertices: compare with BDHK and understand CK duality.
@ Understand the geometry (DFT? Generalized geometry?).
@ Generalize to SUSY.

@ Soft theorems and asymptotic symmetries from the DC perspective.






