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Basedon work with Liangtrodden MomentRumbotis

Massive color-kinematics duality and well-defined 
double copies
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Moment Rombotis Tolley
JohnsonEngelbrechtJonesParanjape

non on

Mna toAin't'm
mntmpmg.jo

Ck duality for

Din Mtv any theory

Under generalized gauge transformations

Color-kinematics duality for massive mediators




Check locality and factorization of DC

Shifted numerators satisfying CK require:

MDMT v = �Mn
non-zero�! A v = �U

need to invert matrix A to get double copy:

MG = nTD�1n � UTA�1U

SPURIOUS POLES can arise from inverting A.

4pt: A = s �m2
+ t �m2

+ u �m2
= m2

5pt: detA / P
�
sij ,m2

�
SPURIOUS POLES!
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Interactions
beyondKK
theoryof
Work in
progresswith

1 I l MTrodden
Qiuyue
Liang

Avoid SpectralCondition
if I
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MO É MIO 3D Kinematics
SSB in Supergravities
ftp.gdazroli.Gunaydin Johansson p def A O

Kaluza Klein theories
JohnsonEngelbrechtJonesParanjape

Émi mstmitmi
Only 1 Spt BCJ relation

MomentRombotisTolley No spurious poles t
correct factorization

det Ato
TopologicallyMe Cubic Scalar EFT massive theories

MCG Liang Trodden MCG Moment Rombotis
BurgerEmond Moynihan

Avoiding spurious poles
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oreggs
From KaluzaKlein

massive
massive pions special galileons
other operatorsof

Construct EFT for massive pions

Avoidspuriouspoles assuming spectral condition

2202.00620 magggifower

MCGLiangTrodden interactions

Massive scalar field theories
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Kaluza Klein Osa Efayy ein
my Sth directio

Ruth1123 xs

to Pisa Pind Mi

Ak 5EESig mi Am sit 5.5

Kk amplitudes automatically satisfy Ckduality
At SGal in Sd has new contribution but

Asa Sit Sit O

Massive scalar field theories
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Mariana Carrillo González July, 2021 11 / 13































































Its

Conclusions and Future Directions


















-

Use freedom of infinite towers of massive States

L F Tr Tat'T VsCne Man On O O

cytic antisym
dpt BCJ
V342114 319,12 1143,13V 2,41131 4614,14703123114 0

Spt B CJ A constraint

Alwaysenough freedom to satisfy BC J relations
No analogue with Apt vertices

Massive scalar field theories



Topologically massive theories

Topologically Massive Gravity

STMG =
1
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I PARITY BROKEN

I dof

A dof

10 1 9 N

___

22
2107.00611 DC

MCGMomentRombotis 3,415 pt



Avoiding spurious poles in D = 3

MG = nTD�1n � UTA�1U

Let’s examine the matrix A (non-zero: MDMT
)

detA / det(pi · pj), i , j < 5 ! detAD=3
= 0

A has null vector e0 which implies BCJ relation: e0 · U = 0

U (non-zero: Mn) measures the violation of the CK algebra

Factorizes correctly when taking sij ! 0.

Residue of the spurious pole is zero.
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Including matter

Non trivial Double Copy TM YM TM Gtf
for matter

19
I

omfg'annas man Sublead
1 eightFuchannels

DC in
MCGMomentRombotis HEY
2112.08401

Alsoobserved in
BurgerEmond Moynihan
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Eikonal limit SN u
mics

ident 2sfdbeibtfe.is g

In4d Cos

takes

8 Is EFMtrees t ki e
ibk A'T Mira.it

t.ve gIIIi mi c
Esse Massive D.C

artifact

intentIm castled
Need info
outside ofeikonallim
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From Amplitudes to Classical Solutions

Pointparticlepropagating in background
ds 2d adv t kfoylSouldu t dy 2

UPEffy e
ik E Kfa

eik
8191 41st

Boundary conditions
on guv

Choice of it prescription
in phase shift

Which b c it prescription D C in coordinate spaceof

Useful for time delay computation Ky Ky ie
EdelsteinAribertGomezKiricarstanLeoniTekin2016
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Shockwaves

Serr Schild metric
Specialchoice

hav Kako 0 Kadxtda of b c

0 112 em'Oly a my Out

Anic'km0
0 9 Em em 041 064

AN J
Rmv O02 c'CTO
Fm 0 TI

Imém su Double
Copy

4 0
BE
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Eikonal limit

Shockwaves
Can Y tha whyDSatisfy

Look at linearized e o m plane waves

Empt REIGER din em E Ecr F

Cine toffee

Cotton Double Copy
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Weyl vs Cotton

Weyl D.C CottontYork D.C
5011,31 41 sour 5411
Uaap Efe Cape My FABgfy

Tatyana D TAE CABO MEC FO

Taifa O TAEFAB MEF O

O R 615 0 D RIG MIS O
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Mariana Carrillo González July, 2021 11 / 13































































it

Cotton DC for waves

2202.10476 Cotton
Cape I QOBOCOD MCGMomentRumbotis DC

FAB QQ 4 124Non zero
at EO'S

y 102 0
1 side ofSW

Shockwaves Em'ém Qemy Enemy

Gyratons Etonm'é catmayem TIME
Ads Shockwaves Emil
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CK duality satisfied
for all massive theories

but not all DC are local theories

Well defined DC

Kaluza Klein Special cubic Topologically
theories scalar theories massive theories

Symmetries of
cubic interactions IIE to It


