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Background and motivation

Kosower, Maybee & O’Connell, 2018

Kosower, O’Connell, Gonzo & Cristofoli, 2019

Sergola, Peinador-Veiga, Monteiro & O’Connell, 2021

Sergola, White, Moynihan, Ross, Cristofoli, Gonzo & O’Connell, 2021

See also 

Graham’s and 

Radu’s talks!



Classical radiation at one loop
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Vazquez-Holm & Carrasco, 2020

Vazquez-Holm & Carrasco, 2021

Herrmann, Parra-Martinez, Ruf & Zeng, 2021
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Classical radiation at one loop
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Classical radiation at one loop

Real part
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Herrmann, Parra-Martinez, Ruf & Zeng, 2021
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& Zeng 2021

exchanges



Radiation reaction and imaginary part



Radiation reaction and imaginary part

Geometrical factor 



QED example: ALD force

Lorentz force

Radiation 
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“Schott term”

ALD, 1892-1905. Schott, 1912.
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Lorentz force

Radiation 

reaction force

“Schott term”

ALD, 1892-1905. Schott, 1912.

Kosower, Maybee & O’Connell, 2018

QED example: ALD force



Radiation in QCD

“QED-like” RR

Non-Abelian RR?

Ross, Maybee, de la Cruz & O’Connell, 2020



Maximally non-Abelian sector:



Maximally non-Abelian sector:



Gravity imaginary part



Cut universality

Mino, Sasaki & Tanaka, 1997

Quinn & Wald, 1997
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Dlapa, Kalin, Liu, Neef & Porto, 2022
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Gravity

Compute using the DC of 

Vazquez-Holm & Carrasco, 2021 

Bern, Carrasco & Johansson, 2008

Goldberger & Ridgway, 2016

Luna, Nicholson O’Connell & White, 2017

Vazquez-Holm & Carrasco, 2020

Vazquez-Holm & Carrasco, 2021 



Conclusions and future directions

• Amplitudes for classical radiation:

• We care about gravitational waveforms, it is natural use 

BCJ numerators.

• The physics is surprisingly rich.

• Things seem to be universal from an amplitude 

perspective.

• Next: Compute gravity waveform.



Thank you!
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