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Connect to amplitudes and utilize useful 
celestial holography results. Also connections 
to twistor theory and more!

The existence of  Kerr-Schild form of  the metric means 
linearized results could extend to non-linear results

Self-dual/anti-self-dual correlates to +/− helicity (in 
amplitudes picture) and holomorphic/antiholomorphic 
limits in celestial holography
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Linearized Black Hole 
spacetime

Massive 
“Black Hole” 
particle

Emitted 
graviton

[Monteiro, O’Connell, Veiga, Sergola ‘20; Crawley, Miller, Guevara, 
Strominger ’21; Monteiro, Nagy, O’Connell, Veiga, Sergola ‘21]

Directly map to

3-point amplitude
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Directly map to

3-point amplitude

conformal primary 
wavefunctions 
(diagonalizing boosts) 

[Atanasov, Ball, Melton, Raclariu, Strominger ’21]

plane waves 
(diagonalizing 
translations)

Mellin Transform
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Mass (M), NUT charge (N), spin (a)
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[Crawley, Miller, Guevara, Strominger ’21]

Mass (M), NUT charge (N), spin (a)
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[Crawley, Miller, Guevara, Strominger ’21]

[Emond, Huang, Kol, Moynihan, 
O’Connell ’20, see also Arkani-Hamed, 
Huang, Huang ’17, Guevara, Ochirov, 
Vines ‘18; Huang, Kol, O’Connell ‘20]

Massive 
scalar 
particle

Emitted 
graviton

Mass (M), NUT charge (N), spin (a)
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[Crawley, Miller, Guevara, Strominger ’21]

[Emond, Huang, Kol, Moynihan, 
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Huang, Huang ’17, Guevara, Ochirov, 
Vines ‘18; Huang, Kol, O’Connell ‘20]

Integrate over on-shell graviton momentum
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Conformal primary 
wavefunction

Related to 
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Specialize to 
gravitational potential 
(0,0 component)
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Specialize to 
gravitational potential 
(0,0 component)

Global conformal primary basis defined 
by taking modes of         on the celestial 
torus [Atanasov, Ball, Melton, Raclariu, Strominger ’21]
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Quantum state on the celestial torus

Specialize to 
gravitational potential 
(0,0 component)

Global conformal primary basis defined 
by taking modes of         on the celestial 
torus [Atanasov, Ball, Melton, Raclariu, Strominger ’21]
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Leading soft 
graviton

Subleading 
soft graviton
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Leading soft 
graviton

Subleading 
soft graviton

Goldstone modes, where          is canonically 
paired with See also [Freidel, Pranzetti, Raclariu ’22; 

Nguyen, Salzer ’20; Donnay, Pasterski, Puhm 
’20 and ‘22; Pasterski, Puhm, Trevisani ’21]
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