
Double Copy from

Ambitwistor Worldline
Joonhwi Kim (Caltech)

CA Amps 11/08/25 @ UCLA

[2510.23080]

= 0



Symplectic Perturbation Theory
Joon-Hwi Kim (Caltech)

CA Amps 03/18/23 @ UCSD



Canonical

{x, x} = 0
{x, P} = 1
{P, P} = 0

∫ dτ ( P ·x )



Canonical Covariant

{x, p} = 1
{x, x} = 0

{p, p} = F(x)

∫ dτ ( p ·x + A(x) ·x )

{x, x} = 0
{x, P} = 1
{P, P} = 0

∫ dτ ( P ·x )



Canonical Covariant

{x, p} = 1
{x, x} = 0

{p, p} = F(x)

∫ dτ ( p ·x + A(x) ·x )

{x, x} = 0
{x, P} = 1
{P, P} = 0

∫ dτ ( P ·x )
H = (P − A(x))2 H = p2



Covariant



Covariant

{{p[μ, pν}, pρ]} = 0
{p, p} = F(x)

∂[ρFμν] = 0⟹
Noncanonical

Jacobi Field Eqn
(Magnetic)



“Field Equations from
Consistency of Particle Mechanics”



I can’t live in this 
background unless 

vacuum Einstein holds

No Weyl anomaly on the worldsheet

“Field Equations from
Consistency of Particle Mechanics”



I can’t live in this 
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“Field Equations from
Consistency of Particle Mechanics”



I can’t live in this 
background unless 

vacuum Einstein holds

I can’t live in this 
background unless 

dF=0 holds

No Weyl anomaly on the worldsheet Conservation of phase space area

“Field Equations from
Consistency of Particle Mechanics”



Canonical Covariant

Unitarity (✓)

Gauge Invariance (✗) 

Unitarity (✗)

Gauge Invariance (✓)



Covariant

{{p[μ, pν}, pρ]} = 0
{p, p} = F(x)

∂[ρFμν] = 0⟹
Noncanonical

Jacobi Field Eqn
(Magnetic)



Covariant

{p, p} = F(x)
⟹

Noncanonical

Mason-Newman
“Postulate”

Field Eqn
(Electric)

{{pμ, pρ}, pρ} = 0 ∂ρFμρ = 0



Known Fact:

Field Equations from Bosonic Worldline

[Feynman ‘48] [Mason-Newman ‘89]



New Fact:

Known Fact:

Field Equations from Bosonic Worldline

[Feynman ‘48] [Mason-Newman ‘89]

Field Equations from SUSY Worldline

[Joonhwi 2510.23080]



Covariant

{{p[μ, pν}, pρ]} = 0 {{pμ, pρ}, pρ} = 0
Feynman ‘48 Mason-Newman ‘89

{{pμ, pν}, pρ} ψμψνψρ = 0

Joonhwi ‘25

{{pμ, pν}, pρ} ψμ {ψν, ψρ} = 0



Covariant

{{p[μ, pν}, pρ]} = 0 {{pμ, pρ}, pρ} = 0
Feynman ‘48 Mason-Newman ‘89

Joonhwi ‘25

Some Eqn about Q = pψ,
computing PB2



Covariant

{{H, H}}∇ = 0



Covariant

{{H, H}}∇ = 0

HYM = p2 + θ̄θ F(x) ψψ
HGR = p2 + ψ̄ψ R(x) ψ̄ψ



Canonical

{{H, H}}∇ = 0

{{ ̂H , ̂H }} = 0



Canonical

{{H, H}}∇ = 0

{{ ̂H , ̂H }} = 0

̂H = P2 + V



Canonical

{{H, H}}∇ = 0

{{ ̂H , ̂H }} = 0

̂H = P2 + V

{{P2, V}} = {{V, V}}



Canonical

{{H, H}}∇ = 0

{{ ̂H , ̂H }} = 0

̂H = P2 + V

□ V = {{V, V}}Manifest BCJ



Canonical

□y 𝒜FS(y) = ⋯
□ V = {{V, V}}
⟹

“CCK completion”  “Un-CCK”  “Tower Construction”

𝒜FS(y) = y F(x) + yy DF(x) + ⋯



Canonical

□y 𝒜FS(y) = ⋯
□ V = {{V, V}}
⟹

Giant “Stringy” Multiplet

DF = 0⟹ CCK = 0 D(CCK) = 0 ⋯{
“CCK completion”  “Un-CCK”  “Tower Construction”

𝒜FS(y) = y F(x) + yy DF(x) + ⋯



New Fact:

Known Fact:

KLT from Ambitwistor Worldsheet

[Adamo, Casali, Skinner ‘15] [Adamo, Casali, Nekovar ‘18]

BCJ from Ambitwistor Worldline
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