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Citations in the decades   1993-2003: 218        		   2003-2013: 408             2013-2023: 831 
 
  
 
 
Maths Genealogy Project: Demetrios Christodoulou has 13 students, and 48 descendants;  

Sergiu Klainerman has 23 students, and 77 descendants. 



 
 
 

(Idealised) Gravitational wave experiment 
 
 
 
 
 
 
 
 
 
 

Wavefront 
 
 
 
 
 
 
	 	 	 	 	  
	 	 	 	 Jacobi equation: 
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Asymptotics of  the gravitational field 
 
 
 
 
 
 
 
 
 
 
          		 	 	 	 	 	 	  
 
 
 
 
 
r : distance from source, d : distance between test masses in detector 
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Memory effect 
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Linear theory 
 
Quadrupole formula: 
 
 
 
 
 
 
Einstein ‘18, Ehlers et al ‘76; derived in slow motion and weak field approximation, 
 see eg. Poisson & Will ‘14 for discussion. Confirmed experimentally since Taylor ‘78. 
 
 
 
 
 
 
 
 
 
 
 
 
 
	 	 	 	 	 	 	 	 	 Zel’dovich and Polnarev ‘74, Braginsky and Thorne ‘87. 
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Non-linear theory 
 
 
 
 
 
Total energy radiated in a given direction: 
 
 
 
 
 
 

Christodoulou ‘91:  
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Remarks on the Christodoulou memory effect 
 
The effect is non-linear and non-local: 
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Developments in mathematical GR since the 90’s 
 
New proofs of  the stability of  Minkowski space:  
 
Lindblad-Rodnianski ‘05, ‘08; Bieri ‘09; Lindblad ‘17; Hintz-Vasy ‘20; Graf’20, Shen ‘22. 
 
With matter models: 
 
Speck ‘14; LeFloch-Ma ‘15, Wang ‘16; Taylor ‘16, Lindblad-Taylor ‘17; Fajman-Joudioux-
Smulevici ‘17; Lindblad - Kauffman ‘23. 
 
Much progress on fluid models and free boundary problems; and black hole stability 
problems: discussion for another time. 
 
Cosmological setting:  
 
Ringström ‘08; Rodnianski-Speck ‘13; Oliynyk ‘16, Fajman-Oliynyk-Wyatt ‘21; Hadzic-
Jang ‘18, ‘20; Hintz-Vasy ‘18; Fournodavlos-Schlue ‘24. 
 
Scattering:  Lindblad-Soffer ‘05; Wang ‘10; Lindblad-Schlue ‘18, ‘24; He ‘21; Yu ‘22, ‘24. 
 
Peeling: Kehrberger ‘21, ‘22, ‘24; Kehrberger-Masaood ‘24. 
 
Memory effect: Bieri-Chen-Yau ‘12, Bieri-Garfinkle ‘13, ‘14, ‘23; Bieri ‘22. 
 
 



 
 
Ehlers, Goldberg, Havas, Rosenbaum ‘76. 
“Comments on gravitational radiation 
damping and energy loss in binary systems” 

 
 
 
 
 



 
 

Scattering problem: 
 
	 	 	 	 	 	 	 	 	 	 	 	 			Construct solutions to Einstein’s equations 

	 	 	 	 	 	 	 	 	 	 	 	  from past null infinity, satisfying the no-incoming 		 

	 	 	 	 	 	 	 	 	 	 	 	 				radiation condition,  

 

 

 

	 	 	 	 	 	 	 	 	 	 	 	 			and study the outgoing radiation 

	 	 	 	 	 	 	 	 	 	 	 	 	emitted from matter coming in from time-like infinity. 
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Vlasov matter 
 
Statistical ensemble of  
self-gravitating particles  
which interact only indirectly 
through the Einstein equations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
	 	 	 	 	 	 	 	 	 	 	 	 										    		             Also Vlasov-Poisson, and Vlasov-Maxwell: 
	 	 	 	 	 	 	 	 	 	 	 	 					         Smulevici ‘16, Smulevici-Fajman ‘17,  
	 	 	 	 	 	 	 	 	 	 	 	 	         Flynn-Ouyang-Pausader-Widmayer ‘23, 
	 	 	 	 	 	 	 	 	 	 	 	 		         Bigorne ‘22, ‘23, Bigorne-Velozo Ruiz ‘24 
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Question: Is the quadrupole formula valid in the context 
of  the Einstein-Vlasov system? 
 

Scattering solutions to the Einstein vacuum equations in harmonic coordinates? 1.

Scattering data for matter at time-like infinity? 2.

Proof  of  the quadrupole formula without representation formula? 3.

 
 
 
 
 
 
 
Maybe easier: Dipole formula for Vlasov-Maxwell? 
	 Cf. Bauer, Kunze, Rein, Rendall ‘06 
 

yes partially there is
progress for

1 Lindblad Schlue 47,123

2 Schlue Taylor 24



 
Relation of  memory effect to scattering problems: 
Geometric interpretation of   
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Relation of  memory effect to scattering problems: 
Einstein vacuum equations in wave coordinates: 
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Relation of  memory effect to scattering problems: 
Analogues for scalar equations: cubic sources 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Lindblad-Schlue ‘23 
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Relation of  memory effect to scattering problems: 
Analogues for scalar equations: quadratic sources 
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Open problem beyond validity of  the quadrupole formula: 
 
Prove the quadrupole formula for the Einstein-Vlasov system for an ensemble of  
incoming particles with initially non-relativistic relative velocities under the no-incoming 
radiation condition, and prove that: 
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Recent activity: 
 
Polyhomogeneity: Hintz-Vasy ‘17, Lindblad ‘17, Lindblad-He ‘19. 

 
 
 
 

 

 
„Modified“ Scattering:  Lindblad-Schlue ‘23; He ‘21; Yu ‘22, ‘24, Schlue-Taylor ‘24 
 
Failure of  smoothness: Kehrberger ‘21, ‘22, ‘24; Kehrberger-Masaood ‘24. 
 
Memory effect: Bieri-Chen-Yau ‘12, Bieri-Garfinkle ‘13, ‘14, ‘23; Bieri ‘22. 
 
 
 The end thank you


