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【提出用】	

	 	 The	 uncertainty	 principle	 defies	 joint	 descrip4on	 of	
mul4ple	 quantum	 observables.	 This	 mo4vated	 the	
introduc4on	of	complex-valued	‘quasi-probabili4es’	to	
account	for	their	virtual	joint	behavior.	
	 	 Our	 laboratory	 proposed	 several	 criteria	 for	 their	
usefulness	based	on	a	unified	 theory	of	quan4za4ons	
and	quasi-probabili4es.	Among	various	candidates,	the	
Kirkwood-Dirac	 distribu4on	 (leI)	 is	 found	 to	 be	
favored	in	terms	of	faithfulness	and	affinity	to	classical	
theory.		
(Shun	 Umekawa,	 Jaeha	 Lee,	 and	 Naomichi	 Hatano,	
Prog.	Theor.	Exp.	Phys.,	Vol.	2024,	No	023A02,	2024.) 
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	 	Quantum	walk	is	handy	to	simulate	physics	in	rela4vis4c	
regions.	 It	 was	 known	 that	 the	 1D	 quantum	 walk	 is	
equivalent	 to	a	1D	Dirac	par4cle	but	a	2D	quantum	walk	
that	 is	 equivalent	 to	 a	 2D	 Dirac	 par4cle	 has	 not	 been	
known.	
	 	Our	laboratory	found	such	a	quantum	walk	for	the	first	
4me	 in	 the	world.	The	2D	model	 successfully	exhibits	an	
ellip4c	dynamics	in	a	harmonic	poten4al	(upper	right)	and	
the	spectrum	of	a	topological	insulator	(lower	right).	
(Manami	 Yamagishi,	 Naomichi	 Hatano,	 Ken-Ichiro	 Imura	
and	 Hideaki	 Obuse,	 Physical	 Review	 A,	 ,	 Vol.	 107,	 No.	
042206,	2023.) 
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H A S E G AWA  L A B .
[Predict ion and Control  of  

Transport  Phenomena]

Inverse Problems in Thermo-Fluids Engineering
Due to rapid development of computational capability, it becomes possible to simulate complex
transport phenomena in thermo-fluids systems. However, it is still difficult to extract major factors
and effective design strategies from obtained results. Our group aims at adding new values to large-
scale simulations by applying advanced optimization techniques. Specifically, we are working on
optimal control of turbulent transport phenomena, shape optimization of complex interfaces and
estimation of thermal and flow fields based on noisy sensing signals. We also investigate coating and
drying of complex fluids for developing fabrication processes of energy devices.
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