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Quadratic Interactions in Dispersive Systems  



2 

A system of  Schrödinger equations with quadratic interaction 

N. Hayashi, T. O, and K. Tanaka, Ann IHP, AN, 2013. 
Basic Results on the Cauchy Problem, Ground States, ・・・ 

Small Data Scattering for  
N. Hayashi, C. Li, and T. O, Differ. Equ. Appl., 2011. 
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Basic Identities 
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Conservation Laws for Charge and Energy 
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Theorem 1 (G. Hoshino, T.O) 

Characterization of  Nonlinear  Potential        by the Gauge Structure 

. 
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Mass resonance Condition       Nonrelativistic Limit 

Galilei Invariance 

Gauge Structure and Mass Resonance 

（Bachelot, Georgiev, D’Ancona, ・・・） 

（M. Tsutsumi, Machihara, Nakanishi, O, ・・・） 
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Large  Mass Behavior  for Semi-Relativistic System (SRS) 

Mass  Resonance Condition         Infinite Mass Limit 

I.E. Segal, Adv. in Math., 1976 ; Y. Cho and T. O, SIAM J. Math. Anal., 2006  
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SRS as a Hamilton System (under                  ) 

Conserved Quantities (under                   ) 

(SRS) 

Riesz 
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Global Cauchy Problem for a Semi-Relativistic System in 1D 

Difficulties ： 

Massless Dirac system admits a special transformation                 and 
has a special null structure. (Machihara, Nakanishi, Tsugawa, Bournaveous, ・・・) 

Associated propagators exp have Strichartz type estimates 

The same as Dirac system (Escobedo, Vega, Machihara, Nakanishi, TO,  
D’Ancona , ・・・ 

without extra regularity as the Klein-Gordon equation. 
(gain of one derivative in Duhamel term) 

(SRS) 



Related Results on Global Well-posedness in 1D 
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● 
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Candidates for Maximal Function Spaces of Global Well-Posedness 

・From a scaling point of view in the massless case ・・・ 

・From a point of view from conserved quantities : 

・・・charge 

・・・energy 

Perturbation Approach (Picard Iteration Scheme) Fails in           with 

There exist           such that the first iterate 

where 

A reminiscent of the result of Molinet, Saut, and Tzvetkov on the possibility of the 
perturbation approach to the Benjamin-Ono equation (SIAM J. Math. Anal., 2001). 

・ 

・ 
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Main theorem    (with Fujiwara and Machihara) 

(SRS) 

Moreover, continuous dependence holds, i.e. 
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Method of  Proof 

(Ginibre, Velo, JFA, 1979 ;  Segal, Bull. SMF, 1963) 

where (Yosida approximation). 

・Yudovitch (Vladimirov) type argument. 

・Independent of compactness argument. 

・Approximate solutions                with 
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(Proof) 

Lemma 



14 

Lemma 

Corollary 


	スライド番号 1
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14

