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(Becomes periodic)

NUT chargeADM Mass

SL 2,ℝ × 𝑈𝑈 1 Killing symmetry group

(Becomes non-periodic)
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unchanged

Introduce 
rectangular 
coordinates
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Conserved source

Current 
Ex. Schwarzschild:
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However, both sides can be nonzero in Klein Space!
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In (1, 3): 

See [Monteiro, O’Connell, Veiga, Sergola (2021)] for 𝑧𝑧 → 𝑖𝑖𝑧𝑧

Insert stationary condition

In (2, 2): 
Wick rotate
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Perform 𝑘𝑘3 integral using contour integration

Reparametrize 𝑘𝑘1 , 𝑘𝑘2 in terms of  new variables

Schematically

So,              is evaluated on on-shell momenta

Equivalently:                      , so         is free everywhere!

stationary
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[Guevara, Ochirov, Vines (2019); Emond, Huang, 
Kol, Moynihan, O’Connell (2020); Huang, Kol, D. 
O’Connell (2020)]
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[Guevara, Ochirov, Vines (2019); Emond, Huang, 
Kol, Moynihan, O’Connell (2020); Huang, Kol, D. 
O’Connell (2020)]
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Self-Dual Anti Self-Dual

Massive 
particle

Emitted 
graviton

stationary
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Integral over on-shell graviton phase space, where Modes defined as three-point amplitude 
with stationary condition:

where

WIP w/ Guevara, Himwich, Strominger
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Mode expansion of  metric on celestial torus
(in            coordinates) 

Quantum state on the celestial torus
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